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FOREWORD

The fact that mammals may occupy a territory, or confine themselves
to a home range, has been recognized for a long time. Intensive study
of the phenomenon is, however, a recent development, perhaps stimu-
lated by the recognition that this behaviour is one of the ways in which
animals regulate their own abundance. But completed field studies are
far too few to enable us to understand the great diversity of ways in
which animals use the space available to them. A strong new impetus
has been given to this work by the eurrent concentration of effort in field
studies of primates. Suchstudies are of vital importancetoan understand-
ing of social and family organization among these animals; and there
is the added incentive that this kind of new knowledge might ultimately
lead to a better understanding of the biology of our own species.

Other orders of mammals, however, have not had the same atten-
tion and the most conspicnous species remain the least studied. Almost
nothing, for example, is known of the ranging behaviour of the elephant,
rhinoceros or buffalo, and only now is information being gathered on a
species as spectacular in its migrations as the wildebeeste of East
Africa. Similarly the great carnivores, like the lion and hyena, are just
beginning to receive due attention from zoologists. If studies of the
kind that are presented in this symposium are extended to a wider
assemblage of mammals we shall be enriched by a much deeper
understanding of the origing and adaptive significance of mammalian
bekaviour. A shadow hangs over this prospect, however, for already
the time is limited in which adequate studies of any large species in
the wild can be made. Some species are perilously near extinction and
others will soon exist nowhere except within the confines of national
parks and zoos, Home ranges and territories may then be largely those
imposed by man.

Both play and exploratory behaviour are topies that to a large
extent tend to have been ignored, or even avoided, by researchers in
animal behaviour, perhaps because of their diverse and complex
nature. This symposium represents an attempt to narrow and clarify the
areas of investigation and to consider them in relation to the ways in
which animals orient themselves to the environment. Exploration
oecupies a natural position in a symposium dealing with territory, sinee
it is an essential part of the complex of territorial behaviour. Through
exploration and investigation the animal establishes and maintains
familiarity with the area that is its home. Many types of behaviour
are gronped under this general heading, including at least one easily
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wrili FOREWORD

recognizable form of play. Although exploratory play may have other
functions, an animal engaging in it will inevitably gain information
about the properties of whom or with what it is playing.

So far only this type of play has been subjected specifically to
experimental investigation. However, play with conspecifics, or social
play, has long been recognized to be of equal importance in the develop-
ment of those species which play. Field workers, particularly those
studying the primates, have often expressed the conviction that social
play is important in establishing and maintaining the social hierarchy
{an individual's social territory in fact). Laboratory studies on the
mother-infant relationship in rhesus monkeys have given added weight
to this impression, sinee play with the peer-group appears to be
erueial for full adult social development.

1t is clear that some kinds of behaviour will only be expressed, and
can only be understood, in free-ranging wild populations; these are
behaviour patterns of profound importance to our understanding of
evolutionary processes. Other aspects of behaviour, however, may be
studied profitably in the laboratory, and the results of the two
approaches can be combined to build up a total and accurate picture of
animal behaviour. We hope that this symposium includes enough of
both kinds of approach to the study of play, exploration and territory
to stimulate and encourage new observation and research on all these
related topics.

P. A, JEWELL
July 1966 Carorixe Lomzos
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PLAY IN MAMMALS

CAROLINE LOIZOS

University College, London, and The Zoological Society of London,
Londan, England

HY NOPSIS

Problems faoed in studying snimal play are disoossed, and some generally beld views
examined., Play in animals has generally been thought to be without funotion. This
attitode has possibly arvisen from a fulso snalogy with the use of the word as it applies
tr human behaviour, where play s opposed to worle. Animals do not work and therefore
cannot b said to play, at any rate in the human sense of the word, Tt is suggested that
it might be & more fruitful approach to start with the assumption that animal play does
have survival value, in view of the time and energy spent in play by, in particular, the
earnivores and the primates. Much behaviour has been olassifiocd as play simply because
it was imperfectly understood ; the eategory needs definition. Somoe play patterns aro
possibly remnants of phylogenotically ancient behaviour that have beeome freed through
a change in the environment from their originel sdaptive funetions.

Bome of the motivating conditions necessary for the ccourrence of play are discussed,
including the apparent need for the animal to be free of conflicting physiclogical and
environmental pressures, Play invitations are mentioned, and the faot thet priority is
given to the play signal over other conflicting and equally strong signals,

Current theories of the causation and funetion of play are treated briefly. Obsorvers
have tended to regard as play all behaviour porfformed while the young animal's primary
necds wore being taken care of by ita adult conspecifics; but although young animals may
he playing, they may equally woll be performing st maximom efficieney for their parti-
cular level of development, Behaviour must not be ealled play simply beesuse it appears
ipefficient. Practice is generally regarded (o be the primary function of play; but it has
wvet to be shown that animals prevented from playing are less efficiont as adults than those
that play. This is not to deny that practiee is eertainly one of the incidental benefita of
play, but it is not necsssary to play in order to practice. The same objection is offered
to the other main theory of the function of play : that is, that it provides the animal with
vital information about the environment, It elearly does, but so doss everything the
animal ongages in; it cortainly is not necessary to play in order to gain mformation about
the environment, sinos the animal may simply explore.

Theories of the causation of play have stated that it arises from the overflowing of
surplus energy ; that it is ite own motivation in that it is “fun®, “is enjoyed purely for
ita own sake', is “sell-rewarding activity.” The surplus energy hypothosis is shown to
be an insufficient explanation for play, and the sell.rowarding hypotheses sre not
considered to be explanastions at all.

The actual behaviour that is onlled play s then looked at, and & comparison made of
the motor patterns cocurring in play with the same motor patterns ooourring in their
originally motivated contexta. Differences between the two are shown Lo consist of the
economy with which the pattorn is performed, or the efficiency in terms of its function
in its original context, Lack of sconomy arises in several ways, amongst them exagpoer-
ation, repetition, reordering of the sequence, and breaking up of the sequence by in-
sertion of apparently unrelatod activities.

Bince many of thess charnctoristics are also shared by ritualized behaviour, the
similarity between the two is discussed, Current research is concerned with precise
distinotion between Uthem,
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The main problem in studying animal play has resulted from a basic
misconeeption in the approach, arising purely from our use of the word
play. Play is an exclusively human concept used of activity that is
other than, or even opposed to work. By analogy the word has come
to be applied to behaviour in animals which cannot be seen to have any
immediate biological end, any obvious survival value, Bierens de
Haan's (1945) statement that “‘animal play is useless’ is fairly typical
of this attitude. The implication is simply that animal play cannot be
serions, since if it were, if it had a funetion, it wounld not be play.

But for animals, of course, it is different. Since they do not work, at
any rate in our sense of the word, they cannot really be said to play—
in our sense of the word. The problem is not solved by thinking of an
alternative word for play. The fact that even an untrained observer
may be quite sccurate in determining when an animal is playing
suggests that somewhere in the complex of behaviour called play there
is a fundamental similarity with the same kind of activity in human
beings. What this similarity might consist of will be suggested later.

It is probably more useful to change the direction of approach.
Instead of saying that human play appears to be without survival
value and that therefore the same must be true of animal play, let us
assume that animal play has survival value and that it has possibly
hecome divoreed from itz original funetion, or funetions, by the time
it oecurs in human beings—at any rate adolt human beings. 1 think it
would be rash to assume that it does not have survival value in animals,
is not in this sense serious, since amongst other things the amount of
time and energy spent in play by, for instance, the carnivores or the
primates, would surely put these animals at a disadvantage if their
play were totally without function.

Of eourse there are examples of animal behaviour that have been
regarded as play simply because they were imperfectly understood.
Beach (1945) quotes an instance in which various fishes had been
ohserved to leap over free-floating objects in the water, such as sticks
and reeds. This was considered to have no practical value and was
therefore called play, until Breder (1932) suggested that what the fish
were doing was using the sticks to serape encrustations of ectoparasites
from their undersides. It would be interesting to speculate on what
might happen to this behaviour were the species to rid itself per-
manently of these particular parasites. It is quite possible that the
habit of leaping over floating objects in the water would remain, and
ethologists in the next century would certainly be tempted to eall it
play once more. Tembrock (1960) has pointed out that in the Arctic
fox (Alopexr lagopus) certain behaviour which now appears only in
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playful contexts probably originally had specific adaptive value in a
particular earlier environment; when freed of the necessity to perform
this partieular function, perhaps through a change in the environment,
such behaviour eould be incorporated freely into the repertoire of play
patterns, Thus it is likely that some play consists of the vestiges of
phylogenetically very old behaviour: in some cases it may be no more
than a trace, but in others complete sequences may have become
“fossilized” and preserved whole, One cannot do more than make
informed guesses about the origins of some play patterns. On the other
hand, there are probably many more instances of what we now think
of as play that will turn out to have quite specific and other functions,
since the concept has, certainly until very recently, always been used
as the wastepaper basket of imperfectly understood animal behaviour.

For the moment it might be useful to approach play in a roundabout
way, in terms of some of the conditions necessary for its ocourrence,
and some of the features which invariably accompany it. There are
motivating eonditions which are necessary for the ocourrence of play,
though as they consist almost entirely of the absence of other eonflicting
sources of motivation, they cannot be said in any way to be sufficient.
As far as can be told, play only occurs when the animal is free of en-
vironmental pressures such as heat, cold, wet and the presence of
predators; and free of physiological pressures such as the need for food,
drink, sleep or a sexual partner. Thus play is often most characteristic
of young animals, whose needs are taken care of by their parents, and
of animals in captivity for whom the same funetions are served by their
guardians. Again, however, this is only part of the story, since there
is some evidence from observation of zoo animals (Morris, 1964) that
there exists a positive need to engage in certain types of play. Play
probably does not oceur solely as the result of the absence of conflicting
drives.

Play also appears to be voluntary, in that as far as one can tell an
animal cannot be made to play by means of specifie kinds of deprivation
or reinforcement. Schiller (1957) reported that “. . . with no incentive
the chimpanzee displayed a higher variety of handling objects than
under the pressure of a lure which they attempted to obtain.” In his
case, the attempt to direct play by reinforcing the animals for this
behaviour resulted in its inhibition.

However, those animals which do play may be encouraged to play
by the presentation of suitable stimuli in a suitable manner, Moreover,
they may be invited to play by a conspecific, or even a member of
another species, as for example often happens with humans and
domestic animals. A mother cat lying on her side and twitehing the
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tip of her tail on which her kittens will pounce might well be an example
of such a play invitation. This kind of invitation—what Altmann (1962)
called metacommunication, or a signal about the quality of the com-
munication which is to follow—may be seen in many mammals. Cats
and dogs both have preliminary play movements, play intention move-
ments in fact, which consist of a half-crouch with forelegs extended
gtifly combined with wide-open eyes and ears pricked forward.
Brownlee (1954) has described this phenomenon in domestic eattle.
It vecurs most noticeably in chimpanzees and other primates, but at
that level on the phylogenetic seale the signal area has been reduced
to the face, and a special facial expression indieating a playful mood is
sometimes used as a kind of shorthand for the full motor play invita-
tion. Similarly with humang: if one is punched quite hard by somebody
with a broad grin on his face one will at least hesitate before inter-
preting it as an aggressive act. The interesting thing in this situation
is that given the choice of two conflieting signals to attend to, the one
that is always given priority is the one announcing that this is play, even
though the punch may have been hard enough to hurt. Play
signals seem to be very powerful and unambiguous. One can observe
young chimpanzees putting up with treatment from each other that is
rough enough to cause pain, provided it has been made clear at
the outset that they are playing.

Current theories of the causation and function of play will now be
treated briefly, before its actual motor characteristics arve discussed.
The most generally aceepted theory of the function of play is to eon-
sider it as practice for adult activity (Pyeraft, 1912; Mitchell, 1612,
Giroos, 1808). The main problem with this approach is that no clear
distinetion has been drawn between playful and serious behaviour in
the young of any particular species, During the infaney and adolescence
of many mammals it is possible to see immature forms of behaviour
patterns which will appear in their complete form and appropriate
context in adult life. In the voung animal this kind of behaviour does
not appear to serve the same biological ends that it does in maturity,
and consequently observers have tended to regard as play all behaviour
performed while the young animal’s primary needs were being taken
care of by its adult conspecifies. Now often these immature forms of
adult behaviour are performed in a characteristically playful manner
(what that might mean will be diseussed later). But equally often
such behaviour is performed with the greatest possible degree of
cfficiency for whatever level of development the animal is at af that
point, Thus, a kitten ean and often does chase bits of paper and string
and so on in a playful manner; but it may equally well deal with them in
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a way that would have meant instant death to a mouse. In the same
way, a fight between young chimpanzees may be quite as seriously
intended as one between two adualts, but the effects are obviously less
drastic. Tt is a mistake, therefore, to regard as play all chase behaviour
by a kitten, either because it is a kitten or because the pursued object
is inedible: and the same principle holds for all young animals.

Nevertheless it is a widely held view that the animal that plays
or practises—will become more expert, and thereby have a selective
advantage over the animal that does not (Groos, 1888). None of this is
to deny that practice or rehearsal of many forms of behaviour is likely
to improve the efficiency with which they are performed in adult life,
But it has yet to be shown that it is the playful execution of these
particular patterns in infancy or childhood that is erucial to their later
perfection, as opposed to their serious execution at whatever level of
maturity at which the animal is then operating. Quite simply, it is
not necessary to play in order to practise: there is no reason why the
animal should not just practise. Certainly social interactions involving
play within the peer group in rhesus monkeys have been shown by Harlow
(1862) to be erucial for the full development of adult sgocial behaviour.
But the precise role of each of play’s component parts—vision, smell,
sound, physical contagt, movement and any combination of these
factors—has yet to be isolated and defined.

As well as this, to regard play as practice for adult function does not
account for the fact that adults as well as infants play in most mam-
malian species in which play oeeurs at all, They may certainly play less,
It they still play. The faet that they play does not of course prevent
the same behaviour in infants from serving as preparation of some kind ;
but as an explanation of funetion this must be enlarged to account
for the persistence of, for example, play-wrestling in the adult cat.

The same objection is offered to the other major theory of the
function of play; that it provides the animal with a constant stream of
vital information about every feature of the environment with which
it comes into contact. Again, it is simply not necessary to play in order
to learn about the environment. The animal could explore as in fact
some mammals that do not appear to play certainly do; for example,
the rat, Of course it is inevitable that during play an animal will be
gaining additional knowledge about what or who it is playing with but
if this is the major funetion of play one must wonder why the animal
does not use a more economical way of getting hold of this information.

The earlicst attempt to account for the causation of play, especially
as seen in the young, suggested that it represented the release or
overflowing of abundant energy which had no other immediate outlet.
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A modern I“ll'-"'.-"l.?l to this 1!"'“"."' 18 that of “vacuum'' .1.:111,-';1}-, which
oceurs when a particular response has not been released for some time.
and eventually oceurs in the apparently total absence of any specific
t't'li'!iﬁ'ill;.ﬂ stimulus. However, there are clear motorie differences between
playful and vaenum activity, which led Lorenz (1956) to pPropose o
dizstinetion between them.

Tolman suggested that under certain conditions men and lower
animals have a need to redress a state of physiological imbalanece
produced by the presence of abundant energy by achieving a com-
plementary state of mild fatigue. Beach (1945), however. considered
this to be simply a “wvariation ... in modern dress” of the surplus
energy hypothesis. He points out that interpretation of the energy
expended in a particular action as surplus simply depends on whether
vou consider the behaviour under observation to be playfully, or
otherwise motivated. In any ecase, as Groos (1808) pointed out, youmng
animals can be seen to lie panting and exhausted after a bout of play
and suddenly resume the game with apparently equal vigour. Although
play is most likely to oceur when the animal is not exhausted. so also
is non-playful activity. So again, although energy may be a necessary
condition for play, it has not been shown to be sufficient.

Play has sometimes been accounted for by stating that it is “fun"
(Bierens de Haan, 1952), “expresses a joy of living”" (Pyeraft, 1912),
I l'H_iHI'I.'E'I]. ]HIT{'L‘.' for its own eake”’ i'l'ink:']pauj_{h, 1942), or, more
recently, is “self-rewarding activity” (Morris, 1962). Bolwig (1963)
deseribes the motivating condition for play as one of joy and goes on to
describe joy as a condition which motivates increased :u-tiv;it;'_
“Postures of aggression and retreat never become complete, and non-
aggressive movements are frequently exaggerated. In other words,
joy 18 a condition which induces play actions.” All these statements
may at the moment be the most useful shorthand way we have of
describing the apparent affect accompanying certain motor patterns;
but their use as an explanation of that same behaviour is wnjustified
and not at all useful.

However, before causation and funetion can be discussed to any
great effect, it is necessary to consider the actual behaviour that is
going to be classed as play. One of its immediately noticeable charac-
teristics is that it is behaviour that adopts for its purposes patterns
that appear in other contexts where they achieve immediate and
obvious ends. When these patterns appear in play they seem to he
divorced from their origi motivation and are qualitatively distinet
from the same patterns appearing in their originally motivated contexts,
Lorenz (1956) points out that although in play fighting movements
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gecur which are only seen at the peak of intensity in a seri
fight, the next moment the animal demonstrates that such spec
motivation is lacking by switching to behaviour seen in defensive or
grooming, or other unrelated situations. Thus a reordering of the
original sequence is one way in which play differs from the source of
its motor patterns, All the other ways in which it differs are of economy,
or degree; and it is here that we come back to a statement made
earlier, about the fundamental similarity to the observer between
human and animal play. This similarity lies in the exaggerated and
uneconomical quality of the motor patterns involved. Regardless of
its motivation or its end-produet, this is what all playful activity has
in common ; and it is possible that it is all that it has in common, sinee
causation and function could vary from species to species, Beach puts
this more strongly: **. .. no single hypothesis can be formulated to
explain all forms of play in every animal species’”,

These are some of the ways in which motor patterns may be altered
and elaborated upon when transferred to a playful context.

. The sequence may be reordered.

2. The individual movements making up the sequence may become
exraggerated,

3. Certain movements within the sequence may be repeated more
than they would usually be.

4. The sequence may be broken off altogether by the introduction
of irrelevant activities, and resumed later. This could be ealled
Jm:;r.wm'frft':m .

5. Movements may be both exaggerated and repeated,
6. Individual movements within the sequence may never be com-
pleted, and this incomplete element may be repeated many times.
This applies equally to both the beginning of a movement (the
tntention element) and to its ending (the completion element),

In every case, during play, the performance of the movements from
which the play is derived is uneconomical, and therefore would be
inefficient in terms of the original motivating context. It might, of
eourse, be possible to consider that it is the exaggerated movements
of play that are refined and economized, and used in chasing,
wrestling, biting, jumping, chewing and so on, instead of the reverse
process. However, since the patterns of aggression and defence oceur
in the phylogenetic scale long before unequivoeal play behaviour
makes its appearance, it seems fair to assume that the “original”’ con-
text—in this case at any rate—is that of aggression. Aggression
i also of course more basic to survival, The same is true of most other
motor patterns that are employed in play: investigation of objects
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oceurs both phylogenetically and ontogenetically before play with
ohjects. Thus play patterns owe their origin to behaviour that appeared
earlier phylogenetically and for purposes other than play. It follows
that just as patterns of fight, flight, sexual and eating behaviour and
50 on are species-specific, so will the play behaviour making use of
these same patterns be species-specifie.

One final point remains to be made. It is clear that the motor
differences between a pattern used in play and the same pattern
occurring in its original context are not exelusive to play. Ritualized
behaviour shares many of the characteristics described as typical of
play; and social play clearly contains a strong element of ritualization.
Morris (19856a) quotes the following examples of some of the ways in
which basic patterns can be modified —or ritualized—to form signals:
(a) threshold lowering: (b) development of rhythmic repetition : (e)
differential exaggeration of components; (d) omission of components;
(e) change in sequence of components; (f) changes in component co-
ordination; (g) increases or decrease in speed of performance; (h)
change in vigour of movements.

Although Morris (1956b) has shown that the sequence of events in a
highly ritualized piece of behaviour such as the stickleback’s courtship
dance iz not nearly as rigid as it was once considered to be, it js sug-
gested that the most likely area in which the precise differences between
play and other forms of ritualized behaviour will be isolated is that of
relative rigidity in the ordering of the sequence. It may be that play
has no formalized sequence of events, such that action A will always
be followed by actions B, C or D. In play, depending upon the feedback
from the object or the social partner, A may be followed with equal
likelihood by B or by Z; anyway by a far greater range of responses
than are seen in other forms of ritualized behaviour. In short, it is
suggested that in play the number of combinations or permutations
of the available motor patterns is greater than in almost any other
form of behaviour.

Research on play at the London Zoo is now concerned with procise
analysis and comparison of the motor patterns involved with the same
motor patterns oceurring in their originally motivated contexts, 1t is
hoped that this may help to answer the above questions, and to
disentangle the essential qualities that make much play instantly
recognizable to professional and casual observers alike.
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PLAY, EXPLORATION AND TERRITORIALITY
IN THE WILD LION

RUDOLF SCHENKEL
Ik peertment J-JI" z-'-f',ifngy_ I'n Fl'r'-r.-n'i'lr,r r-'_lr Razel, Siitzerland

BYNOPEIS

Pridea of wild lions were obsorved in the Nairobi National Park from Decomber 1862
to April 1905, with an interval of 3 months, The main objects of cbservation were the
.11.|.-.-|.-.]|."..-|;||_ of eubs from the first weeks of life on, thoir |'>|||.I1.' il |"t]|-|.| wntory behaviour
and their integration into the pride. In this connexion the structure of a pride and the
phenomenon of territoriality in the lion were also studied, This paper Eives an outline
of the results with emphasia on play, exploration and territoriality.

INTRODITCTION

The lion as a eat shows very pronounced play acltivity, especially in
childhood,

In the wild a fully grown lion spends its life in a home range of
considerable area—approximately 10-20 sq. miles. During its youth
it has to become acquainted with this area and with the possibilities
it. offers for meeting its needs. Tradition within the special group the
lion belongs to may play an important role in beeoming acquainted
with the area and—perhaps even more important—exploration.

Lions live in a home range and belong to a social group. The
intimacy that exists within the group is a well-known fact for observers
both in the zoo and in the wild. But are lions friendly towards strangers
within their home range, or are they intolerant towards them in a
certain area; are they, in fact, territoriaf?

There is no doubt that the lion is a suitable subjeet with which to
study play and exploratory behaviour as well as the problem of
territoriality. It is the aim of this paper to show the development of
play and exploration, and their role in the young lion, and to demon-
strate the existence of territorial behaviour in the adult lion on the
basis of observations in Nairohi National Park.

AREA AND OBJECT OF OBSERVATION
The studies were carried out in Nairobi National Park, Kenya,
during the whole of 1963 and from April 1964 to April 1965, This park,
11
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close to the city of Nairobi, is nearly 50 sq. miles in size. It is bounded
by fence to the west (Magadi road) and to the north-east (Mombasa
road). To the south it borders on the Masai Game Reserve, a large
area, where game is protected. About twenty to thirty lions live in or
visit the park area. These lions form prides, each of which live in a
maore or less defined home range (Fig. 1). The main object of study was the

Fia. 1. Map of Nairobi National Park, Home range of the different lion ]pr|||r-'-.:
I, Forest pride; 11, Contral pride; 111, Enatern pride; TV, Athi Basin pride

central pride, which consisted in 1963 of two adult males. a very old
female without eubs and two other females, each of which had three
cubs. One litter had been born late in July, and the other in November
of 1962, During the two years of this study five litters of lions were
observed (Table 1). Four of them (Ay, By, Ay and B,) belonged to the
central pride and one was the joint litter of the two forest lionesses,
Three of the litters, namely B,, A; and B,, were observed from the
first moment they could be detected, and twa of them, A, and B,,
over a period of more than 11 vears,

BIRTH AND PERIOD OF ISOLATION

In EVETY CAase the lionesses gave birth in isolation and at first kl’]’lf
the litter hidden in dense thicket or in one case, in a rock shelter.




-I‘—qq--l'-"ﬂ"-

PLAY, EXPLORATION AND TERRITORIALITY IN LIONS 13

Parturition itself was never observed, but the enlarged teats of the
mother made it evident that it had happened. The litters were not seen
for the first 6-7 weeks after parturition. Bach lioness, A and B, was
observed to meet the pride quite often as early as a few days after
having given birth, but there was no contact between the pride and
the newborn cubs for the first 2 months. During a considerable part of
the day the cubs were left alone while the mother was either hunting,
or had joined the pride for a rest or at a kill.

Tanre 1

Litters observed

Mother A B 2 lioneases
Prida Central Contral Foreat
Firat litter A, B, s
No. of euba ] a i1
Horn Lato July 1862 November 1962 Approx,
January 1964

Mating danunrey 1964 January 1963 —_—

(shortly after

parturition)

July 16464

Sodond litter As B, —
No. of cuba 3 3 P
Barn Early May 1064 November 1964 —_

When the cubs were about 6-7 weeks old it was possible to detect
and observe them by carefully following their mother on her way to
the rendezvous. In the absence of the mother the eubs’ behaviour
was completely eryptic; they were not found venturing on their own,
indulging in play or exploration.

This changed the moment that the mother joined the litter. She
called the eubs with a soft roar, which stimulated them to run towards
her in a clumsy gallop. A greeting ceremony followed, in which the
cubs jumped up to their mother's head and forelegs. They rubbed
their heads against her muzzle, forelegs and chest, while the mother
licked them and often continued to lick them when lying in a grassy
hollow between bushes. Quite often greeting was followed by nursing,
lasting a few minutes, Then, while the mother had her rest, the cubs
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engaged in a number of characteristic activities, The following scenes
were observed most frequently.

(1) After a posture indicating readiness, one eub rushed at another
or at its mother, flung its body over the partner, pawed it and perhaps
used its mouth to seize and then lick the partner’s cheek or ear or neck
while lying in a relaxed body contact, The intention posture was often
taken up by the partner who would then in turn perform the rush;
alternatively he would stand his ground expecting the other. In most
cases, while lying in close contact or perhaps whilst rolling over each
other, both partners used their paws and mouths as mentioned hefore,

(2) A eub suddenly paid attention to a stick, a little shrub or a
piece of grass. It pawed the object, perhaps rolling on the ground,
stretching out its forepaws to reach the object. Very often another oub
joined the secene,

(3) Sometimes even the mother took part in a restrained manner:
she moved her tail repeatedly, thus stimulating a cub to play with it.
Alternatively she knocked a cub over very gently with a paw or a push
of her nose, and while it pawed and struggled with all four legs, she
licked it with repeated strokes of her tongue,

(4) From time to time a cub ventured a few yards from its mother
and examined the surroundings—especially strange apparitions like
the Landrover of the observer—with concentrated attention showing
an ambivalent attitude between curiosity and shyness. In a situation
of this type, a cub would often be joined by another one.

It would be very interesting to discuss the many aspects of this
kind of activity, but it is impossible in this short paper. A few remarks
may point out some of its characteristios.

All this activity occurs in an undisturbed area and in an atmosphere
of intimacy and security, in which the resting and completely relaxed
mother is the centre and guarantee. Apparently this activity is play.
On the other hand, when the young lions come into contact with some-
thing unknown, and are at the same time both attracted and frightened,
but reassured by the presence of the mother, it is typical early ex-
plaratory behaviowr,

Most of the play activity is not only the result of a basically social
#ituation, but it is social activity proper, in which two or more individuals
are involved. In this atmosphere of intimacy and security play activity
is infective ; even the mother is sometimes stimulated to join in,

The play activity itself expresses tenderness and fondness, Pawing,
seizing with jaws, licking and the apparently pleasing body contact
show the same fondness as the suckling scene, But the play scenes have
still another, a prospective quality : they sometimes contain features
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vaguely resembling those of stalking and sudden attack of prey; of
facing, attacking and fighting another member of the species; of
escape and pursuit. In the context of early play these features are not
only vague, but are not yet individually developed or “worked out,"”
and do not yet belong to separate functional units.

LIFE WITHIN THE INTIMACY OF THE PRIDE

I'ntroduction to the pride

When the eubs reach the age of about 10 weeks they are introduced
to the pride. I have never witnessed this scene in an East African park,
but have observed it several times in the zoo.

This introduction has, in the wild, a marked consequence on the
pride as a whole. It appears much more harmonious than when it is
without young cubs; all the social relations seem to be impregnated
with tenderness and fondness and there is practically no room for
social conflict and tension. All the adult members are tolerant, if not
amiable towards the cubs. Even the males occasionally mother them.
The attitude of different adult individuals to the eubs may, however,
have a personal note. In the central pride each mother preferred her
own cubs to those of her sister. The old lioness often refused the
obtrusive caresses of the cubs with a growl. The two forest lionesses,
on the other hand, showed the same love and devotion to all five cubs,

Between the children of the two forest lionesses, as well as between
the cubs of A; and B, and A, and By, a very close friendship arose which
was never seriously disturbed during the whole period of observation.

Instruction and exploration

In the central pride, after the cubs had been introdueed, both
mothers and their cubs were often found together in the morning,
The old lioness joined them quite often, but the two males did so
only sometimes. However, each litter was still alone for hours while
the mothers went hunting. The cubs at first continued to hide whenever
they were left alone. Only gradually did their self-reliance prevail over
their shyness. At 5 months they often left the cover of the thicket in
the morning to wait in the open for their mother, daring at this point
to play timidly. But play and exploration still only flourished in the
presence of the mother. When mother came “home’, enthusiastic
greetings occurred immediately, followed by wild play and exploration
in the surroundings. The cubs, usually operating together, pushed
through bush, shrub and grass, explored rocky river beds, got acquain-
ted with the water and so on.
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Until the cubs were 2 months old the hide of the litter had not been
shifted very much, but from about 3 months on, the hiding and ren-
dezvous place of mother and children was changed regularly every
4-6 days. In this way the cubs were given the opportunity to explore
one after the other the traditional hiding places within the home range
and to get acquainted with the main tracks and many other features
of the habitat.

Soon after the cubs had been introduced to the pride, the mother
brought them to the communal kills. If she had canght a small animal,
she normally carried it to the rendezvons place. At a common kill the
cubs were not only tolerated by the fully grown members of the pride,
but the mother obviously stimulated them to come to the prey and to
feed on it. She could often be seen to settle down beside it, and then by
licking, biting, pulling and gnawing she induced her cubs to join her
in a kind of friendly competition.

As already mentioned, the self-assurance of the cubs increased
steadily. When after a nightly meal the adult members of the pride
were lying lazily in the open, the 4-month-old cubs were observed to
start on their own for a shade and hiding place.

One rainy morning in June 1963 a strange lioness approached the
pride and was immediately chased by all the adult lions. The two
litters A; and B; now left the place on their own and made for the
gallery forest about 600 yd away, playing and frolicking on the way.

Differentiation of play scenes

At this stage the play scenes appeared much more differentidted
than in the first few months: most frequently observed were:

(1) Locomotory and contact play with obstacles: e.g. the cubs climb
the trunk of a tree and try to reach the first branches: they balance
along the trunk of a fallen tree; they try to reach a twig of a tree with
the forepaw by rising into an upright position and by jumping ver-
tically ; they play with water, pawing it, splashing it, running with the
movement of the stream.

(2) Partner-play with clearly developed scenes and roles: e,
stalking, getting ready for the sudden attack, then attack, sometimes
followed by chasing if the partner showed play-flight ; sham fighting
over a sham prey, a piece of wood or an object introduced into the
park by a human; play-fight or sparring with attack and defence at
close quarters, often with a kind of wrestling.

Not only the scenes as a whole, but many elementary behaviour
patterns had by now a well-developed shape: the clumsy pawing
movements had developed into slaps or blows which were quite soft
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and friendly but often had a definite aim; by now, the attack after
stalking was clearly aimed at the jump onto the partner’s back, upon
which the latter rolled onto his back and used his paws in play-defence ;
precise play-bites applied to the neck and throat region of the partner
were now a usual element of play-wrestling.

It is most likely that the play scencs develop with growing strength,
co-ordination and expericnee, but on the other hand the play scenes
contribute to develop and shape the elementary behaviour patterns and
their co-ordination.

The mother contributes to the play activity of her cubs over at
least the first year. Two observations may demonstrate this fact,
After a greeting scene in the early morning a mother was observed to
wrestle with a cub. In another case, when guiding the group to shade
after a meal, a mother stimulated one yvoungster to stalk, attack and
chase her in play by jerking her tail upwards and by reacting with play-
flight to the attack.

Play hunting and hunling erercises

From the age of approximately 5 months on the cubs were observed
to develop active responses to other animal species—and to cars,
They closely followed a slowly rolling car at its side aiming at the wheels
with the eyes and sometimes with a pawing movement. Apparently
wildeboeste were even more tempting because they reacted with flight
when the eubs started an open clumsy chase. But it was only at 10-12
months that the cubs, stimulated by their mother, developed an activity
which we are entitled to call hunting exercise. Two observations may
be mentioned.

(1) At dawn the two mothers approached the six cubs, A; and B,
and were immediately greeted by them. After a little play all the lions
gettled down on a minute elevation in the otherwise flat terrain, covered
gparsely with gall acacias, and watched the surroundings. When two
wildebeeste bulls passed the group at a distance of 50-60 yd, one of
the mothers rose immediately followed by the other one. Both stepped
forward in a stalking gait with a distance of about 15 yd between them,
in order to approach the bulls transversely from behind. Without
hesitation the young lions joined in, forming an irregular front line
and taking advantage of the acacias as cover. As the bulls walked
at fair speed, the lions did not get much closer and one after the other
ineluding the mothers gave up. Only two young lions continued to
stalk until they had to cross a nearly completely bare flat. Here the
wildebeeste bulls detected them and ran away in an easy gallop.

(2) Late one evening the old lioness, the two mothers and the six
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cubs (A; and B,) lay in the open near the edge of a little gallery forest,
surveying the scene. When two warthogs approached slowly from a
distanee of about 200 yd, all the lions rose to stalk them, some using
the sloping border of a track for cover, the others a collapsed warthog
or hyena burrow. Mother A approached the wart hogs and thenr waited
behind a small mound for them to come closer. One of her children. a
female, was advancing hehind her, carefully stalking. When the wart-
hogs became suspicious, the young lioness still continued to stalk and
was detected by the warthogs at less than 15 yd. Both ran away
immediately.

It is justifiable to ask whether these two and many similar scenes
were not cases of unsuecessful hunting rather than a kind of exercise or
training. However, for several months following these episodes, when
the adult females went on a hunting excursion, they walked off decidedl-
ly, while the youngsters did not even try to follow. It seems therefore.
that on the occasions when the lionesses allowed them to take part or
even stimulated them to do so, they did not really intend to hunt.

At about 20 months of age the cubs were often observed to hunt on
their own in the morning; for example, a young female entered a wart-
hog burrow and started to dig with her forepaws. On another occasion,
a sub-adult male and female together tried to dig out a warthog. In
yet another case the youngsters, resting on a ridge, detected warthogs
some 50 yd away. One young lioness stalked them, while the other
youngsters watched the scene with great interest. Not only warthogs,
but also wildebeeste and zebras were stalked frequently.

In every case observed, with one exception, the young lions Had
no success. But it was precisely the one successful instance which showed
that juvenile hunting activity still has an important play component.
A young male lion was moving through the grass and came Upor: a
newborn gazelle, which did not react to danger with Hight, but remained
motionless on the spot. The young lion grabbed it by the neck and shook
it. He then joined the other youngsters, the prey in his jaws, and with
jerking tail invited them to chase him.

[t seems that as long as a mother is hunting for the sub-adult lions,
their own hunting activity is not motivated by hunger, but iz therefore
to some extent play activity,

CHANGES IN THE SOCIAL STRUCTURE OF THE PRIDE

When in January 1964 mother A mated again, mother B hunted
for all six youngsters (A, were then about 18 months old, B, about
14 months old). After the mating period A joined them again, but
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du
and, from the end of March, B did all the hunting.

g the next months she appeared less and less attached to her enbs

Owver the same period the social stroeture of the pride had changed
slowly but radically: the old lioness and both adult males showed an
inereasing lack of tolerance towards the youngsters, and even between
the adolt members of the pride the general intimacy decreased and
personal relations with different components of friendship and tension
appeared. From April 1964 on, the youngsters were no longer tolerated
when the old lioness was with the two males. But the old lioness joined
the youngsters when the two males were on an exeuarsion, This was
the case one day in May 1964 when all six cubs together threatened
the old lioness. knocked her over and threatened her again until she

remained lyving completely cronched and no longer showed any
aggressive reactions. But when later on she was again with the two
males, she took part in chasing the voungsters whenever they were near,

Apparently when the mother is involved in a new reproductive
evele the abandoned sub-adalt lions have a hard time: they have to
acquire their own food. When they 1

nage to make a kill, they rizk

being robbed of it by the older generation and being chased away.

B

Whenever the old lions are in the vicinity the teenagers have to give
way or even flee, This leads us to the next problem : territoriality.

TERRITORIALITY
Forimer observalions and opintons
* Whilst adult members of a lion pride are within their home range,
intolerance is not only a particular reaction toward sub-adult menn bers
ction towards strange
lions. Strangely enough, the fact of territorial intolerance or ter-

of their own pride, but also forms the normal re

ritoriality of the adult lion has not been studied, if at all recognized,
by any one of the many lion hunters or experts with the exeeption of
_'q,g]n"i_\;”“ |:|11EH|. "|'1-1 i |,'|||:-;'|1h-r';-|||h- ||||r||i|1-| u| |r|r:-4'|".|'|!':— II:I'I.:' I'l‘|rl.!|‘1l'|i
fights between lions—males as well as females—and some have even
witnessed the killing of a lion by others, But the basic fact of fe rilorialily
af @ tion pride has not been understood. Instead we find explanations
or suggestions of the following ty pe (for references, see Guggisherg, 1960),
(1} Chservation: a strong male has killed a yvounger one.
Explanation: fight over a female (Guggisherg, pp. 145-144).
(2) Observation: several females were suceessively killed by a
ErOp ol males

Explanation: conflict in the course of mating contact, abnormal
-Ii-.-|u|-\il ion (Glugrisherg, . L46].
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(3) Observation: a female was killed by a male at a prey.

Explanation: the possession of the prey led to a fight (Guggis-

berg, p. 147, quoting . J. Anderson),
(4) Observation: juvenile lions found dead at a kill,
Explanation: they were killed by the fully grown members of the
pride over greed for food (Guggisberg, p. 152),
(5) Observation: a female was killed by other lionesses.
No explanation (Guggisberg, quoting J. Stevenson-Hamilton,
. 144,
(6) Observation: a fully grown male lion “hunts” a juvenile lion
and then eats it,
Explanation: abnormal, eannibal disposition
I 147).

(n the other hand, during the last few vears the theory has been
put forward that lions do not kill lions at all (Grzimek, 1959), Sir
Lorenz (1943) has stated that in peneral vertebrates with dangerous
weapons are strongly innately inhibited from killing weaker members
of their own species, several authors have repeated this statement with
regard to the lion.

{Guggisberg,

Territoriality of the lions in Naivobi National Parlk
During 1961 and 1962

two lionesses and a sub-adult lion were
killed by the two adult males of the central pride (reported by Chief
Game Warden, 8. Ellis, Nairobi National Park). The park authorities
and their advisers were convineed that the st ronger of the two males
was “abnormal” and that eastration was the appropriate remedy for
his abnormality, a remedy which had the added advantage of saving
the imposing animal as an attraction for park vizitors. The eastration
was performed, but the expectations proved futile: the male. after
having lost his beautiful mane within 4 months as a result of t he sucees-
ful castration, together with the other adult male killed two more
lionesses in 1963, One of these | detected at dawn, soon after it haud
been killed, with the two males and the old lioness of the central pride
nearby. In the other case | witnessed the killing itself,

Furthermore, 1 have observed three more instances of serious attack
by one or both males of the central pride with, in two of these cases,
the participation of the females. In every ease mentioned the individuals
attacked were foreign lionesses and all the attacks oceurred in areas
which were frequently visited by the central pride. These areas un-
doubtedly were parts of the home range of the pride; morcover, the
fact of intolerance towards strangers within these areas justifies their
being defined as parts of the territory of the central pride.
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Evidently a territory is not strictly avoided by strangers. Several
times trespassers were observed in the territory of the central pride,
but when the latter happened to stay a few miles away, no conflict arose,
However, these intruders did not show the air of self-reliance and eare-
lessness which a lion displays in his own territory. The maned lion
of the eastern pride, whom I found one day at the border of the central
territory, returned home under cover when he heard the central males
roar from about a distanee of 1 mile. On another oceasion two strange
lionesses with a half-grown male had killed a warthog in the central
territory, but only after having carefully scrutinized the surroundings
for several minutes did they dare to start the meal.

Intruders appear more careless in the late morning. When it is
hot, no lion tends to be active, so an intruder hardly risks being attacked
by resident lions at this time of the day.

Territorial display

For a species with as marked a territorial intolerance as the lion,
behaviour patterns which inform transient animals that an area is
already occupied by a member or a group of the species must have
gelective value,

The lion is equipped with several types of display which reveal
his presenee in an area.

(1) Rearing, which is often a choric display by the whole pride.

(2) Seent marking with urine, mainly by the male, in two patterns:
gndffing at a bush, rubhing the head at it and finally squirting urine
upwards into the branches; squirting urine downwards, while squatting
in a crouched position and rubbing the hind feet in it, a behaviour
pattern which results in scent marking the track,

{3) The open, unconcerned manner of moving in their own territory
and the “proud” posture in looking around, Both these patterns make
it easy to detect a lion whenever he is not stalking or resting in the
shade,

It should be mentioned here that roaring, scent marking, and the
apen, unconcerned way of moving do not only have territorial functions,
but this gquestion cannot be discussed within the seope of this short
paper,

The difference befween territory and home vange
It was stated several times in this paper that the two males of the
central pride of Nairobi National Park left the females when on ex-
cursions of their own. Sometimes they were not seen within the park
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for days. The Game Warden, who visited the neighbouring parts of the
Masai Game Reserve oceasionally happened to find them there, Some-
times they also left their usual home range, but not the park area,
They were observed to visit the forest area and, less frequently, to
trespass into the eastern sector. There is no evidence that in these
arcas surrounding the central home range the two lions ever attacked
another member of the species. On the cont rary, the uneastrated male
was seen to mate with the forest lionesses and to withdraw from the
eastern seetor, when he met the resident lion,

Apparently territoriality and aggressive behaviour in lions is
restricted to the normal range of the pride they belong to. Further
observations showed that the following factors are effective in enhane-
ing aggressiveness: cubs, belonging to the pride, in the vieinity; more
adult members of the pride taking part in the aggression; the com-
parative inferiority of the intruder in fighting,

This may support the concept that a territorial system is a dynamic
system. Territoriality is not a stable, independent factor, hut the
Huetuating result of a multitude of factors. This is as true for the lion
as it is for other vertebrates,
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AGGRESSIVE PLAY IN POLECATS

T. B. POOLE

fﬁf';nrr'fmr'rrf l-'_,f' Z—’nrfu:;_lll. [ sy _I'.iilf‘u' ol e uf Werfes,
A ﬂi:i'l:f.d.u'lqr.r.ﬁ . Wales

SYNOPSEIS

The patterns of aggressive bohaviour i
lifetime i tho

polecat first sppenr daring the animasl’s
mitext of play. This paper is an aftempt to compare aggressive play with
goniine adull nggression

Four of the behaviour padterns found in nggression are absent Trom aggressive play.
These four pattorns are all direetly coneorncd with the biological goal of 1]
which is intimidation of the opponent, Aggressive play therefore differs in its goal from
T TSSO,

Evidence was obtained which showed that polecats of different strongths and sizes
play amicably together and that the strength of the attack by the more powerful
vpponent 18 related to the strength of etalintion of the weaker one, Aggressive play
15 therefors maloe.believo aggression

; velopment of aggressive play in the polecat was studied and it was found £hat
each hehaviour pattorn emerged in a comploted form and resembled that of the adult.
smeludud that experienee did not play an important role in thie develap
maent of aggressive patterns of behavioar

It was therelor: o

Finally, the effects of somw environmental factors on ageressive play wern stadiod,
It was found that a situstion which elicited behaviour dirsoted towards o goal of immedi-
ate fmportanee to the animal’s survival, inhibited play. Make-beliove must abyviously
take second place to serious activity, Like troe aggression, sggressive play was stimu-
Intesd by the presence of o poleost which was o stranger. 17 the strenger rofused to play,
the playful animel would nome-the e continae to ol 1 attempt to
stimulate it by teasing. Teasing appears o act as o powerful stimulus to play. The
prosence of new objects in an onvironment or, aftor initial exploration, an entirely new
environament, hoth stimulate aggressive play,

ow it arouand

Nearly all the play shown by voung polecnts takes the form of aggressive play which
i gimple and stercotyped in pasttorn, None-the-less young polecats play n grest deal so
that it must cecupy an important role in their lives, General theories of play were con-
gidlored in relation to polecat play as it was felt that this was Justifiod
that thoe theories must apply to

urida

m the g
I animals to e valid, Three views wore roj
polecat play lends no support to the hypiosthesis that play is practice for adult 1i
doos it aecord with the iden that ploy is motivated by o non apecific urge 1o netivity or

results from the possession of exeess onergy

In conolusion aggressive play in
in that it is not

ta shows the following attributes, It is goal-less

livesirtasd pownrels th

normal aim of aggression. Tt does not appear to
have any substitute goal other than the stimulation of further aggressive play, it is
mnkeo-helieve and played aeording to el A peressiv iy consiste of adolt patterns of
biehnviour which are sterooly ped and unmodifisd by experiones; it is inhibited by stimuli
in the envivonment which lend to goal-direeted  bohasyioar, Aggressive play mpppears fo
give plaasure to the animal for it = sought after and miay b alireeted towards an un
reapongive animal or ob
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INTRODUCTION

This work forms part of a study of aggressive behaviour in the
European polecat (Putorivs pulorivs putorins Linn,) and the ferret
(Putorius putorins fure Linn.). After studying adult aggression it was
decided to make an investigation of how aggressive behaviour develops
in the young polecat. The patterns of behaviour found in aggression
first appear in the context of play : this paper aims to make a comparison
between aggressive play and true aggression.

Aggressive play will be defined as play which employs patterns of
behaviour nsually found in the context of adult aggression. This kind
of play predominates in the young polecat and other forms of play
oceur only sporadically. Although general activity play (Rennspiele
of Renseh and Diicker, 1959) and predatory play have been observed
in polecats, the former oceurs mainly in isolated animals, whilst the
latter is ill-defined and difficult to distinguish from aggressive play on
the one hand and true predation on the other,

After describing aggressive play in the young polecat a comparison
will be made between the patterns of aggressive behaviour which oceur
in polecat play and those which oecur in the adult as aggression ; this
will be followed by an aceount of the order in which these patterns
develop, and finally some of the factors which stimulate or inhibit
aggressive play will be described and compared with their effect on
adult aggression.

SOURCES OF DATA

Studies we

re made on a tame polecat and laboratory-bred ferrets
and polecat—terret hybrids, A male polecat was kept for two vears as a
pet and, although eaged most of the time, it was allowed considerable
freedom and had the run of the house and garden for regular periods
daily. This gave opportunities to study a polecat under relatively free
conditions and records were made of the behaviour of the animal,

The second source of information eame from observations on groups
of polecat = ferret hybrids and ferrets separated from the mother at the
age when their eyes opened and reared under laboratory conditions.
Attempis to breed wild polecats under these conditions have, however,
so far proved unsuceessful. Polecats and ferrets readily interbreed
(see Pitt, 1921) and have been bred by the author to the Fy generation.
No differences in the patterns of aggressive behaviour have been
observed between polecats and ferrets or in polecat = ferret hyvbrids so
that they will all be referred to subsequently in this paper as polecats.
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Play is at a maximum in young polecats between the ages of 6 and
L4 weeks, though it appears to a lesser extent in animals as young as
‘I 'r‘u‘l'!']';f" |'11||i (OCLITE Ol .l_-\.illll:llllllp‘ ||| |h|1|||r_'\-_

Play was observed amongst litters in their cages and also in an
arena 16 m* under conditions comparable to those under which genuine
a'l:_"_!I'i"w.'-i:Itl |I:l|i heen studied,

RESULTS
Iesey l.||'lllll|J.l .!f' e rERa L _Ira.lr-.'_.',I
Aggressive play in the young polecat is initiatod by an attacker which
jumps on to the back of its opponent and bites it on the back of the
neck (see Fig. 1A). The opponent rolls over on to its back and makes a

Fra. 1A. Neck-biting and mounting

series of snapping bites at the muzzle and neck of its attacker, at the
same time pushing it away with its paws (see Fig. 2A), In response to
this, the attacker either stands above its opponent and snaps its jaws
in a playful attempt to bite its neck or alternatively rolls on to its
back and the two animals exchange their roles of argressor and defen-
der. If the animals become very excited, the aggressor shakes its
opponent vigorously by the neck and may drag it around the arena by

the seruff of its neck (Fig. 1 B). Sometimes bhoth animals lie side by side
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Foo, 15, Dirngging. The paler animal g dragging tho dacke om

Froa. 10, SBustaine] neck bite, Both animals are gripping their opponent’s neck,
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on their backs, snapping their jaws at one another and waving their
legs in the air. t]i'l,':lx.ll‘-ll..'ln_'- ||u||1-i','|1-. direct hites at one another's
limibs and tails but this is not a commaon pattern in agpgressive play.

Friz. 111, Sideownyve attonek, Uhie amniooal on the eielit s the nggeessor a8 mmosving
forwnrds L (] bl - bl eornesre of ths (LRI g

If one animal is in a playful mood whilst the other is not, the play
fuul ani

il teases its vietim in an attempt to incite it to join in the play.
Teasing takes several forms, A polecat may mount the other animal
whilst holding its neck with the teeth until the opponent is incited to
roll over and playfully retaliate or it may dance up to the other polecat,
finally jumping on it, or it may chase it around, frequently biting it in
the pelvie region (see Fig. 20°).

A poleeat which does not wish to indolge in play or has already had
enough, threatens its opponent by hissing and baring the teeth: this
results in the attacker desisting, 1If one of the animals 2 smaller or
weaker than its opponent which is being too rough, it eries plaintively
until it is released. Playiul aggression is frequently .1I'l'|r|1'|[!l.l|l'|'i|'l| in the
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older animals by wvoealization which takes the form of an exeited
clucking,

The above patterns eonstitute, together with chasing and flight,
the most frequent patterns of aggressive play. One other pattern,
however, oceurs 1.‘(:IIIIII:|H!I1|I'\I.' when one animal is in a tunnel and is
approached by a playful attacker; the animal in the tunnel directs
snapping bites in the direction of its opponent, simultaneously rolling
on to its back, stretehing its neck out and snapping its jaws.

A comparison hetween the aggressive behaviour of the adull and
iggressive play in the young polecal
Patterns af behaviowr found in aggressive play and aggression
Table 1 shows the patterns of behavionr commonly found in
aggression in the adult animal and those which occur in aggressive
play. Four patterns of behaviour, absent from aggressive play, are
found in adult ageression.

TanrLe I

f '--m‘l:ra.".-'.v-..-.- feedriern T RN ihried AT AR j:.l'.-r_n; ih I;..u.": e}

ApEression A PEressivie Ao whisn
(aelulta) play {young) first ohsorvied
Attacking behaviour

Novk-hiting | - 4 weoks®
Mounting i + 6 wireks
Shaking 4 ¢ 5 weiks
Divugrerings i }
Chasing f i
Bustained neck-biting I Addult
Sidewnys attack “+ Acluli

Defensive behaviour

Holling on back i 4 4 wiooks

Playbiting 4+ 4 B wenlks

Flight - . 8 woolks

Defonsive threat - Adult
Voealizations

Hissing + i 5 weels

Serearming i - Adult

During true aggression the poleeat bites the neck of its opponent
and holds on (see Fig. 10). This results in retaliation on the part of
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the opponent in a similar attempt to bite its adversary’s neck. During
the fierce and vigorous fighting of adult male polecats in the breeding
geason the sustained neck-bite plays a major role: it is generally true
in most of the higher animals that continued gripping and holding of
any part of the anatomy E:r'ut!tlrr'-‘ fear and retaliation on the part of
the victim of thiz kind of attack.

Fio. 2A. Rolling over and playvhiting.

Fin. 2B. Defensive threat. The animal on the left s the aggrossor; its opponent

|||I-|||!-; dolensive threat
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Fin. 200, Teasing. The young polecat, the paler snimal, is following the adalt aeoeuand
the arenn making playiul nttacks upin il

Sideways attack (see Fig. 1D) is a form of hehaviour directed by a
highly aggressively motivated polecat towards a defensive or frichtened
aopponent, the effect being to initiate or prolong a fight with an unwilling
partner. This further terrorizes the opponent who adopts an attitude
which has been called defensive threat, in which it stands with arched
hack and raised head fa |

1z its aggressor with bared teeth and hizsing
or sereaming (see Fig. 2B). Sereaming, which is the voealization pro-
duced by a frightened polecat, is absent from agpressive play in the
young polecat

f',:lf:f'nl_'.' r.:lf superior st le.l”.l il r.l:',r.l'll.l'.l'_.l,r N Cgressieg I,I.F..l_r..' coreel "‘!'lr'i""'-"-"-’.'-’“

I":H]M'I'ill'll'lﬂh were carvied out in which young animals were con
fronted with adults or with other voung polecats of different ages to
compare the behaviour of animals of different strengths and vigour
in the eontext |rr"||]:|_\.

If the younger litter were under 6 weeks old they grouped together
and followed any larger polecat, whether voung, adult, male or female,
but they did not play, If the older litter were more than 6 weeks old.
they tried to play with the smaller ones, gripping them by the neck and
mounting them and sometimes careving them to a corner and chew ing
them gently

When the yvounger litter were older than 6 weeks they joined in
agrressive play with the older litter. The latter were usually the
aggressors, being more often on top i the contest. The younger litter
|I|.l_‘l.'|'|| I T |l:|::-c-cil.'1' :l|||] Iil'li'll:—-i";l' |'|r||'_ T|||- (S NN ] |.HJ' I!|'|i:- S2e0mmsE o
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be the greater agility of the older animals. In some cases where the
vounger litter were larger or more active than normal for their age
they proved to be the equals of older animals. This was not therefore
the result of experience but of superior physique. Whatever the age
gap between litters the older animals did not infliet pain on the vounger
ones or terrorize them ; if the yvounger ones tived of the game they eried
or hissed, and the older ones released them.

If there was some considerable age gap between litters, each group
usually ended by playing with members of the same age group in
preference to those of a different age. If the age gap was smaller or
the vounger animals were unusually active, all played together indiseri-
minately.

At 1418 weeks males and females of the same litter play together
even though males of this age usually weigh one and a half times as
much as the females; the females frequently adopt the aggressive role
but the males do not hurt their female opponents.

In contrast to the situation in young polecats, in adult aggression
the animal which possesses the greater strength and vigour is the vietor
and terrorizes its opponent. The smaller or weaker opponent either
takes to Hight or displays defensive threat. 1f the attacker continues
the assault the weaker animal sereams and attempts to break away at
the first opportunity,

Develapment of aggressive play in poleeats

, The patterns of aggressive play which develop earliest are neek-
biting and its responze of rolling over on to the hack, These patterns
can be demonstrated amongst voung in the nest at 4 weeks old which
is 8 week before the eyes open (sec Table 1), If the young are awoken
and activated by stroking with the fingers, holding their muzzles gently
and rolling them over on to their backs, they become excited and
play with one another. Play takes the form of neck-biting, rolling over
in response to an attack and indiseriminate biting of the opponent’s
body and appendages. Neck-biting differs from indiseriminate biting
in that it is guite precisely aimed at the back of the neck of the oppo-
nent in spite of the fact that the attacker is blind at this stage. Neck-
biting does not develop out of indiseriminate biting as both patterns
appear simultaneously.

At 6 weeks the poleeats’ eves are open and their behaviour ean he
studied either by stimulating them in the nest by turning them over
and holding their muzzles gently or by placing them in an arena where
after exploration they usually remain in a corner and play. They are
now more active and mounting and its response of play-hiting develop.
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Like neck-biting and rolling over these patterns appear in a completed
forim and are not gradually asquired through trial and error or random
movements,

By the age of 8 weeks polecats are very active creatures. Dancing,
dragging, shaking, jaw snapping and chasing all appear. At the age
of 9} weeks the dancing has beeome extended to jumping upon an
opponent as a form of teasing and by 14} weeks play has become very
active and rough, Animals which are unwilling to play either ery or hiss
at their opponent. Although cerying and hissing develop much earlier
in the polecat's life (erying in the first few days of life and hissing by
the age of 5 weeks), they do not oceur in play until this later stage. It
seems probable that their appearance in play is related to the increased
roughness of the play.

Observations on aggressive play show that it consists almost entirely
of instinctive patterns of behaviour which develop in sequence; the
basic patterns of the neck bite and rolling over appear even before the
eves are open. The patterns of aggressive play emerge one by one in a
completed form and at their first appearance resemble the adult
behaviour pattern, so that they do not appear to be modified by ex-
perience as the animal grows older. This is also suggested by obser-
vations on a pet polecat, which suggested that play in the poleeat
contains very little inventiveness so that learned patterns of behaviour
play a very small part.

A comparison of the fuctors which influence aggressive play and *
fggression
Factors which stimulate aggressive play in polecats

As in true aggression the most powerful stimulus which induces
play aggression is the presence of another poleeat, Tsolated polecats
play aggressively with inanimate objects in their cages; these are
generally ignored if another polecat is introduced and ean be induced
to play.

The presence of a polecat which is a stranger elicits play from a
group of polecats which had not previously been playing, in the same
way that the presence of a stranger elicits aggression in a group of
adult polecats.

Aggressive play is also induced by placing the animals in a strange
situation or putting some new object in a familiar environment. The
new situation or object is carefully investigated by the polecat but

subsequently the animals indulge in aggressive play directed towards
one another.
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Teasing also acts as a stimulus to aggressive play; an animal which
is not playing is frequently incited to do so by provocative attacks from
other poleeats. This can be illustrated by one example. If an adult
and a young polecat are placed together in the arena the young one
teases the adult by playful attacks. This frequently elicits aggressive
play from the adult, though adults themselves do not normally show
this kind of behaviour towards a stranger,

Factors which inhibit aggressive play in polecats

In young polecats three environmental situations predictably in-
hibit play; these are a fear-inducing stimulus, the presence of prey or
the animal finding itself in an unfamiliar environment. The behavioural
responses which are substituted for play differ in the three situations.

In the case of a fear-inducing stimulus the animal adopts a defensive
posture and takes flight or hides. Where prey is present the polecat
immediately chases it and if it is capable of doing so, kills the prey. A
polecat finding itself in an unfamiliar environment immediately changes
to exploratory hehaviour,

In a situation where a young polecat has heen given time to explore
the arena before a second poleeat is introduced, the first arrival
attempts to play aggressively with the intruder which ignores it and
explores its surroundings. In a similar situation adult polecats behave
in a comparable manner. The first arrival in an arena always has the
initial aggressive advantage over its opponent, which invariably directs
its behaviour towards exploration.

DISCUSSTON

This work is concerned mainly with the relationship between true
aggression and aggressive play. Aggressive play has already been
defined as “play which employs the patterns of behaviour usually
found in the adult context of aggression”. The author considers adult
aggression to be any activity which is directed towards the discom-
fiture of another individual, In the polecat this takes the form of well-
defined stereotyped behaviour patterns.

The comparison between the patterns of behaviour which oceur in
genuine aggression and those which are found in aggressive play shows
that four patterns are absent from play which oceur in genuine aggres-
sion. Two of these patterns “sustained neck-biting” and “sideways
attack” are active attempts to terrorize or discomfit the opponent
whilst defensive threat and sereaming are found in a vanguished polecat
which has been tervorized by its adversary. These four patterns there-
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fore are all related to intimidation of the opponent which is the bio-
logical goal of aggression. Their absence from aggressive play therefore
suggests that the goal of aggression is absent from aggressive play,

The difference in aim of aggression and aggressive play is further
supported by the evidence obtained from experiments in which young
polecats of different ages and young polecats and adults
together. This shows that the strength of attack is inhibited when voung
polecats play with younger polecats or when young male polecats play
with the much smaller females : for although they play vigorously they
do not inflict pain on the younger animals or terrorize them. When a
Young polecat of 10 weeks or more is confronted with a strange adult
in the arena, it makes
usually results in the adult playing with the young one, and although
the adult is larger and far more powerful it does not hurt the younger
animal which ignores the threatening hisses which the other makes.
The adult may also make a short-lived but genuine attack upon the
Young one, but even in these cireumstanees the attack must be to some
extent inhibited for it seldom acts as a lasting deterrent to the playful
attacks of the younger animal. Play between man and polecat also
shows that inhibition of biting occurs. Playing with the original ciptive
male polecat in his cage, it was found that his bites were gentle but
that the more roughly one played with him, the harder the bites
became. If the game became too rough he beeame genuinely aggressive
and would inflict a painful bite, The hiting of a playful animal was
shown to be inhibited when, after playing with it for some time gently,
using one hand, it was offered the other. smeared with blood and
holding a small piece of meat. The polecat seized the meat
hand and the bite delivered was far more pow
inflicting during play.

It can be concluded from this, therefore,
genuine aggression, play is adapted to the st
and avoids both pain and fear-produc

were placed

and the
erful than anything it was

that in contrast with
ength of the opponent
ing situations. The strength of
the opponent is judged on the basis of the vigour of its attack. If the
attack of a human opponent is too vigorous, inhibition of biting disap-
pears and genuine aggression results. Between polecats this does not
oceur, since if one finds the play too rongh, it cries or threatens and is

at omee released,
It ean therefore be

concluded from this evidence that aggressive
play is *

‘make-believe aggression”. In real aggression the stronger and
more vigorous contestant is the vietor who terrorizes its opponent,
whereas in play-aggression the stronger and more vigorous contestant
adapts its strength to that of its opponent,

playful or teasing attacks on the intruder. This”

~
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Observations on the development of play patterns in the young
polecat show that when they first emerge they resemble those of the
adult. There is no gradual perfection of patterns over a period of time.
The basic patterns of attack and defence develop befor

any of the
others but most of the patterns seem to appear when the polecat
possesses the agility and co-ordination necessary to earry them out,
Between the ages of 8 and 14 weeks polecats of different ages play
together as equals if the age gap is compensated for, cither by slow
development of agility in the older litter, or more rapid development in
the yvounger, The size and agility of the animals depen
in the litter from which they come; members of li

1= on the number

5 of two or three
are often larger and more agile than those from litters of seven or eight.

The most important environmental factor which induces aggressive
play in polecats is the presenee of another polecat, especially a st

ATIECT,
This situation has the same effect on adult polecats in that a stranger
elicits apggressive behaviour., Inadeguate environmental stimuli magy
inilies lay in isolated yvoung poleeats which spend much
of their time playing aggressively with, for example, their plastic

HATLE RS W

feeding bowls, This seems to indieate a need for play in the young
animal, and this is normally evident when polecats seek playful contests
with others by teasing a stronger adult or an unwilling litter mate.

Certain factors have been shown to inhibit play and the three
situations described, fear, prey or a strange environment, share in
common the fact that they all elicit behaviour which is orientated
towards a goal which bears a direet relevance to the survival of the
amimal, The biological gonls in these situations are avoidanee of danger,
capture of food and familiarization with a potentially hostile environ
ment. These are of real and immediate importancee to the young animal,
whereas play is coneerned only with make-believe situations.

]'II'FIHI f||r'-'!' -r||-1'u-- r||!' 1'1|”|n'|.'l'1'|;-_g l'llllll'hl."-i!lll'\ HIIHIH i’I.J'_'L:'I'I‘.‘H"-'iTi" ]r]'rl_'l.'
in polecats can be drawn.

. Aggressive play is goal-less in that it is not directed towards the
normal aim of AU ression It ddoes THG Bppear to have any substitute
goal other than the stimulation of further aggressive play

rressive play s n

d ie-helieve AFUTE ssion, for the contest is
|rlm.1--i according to the rule that the vigour of the attack is related
to the vigour of retaliation by the opponent.

3. Aggressive play consists of adult patterns of behaviour which are
stercoty ped and unmaodified by experienee,

4. Aggressive play is inhibited by stimuli in the environment which
lead to goal-directed behaviour,
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A, Aggressive play appear

8 to give pleasure to the animal: it is
actively sought after and may be direeted towards an unresponsive
animal or objeet (e.g. plastic dish),

The study of play in a single animal does not qualify one to produce
a general theory of play. None-the-less the author believes that the
conclusions reached from a study of polecat play must be applicable to
play in general and that the simple and stereotyped type of play found in
polecats may help to throw some light on the biolowieal goal of play,

As play in polecats is almost entirely confined to aggrressive play,
it is justifiable to examine some general theories of play which do not
aceord with the findings of this work and to reject their universzal
application to play on this account.

Liroos (1808) deseribed the biological value of play as practice, but
this is not true of polecat play for the patterns involved are stercotyped
and unmaodified by experience and the outeome of true aggression in
polecats is determined by the size and vigour of the animal and not
by practice or strategy., Nor does aggressive play provide useful
opportunities for incidental learning or the acguisition of skills. The
biological poal of agerressive play cannot therefore be practice,

Meyer-Holzapfel (1956) favours a non-specific activity drive as the
motivation for play. She suggests that wherP the animal is not eon
cerned with a serious activity, providing the special readiness for play
oecurs, the animal will then indulge in playful activity.

However, the way in which play is sought after by the young pole-
cats suggests that a more specific drive to play exists, Meyver-Holzapfel®s
views do not explain why the “special readiness” for play declines in

adult polecats kept in the same conditions as the voung,

Many authors believe that play arises from surplus energy, but like
Beach (1945) the author rejects this hypothesis for under conditions of
eaptivity the adult polecats are kept under similar conditions to the
voung with no demands upon them to hunt for food or avoid enemies,
Une would therefore expect them to have equal amounts of surplus
energy vet play oceurs rarely in the adults but regularly in the young.

Finally, so far as the polecat is concerned, play may be defined as
activity which is not orientated towards a goal which is directly con-
cerned with the survival of the individual, Play consists to a large
extent of adult patterns of behaviour which are normally used to
promote the survival of the individual but which appear in play out
of their true context. An essential feature of play is that it appears to
give satisfaction to the animal by mere repetition and ean be indulged
in by either a solitary animal or several animals coneertedly.
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EXPLORATION AND FEAR IN THE RAT

M. 5. HALLIDAY
Laboratory of Erperimental Psyehology, I niversity of Swaser,
Brighton, Sussexr, Fogland
SYNOPRIS

The hypothesia is advanced that fear may play an important role in the motivation of
muli may be explored becauss they ovoke

exploratory behsviour in rats, and that s
fear mr%:hm:. becuuse they are novel, Bvidenes for nnd against this view i briefly
disoimsedy Exporimental resalts are presented on: (a) the differences in exploratory
behaviour in elevated and enelosed mazes: (b) exploratory behaviour in rets with diffiar

sntial treatment in infaney ; (2] the exploration of stimuli nes winted with electrie ahock
These pesults all suggest that oxploratory behaviour in rnts tends to vary with the fear
eyvoking propertics of stimuli rather than with their novelty,

Over the last twenty years a very large amount of information has heen
colleeted on the exploratory behaviour of a wide variety of mammalian
species. (For general reviews see Berlyne, 1960, 1963; Welker, 1861
Fowler, 1963.) Most of this work has, however, been concerned with
rats, and 1 shall largely eonfine my discussion to this species. These
findings have provoked a great deal of theore 1l diseussion, much of
which has centred round the question of the motivation of exploratory
behaviour. As compared with other eonventional drives the moti
vational system controlling exploratory behaviour presents a number
of peeuliar features. Drives or motivations are usually thought to have
certain general features in common, (1) There are specifiable operations
which will increase the level of the motivation; deprivation of food
or water in the cases of hunger and thirst. (2) The motivation is associ-
ated with some physiological state, even though the details of this
ditions which

state may be poorly understood. (3) There are certain co
will reduce or eliminate the motivational state, for example feeding
or drinking. In the case of exploration none of these conditions apply.
It is by no means clear what arouses the motivation: is it the novel
stimuli in the environment, or is there a “*boredom’ drive, produced by
deprivation of interesting stimulation? The point is discussed in detail
by Fowler (1863) who reaches the conclusion that both factors play
a part. But even if this is so, we know little about what stimulus
conditions are necessary either to arouse exploratory behaviour or to
produce horedom. It is fairly certain that physiological conditions of
arousal are connected with exploration, but it is still in doubt whether
45
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the function of exploratory behaviour is to inerease the level of arousal,
to reduce it, or to reach a happy mean of optimum arousal (see Berlyne,
1960, pp. 163-227), These confusions are paralleled by similar doubts
about the goal of exploratory behaviour; rats will seek out novel
stimulation (Montgomery, 1954; Montgomery and Segall, 1955) vt
this appears to mean that they are seeking an increase in drive. Such a
conelusion ih s#0 mueh at varianes with the tenets of |.1*.'|t'||i||_|_r 1:|:|':||'_1.
that it casts doubt on the usefulness of the idea of exploratory drive;
this is essentially the point of the eriticisms levelled against Mont
gomery s use of the concept (see e.g. Watson, 1961),

Faced with these difficulties it might seem prodent to abandon this
riather theoretical approach and to try to account for the tinw_-.-. on
l'1|l||1r':lhr'|':l.' |rl'itil\'irllll' 'l.'uillll:lllt !r'llliiilll_' ,'|_||I'|" 11=e u! 1||||.Ti\i|[j||||4|l LRI
cepts. Glanzer (1953) put forward a theory along these lines which
dispensed with motivation: he sugrested that all stimuli tend to be
inspected by an animal and that., during exploration of a stimulus,
satiation (on the analogy of Hull's reactive inhibition) builds up to this
particular stimulus; this stimulus satintion dissipates with time, but
its immediate effect will be to make the animal more likely to explore
stimuli which it has not recently investigated and to which, therefors.
no stimulus satiation is attached. A simple non-motivational theory of
this sort can account for quite a wide range of experimental results and
has obvious attractions, but it also has drawhacks which illustrate the
necessity of having some motivational construet in order to aceount
adequately for exploratory behaviour. Such a theory can only explagn
exploratory behaviour controlled by stimuli which are present to the
animal at the time; but in some cases at least there is evidence that
spontancous alternation is not determined by stimuli at the choice
point, but by stimuli in the goal boxes which are invisible from the
choiee point (e.g. Sutherland

1957). A stronger objection to Glanzer’s
theory is that rate will learn in order to explore, Montgomery has
shown that rats will learn a T-maze or a diserimination problem in
order to get 2-min exploration in a Dashiell maze (Montgomery, 1954 ;
Montgomery and Segall, 1955); various controls made it unlikely that
these results could be attributed to pogition habits, or to reduction of
some “activity drive”. Chapman and Levy (1957), using rats, and
Schneider and Gross (1964), using hameters, found that the latency of
running a straight alley decreased when novel stimuli were presented
in the goal box. Berlyne and Slater (1957) failed to find any tendeney
for rata to prefer the side of a T-maze on which a novel card was pre-
sented; but Streteh (1960), using the same stimulus eards, found
marked decreases in latency in running a straight alley, when the
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cards in the goal box were changed from trial to trial, and an increase
in lateney when the same card was shown on each trial. Berlyne and
Slater's result cannot therefore be taken as conclusive, and may well
be the result of test insensitivity. 1f rats will learn in order to explore
it is hard to see how any satisfactory account of exploratory behaviour
could be made without making use of some sort of motivational con-
cept.

I do not intend to review the various theories of exploration. 1 have
only discussed these theoretical issues in order to illustrate the type of
diffieulty that arises, All current theories have defects, and in general

s 110256 defects arise over the identifieation of the motivation controlling
explogatory behaviour, To make confusion worse confounded, T shall
.q.ta.tr_-%msu- for another candidate, at least in the limited area of
locomotor exploration in rats. There is a striking association between
exploratory behaviour and fear, and it seems possible that fear may
play a much larger role than has commonly been thought in the control
of such behaviour.

There is no lack of evidence to suggest that the same situations
which elicit exploratory behaviour also evoke fear, In rats, defaccation
is usually taken by psyvchologists as the most convenient indieator of
fear. Defaceation, urination and other behaviour indicative of emotional
arousal are characteristically found when a rat is placed in a novel
situation; at the same time exploratory behaviour commonly oeeurs.
The frequency of defaccation declines with time in a novel environment
(" undlruul 1958), so does the amount of exploratory behaviour. Both
the amount of defaceation and the amount of activity decline when rats
are given repeated exposures in an open field (Hall, 1934 Yoshioka,
1032). In other species too there are numerous reports of novel situa-
tions tending to produce both fear and withdrawal, and approach and
exploration (e.g. Dolin ef al.. 1955; Hebb, 1946; Melzack, 1952). The
phenomena are, indeed, too common to need emphasizing, These
findings have usually been taken to show that most novel stimuli
activate two motivational systems, one mediating avoidance, and the
other approach, and that the observed behaviour is the result of an
approach-avoidance conflict. On the other hand, the conjunetion
between fear and exploratory behaviour is so common and so wide-
spread that it seems very possible that there is a muech eloser connexion
between them. | suggest that perhaps only one motivation is involved
and that low levels of this motivation make the animal more likely to
explore, while higher levels result in avoidance. The advantage of this
suggestion is that the motivational system involved is already familiar
in other contexts, and is detectable independently of the behaviour
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which it is supposed to explain. But there appears to be an insuperable |
objection; for surely it is the defining characteristic of fear that it
induees withdrawal and avoidance. 1f this is so, it is quite impossible
that fear of a stimulus could lead to exploration of that stimulus. To
argue along these lines is, however, to take too narrow a view of the
nature of motivational systems. It is not usually possible to use the
frequency or amplitude of a single type of behaviour as the sole indi-
cator of the strength of a motivation. It is better to think of a motiva-

tion as a state of the organism which affects the probability of the
oceurrence of a number of different sorts of behaviour, both learnt and
unlearnt, Thus, for example, an inereasge in the level of fear Mmoo
inerease the probability of escape behaviour, but it may mw:&' well
result in the performance of a learnt avoidanee response. Even in the
unlearnt case we eannot use avoidance as the only indicator of fear,

for, in the rat at least, high levels of fear may produce freezing rather
than escape. In this ease there is nothing inconsistent in the idea that
under certain cireumstances, and with certain levels of fear, an animal

will approach and explore a stimulus because it arouses fear.

The suggestion is, thercfore, that rats tend to explore novel stimuli,
because they arouse low levels of fear. not simply because of their
novelty, Most stimuli arouse fear in the rat on their first presentation,
and suech stimuli will be explored, and, if they are in fact harmless, they
will eease to elicit fear and henee exploration. Stimuli which arouse
higher levels of fear will give rise to both avoidance and exploration,
while very alarming stimuli will be consistently avoided. One might say
that the “hiologieal function™ of exploration was, therefore, to reduce
the animal’s fear of the environment. From an evolutionary point of
view there would be advantages in animals approaching and exploring
at least some of the situations which arouse fear, Obviously if a stimulus
arouses extreme fear or has frequently been associated with pain it will
not be explored at all. But if animals always reacted to stimuli which
arouse fear in this way, they would never find out anything about their
environment, since most novel stimuli also arouse fear. In partieular
an animal which behaved in this way would never find out which stimuli
in the environment were genuinely dangerous and which were harm-
less, or even advantageous, for it to approach.

There is a certain amount of evidenece to support such an idea.
For example, Barnett has shown that if novel stimuli are introdueced
into a familiar keeping cage wild rats show a great deal of fear and
prolonged refusal to eat (Barnett, 1958). Yet he reports (Barnett, 1963)
that “‘wild rats ordinarily take cover when disturbed, but if they are
placed in a completely unfamiliar enclosure they usually explore
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before settling in a concealed place. This is not because they have had
no previous experience of where cover is to be found: in large cages
fitted with nest boxes, the boxes may he visited during the exploration,
but the rat is so stimulated hy the new surrou ndings that it emerges
again, despite the presence of the experimenter, and resumes its
wanderings”". Such a reaction in wild rats, which are notorious for their
“neophobia” eonfirms the idea that the function of exploratory beha-
viour is to reduce the rats' fear of the environment. Further evidenee
of the same sort is supplied by various experiments in which rats have
. explored a novel environment in which food was present. The general
el 1ling is that, even after they have located the food, the animals
explorefor some time before they will eat (Majorana, 1950; Chance and
Mead, M Zimbardo and Montgomery, 1957). For example, Whiting
and Mowrer (1943) say that in a situation of this sort using an elevated
maze, the rats showed initial fearfulness followed by a period of great
exploratory activity during which they ignored the food, although they
were 36 h hungry ; only after this did they begin to eat. Once again it
seems natural to say that since fear and eating are incompatible, it
was necessary for the rats to reduce their fear before they could eat;
the adaptive response was therefore to explore, thus reducing fear and
making it possible to eat. Berlyne and Walley (reported in Berlyne,
1960, p. 115) found that if rats were given a brief electric shock in an
aleove in the course of exploring a maze, they would explore the aleove
less than unshocked rats, but they did a greater proportion of their
exploration in the first three minutes after the shoek, Thus the immedi-
ate bffect of the shock was to make the rats explore more in the place
where they had been shoeked. Hudson (1950), in an experiment on one
trial avoidance learning, found a similar tendency for rats to explore
the stimulus near which they had been shocked, A rather different
line of evidence is provided by an experiment by Candland and Camp-
bell (1962). They tested groups of rats of varions ages in an open field
in which they measured exploratory activity and also defaccation. The
ages of the groups of animals at the time of testing varied from 18 to
200 days. At the same time the animals’ home cage activity and defacea-
tion were also recorded. They found that these last two measures
remained constant for all groups. But both defaceation and activity
scores in the open field rose steadily up to 54 days and declined very
slightly thereafter; the two graphs were strikingly similar in appearance,
If defaecation is aceepted as a rough measure of emot ionality, it appears
that the U.tl]l“l"ﬂtﬂ]‘t'n' FI.I'”TIIT_‘.' of rats in an open field and the fear that
they experience in the field show an almost perfect correlation over a
wide range of different ages, The control measurements in the home
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found that there was an inverse relationship between the number of
daysonwhich an animal defaecated and its averageactivity during those
days. But he reports no negative correlation between activity and
defaecation on any one day ; and indeed a number of investigators have
failed to find any correlation of this sort (Evans and Hunt, 1942:
Candland, 1858; Pare, 1964). Candland comments on these results that
there appears to be a bivariate population, with some animals which
“ecower on a single square and deposit a large number of boli, while
other animals race around the ficld and also deposit a large number of
boli”. This finding is fully in accord with the hypothesiz that I have

roposed, if it is accopted that some of the rats were too frightened to
explorgavhile others were just frightened enough to do so, In any case
Hall's results are not a very powerful objection.

Nevertheless, even if it is possible to discount most of the apparently
contrary evidence, there is little direct evidence that fear and explo-
ration are linked in the way that I have suggested. The best test of the
hypothesis would be to vary independently the novelty and the fear
evoking properties of the situation, predicting from this theory that
exploratory behaviour should vary with the latter rather than with the
former. 1 have attempted to do this in a number of different situations,
and 1 will briefly report some of the results.

It is gemerally agreed that an elevated maze is more fear evoking
for a rat than an enclosed one; presumably this is because it is a very
open situation and rats dislike open spaces. This difference in the
capacity to evoke fear should, according to my hypothesis, result in
differences in the exploration of the two types of maze. In a number of
experiments using both types of maze I have found such differences.
In all these experiments the subjects were satiated, naive, female,
hooded rats, about 100 days old. Y-mazes were used, with arms 18
long and 4 in. wide meeting at 120°: the elevated maze was 18 in.
above the fHoor, the enclosed maze had 6 in. high metal walls and a
transparent removable roof. Either maze was used under an enclosure
4ftxdftx4ft 6in. high, covered with black material and lit by a
60 W bulb on the centre of the roof. The rats’ movements were recorded
by dividing each of the arms of the maze into two sections by a line
on the floor and recording the number and sequence of entries made to
these sections during any one trial. It was found that d ring a single
long exploratory trial (30 min) activity declined with time in the maze
in each group, and in each case reached a steady low level after about
15 min; the rats also stopped alternating their choice of maze arms
after 10-15 min in both mazes, 1t seems, therefore, that they gave up
exploring each type of maze after about the same length of time, which
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one leads to a reduction in its capacity to evoke fear, while familiarity

\ with the elevated maze does not change this capacity; or if it does, it

does so only very temporarily, This sort of difference between fear

evoking stimuli is familiar in other contexts; the rate at which an

alarming stimulus loses its capacity to evoke fear as a result of ex-

perience, seems to vary. In some cases a stimulus loses this property

very slowly if at all {as with fear of snakes in monkeys or heights in

human beings); while in others, although the stimulus may initially

be very alarming it soon becomes innocuous. If the elevated and

enclosed mazes differ in this way, then, for the first three days at least,

Pt he differonces in exploratory activity in the two mazes vary with the
rats’ dagg of the situation rather than with its novelty,

In further experiments with elevated and enclosed mazes the inter-

val between two 3-min exposures to the same maze was varied between

§ min and 21 hr 20 min for various groups of animals. One hundred and

thirty-three animals were used in the elevated maze and seventy-one in

the enclosed one. In this case it was found that 1 min after a single

n exposure to either of the mazes the rats were only about 25°, as

active on the second trial as they had been on the first. As the inter-trial

interval grew longer they were increasingly active on the second trial,

until with an inter-trial interval of 10 min the animals in the elevated

maze were as active on the second trial as they had been on the first:

there were further changes in actiy ity with longer delays, but these

could be shown to be non-exploratory in nature and need not concern

us further here; the results for delay up to 20 min are summarized in
Table I. It appears that after a single 3-min trial in the elevated maze.
the tendency to explore has completely recovered after as little as
10 min; furthermore this temporary deercment in exploratory activity
can be shown to be specific to the particular situation sinee it does not
appear if the two trials are given at a short interval in different en
vironments (Halliday, 1966). Thus it is not the result of the satiation

Tanre I

Frider-trial delay®

Group I min 2 min 5 min 10 min 20 min
Eleyated —75-3% —516% —17-7% +3:2% 40.25%
Enclosed —65.0%; — — 4578 —176% —

* The scores are the peroentage change in net ivity botwesn
first and second trials.
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of a “ho

redom” drive or of an activity drive but is rather a decrement
in the tendency to explore the particular stimuli in the environment.
Precisely analogous effects are found in the enclosed maze, except
that in thig ease the recovery in exploratory activity is not complete,
reaching only about 802, after 10 min. As in the case of daily trials
there are therefore important differences in the exploration of the two
gorts of maze; and once again they cannot plausibly be explained by
supposing that they are due to differences in the novelty of the mazes.
The results are, however, easily explicable if it is assumed that it is
not the novelty of the maze which determines how much it will explore,
but rather its capacity to evoke fear. In this case the recovery ir
tendency to explore after a single trial could be attributed tqgeovery
from hahituation of fear oceurring during the first trinl. This recovery
reaches a different level in the two mazes because in the elevated maze
the rats' familiarity with the maze make little difference to the final
level to which fear will recover after habituation ; while in the enclosed
maze the rats’ experience of the maze produces a permanent deerement
in the maze's capacity to evoke fear and hence exploration.

In other experiments on elevated and enclosed magzes, rats have been
given first trials of varying lengths in either type of maze, these were
followed after 10 min by o second 3-min trial in the same maze, The same
pattern appeared once again; in the elevated maze the length of the
first trial had only a small effect on the amount of exploratory activity
10 min later, while in the enclosed maze there were large decrements in
exploratory activity on the second trial for the groups which had had
long first trials (see Table IT), Once again the differences in exploratory
activity between the two types of maze are inexplicable in terms of the
novelty of the mazes alone, while they are easily accounted for in terms

Tanrz 11

Crroup Length of first trind % Decrease on second trial®

Elevated 0 min

15 min

30 min

Enclosed b5 min 40-0
16 min Ha6-7
30 min 675

* The second trial lasted 3 min snd the percentage decrease score s derived from
comparison with the first 3 min of the first trial in each cose.
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of my hypothesis. The interpretation of these results may appear
highly speculative, but an explanation somewhat along these lines is
forced on us by the facts. Exploration in elevated and enclosed mazes
differs in certain systematic ways; these differences cannot be explained
in terms of differential novelty or familiarity alone, some other moti-
vational factor seems to be required which can vary independently of
the information that the animal has about the maze. There is good
reason to think that fear of the maze varies appropriately in the two
types of maze. It is not, therefore, a long step to suppose that fear of
the environment does act as the motivation controlling the exploratory
- .o Pehaviour in these experiments.

The hypothesis that 1 have proposed could also be tested, not by
varyili®™he fear evoking properties of the maze, but by comparing the
behaviour of differentially fearful rats in exploratory situations. Strains
of rats which differ in “emotionality’” have been bred (Broadhurst,
1960} and it is also possible to produce differences in emotional reac-
tivity by differential treatment in infancy (Levine, 1062). It has been
found that rats stimulated in infancy are less emotional, by a number
of measures, than unstimulated ones; they are also more active in
exploratory situations (e.g. Denenberg and Morton, 1962). This would
appear to go against my hypothesis, but in the experiments so far
reported the only measure of exploration has been the amount of
activity; it is therefore possible that the differences arise from differ-
ences in general activity level, unrelated to exploratory tendencies,
and that if the tendeney to explore was to be measured in some other
why the relationship would be reversed and the unstimulated (emo-
tional) animals be found to be the more exploratory. 1 have carried
out some pilot studies on these lines with positive results. The rats
were bred under controlled conditions and were completely undisturbed
for the first 3 weeks of life; the only difference between the stimulated
and unstimulated animals was that the former were removed from the
cage each day for these 3 weeks and gently handled for about half a
minute each. They were all weaned at 21 days and after that were
handled only twice, for the purpose of changing cages, until the time
they were tested at around 100 days. At this time it was found that the
stimulated rats were far more active in an open field than the unstimu-
lated ones. This difference persisted over as many as thirty daily trials.
But when home cage activity was measured (by means of a photo-
transistor and a beam of infrared light crossing the cage) it was found
that there was an equally large activity difference in the home cages.
The differences in activity found in the open field probably do not,
therefore, represent real differences in the tendency to explore. In a
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further experiment sixteen female rats, eight stimulated and eight
unstimulated, explored an enclosed Y-maze on 5 days, for 5 min per
day. The maze had arms 2 ft long and 4 in. wide; two of the arms were
painted grey and the third was covered with vertical black and white
stripes, The stimulated animals were once again consistently more
active than the unstimulated ones, but, while the stimulated animals
never showed a significant preference for the st riped arm of the maze,
the unstimulated animals showed such a significant preference on 3
of the & days of the experiment; and on days 2 and 3 they preferred
it significantly more than the stimulated rats. Here again, therefore,
there is some evidence in favour of the idea that a rat will explore,, ., =
according to the level of fear aroused by the environment., s

Another experiment furnished a rather direct test of my hiothesis,
In this experiment four groups of rats explored a Y-maze for 5 min per
day over 6 days. As in the last experiment, two arms of this maze were
painted grey and the third was striped. Between the 3rd and 4th days
of the experiment, the rats in group 1 (n = 16) were given two 15-sec
eleetrie shocks® in a box with striped walls. The rats in group 2 (n = 16)
were given two shocks in a similar box with plain wood walls; those in
group 3 (n = 8) were placed in a striped box but given no shock, while
the rats in group 4 (n = B) were placed in the plain box without shock,
Sinee the seores of these last two groups did not differ in any significant
way, the results have been combined for simplicity of presentation.
The prediction from my hypothesis iz that in group 1 the association of
shock and stripes should inerease the capacity of the striped arm of the
mazs to evoke fear. This, in turn, should lead group 1 to explore this
arm more than other groups on the days following the shock, The
results on the whole eonfirmed this prediction. On the day following
shoek, group 1 showed no special preference for the striped arm, but
on the 5th and 6th days the animals in group 1 had a highly signifi-
cant preference for this arm as compared with the other groups (see
Fig. 2). This preference eannot have been the result of shock alone,
sinoe in this case it should have appeared in group 2 as well; nor
could it be the result of experience of a striped environment outside the
maze, sinee in this case the prefercice should have appeared in group 3.
It appears that this result cannot easily be explained except by sup-
posing, as my hypothesis requires, that rats will explore stimuli be-
cause they are fear-evoking rather than because they are novel,

The experimental results reported here are, of course, in no sense
conclusive evidence for the hypothesis that has been proposed. Never
theless, they do show, in various types of experimental situation, that

* 175V d.o. with & resistance of 200 kil in series with the rat.
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locomotor exploration in rats is not determined simply by the novelty
or familiarity of the stimuli in the environment, as has commonly been
supposed. The results also suggest that fear of the environment can,
in some eircumstances at least, increase the rats’ tendency to explore.
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I have argued that the idea that fear of the environment motivates
exploratory behaviour eannot be rejected on theoretical grounds, nor
is there any conclusive experimental evidence against it. There are,
therefore, good reasons for taking seriously the suggestion that at
least one of the reasons that rats explore is because the stimuli that
elicit exploration evoke fear,
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EXPLORATION AND PLAY IN CHILDRE

CORINNE HUTT
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BYNOPSIS

Exploration and play are coneepts often used synonymoualy, Explomtion itself is seon
tor bt least two different clausses of behaviour, viz. specifie oxplormtion amd diversive

araticn. Discropancies in the literatare are shown to be doe to o failure to make this
ih ctiomn. It s suggestod that play may be similar (o the latter buat contrasts with the
former, A-study of exploratory behaviour in 3 G-vear-old nursery sehool chililren i
roported, The primery aum of the study was the investigation of explomtory sctivity
eliitedd by o novel objeet amd the habitaation of this activity with repeatod exposare,
The resultas alao threw sonee light on the determinants and genesia of “play’ activities,
Anditory feedback was found to be more potent than visaal fecdback in eliciting and
maintaining “ploy " responses, TEowos thos possibile to distingaish investigative or speeific
exploration from play on several geounds. By teference to the probable ontogenstic
eonrse of these bohaviours, an explanation is offered for the traditional view of them as
synonvimens activities, 1tois oot feaitful to label Behavionrs as “playful™ simply beease

they are performed by voung amd immatuee animnls,

INTRODUTCTION

Exploration and play are often regarded as one class of behaviour,
Welker (1956a, b) in deseribing some determinants of exploration and
pldy in chimpanzecs, as well as the variability manifested in these
behaviours, treats them as indistinguishable, More recently (1961) he
has acknowledged this more explicitly: “the term play is often used
in conjunction with, or in place of, the term exploration. In other
instances play is used as the generie term, exploration being only one
type of play”. On the grounds that a distinetion between play and
exploration is not always ready-made, he justifies a perfunctory
attempt to define these behaviours, Hayes (1958) in studyving the main-
tenance of play activities in children, included games with marbles
as well as visual exploration of pictures. Thorpe (1963), too, implicitly
assumes the equivalence of exploration and play ; he states that where
appetitive behaviour and consummatory behaviour are not too strietly
tied, we may begin to get general exploration of the environment which
often takes the form of play, and he sees learning deriving from this
process of play or exploration. Berlyne (1960) has discussed the per-
ceptual and intellectual activities which are engaged in for their own
sake, and ealls them comprehensively “ludie behaviour”, defining this
il
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vategory as “any behaviour that does not have a biologieal function
that we can clearly recognize™,

At the same time, it is clear that these authors are aware of this
conceptual confusion and of the need for elavification and distinetion.
Thorpe says “there are varions possible explanations for behaviour
which ean be deseribed as play, and it would be a mistake to think that
at present they ean all be brought together in one category”. Berlyne
states “ludie behaviour forms such a motley assortment that it s
highly unlikely that all of it has just one function . . . so far it is mainly
our ignorance that binds them all together”, But in general theories of
exploration have subsumed play and theories of play have failed to take
cognisance of exploratory activities. Since these two classes ¢ -
haviour are likely to differ in terms of their determinants, morphology
and function, we might consider briefly the empirical data and theoreti-
eal arguments concerning them,

EXPLORATION

Most definitions of exploratory behaviour have tended 1o be over-
inelusive: exploratory behaviour is defined as “any behaviour which
tends to inerease the rate of change in the stimulation falling on the
animal’s receptors which is not impelled by homeostatie or reproductive
need™ (Barnett, 1963), or “those responses that alter the stimulus field"
(Berlyne, 1960). These are hardly operationally useful definitions, but
attempts have been made to classify these behaviours more precisely
in terms of the receptors involved, c.g. orienting, locomotor, whd
investigatory responses (Berlyne, 1960; Hayes, 1060 Welker, 1961),
Whatever the measure of hehaviour used it is generally accepted that
novel situations and objects elicit exploratory behaviour ( Berlyne,
1950 Montgomery, 1953 ; Carr and Brown, 1959a), that this PO PONSive-
ness shows a decrement with continued exposure {Adlerstein and
Fehrer, 1955; Inhelder, 1955; Welker, 1956b: Glanzer, 1961), and a
recovery after a period of non-exposure (Mont gomery, 1951; Berlyne,
1855), This habituation of exploratory behaviour has been interpreted
in terms of Hullian principles of reactive and eonditioned inhibition
by Berlyne (1850); in terms of the Pavlovian theory of inhibition by
Danziger and Mainland (1954): in terms of stimulus satiation by
Glanzer (1958); and in terms of the weakening of the exploratory drive
elicited by novel stimuli by Montgomery (1953). This type of behaviour
directed at particular features of the environment and showing the

properties mentioned above, has been termed specifie exploration by
Berlyne [ 1960),
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On the other hand, workers from the Wisconsin Laboratory have
shown that visual exploration persists in the monkey over a long period
of time (Butler and Harlow. 1954) and shows a non-decremental steady
pattern from day to dn;n.' { Butler and Alexander, 1955), Similar results
were reported for manipulatory investigation by Harlow ef al. (18546),
and Carr and Brown (19589h). At first sight, these two sets of results
appear contradictory. and Harlow’s (1056) conclusion that “manipula-
tory behaviour is self-sustaining”, adds little to the description of the
behaviour. If, however, one examines the conditions under which the
animal is reported as showing a maintenanee or inerease in exploratory

Wj' with time, these are in general those we would deseribe as
senaMily depriving or at least unstimulating; typically, small bare
eages were used, The animal was therefore deprived of the opportunity
of alternative activities other than those directed towards himself or
to the predetermined stimulus objects, Under these econditions, the
animal strives to vary sensory input: rats press a lever for no other
“reward"’ than microswiteh clicks and relay noises (Kish and Antonitis,
1956) : monkeys bar press for a change in brightness (Moon and Lodahl,
18456), or show increasing manipulation and chewing of a door which is
the only variable object in its restricted environment (Symmes, 1959);
children in an empty room engage in bodily manipulations and gestural
patterns (Hutt ef al., 1965); adults in sensory deprivation experiments
talk and whistle to themselves ( Bexton ef al., 1854). Moreover, sinee we
are usually told how muek of an activity is performed, and not (n what
manner, the interpretation of the behaviours in restricted environments
as speeifie types of exploration needs to be gquestioned. For example, in
the Butler and Harlow study the monkey was said to he visually
exploring when the trap door was held open for relatively long periods
of time, Symmes, however, reports that in a similar situation, the
monkeys “very commonly sat near the door holding it open with one
hand, and moving it against the spring resistance, and only oceasionally
turning to look through the opening””, The animals continued to do this
even if there was complete darkness outside the door. Such efforts to
vary stimulation are similar in effect to, and differ only in complexity
from, human recreational and entertainment activities. It is this
behaviour that Berlyne (1960) terms diversive erploration, to distinguish
it from specifie exploration.

PLAY

The term “'play™ covers a heterogeneous assortment of activities
from the dartz and gambols of voung birds and mammals to the
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extremely ritualized games of adult humans. In his review, Beach
(19435) lists five characteristies of play, only three of which are relevant
to its definition. These are: (1) that it earries an emotional element of
pleasure; (2) that it is characteristic of the immature animal rather
than the adult; (3) that it differs from ne m-playful responses in having
no relatively immediate biologieal result.

The first characteristic has clearly impressed many authors: Bally
(1945) refers to play as appetitive activity in a “relaxed field” (“im
entspannten Feld™), Bertalanffy (1960) as activities which are aceom-
panied by “functional pleasure”, Meyer-Holzapfel (1956) as activities
which are eharacterized by the “disinterested”™ at mosphere rnut.w
the consummatory act, and Lorenz (1956) comments that “the®snal
opposition between play and being serions has a very real background™,
Although, as Beach points out, systematic studies of play activities
and the environmental factors that elicit them are lacking. theories to
explain the occurrence and funetion of this behaviour in young manm-
mals have always been fortheoming.

Perhaps the earliest of them is that of Spencer in 1855, who re-
garded play as an outlet for surplus energy. In 1891 Stanley Hall,
influenced by evolutionary prineiples and Haeckel's hiogenetic law,
stated that the play of children passed through a series of stages com-
parable to those appearing in the evolution of the social group (see
Rogerson, 1939). Hall (1904) stated 1 regard play as the motor habits
and spirit of the past of the race, persisting in the present, as rudi-
mentary funetions sometimes of and always akin to rudimentary
organs. The best index and guide to the stated activities of adults in
past ages is found in the instinctive, untaught, and non-imitative plays
of children . ..". Groos (1898, 1901) regarded play activities as in-
complete in themselves, ie. lacking a consummatory act, but as a
rehearsal of patterns which would be of future biological significance,
MeDougall {1931) questioned (roos’s assumption of an instinet to play,
and disputed the notion that motor patterns associated with apecifie
instinets were being exercised. He argued that play was non-purposive
and involved the expenditure of surplus neural energy. Sechlosberg
(1947) has argued that play ean more parsimoniously be coneeptualized
in 8-R terms, that is as responses initially readily elicited by certain
stimulus configurations, but which gradually acquire more speeificity
by differential reinforcement. Thomae (1956) has formulated the
hypothesis that inner, organismally determined behaviour has periodi-
city or rhythm whereas outer, environmentally determined behaviour
is aperiodic and sporadie, an hypothesis that underlies the studies of
children's play by Lehr, Erfmann, and Schapitz ; from Lehr's work it is
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concluded that with maturation the focus of voung children’s play
shifts from movement periodicity, through objeet and loeation periodi-
city, to “activity level” periodicity. Brownlee (1954) has reiterated the
postulate of a play drive and Haldane (1956) has suggested that games
or play may result in the loss of negative entropy.

The category of play commonly includes bodily activities, activities
involving inanimate objects (investigation or games), animate objeets
(social play), and competitive sports. When to this heterogeneous
category is added vet another, sueh as exploration (which in turn
includes topographical, object and soecial exploration), there seems

%Itflikulihmul of arriving at general principles governing the nature,
o ence and funetion of these behaviours, 1t seems essential there-
fore that we attempt a more precise conceptualization and inguiry of
thesze behaviours,

The study to be described here, although primarily designed to
investigate specific exploration in children, does throw some light on
those hehaviours customarily ealled play,

EXPERIMENT

The main aim of the experiment was the study of curiosity or
exploratory behaviour elicited in young children by the presentation of
a novel object, and the habituation of this behaviour with time. Sinee
we were concerned with the attraction of novelty to the child, rather
than a foreed responsiveness. it was deecided to allow it alternative
choices. These consisted of five familiar toys,

Sulijects

The subjects were all nursery sehool children between the ages of
3 and 5 years. They were seen in a small room in the school which was
relatively familiar to them, The furniture was stacked against one wall,
leaving most of the Hoor area free for the child to move around in.
Altogether thirty nursery school children were studied under the
conditions to be deseribed, Five children of friends were alzo seen in a
playroom specially constructed to enable film records to he made
{Lee and Hutt, 1964),

Apparatus

The novel object was designed to allow for the assessment of both
novelty and complexity variables, although the latter was not para-
metrically varied. The object consisted of a red metal rectangular box
on four brass legs (Fig. 1). On the top was mounted a lever at the end
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of which was a blue wooden ball, The four direetional movements of
the lever were registered by four Post Office counters which could Jhe
madle visible to the child. It was also possible to allow the child diffe
entinl auditory feedback econtingent upon specitic manipulatory mowve
mients (a bell in one of the horizontal directions and & buzzer in one of
tie v |1i|':||:-_ Four conditions of |'|'|.'|Ii‘.1-|_'-. i|||"|'|-.1--iII:-! I'1|:||||r||-\|1_1, Wi
thus available

(1) No sound or vision: the bell and buzzer switched off and the

counters covered 1y,
|ii_' kY TR l=|||'. noises off I|||r counters '..|--:|||||'
(1i1) Sound only: bell and buzzer on, but counters cove roedd

(iv) Sound and vision: noises on and counters visible

Procedr

The six experimental sessions were preceded by two pre-exposur
sesgions which additionally served to familiarize the child with the
room and the five toys. These pre-exposure sessions were procedurally
identical to the experimental sessions, except for the presence of the
novel objeet. All zessions were of 10 min duration. An experimental
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both conditions (i) (varianee ratio = 115, d.f. = 4, P < 0-05), and
{ii) (variange ratio = 2756, d.f. = 4, P <= 0-01). Thus, addition of the
visual fecdback slightly decreased the rate of habituation to the novel
ohject. The initial amount of exploration was greater with the visual
ineentive, than with no such ineentive.

Under both conditions (iii) and (iv) the object was increasingly
manipulated, and only after the fifth exposure was there a decrease in
this responsiveness (Fig. 5). It appeared that simply making noise
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Fug, & Manipulatory explorstion of the novel object on suoeessive trials under
{iii | sound only, and (iv) soumd and vigion, conditions, n o= Number of subjects

contingent upon certain manipulatory responses completely altered
the temporal pattern of activity towards the object. Addition of the
vizual to the anditory feedback only served to enhance this pattern.

Analysis of activities

It was elear that under conditions (iii) and (iv) the nature of
activities engaged in changed markedly over the six sessions. In-
vestigative responses gave way to other behaviours, and it was decided
to separate the time spent investigating the object from other activities
involving it. Investigative responses were those responses that involved
visual inspection, and feeling, touching or other manipulations aceom-
panied by visual inspection. These had in common the eharacteristic
of “learning the properties” of the object. Whereas under the two
no-sound conditions nearly all the activity dirceted towards the objeet
was of this kind, this was not 20 under the sound conditions. The time
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spent in investigatory responses deereased progressively from session
1 to 6 under both conditions (iii) and (iv) (Fig. 6): Grant's analysis of
variance (1956) involving the use of orthogonal polynomials indicates
that the lincar components of these trends are significant (F = 8475
3124, df. = 1 and 30, P < 0-001; F = 1457/94-5, d.f. = 1| and 30,
' < 0001 respectively).

¥ or
r—s irveshigahior
s et Fplay
40 \ /
& 30| / \
E
: \/\ g
v
S [
e 20 i
‘/.1"
e
"
-
et e

Saessions

Fia. 6. Proportions of time spent in (a) investignting and (b) other aotivities invalving
the niowvel object under conditions (i) and (i),

As investigation of the object decreased other activities involving
it increased. When analysed these consisted of repetitive motor mowve-
ments, manipulations of long duration accompanied by visual inspae-
tion of other objects, and a sequence of activities incorporating hoth
the novel object and other toys—in other words a “game”, Examples
of these were respectively : patting the lever repeatedly, leaning on the
lever making the bell ring continuously while looking around the room,
and running round with the truck ringing the bell each time the object
was passed. There is another group of responses which ean be termed
" transposition-of-function”—those responses which resulted in the
object explicitly fulfilling another function, e.g. something to climb,
a bridge, or a seat. All these activities (i.e. repetitive movements,
“games” and “transposition-of-funetion” responses) are those which
an observer would recognize and label as play. They occurred hardly at
all under the no-sound conditions, and when they did they were entirely
of the “transposition-of-function” kind. By the sixth session, however,
even “play activities” directed towards the object decreased and it
seems likely that these responses are a guadratic funetion of time,
though more results are required to demonstrate this.,
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In all children. onee active investigation had commenced, it
generally proceeded vigorously, all aspects of the object being explored.
It was only onee the child had apparently learned all there was to
know about the objeet that it was ineorporated in play activities, and
any further learning was purely incidental. In fact one boy who started
a “game’’ after a relatively brief period of investigation failed to find
the buzzer. However, if during play a new property or aspect of the
object was chanced upon, a further spell of investigation would follow.

The transition from investigative exploration to playful activities
was marked by certain features: during investigation all receptors

cere oriented towards the object, the general expression being one of
M-nn'ﬂlinn" isee Fig. 7); at a later stage (intermediate between
investigation and play), manipulation might oceur with simultaneous
visual exploration of other stimuli, and the intent facial eXPression
changed to o more relaxed one, Finally in play for much of the time,
the receptors were desynchronized (i.e. vision and manipulation were
no longer simultancously directed towards the object) and the behaviour
towards the object might almost be deseribed as “nonchalant™ (see
Fig. 8],

The relative amonnis of time spent on other activities from session
to session are shown in Figs, 9 and 10, Under the no-sound eonditions
gestures increased with continued exposure to the same situation
this was ||r'|||ut.|r|l!.' a reflection of the child’s horedom, |uu'ﬁ('|||n.r|11.,' s
yawning and stretching figored prominently in the latter sessions,
That the situation had become less attractive under these conditions
wa? indicated by two children who showed some reluctance to being
exposed to it for the fifth or sixth time. Under the sound conditions,
however, locomotion progressively inereased over the sessions; pre-
sumahly onee the children had started moving about as they did when
playing a game, they continued to do so, even when they had tired of
the object. On the whole, orienting responses towards the adult were
most frequent in the first and last experimental sessions, e, at the
initial presentation of the novel object, and when the child had beeome
more or less tived of the situation. In the first case the adult provided
assurance, in the second the possibility of further stimulation when
other objects had lost their attraction,

Pattern of approach
There was a marked difference in the pattern of initial approach
towards the object between the nursery school children and the
children seen in the film unit. The presence of the adult in the room
appeared to make the nursery school children more adventurous and
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Fu:, TH

Fri, 7, A-C. Characteristio peiterns of exploration. Note synehrony of visual and
mnmnl recoptors, and “intent” facial oxpressions and postures,

less apprehensive of novelty: they approsched and investigated the
object readily, The lateney of approach for the two groups of children
is given below,

TR TRTHY Film it
(adult present) (o el )
b LU T J b AN g

The children who were hy themselves showed more neophobia and
even when they did approach the object their early responses were
tentative. All of them also first approached the object with a familiar
toy—the boys with the truck and the girls with the panda.
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—, s
Fra, 8. The characteristic pattern of play: in this cose of the “treosposibion.of

fumction' kind, Note desvoehrony of differont recoptora: ehilid looks sround the room
while sitting on the objeet, holding the lever, and eaddling asnother toy,

Non-cxplorers

The children discussed so far are those who sooner or later engaged
in active exploration of the novel object. There was another subgroup
of children who might be termed “non-explorers’”. There were five
such children under these conditions, and three in another part of
the study using other conditions (Hutt and Level, in preparation).
These children appeared distinetly inhibited: they moved about
hardly at all, watched the adult and smiled at her for a good deal of the
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Fig. 10. Proportions of time spent gesturing, exploring the room, lnoking at the
ohaerver, and in locomotion, from seasion to session under conditions {iii} and {iv).

time, and often engaged in stercotyped activities like twining a piece of
string round their fingers. When they did make any approaches to the
object, these were of a tentative nature, and hardly ever led to active
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exploration. In general these children were described by other adults
in the school as “good” and “obedient”. It would be of interest to
know whether these children would be less inhibited in their exploratory

behaviour in the absence of the adult, and this question is shortly to
be investigated.

DISCUSBION

Consideration has primarily been given to specific exploration of a
novel object and its habituation as well as those responses which might
be termed play. By restricting myself to those responses direc
towards the same stimulus object, I have tried to draw some distinetion
between exploration and play. These behaviours can be differentiated
on a number of grounds. Investigative, inquisitive or specific exploration
is directional, i.e, it is elicited by or oriented towards certain environ-
mental changes. Its decay is & monotonie function of time, and any
overall response measure wonuld mask this. The goal is “getting to know
the properties”, and the particular responses of investigation are
determined by the nature of the object.

Play, on the other hand, only occurs in a known environment, and
when the animal or child feels he knows the properties of the object
in that environment ; this is apparent in the gradual relaxation of mood,
evidenced not only by changes in facial expression, but in a greater
diversity and variability of activities. In play the emphasis changes
from the gquestion of “what does this object do?” to “what ean I do
with this object?”., While investigation is stimulus-referent, play is
response-referent. In this respect an observation of Mead's (1956) is
pertinent: “you will find with children who are spinning a top or bounc-
ing a ball that stopping the action is the deprivation, not taking the
ball away”. Again, while investigative exploration demonstrably
results in the acquisition of information, in play such learning is largely
incidental (see also Jackson and Todd, 1946). Haldane’s hypothesis
quoted earlier thus seems a valid one. Indeed, by being repetitive,
play is by definition a highly redundant activity, and ean actually
prevent learning as was illastrated by one of our subjects. Schiller
{1957) too deseribes how his chimpanzee Don failed to learn to use a
stick to solve a problem because he was preoccupied with the play
activity of “weaving”.

It is of interest then to enquire why play has traditionally been
regarded as an exploratory activity. In infancy and early development
most of the animal’s environment is novel, and it has also an inadequate
memaory store against which to match new objects; thus, much of its
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behaviour is likely to be investigatory. Harlow (1953) is less equivocal
about this in his observations of a young child: “Perhaps the most
striking characteristic of this particular primate has been the power
and persistence of her curiosity-investigatory motives”. At the same
time, many of the young animal’s responses are of a repetitive nature—
a pattern which commonly characterizes play (see, for example,
primary, secondary and tertiary cireular reactions deseribed by Piaget,
1953). Thus, in infancy it is perhaps difficult to distinguish between
investigatory responses and play responses. During ontogeny, however,
these two activities diverge, and become more easily separable, until
iggthe adult there is a sharp distinetion between investigatory ac-
tivities on the one hand, and play activities on the other, which are
often of an extremely ritualized kind. There may indeed be many
instances where both features of exploration and play are present, but
these should not prevent us from attempting to make the distinetion.
It may be that many of the young animal's responses are investigatory
rather than playful. Certainly, so-called play activities in the develop-
ing organism may be a preparation for future skills in the sense that
any motor activity is, e.g. walking. Lorenz (1956) points out that such
activities in any animals cannot be regarded simply as a rehearsal
of instinctive or innate behaviour patterns, since “play is most
prominent in species which combine a minimum of equipment of
instinetive movements with a maximum of exploratory learning”.
They may also utilize much energy, but to consider this as “gurplus"
is to regard the organism as a closed system (Bertalanffy, 1960). It
does seem, however, that play is relatively low in the motivational
hierarchy, i.e. it can be inhibited by fear, hunger, curiosity or almost
any other drive. Morris (1956) makes a similar point more neatly:
he suggests that in play “the mechanisms of mutual inhibition and
sequential ordering”, evident in other drive states, are not operational
and hence there is less control over the nature and sequence of motor
patterns,

In the human species there are many kinds of play that are not
engaged in by other mammals, Certain forms of imitative play and
dramatic play are associated with a greater degree of conceptual
sophistication in the human, and it may be that for a better understand-
ing of these activities, which have their analogies more on the stage
that in the cot, we need an analysis of their linguistic content as well.
My concern up to the present has been with less symbolic forms of play.

A difference between the determinants of exploration in children
and in lower mammals, chiefly rodents, may be noted en passant.
Rodents will explore a new environment but not a new object in a
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familiar setting (Chitty and Southern, 1954 ; Shillito, 1963). Children,
on the other hand, will not readily explore a new environment on their
own, but will explore a new object if placed in a relatively familiar
environment. This difference may represent a shift in biological
emphasis from prey to predator.

CONCLUSIONS

Studies of exploration have been concerned with af least two
different kinds of behaviour having somewhat contrary functions.
In psychophysiological terms diversive exploration has been seen Ly
Hebb (1955) as an attempt to avoid states of monotony or low arousal ;
by Figke and Maddi (1961) as an attempt to vary gtimulation in order
to sustain a certain level of activation; and by Berlyne (1960) as an
effort to increase sensory input so as to avoid a state of boredom or
high arousal, Investigative or specific exploration, on the other hand,
seeks to reduce nncertainty and hence arousal or activation produced
by the novel or complex stimulation. Play in its morphology, deter-
minants and functions often appears to be more similar to diversive
exploration than specific exploration. Extending Bertalanffy's (1960)
model of the psychophysical organism as an open system tending to a
steady state and allowing for “anamorphosis™ (i.e. spontaneous
transition toward higher order), we might suggest that play represents
a steady state, and exploration a process of anamorphosis. At other
times, by its repetitive nature and practice effects, play may more
parsimoniously be considered conceptually in the category of =kills.
Until we are able to use a more precise terminology, it may be premature
to conclude as Thorpe (1963) does that true play, both in a phylo-
genetic and an ontogenetic sense, can lead “to the development of
exploratory drive”’. In certain cases the opposite can be true. In the
human species a systematic investigation of play is still lacking and a
satisfactory understanding of this class of behaviour awaits, as Beach
(1945) has pointed out, an analysis of the motor patterns, their
situational determinants and ontogenetic development. We must
beware too of the danger of circularity in deseribing an activity as play
simply because a young animal performs it.
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ANTING AND THE PROBLEM OF SELF-STIMULATION*

K. E. L. SIMMONS
Department of Payehology, University of Bristol, England

BYNOPSIS

Anting bohaviour has boon elsimed for mammals but the ovidenes suggests that, m its
characteristio forms, it is confined to birds and, in particular, to passerine birds. True
anting consists of highly stereotyped movemoents whereby the birds apply anta to their
feathers or expose their plumage to the ants. A varisty of other, mainly pungent sub-
stances havo also been recorded as being wsed (anting with substitutes).

Boveral authors have maintained that anting is non-funotional and solf-atimulating
and the evidenes for this interpretation is given. However, o general objection is made
on evolutionary grounds and then s more detailed case construoted against the theory
of sell-stimulation, consisting of & review of true anting with Apooial reforence to ita
adaptive significance and ontogeny.

It is concluded that troe anting is strictly functional and probably belongs to the
fenthor-maintenance group of behaviour-patterns. Anting with substitutes, however,
is thought to bo non-functional, arising from developmental “error” in the learning
process during the ontogeny of anting responses.

EDITORS" NOTE

Amongst the topics considered for inclusion in the symposium was the
apparently aberrant behaviour of animals which ancint themselves with
pungent smelling substances, with ants, or with burning twigs. The pheno-
menon has been studied most closely in birds, and Dr. K, E. L. Simmons
was invited to contribute on this topic. It subsequently became clear to
the editors, however, that to keep the subject within reasonable bounds it
would be necessary to concentrate on the mammals, and the title of the
symposium was restricted accordingly. Dir. Simmons delivered his paper at
the meeting, but kindly agreed that it should be published separately in the
Jowrnal of Zoology.

* Published in full in J, Zool., Lond. (1068) 149, 145,
I R
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THE CONCEPT OF HOME RANGE IN MAMMALS

P. A. JEWELL*

Wellcome Inustitute of Comparative Physiology,
The Zoological Society of London, London, England

BYNOFSIB

The concept of home range is an important one in the interpretation of the behaviour
of mammals: it relatos to the restricted arcs within which individuals or groups live
snd the manner in which they use this living space. A territery, in the senso of a defended
area, may not bo involved, but a part of the home range may, noverthelos, bo monopo-
lizod by the cccupants. Home range bears a relation to the density at which given
populations exist and is fundamentally connceted with the energy requirements of
animals. Mothods of studying home range aro examined and ave illustrated with infor-
mation obtained from reeent studices on the Boay sheep, the field mouse, and the Skomer
vole, Examples from the litersture of the ares of the home range for a number of spocies
are tabulated, and an examinstion is made of the terms used in desoribing these home
ranges. The types of petivity in which maminals engage in cresting homo ranges are
disoussod.,

INTRODUCTION

All terrestrinl mammals spend their lives in a confined area. For some
this may be no more than a few acres, but for others, capecially those
that are involved in annual migrations, the familiar area may be
greatly extended. This area forms an individual's home range although
it may be shared with a family or larger group.

It is tempting to represent an animal's home range in the form of an
occupied area on a map, but this raises the problem of where to draw
the boundary lines and of what they may mean. The home range is an
arena for activity with spatial qualities that vary throughout its
extent, and that is subject to great irregularity in intensity of use.
For most species of mammals, the extent and nature of the home range
can only be defined from intensive behavioural studies, although in a
few species n clearly defined boundary may enclose an area that is
functionally similar to the territory of many birds.

Fundamentally the home range is an area with a certain productivity
that meets the energy requirements of the individual, or group, that
occupies it. It is useful, therefore, in discussing home range to have
some impression of the densities at which animals may normally exist,
and to be aware of such measures as hiomass, or standing crop, that
indicate the numbers of animals a given habitat can support.

* Presont nddress: Department of Zoology and Comparative Anatomy, University

Collegs, London, England.
BG6
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In the present paper some examples of these parameters will bhe
given to indicate their value as background information against which
to set crude measures of home range in terms of ground area. The
nature of the home range will then be briefly considered and some
definition of terms attempted. Most illustrative examples will be taken
from the literature, but some previously unpublished data from my
own observations on feral Soay sheep, on the Skomer wvole ((leth-

rionomys glereolus) and on the field mouse (Apodemus sylvaticus) will
also be presented.

DEKSITY AND BIOMASS

The shorteomings of information on the density at which a given
population of a particular species exists, must be fully appreciated to
avoid making unwarranted deduetions. The information itself may
derive from a single short study, and be obtained by a method with
great marging of error, Some species exhibit marked cycles in density
that may be seasonal or extend over several years. Perhaps more
difficult to accommodate is the fact that ohserved densities may in no
way reflect the optimal densities at which the species evolved. For
example, interference by man has completely disrupted the distribu-
tion of most large mammals, so that they are harassed in their preferred
habitats or may live at ill-adjusted densities in refuge areas. Notwith-
standing these difficulties, density figures may be useful in gauging
the status of species for purposes of comparison. Figure 1 is set ont as
an example.

There are several points illustrated by this figure. The low density
of a carnivore compared with herbivores is apparent. Man as a hunter-
gatherer (bushman and aborigines) has densities similar to the large
hunting mammals, although no doubt specialized primitive com-
munities, for example mammoth hunters, could achieve locally high
densities. Lion may be more concentrated, as in the Nairobi National
Park, but it is interesting that strife is then not uncommon amongst
them and they occasionally kill one another (Schenkel, pp. 19-20),
The vegetarian gorilla and omnivorous baboon illustrate the moderate
densities achieved by large primates, but amongst large mammals it is
the grazing herbivores, represented by the wildebeest, that reach the
most impressive coneentrations. In showing three small ruminants
alongside one another, Fig. 1 illustrates the aberrant density of feral
sheep on St. Kilda. Whitetail deer in North American woodland and
Thompson's gazelle in African savanna grassland happen to show com-
parable densities but the feral sheep are ten times more concentrated.
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The numbers of the sheep are regulated naturally and there is no
husbandry, but equally there are no predators on St. Kilda and the
fact that the sheep are feral domestic animals may be an important
factor in determining the densities they tolerate (see Jewell, 1966,
p. 113). Another contrast in density is seen in the two small mammals
illustrated ; some of the factors involved in this particular contrast will
be discussed later,

An inverse relationship exists between the body weight of an animal
and the numbers that a given area can maintain, so that for many
purposes the density alone is not a very useful variable to manipulate.
In order to compare populations of animals of different size, a con-
venient measure is obtained by summating individual body weights
to give a total biomass figure for the species in an area. Further, the
biomass of the several species ocoupying an area can be ealeulated and
used as a measure of its carrying capacity. Some refinement is achieved
by converting hiomass figures into metabolic energy expenditure since
this factor is more closely related to food requirements, and whilst
food requirement increases with body weight it is, like metabolic
energy expenditure, less than proportional to it. An example of these
transformations from numbers, through biomass, to metabolic energy
expenditure has been presented recentl y by Lamprey (1964) for a
complex of herbivores in the Tarangire Reserve, Tanzania. In order of
numerical importanee, the species are buffalo, zebra, wildebeest and
impala with insignificantly few elephant. In terms of biomass, elephant
are sdcond only to buffalo but this dramatie change of role is tem pered
slightly in the further transformation to metabolic energy expenditure
when elephant fall third in importance to buffalo and zebra but have
requirements that exceed the more numerous wildebeest, These con-
siderations are relevant to an interpretation of the size of an animal's
home range in so far as a large energy demand is likely to require a
large area for food gathering. MeNab (1963) has considered the relations
between body weight, energy requirements, and home range size, using
information on twenty-six species of mammals, He found that home
range size could be expressed as a function of body weight which was
directly comparable with the function relating basal metabolic rate to
body weight. When the data for “hunters” and “eroppers” were
separated, the calculated relations between body weight and home
range size remained similar but the home range for hunters was about
four times that of croppers at a given body weight. Treatments of this
kind are at a preliminary, exploratory stage, but they indicate one
way in which the relation between an animal and its range can be
quantified.
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Fia. 1. A comparison of the density of certain mammalian populations. These densities are idealized and simply indicate an order of
magnitude achioved in partioular areas. In fact there are wide fluctustions in numbers from year o year and with the sessons. Man,
hunters and food-gatherers, information from sources in Lee (1063); Lion, in the Serengeti, Tanzania (Talbot and Stewart, 1064); Gorilla,
Congo, mountain area (Schaller, 1963); baboon, Nairchi National Park, Kenya (De Vore and Washburn, 1963); wildeheest, Borengoti
(Talbot and Stewart, 1964): Whitetaidl deer, North American woodland {Severinghaus and Cheatum, 1956); Thompson’s gazelle, Berengeti
{Talbot and Stewart, 1964); Soay sheep, Hirta, Outer Hebrides (Boyd of al., 1964); wood meuse, English woodland (Brown, p. 113);
Slomer vole, Skomer island, Walea (Jeowell, 195046},
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The numbers of animals that can be supported by an area are also
affected by the manner in which biomass is distributed within the
population. In the baboon Papio eynocephalus there is marked sexual
dimorphism in which adult males weigh about 80 b and females about
35 1b. Ide Vore and Washburn (1063) have suggested that this is the
optimum distribution of the biomass of the species in that it accommo-
dates large males serving a protective role to the troop but allows a
greater number of females to be maintained on a given food supply.
This view can hold if food supply is & major factor limiting the number
of baboons and if survival is more likely when there are many indivi-
duals in a group.

It seems possible that seasonal dimorphism serves a similar purpose
and this kind of adaptation is particularly well seen in small mammals
in temperate zones. These animals usually breed in one season only
and then die. The over-wintering population is comprised of immature
individuals that exhibit an arrested development and that remain
small until the following spring. Adult body weights are then rapidly
assumed as the animals mature to form the breeding population, An
example of this seasonal dimorphism is well illustrated in charts for
Microtus agrestis presented by Baker and Ranson (1933) where adult
weights range from 25 to 40 g but the weights of over-wintering animals
cluster about 18 g, The same phenomenon is seen in the autumn weight
distribution of the Skomer vole (€', glareolus) where immature animals
accumulate at weights of 21-24 g, whereas adults are characteristic-
ally ten or more grams heavier (Jewell, 1966, Fig. 12). Seasonal di-
morphism eould provide a means of carrying the maximum number of
individuals through the winter months when their small size will
minimize their food requirements.

RECORDING HOME BANGE

The simplest situation in which to record home range is one where
the animals can be watched at any time and their positions plotted on
a map, This elementary procedure has been followed at St. Kilda in
studies on the Spay sheep (Grubb and Jewell, pp. 179-210), A number
of sheep were given distinetive bright collars and their positions were
frequently recorded. On the steep slopes at St. Kilda it is an easy matter
to find a good vantage point, and the complete absence of trees or
bushes makes the marked animals easy to spot. The range of some
sheep has been recorded in successive years by plotting sightings
of the animals on a map and an example for one ewe is given in Fig. 2.
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Enclosing all ! Lo = LA = M
sightings for June /July 196! :
Presumed lifetime X e

Enclosing all
sightings for Dct 1964

Fic. 2. The home range of & mature Soay ewe on the island of Hirta, 8t. Kilda. The
lines have been drawn to enclose all the sighting of a given period. Seasonal changes of
range are illustrated. A line of heavy dots has been drawn to enclose all recorded sight-
ings of this ews betwoen June 1961 and Oetober 1065; this area of 83 acres s prosumed
ta be elose to the lifetime range of this individual, The map shows the village area of
Hirta: drystone walls, village houses, and scattered cleita are indicated, and the eoast
line of beach (dots) and eliffs (heavy line) is shown, (For more detailed deseription of the
termin, son Grubh and Jewell, p, 180.)
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This ewe was given a collar in June 1961 and her range determined at
that time. She has been recorded in the same area, and nowhere else,
during visits to St. Kilda in every succeeding year including the
present (1965). The animal does show small seasonal shifts of range
but in the autumn of 1965 was using the same area as that shown in
Fig. 2 for October 1964. In Fig. 2 a boundary has been added encloging
all the areas that this individual has been known to use. A remarkably
compact area, its presumed lifetime range, is revealed : it extends over
83 acres. This bald statement of acreage, and the firm boundary lines
shown in Fig. 2 can indicate very little of the manner in which an animal
uses its living space. In fact the method of recording these ranges
would allow the data to be shown as a scatter of spots on the map
indicating all the actual sightings, or the sightings at fixed times of day.
This has been done by Grubb and Jewell (pp. 187-203) and in addition
to being more objective it is also & more informative method of pre-
sentation,

Another method of recording home range is to map the routes
followed by an animal, or a home range group of animals, in their daily
movements., When their traces are superimposed, the manner in which
an animal’s movements converge on, or radiate from, certain centres of
activity is apparent and an impression is gained of how the animal
quarters its home range, Kxamples of such mapping are well illustrated
in Kaufmann's (1962) study of coatis or Schaller's (1963) study of the
gorilla, and the method follows naturally from the fact that in these
kinds of study the investigator himself keeps track of the animals in
their movements,

A method that gives results similar to those in which direct sighting
is used is that in which a radio-emitive substance is attached to the
animal. Godfrey (1954) developed the method for use with moles and
field voles. The animal’s position and movements can be followed with
a Geiger counter and although it remains unsighted its movements are
not disrupted by repeated capture.

A great many estimates of the home range of mammals have been
based upon repeated capture in traps, Many questions arise in inter-
preting the results. In what way should the capture points be connected
to give a diagrammatic plan of the home range area? What area outside
the zone of eapture is known to the animal? What has been the effect
of holding an animal in a trap? These problems have heen considered
in a recent review by Brown (1962) and will not be elaborated here,
but I would like to present a particular instance of the way in which
quite false results may arise in trapping. These observations were made
during a collaboration study between Dr. P. J. Fullagar and myself
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on the vole (€. glareolus) and field mouse (Apodemus sylvaticus) of
Skomer island.

The Bkomer vole is a sedentary animal and exists at high densities
(see Fig. 1). By trapping on a grid pattern (100 x 100 yd) at intervals
of 10 yd, it is possible to capture repeatedly a large number of voles at
points all well within the borders of the area. It was found over a
period of 16 days that the estimated area of a trap-revealed home range
inereased with the number of times an animal was caught, but after
nine recaptures the further extensions of home range were not so
marked. The placing of traps was manipulated in various ways and
the results, together with other information (see later), suggested that
the trap-revealed home ranges could be taken with confidence to
correspond to the real areas used by the voles. The ranges were of the
order of 30-40 vd in diameter (see Figs, 5, 6 and 7).

The determination of home range in the field mouse was approached
in a similar way. It was known to make longer movements than the
vole and so a trapping area of 154 x 154 yd was set out with an interval
of 22 yd between the rows of the grid lattice. Traps were set for 12
nights and the resultant captures and recaptures of mice permitted
a number of apparently compaet and well-defined home ranges to be
drawn (Fig. 3). At the end of this period of trapping, however, ten
traps were set on four consecutive nights around a single point at the
centre of the grid. Sixteen mice were captured here despite the fact
that many of them had “home ranges'” that did not inelude the point
and that were on the horders of the study area. Other trapping results
showed us that field mice would readily travel 100 yd or more in a
night. There was clear indication, then, that reliable information about
home range was not being obtained. Our next step, therefore, was to
treat the whole island as a “grid” and, with the aid of measuring tape
and prismatic compass, posts were set out over the island at intervals
of 300 yd. Traps were set at all these sites, and at some of them,
together with intervening points at 150 yd intervals, re-trapping was
earried out, Time did not permit the protracted period of study that
would have been required to eonstruet home range areas for individual
miee, but Fig. 4 shows some of the movements recorded. It is evident
that the previous trapping for the field mouse on a small restrictive
grid had produced quite spurious “home ranges’.

To return to observations on the Skomer vole, David Saunders,
Warden of the island, has confirmed the value of set grid trapping for
studies of a sedentary species of this kind. His study area is a permanent
grid of 100 x 80 yd overall (see Figs. 5-7). For several years regular
monthly trapping (excluding the winter months) has been carried out



4 P P A JEWELL

on the area, the traps being set for 4 days and examined in the evening
and morning of each day. In this way information was obtained on the
whereabouts of a large number of voles during the time they were
resident on the area. From the known longevity of the vole, it can be
assumed that, for many, their residency throunghout life has been
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Fiw, 3. The “home ranges™ of seven field mice, Apodemus sylvaticus, determined by
grid teapping on an open area on the southern side of Skomer Island in October, 1062,
The aren was set with forty-nine traps for 12 nights, one trap in each saquare, the traps
belng moved to different quadrants of the squares on successive nights. The numerals
indicate suceeEsive points of capture of each mouss, In addition, for four successive
nighta, no traps wore sot on the grid as a whole but ten traps were plaoed st the central
point (large dot). All seven mice wers captured at this point together with many others
whose apparent home ranges had been on the outer borders of the ares and head not
intluded the eemtral trapping point, (From Follagar, 1965.)
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| 10 x 10
Skomer vole f585 ya
June 63
S —_— 1
Aug 63
= ~~May 63
2 ""‘Sepi 63
& i Oct
Feb 63 Oct 62 / i

| I — L Sept 821 _ |[Apr 63

Fia. 5. The trap-revealod range of o male Skomer volo, Clethrionomys glareolus,
Traps were set for four days in each month and were visited hoth ovening and morming.
A different shading is used to indicato the movemonts recorded each month., Tha traps
wore moved to ench sub-guisdrant of the 10 yd saquares on the four suseessive days nnd
the aren covered by movement was constructed by the inclusive boundary strip method
(Blair, 1840). The plans of the rangn of movement for each month have boon super-
imposed to make the diagram. The results demonstrate the lifetime residonoy of an

individual in a very small ares. Construsted from field work data kindly made svailable
by David Saunders.
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recorded. Some examples of the results are shown in Figs, 5-7. Figures
5 and 6 show the ranges of a male and a female vole that appear to have
remained in one small area throughout their life. Each was first caught
as an immature animal in the antumn of 1962 and was recaptured in

T
Apr 63
May 63 Mar 63
June 63—
|y
July 63— ~~Sept 62
Aug &
Feb &3
Oct €2 /1 Aug 62
Vi
Oct 63
Skomer vole 9349 10x 10
yd

Fia. 6. As Fig. 6. The trap-rovealed rangs of o female Skomer vole that was resident
in a small ares from August 1962 to October 1063,



il I'. A, JEWELL

the same area the following spring. The way in which more wide-ranging
movements are made as summer, and the breeding season, advances,
can be seen. The larger total area covered by the male is typical.

| | - 0% 10

Skomer vole ¥ 13| yd
Mar 63
July 62

s X

Aug 62—

Sept 62 =
Oct 62 hplr &3

Aug 63 —

Fro. 7. An Fig. 5. The trap-revealsd range of & femals Bkomer vole. The vole was
regiclont in the centre of the grid from July to Ootober 1962 and apparently remained
there over winter heing saptured agein in March and April 18963, With the advent of
the breeding season in May, the animal shifted its range slightly to the south.
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Figure 7 shows the whereabouts of a female that was first caught as a
breeding adult in the summer of 1962 and that survived to breed again
in the following vear. It is interesting that she made a slight shift of
range, but it is reasonable to assume that at least part of the new range
was familiar to her. The particular value of this long-term study lies
in the fact that although the trapping procedure itself is restrictive,
and not very informative on the extent of range, the animals are free
to move in the intervals between trapping. The adherence by individ-
uals that have successfully established themselves to a very small area
is, therefore, a real phenomenon, and the lifetime range of these
individuals is indicated.

New methods of following the movements of small mammals are
needed, and those that employ foot-impressions on marker-boards (see
Brown, pp. 124-120) have an obvious potential. For larger mammals,
small radio-transmitters attached to the animal are clearly destined to
provide new information of an extremely valuable kind. Even so, it is
of interest that established methods of analysing data on home range
can be applied usefully to information derived from this new technique
(see for example, Storm, 1965).

Some home range areas for a number of species are gathered together
in Table I. The figures should be taken to indicate no more than orders
of magnitude. Densities may be caleulated in a different way, for
example either based on the whole area surveyed or only on that part
of it actually used by the animals. Home ranges may differ widely
hetween the sexes, and there are many other obstacles to comparison.

THE CONCEPT AND FUNCTION OF HOME RANOE, AND
DEFINITIOX OF TERMS

Many naturalists have recognized that the majority of mammals
keep to a particular tract of ground for the greater part of their lives.
Seton (1910) is often quoted for his deseriptions of the “home region™
or “home ground’” possessed by mammals, whilst others, for example
Darling (1937), wrote of these areas as an animal’s territory. It remained
for Burt (1943) to advocate separate uses for these terms and to dis-
tinguish the concepts of home range and territoriality. He did not
attempt a rigorous statement, however, and he gave two different defini-
tions of home range in his paper: (1) “that area traversed by the indi-
vidual in its normal activities of food gathering, mating and caring for
young” and (2) “the area, usually around a home site, over which the
animal normally travels in search of food”. Burt considered that an
animal conld be said to have a home range only after it had established
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itself, and that the wanderings of young animals were in a different
category of movement. He recognized that an established animal could
shift its home range but that “occasional sallies outside the area,
perhaps exploratory in nature, should not be considered as a part of the
home range”. A migratory animal might have a winter home range and
a summer home range but “‘the migratory route is not considered part
of the home range of the animal”. Diece (19852), and other authors, in
defining home range have emphasized its habitual use in daily activities,
but these definitions, which may have arisen from considerations of the
behaviour of small mammals, are too restrictive when applied to large
mammals in that they imply regular and frequent use of the area, These
attributes are appropriate to the “core area” of a home range, to be
mentioned shortly., Burt (1943) avoided the implication of daily use,
but his specification of particular activities would now seem unneces-
sary. He usefully excluded the dispersal movements of young animals,
but “exploratory sallies” may be an important way in which an animal
extends and maintaing its home range. His definitions can be restated
in the form that “home range is the area over which an animal normally
travels in pursuil of it routine achivities’,

It would be useful to have a term that does include the total arca
uged by an animal, covering for example, both summer and winter
grounds and the migration route, or the wandering shown by the males
of many species at mating time. These movements may be over familiar
ground, and a shift of home range may serve to give an animal experi-
ence of a more extensive, but continuous, total area. The word range
itself can have this meaning but has other connotations, as when used
to mean the geographical range or distribution of a species. Perhaps
lifetime range would be a useful term to mean the total area with which
an animal has become familiar, ineluding seasonal home ranges, evcursions
SJor mating, and rowtles of movement. Jay (1965) has found annual home
range a useful term to indicate the whole area used by langurs (Presbytis
entellus) including the shifts from dry to wet season.

In many species a particular part of the home range is used more
frequently, and with greater regularity, than other parts, and this zone
has been given a useful deseription in the core area of Kaufmann (1962),
The term is most appropriate where there are one or two such areas in
the home range as amongst coatis (Kaufmann, 1962) or baboons {De
Vore and Washburn, 1963), but where there are several such areas,
small in size, seattered throughout a home range, Carpenter's (1940)
deseription of foei of activity could be more appropriate. (It may be
noted that the expression “‘core areas” has also been used in relation
to the distribution of a species to mean regions in which the species
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is most abundant, and where it breeds most successfully (Harrington,
1965).) 1t would seem that further attempts to define the gualities of
home range in a formal way are not very useful at the present time,
when so little is known about home range behaviour. What is required
is an understanding of the ways in which an animal makes use of the
terrain in which it has established itself,

Apart from a few outstanding, and pioneering studies on the larger
mammals, most investigations of home range have been developed in
relation to small mammals, The majority of such studies have used
trapping techniques and the analysis of results has given rise to statis-
tical concepts of home range and expressions of the likelihood of an
animal being at a certain place within its range (for example, Hayne,
1949; Calhoun and Casby, 1958). These approaches are extremely
valuable because they provoke the observer to think of home range in
ways other than as an area with a boundary. A fresh approach to these
aspects of animal behaviour has followed the current renewal of
interest in field studies. Examples are seen in the intensive work on
primates (see the seven single-species studies under the editorship of
De Vore, 1965), including that just completed on the Gelada baboon
{Crook, pp. 237-258), the study on coatis (Kaufmann, 1962), and that
on Soay sheep (Grubb and Jewell, pp. 179-210),

From these studies there emerges an impression of the manner in
which animals use their living space and De Vore (1963) has discussed
some of the earlier findings. Regular routes and pathways are a reality
and recall Hediger's (1950) early observations. Amongst feral ﬂﬂeep,
the existence and use of traditional sheep tracks (Grubb and Jewell,
pp. 193-194) is as marked as if a shepherd were present. Snowshoe
hares exhibit a striking example of the fixity of routes of movement.
They use regular runways and when deep snow lies on the ground, giving
potential freedom of movement on the snow surface, the hares still
use routes that lie exactly over the summer runways on the ground
(O Farrell, 1965). Amongst forest-living animals, fruit-bearing trees
form foeal points in the range, whilst other trees form places for resting
and for night roosts. Many ohservations suggest that a home range can
have a boundary that is real for the oecupants, A baboon troop at the
edge of its range is nervous and ill-at-ease. Coatis that, on one oceasion,
had wandered outside their previously accepted houndary, suddenly
panicked and rushed back to a familiar area. Again seen in coatis, the
special attachment of a female at parturition, and of juveniles, to the
central part of the home range expresses an animal's confidence in
familiar areas.

It remains to consider the special function of home range as an
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ecological phenomenon that effectively disperses the members of a
population, and the ways in which the maintenance of home range
expresses an element of territoriality in the behaviour of mammals.

The concept of territory has been developed particularly in studies
on hirds, Territoriality in mammals was discnssed by Burt (1943, 1049)
and he accepted Noble's (1930) definition as holding the essence of the
concept, namely “any defended area”. Carpenter (1958) reviewed the
subject and accepted the central idea of defence in stating that “attack,
encroachment and defense constitute important aspects of territoriality,
and so do challenge, vocalization, song, and other display or signalling
activities."" Mammals of many species do maintain territory of this
kind. The vieuna is a good example (Koford, 1957). A male is attendant
upon a band of females and juveniles and he defends their territory.
The boundaries of the defended area are strict, the male will display
to others that approach and chase off intruding males often far beyvond
the boundary. The Uganda kob exhibits a remarkable form of territori-
ality in which the males, when occupying positions on the traditional
mating grounds, defend a very small, and rigidly defined area {Buech-
ner, 1963). Amongst carnivores, lions and wolves will attack intruding
members of their species, clearly displaying territoriality, although the
relation of a defended area to total range has not been determined. Many
species, it seems, may have a territory within their home range, indeed
in the instance of the vicuna, a band will often graze outside its terri-
tory, on neutral ground, or in another territory if the occupants are out
of sight. At the opposite extreme to strongly territorial species are
those, like the gorilla (Schaller, 1963), that exhibit a high tolerance to
one another and in which several groups have almost eoineident home
ranges. Between these extremes, however, are those species that must
be recognized as possessing home ranges with some of the qualities of
territories, yet that frequently lack the behavioural attributes usually
understood as “‘defence’,

Close examination of records of home range in many species will
often reveal that there is, within each home range, an area that is nsed
exclusively by the occupants, whilst other, peripheral areas, are shared
with neighbouring groups. Sometimes a core area will also be an
exclusive area but this is not necessarily so. Further, species that do
not exhibit core areas, for example a grazing animal like the Soay sheep,
may still show a distribution of neighbouring home ranges such that
certain zones of each home range are exclusive to the occupants, Such
an area can be usefully termed a monopolized zone. Pitelka (1959), on
encountering the phenomenon in birds, asserted that “territory should
be defined as an exclusive area, not merely a ‘defended’ one” and he
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argued the importance, in ecology, of recognizing the functional role
of these exclusive areas.

The exact manner in which a monopolized zone is maintained by a
home range group is not apparent. Soay sheep have not been observed
to give any demonstration of possession, and in a great many species
that maintain well-defined home ranges there is no obvious intergroup
aggression. Sometimes display is present, but amongst primates De
Vore (1963) has concluded : “Different groups are kept apart, however,
not so much by overt aggression and fighting at territorial boundaries,
as by the daily routine of a monkey group in its own range, by the rigid
social boundaries of organized groups in many monkey species, and,
in some species, by loud vocalizations.”

It is evident that neighbouring groups in a population exert a
restrictive effect on one another. Sale (1965) has observed in hyrax
(Procavia and Heterohyrax) that isolated groups have larger home ranges
than groups near together, so that although the home ranges of the
latter overlap they do appear to exercise some limiting effect on one
another. Another result of this influence of neighbours is the spacing
out of individuals (in the case of species whose members lead a solitary
or family-group life) so that they are dispersed through the habitat, as
recorded, for example, in Columbian black-tailed deer (Dasmann and
Taber, 1956). Similar effects are well known amongst small mammals,
The qualities that near-neighbours possess may not all be antipathetic,
however, and Calhoun and Webb (1853) have made the attractive
suggestion that animals move into an area cleared of their own speties
“as if in an attempt to encounter again the stimuli produced by
neighbours,"”

These observations and speculations bear directly on problems of
population control. But just as our knowledge of the densities at which
species thrive is meagre, so is there a singular paucity of information on
the manner in which animals in natural habitats apprehend the space
they live in. Unfortunately for us many unusual species, particularly
the spectacular large mammals, are threatened with extinction or
severe restriction of their range, and the time is getting short in which

observation and experiment can elucidate this fundamental aspect of
their ecology,
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BYNOPSIS

A sovial hisrarchy exists in natural populations of Apedemus similar to that found in
exporimontal populations of Perompscus anid Mus, A powerful dominant controls s
stable society. Ho regularly patrols his torritory of 4-6 seres, his position being main-
tainod by aggreasive and other factors.

The whole eolony has use of the area marked out by the dominant male. Subordi-
nates uso common feeding areas, the sizes of their individual ranges varying with age,
#ex and social position. Some overlapping of ranges is fairly common. The females mnin-
tain their home sitos regularly both for their own use and that of the “elan”, Tndividosl
talerance limits are discussed. Nosing and grooming roplace aggression for the residonts,
but transients will only graduslly, it ever, be accepted into the sooiety. A short life span
of & few months for the majority further complicates the family groups, Yet hers intra-
specific pontrol plays & more significant role than doss predation, Interspecifie reactions,
ineluding habitat preferenoes and peripheral extonsions, are disoussed.

Intraspecific control by the adult males keeps mice population relatively stable
during the spring bresding season, the young being forced to keop out of the way or
disperss, Although numbers may be very low ot the time of the summer “lull” mice
avoid eycles with posk and crash numbers that wre found among voles. Female small
mummals defond breeding moges and often challenge the movement of the males
amongst those rangea.

Movements above ground are purposeful and inelude many sxploratory activities
as well as feeding. Activities are contred around the partioular home site in use, the
small mammal often returning by the route it used for the outward journey. A night's
or oven a week's activity may bo centred in one partioular seotor of the mnge giving the
impression that it is longer than brosd. Certain areas within the range are favoured and
are visited frequently. Home range estimates are discussod both in relation to rangs
length and areas and in relation to tracking snd trapping reaults,

Beasonal movements (migrationa) are discussed for mice and lemmings, including
possible controls of movements. Artificially induced mass migration would oporate in
arcas where population pressures are low. The theory of lemming migration being a
“death' urge acting as n safoty valve for over-populstion is not now acospted.

Range of movement is, however, closoly related to populstion density. The ares o
Peromyecus ranges may be fifty times as large aa that of & Microtus, but annual popu-
lation per aore at ite maximum may bo Gfteon Peromyseus as compired with 250
Mieroius. Competition for space will only give o balanced equilibrium when the total
combination of the operating forees are ideal for the particular apecies, Sovial hierarchies,
nooturnal and diurnal rhythms, specinlized habitats, sonsonal changes of temperature,
food, moisture, light and parasitio infections with the resaltant physiological, psyoho-
logieal and pathological reactions, all play their part,

Intervelationships of home range, territory and the whole spice needed for the animal
ta achiove ita annual oyole (vital space) cannot be fully understood, or assessaed, until
more i known of the behaviour of each species of amall mammals,
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INTRODUCTION

In most cases the early ‘estimates of the home range of small mammals
were “by-products” of population studies. The worker had records of
a number of points at which a small mammal had been captured and
by examining these was able to report on the known area in which the
animal was active. Obviously there were limitations when the animal's
movements were restricted by trapping and to overcome these certain
problems were considered: ought an additional peripheral area to be
added to the known trapped area; would it be best to use the two most
distant points of capture as a basis for calenlation or would it be better
to establish the geographical centre of all the points at which the animal
was trapped and consider the likelihood of eapture from this point
{Hayne, 1940)7

Sinee this early work many people have continued to study the
activities of small mammals, both in the laboratory and in the field, and
we are gradually piecing together a more detailed understanding of
their behaviour, 1t is this later work I wish to consider in relation to the
movement of small mammals in their natural habitats,

Throughout all the work certain basic points are apparent. The
small mammal cannot survive long as a wanderer, a “home” is vital
to its existence. It will maintain it and return to it quickly. The most
critical stage in the life of the young animal is the time when it is
trying to establish a home, especially since it must be able to survive
the residents’ aggression.

Burt’s (1943) description of home range was for a long time used as
a convenient general statement defining this type of behaviour, and
can be summarized as “that area around the established home which
is traversed by the animal in its normal activities of food gathering,
mating and caring for the young. It excludes occasional sallies outside

the area”. It has actually been found necessary to adjust this concept
considerably.

THE BOCIAL HIERARCHY

Oune of the most important of these adjustments, 1 believe, is that
one must appreciate that the majority of small mammals are part of an
organized community. Their position in its social hierarchy will affect
their behaviour, including the area over which they move. I have been
studying the movements of some of the field mice Apodemus sylvaticus
(L.) and bank voles Clethrionomys glareolus britannicus (Mill.) in a
large pine wood at Middlemarsh, Dorset, using a tracking system that
has allowed me to trace the movements of a number of small mammals
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within the same area, see Appendix. This work has continued for
several years and each set of results shows certain points of similarity,
especially for A. sylvaticus. Within a specific area there is one male, the
dominant, who ranges far more widely than do any of the others, the
subordinants. The dominant male patrols his range section by section.
He explores very thoroughly the area in which he is working, leaving
many tracks. He is often accompanied by one or two females, usually
different ones in different sections (Figs. 1 and 2).

T and B

o

Fiu. 1. Main arcas of activity of a dominant mals Apodemus (IM) from April to
Beptember 1063, A. General tracking nron. B, General trapping area. Areas A aned
B were usod in all months from April to Septomber, exoept July, C. Observed or esti-
mated position of home sites,

Arvas In use 1063
14 April
5-n May and June
10-11 August
12-13 Boptomber

There was no record of this animal in the area in July. Estimated home range (Minimum
Area mothod), 64 screa.

The dominant male and the organized community

Direct observations of some of these dominant males in the field
showed they move confidently and without hesitation. The other mice
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keep out of the dominant’s way. The subordinate appeared to have a
regular though brief time for visiting an object but this was postponed
if the dominant was around. Kikkawa (1964) reported similar behaviour
at his observation trap. Sadleir (1965) was able to demonstrate for
Peromyscus maniculatus a dominance hierarchy which persisted for
longer than 1 month. Similarly, laboratory experiments with the wild
house mouse, Mus musculns ghowed the importance of the dominant
male. In a relatively short time a single male would control a population,
establishing himself by fighting (Croweroft and Rowe, 1963).

Fiu, 2, Area of setivity of a dominant male Apodemes (D) from 11 July to 4 Sep-
tomber 1063, A, Genoral tracking area. 6 Augusi—4 September. B, General trapping
ares. 11=31 July.

Position of 118 each 3-day period of tracking

Puosition Aug, Position Aug. Position Aug. [Sept.
1 -8 b 18-20 0 -1
@ g1l il a]-23 10 24
] 12-14 7 24-20
4 16-17 H 27-29

Whilst at certain times the dominant male concentrates its main aotivity in sectors of
the range (o.g. D4 in Fig. 1), at other times it moves around more frooly as shown hero
for DE, 14 and D6 had ad jacent ranges. Estimatod home range (Minimam Ares method),
2-06 neres.

| suggest that one must replace any idea of every mouse with its
individual home range in the field with the concept of each individual
fitting, or seeking to fit, into a social pattern. As a member of the society
the mouse will move freely within it, acecepting its position, especially
during the breeding season. A stable society is important; a strong
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powerful dominant will control a population where there will be a
minimum of soecial strife (Croweroft and Rowe, 1957). Bronson (1963)
has shown with woodchucks (Marmota monax) that onee a stable
dominance hierarchy was established the individuals knew their relative
status one to the other.

Whilst studying an area where a dominant had controlled a popu-
lation since the early spring I found him dead in one of the traps in
early July. During the next 3 months two males inereased their range
in a population containing many new immigrants (Fig. 3). They ap-
peared to be co-dominant, but by the following spring a new dominant

— el ]

Fiu, 3. From 6 April to 6 July 1063 o dominant male (D1) oseupied the whole nrea B.
When it died D2 and D3 beeame co-dominants until Beptember 19463, A. Trapping arens
of D1. B. Trocking area of D1. O, Trapping area of D2, 1), Tracking area of D2 (outer
limits). E. Trapping area of D3. F. Tracking area of D3 (outer limits). Estimated home
ranges (Minimum Area method): D1, 8-5 acres; D2, 2-5 acres; D3, 1.7 acres,

male was patrolling the whole area. One factor that tends to complicate
studies of this kind is that the life span of any mouse in the wild is
short. Usually it is much less than 10 months, for many it is less than
10 weeks. Howard (1949) in faet found that more than half his Pero-
myscus maniculatus bairdii (prairie deer mice) disappeared during the
first & weeks after birth.

I'ntraspecific control
The main explanation for continued reduced numbers, especially
during the early summer, is that of an intraspecifie control (Nicholson,

E
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1933, 1957; Chitty, 1952, 19565, 1960 ; Christian, 1958, 1957; Louch,
1058; Sadleir, 1965), At the height of the main breeding season the
adult males drive away or kill the young males, aggression being linked
with the sex hormone level (Sadleir, 1065), 1t is interesting that in
gpite of all the outside forces operating upon the small mammal the
vital control of its population and movement is apparently an intra-
specific one. At all times this community relationship affects the
individual, but so far the major interest in its study has been to investi-
gate the situation when the tensions exerted become too great and the
small mammals exhibit forms of mental illness. The literature is exten-
sive. Yole populations especially have been studied in relation to these
pathological states (Chitty, 1961; Clarke, 19563; Christian, 1957;
Hoffman, 1958; Tanaka, 1960, 1962, 1964).

Signalling and agonistic behaviour

Little is known of the way in which the dominant labels its territory.
The fact that he thoroughly inspects his territory influences my belief
that he lays a scent trail. The water vole, Arvicola, marks his range by
transferring secretions from his flank glands to his hind feet and then
stamps these on the ground. Calhoun (1962) hypothesises that there
may be calls across from one “clan’ to another which would be outside
the human anditory range. He believes each individual small mammal
has some knowledge of others over an area of 6-10 acres. Such a large
area allows the only explanation to be an auditory signalling system,
Waves of calls are implied, followed by quiet periods. One individual
would begin a burst of signals that would sweep through the environ-
ment. We await, with interest, experimental proof of this theory. We
know calls are used by many mammals, birds and insects to mark out
their territories or to notify their presence, How silent are the woods!?
An Apodemus is certainly alert to sounds around him.,

Whatever means the dominant uses to label his territory certair
facts are well known. Firstly, aggression plays a vital part in the
dominant’s behaviour. Secondly, the other mice know when he is
around and mostly keep out of the way, Thirdly, when active above
ground the small mammal is never “off guard”. All its senses are keenly
alerted. Aggression is not confined, however, to the dominant male,
Some degree is found in all the adult males, according to their status,
and in pregnant females (Croweroft and Rowe, 1963, for Mus: for
Peromyscus MeCabe and Blanchard, 1050; Eisenberg, 1962; Sadleir,
1965). During the main breeding season the adult male Apodemus or

Peromyscus will kill or drive away all who might interfere with his
activities,
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Early in the breeding season the adult males who have survived
the winter have overwhelming control. They are so aggressive to the
developing juveniles that very few of the latter are recruited into the
population compared with the numbers earried by the pregnant
females (Sadleir, 1965, for Peromyscus). My studies sugpest the be-
haviour of the male Apodemaus is similar; contributing to the very low
June numbers {Brown, 1054 ; Miller, 1857 ; Tanton, 1965), The plight
of the young male is desperate. Either he must oust out a low aggressive
resident, find an empty space, or die (Andrewarthra and Birch, 1054).
He may be more snoeessful if he just manages to keep out of the way.
In the field this “keeping out of trouble’ ean aceount for many examples
of low home ranges, Sadleir (1965) in his maze experiments found that
the juveniles who ranged too freely into territory occupied by dominant
males were found dead. Those who kept themselves out of trouble
survived by keeping to very small movements from base,

By the late summer few of the older males are still alive. The young
males are now able to establish themselves and a second breeding peak
ocours (Bishop and Delany, 1963),

Records of movements, of small mammals necd to be considered
in relationship to the animal’s age and to the season. In many instances
the movements of what were probably dominant males, or their
associating females were regarded as atypical and ignored (Hacker and
Pearson, 1851 ; Allred and Beck, 1063 ; Tanton, 1065).

To regard all longer movements of the dominants as “‘occasional
sallies’’' is not in accordance with the normal behaviour of the more

aggressive males,

THE RANGE OF THE COMMUNTTY

Arens of general use

I found for Apodemus that some parts of the woodland were in
general use by the “elan’™ and that their holes were often more or less
concentrated into groups, A number of resident mice would use these
holes, The residents know their environment well (Blair, 1940; Cald-
well, 1064). 1t is the transient that is at the grave disadvantage. We
introduced a young male Apodemus into a woodland at Silwood, It
repeatedly returned back to the trap from which we released it (Brown,
1956b), rather than escaping down the residents’ runways. A strange
Apodemus is more likely to be aceepted into the collective feeding area—
a0 long as it ventures no further, although gradually it may be absorbed
into the “elan” (Curry-Lindahl, 1959).
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The home sile

,\1:.' own observations confirm that for A .imr.h mts and Clethrionomys
several home sites, usually four or five, are used at one time for each
individual. They are regularly visited and cleaned out. Similar results
have been reported by Blair (1961) for beach mice and by Terman
(1962) for prairie deermice. Home sites under trees that appear fairly
permanent are not, however, always in use. Some new ones are made
and old ones neglected for a time, to be re-opened perhaps by another
generation the following year. In the autumn several of the holes will
be used as foodstores and will be visited regularly. Whilst the dominant
male patrols the whole area sector by sector, each member of the group,
particularly the female, regularly inspeets her section both for her own
use or for escape tunnels for any other resident (Fig. 4).

Fia, 4. Areas of activity of four female Apodemuns from 24 May to 10 June 1963,

A. Tracking nren. B, Trapping ares., O, Position of home sites that wers in use. 13, Centroe
of sotivity (Hayme, 1949), Little overlap of ranges ocourred, Eoch female regularly
maintained a number of home sites (direet obeervation), The four home ranges —
0-16G, O-18, 018 and 0-30 aores (Mintmoum Ares mothod ),

The well-established fact that the small mammal usually moves its
home site to a greater or less extent is often not detected by trapping.
Kikkawa (1964) describes how a female Clethrionomys moved to a new
site three times between July and October—a fact he found with his
radioactive tracking technique that trapping had not revealed.

I'ndividual tolerance linals

Whilst the idea of each small mammal operating all its life from its
own single hole is probably incorrect for the majority, vet there is
another factor controlling the area over which many of these animals
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move, An individual tolerance limit may exist which in certain cases
is 80 low that association within a group is impossible (Davis, 1958).
Terman (1963) found that when he bred prairie deermice in isolation
they remained unsociable throughout life and homed significantly more
quickly than did the mouse born under natural conditions. Intra-
specifically this behaviour will tend to spread the community, Within
a quiet stabilized community, controlled by a strong dominant, “indi-
vidual” or “safety" distances exist. Lockley (1981) found that for the
wild rabbit, Oryctolagus cuniculus, these were 3 ft between dominant
and secondary males and 1 ft, or a body's length, between other males
and females,

Interspecifically a mutual avoidance will allow the co-existence of
two species, even though one is dominant. Caldwell (1964) experiment-
ally demonstrated this when he kept four Peromyscus and four Mus
in an enclosed area. At first the two species kept at opposite ends, with
some overlap, but eventually the Mus died, having a disadvantage
aver competition for food. Peromyscus then extended its range to cover
the whole area. This type of behaviour which may in the field be dis-
missed as habitat preference is not always detected. The loss of domi-
nance of the rabbit showed how it had subordinated the hare (Roths-
child, 1958 Rothschild and Marsh, 1956).

I'nterspecific reactions

Restriction of movement of this type is also found at the periphery
of two areas, each judged to be the typical habitat of one of the species.
Apodemus sylvaticus and Apodemus flavicollis will both move tempo-
rarily into denuded Microtus areas, although they retreat to the wood-
lands when the Microfus population increases (Brown, 1954, 1956a;
Curry-Lindahl, 1959). After over-wintering in barns it is easier for
Apodemus to establish itself with the more tolerant vole. Microtus
with its relatively small home range will provide more living space for
the transient mouse during these early months. In the woodlands the
resident male Apodemus are highly aggressive to all intruders at this
time. The situation changes from July onwards. The transient mice
will meet less antagonism in the wood and more aggression from the
increasing Microtus population in the fields. Vigorous rejection of
juveniles and transients early in the year keeps the numbers of Apo-
demuas diluted and avoids the strains of overpopulation. In Japan, a
colony of Smith’s red bank voles, Eothenomys, showed peak levels in
19565 followed by a crash. Tanaka (1956, 1957, 1960, 1963b, 1964) has
found that during this last decade they have fluctuated in phase. Yet
the associating A podemus argentens has shown no such violent changes.
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Habitatl preferences

Habitat preferences and the dominance of one species over another
are often easier to deteet in the field than to explain. Good ground
cover gave the Skomer vole (Clethrionomys glareolus skomerensis) aroas
of advantage over Apodemus (Fullager of al., 1963). Often two habitats
which appear to have the same vegetation have just that difference of
microtopography (nest site, cover, food, ete.) to allow one species a
greater advantage (Curey-Lindahl, 1959). All these factors affect the
size of the small mammal’s range. Boyd (1963) showed how the St.
Kilda field mouse, Apodemus sylvaticus hirtensis, had its movements
affected by the distribution of eleitans (man-made stone shelters).
Behavioural differences of the species, on the other hand, may largely
contribute to their choice of habitat. In laboratory experiments Brown
(1964) found Peromyscus boylii and Peromyscus leucopus to be socially
incompatible. Their fighting would explain the sharpness of the eco-
logical distribution of the two species. Peromyscus lewcopus lives in
cedar glades whilst Peromysenws boylii is found at their periphery.

NORMAL PATTERNS OF BEHAVIOUNR

Homing, wandering and dispersal

There is a spatial framework to each population, affected by all
neighbouring forees and delieately in balance. Harrison (1958) tried to
increase the numbers of Malayan rats by adding others to a natural
population, He did not suceeed, The new rats left the area and where
possible returned to their original home. The impressive speed at which
homing oceurs is the best evidence of the spatial framework of the
population. Evans (1942) and Hacker and Pearson (1944) found
Apodemus sylvaticus moved back half-a-mile in a day. Boyd (1963)
reported the St. Kilda field mice back, even from as far as 2 800 ft in
a few hours. 1 have found in the pine woods in Dorset that Apodemus
15 back home from similar distances before my next visit to the traps
(about 6 h). They will move, if necessary, during the daylight. Wander
ing in foreign territory is hazardous and the need to defend their own
home is great.

Lockley's (1961) experiments with wild rabbits in large enclosures
illustrate this fate of a displaced dominant. A buck, designated M,,
patrolled his warren every evening and from time to time made ex-
cursions which covered the whole of his territory. He was not satisfied
until every rabbit had retreated before him, any failure to submit was
followed by an attack by M; to convinee the underling of his status.
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In October M; was removed and kept away from his territory for 3
weeks. During this time he made desperate efforts to return, he pined
and stopped feeding. My,, the second dominant male, took over in
M.’s absence and fierce fighting followed when M, returned. M,,, the
vietor, remained in the best warren and maintained this position for the
whole of the breeding season. Not until the following July did M,
become first dominant again. The life span of a male Apodemus is not
long enough to allow for “second chances™,

In spite of this strong urge to return to its home it is important to
realize that wandering and dispersal movements are as much a part of
the life of a mouse, especially a male, as are the restricted movements
around its home site. As Kikkawa (1964) has pointed out in relation to
an understanding of population dynamies: it is more important to
know the proportion of animals in the population which ghow wander-
ing and dispersal movements and how these vary with age, sex, season,
habitat and density than to obtain a caleulated size of the average of
its range,

Exrploration

In its natural habitat the small mammal spends a great deal of its
time, when above ground, exploring, learning about its environment
and keeping a check on its own home range, Details of this behaviour
are known for Microfus (Shillito, 1963a), When actively exploring the
vole, with all senses alerted, follows a series of jerky movements, and
if alarmed will dash back for cover. Smell is highly important, First the
Mierotus “‘noses’” and then with jerky gait approaches the object. The
jerkiness is due to a mixture of fear and curiosity, it is the consequence
of immobility followed by quick movements and is typical of many
camouflaged animals. The body when rigid is low to the ground and
maximally extended. The object when reached is smelt and touched
with the front feet. 1 have watched similar behaviour with Clethrio-
nomys and Apodemus when they approach my tracking ecartons.
Personally, I always wear gloves to keep human smells to a minimum.
Were it not for this drive to explore, tracking results would be more
difficult to obtain; in fact regular visits are made to objects, even
familiar ones. Laboratory experiments demonstrating this have been
performed with wild house mice (Croweroft, 19556:; Croweroft and
Jeffers, 1961),

The small mammal is an active animal, with much to explore and
its period above ground is spent in many pursuits other than feeding.
It is not confined, as is a laboratory animal, to a small enclosure,
Becording absences from the home site for more than 15 min, Kikkawa
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(1964) studied (during the winter) the periods of activity of a male
Apodemus. It had two long outings around dusk and one from 2.00-
4.45 h, followed by another short one at dawn. Similarly for a male
(Nethrionomys there were four active periods of roughly 1-2 h durations,
mainly at dusk and dawn. These were longer periods than those animals
had ever spent at the observation trap and during these active periods
they were recorded by a Geiger-Miiller counter at several points.
Extended trips of exploration are considered to be typical of the
majority of mice. Experimental evidence of such movement is very
difficult to obtain.

Peripheral extensions

Either by its own exploration, or from the lack of anditory signals,
the small mammal appears to know when an area is unused, In 1850
existing populations at Silwood of both Apodemus and Clethrionomys
were considerably reduced by “Cimex" treatment for rabbits (Brown,
1954). Yet new Apodemus, in particular, soon occupied the empty
areas. Olethrionomys took longer to recover. Its more restricted move-
ments, concentrated around areas of dense cover and deterred by more
open ground, meant that rapid re-establishments were not to be
expected. There is much similar evidence showing that if an area loses
a proportion of its population others will enter after a short time
( Blair, 1940; Stickel, 1946; Calhoun and Webb, 1953).

The influence of predation

As well as range extension there is usually a surplus of young
animals needing “living room"'. This i= why predation is regarded ns
having only a temporary effect on small mammal numbers (Blair, 1940
Calhoun and Webb, 1953; Chitty, 1957 ; Frank, 1957, Darling, 1954).
The predators, onee they have reduced the numbers of a population
must look to new feeding areas. They will always be drawn to areas
where foraging is easiest. There are, however, several studies that have
illustrated the temporary power of their control. Brant (1962) gives an
example of the complete destruetion of a Microlus population. Roughly
twenty-four mice a day were eaten by cats that would sit by the
Microtus runways. Pearson (1964) studied a 35 acre area in California
and found that in one winter predators consumed 4 000 Microfus,
400 harvest mice, and 500 wild house mice, Cats were the dominant
predator, but there were also foxes, raceoons and skunks,

Several eats from nearby houses were seen at Middlemarsh, in the
carly morning, as well as a barn owl and weasels. I would consider one
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of the heaviest attacks on the spring and summer populations came
from the grass snake, Tropidonotus nafrix, judging by their numbers
and their size.

One wonders how much warning can be given to any small mammal
of the predator’s presence. Do anditory calls play any part? The greatest
defence need is in fact to maintain the colony against individuals of
the same species, i.e. in the establishment of either a home range or a
territory. The retention of a sufficiently large area for feeding, the
protection of the young by the female, the sexual satisfaction of the
male—these, not a safeguarding against predation, control behaviour,

The control of territories and breeding ranges

Burt (1943) defined territory as “that part of the home range which
is protected from individuals of the same species either by fighting or
by aggressive gestures''. This term must be considered collectively ; for
example, a territory may be a feeding ground used by an entire popu-
lation that may be settled elsewhere (Curry-Lindahl, 1954). A socially
organized pattern restricts the maintenance of individual territories
to the dominants, e.g. where there is an infestation of wild house mice
in & corn rick (Croweroft and Rowe, 19863). In the field 1 found the
dominant Apedemus had prime control of his wide territory only sector
by seetor. In his absence others were moving freely around. However,
onee the hisrarchy is accepted, nosing and grooming replace aggression,
as was shown by King (1957) in laboratory tests with male Peromyscus
maniculatus bairdii.

Breeding ranges set up by the females are the most fiercely defended.
Male Microtus are only allowed near breeding territories when the
females are in oestrus (Frank, 1957). Breeding ranges are established
by female shrews (Sorex araneus) and the males move freely among
them. This ensures not only the best chanee of rearing the young, but
allows the males to find the females for the short time they are in
oestrus (Shillito, 1963h).

In searching for the females the range of the male is often rectangu-
lar, Studying meadow mice, Mohr and Stumpf (1864) found that the
home range of the males was of the order of two to eight times as long
as wide, Contact with more females will be made on such a strip than
in a compact circular area, Escape from predators would be easier,
A further advantage they considered was that such a strip would
sample more types of habitat, favourable under all weather conditions,
and at different times of the year. Godfrey’s (1054) ranges for Microtus
were mostly rectangular,

Tracking Apodemus males 1 found they tended to move oot along
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a gingle radius which made any particular part of their range appear to
be rectangular,

HOME RANGE ESTIMATES

Telemetry and radioactive tracers

The ealeulation of the actual area over which the small mammal
moves is almost always confined to its activities above ground. A
further refinement of radiotracking devices will probably allow us to
track its underground movements which are usually extensive. They
not only consist of subterranean runs connecting one sheltered area to
another, as for Clethrionomys, but do in fact represent the main activity
of the small mammal, even to some extent for their feeding. Shillito
(1963h) pointed out that the shrews remain below soil level in the
winter, mainly because their food is there; the soil invertebrates
migrating to this level.

Telemetry opens up the possibility of a far more extensive study,
especially for the secretive animal or one that lives in dense cover or
underground. Radio signals are received from rotating antennae sup-
ported on two towers spaced half a mile apart (Tester, 1963). After
amplification and conversion these are fed to a fifty-two channel
receiving and recording system in a laboratory between the two towers,
Data can be continuously recorded on 16 mm film and a computer does
the automatic map construction showing the time and range of activity.
Rapid caleulations of the centre of activity and the distance of all
points from this centre can be made (Siniff and Tester, 19685).

Mo far the animals used have been larger than small mammals. An
automatic record to replace the human handling of every piece of data
is for most of us, as yet, only a dream. Tester and Siniff’s (1065) results
with the male raccoon, Procyon lotor, show interesting points of simi-
larity with my work with male Apodemus. The animals worked sec-
tionally, the length of their activity radii were considerably influenced
by such environmental factors as weather and season and whilst the
whole range was fairly regularly visited there were areas of intensive
use within the home range., The centre of activity was not a place of
any biological significance. As yet the radio-ecologist usually finds it
best to work with anly one animal in an area, therefore not allowing a
study of a community.

Whilst tracking methods give us more possibility of understanding
movements, direet observations will always be needed for a full appreci-
ation of the animal’s activitiea. Methods of study used for estimating
movements based on trap-release data have been reviewed (Brown,

Sy
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1962). They either assume there is a fixed boundary to the home range,
or they estimate from the basis of the probability of capture at certain
distances from a definite point.

~ Table I shows how wide a range of movement will be found, many
of the factors involved have been diseussed. In Table I no distinetion
is made between ages, sexes. seasons, shifts of home site, population
density or methods employed. T suggest that any range size above
2 acres for Apodemus or Peromyscus represents the behaviour of the

Tanre 1

Variation in range size within selected communities

Specios Fhangs siss Reforence
{nores)
Mice anid deermios
O (567 Miller, 1958
Apodemns syleaticus 028-2.87 Brown, 18956a
; O 200 Wy Brown®*
- 05— 1 -0 Kikkawa, 194
¥ 054100 Youngran, 1956
et 01-80-3.74 Howell, 1954
Peromyacus polionatua 0-87-10-66 Blair, 1851
f T 0-45—4-306 Ciriffo, 1961
mvaniculatus 0-74-1-87 Morris, 1955
Byl 0-22-0-87 Brown, 1004
Mus mvnisenilis 0-42-1:65 Howell, 19854
Vaoles
0:17-18 Hrown, 1956a
Clethrionomys glarealus 020-1 34 Brown®
0 13-0-04 Kikkawas, 1964
Sifoccivid 008023 UVeda, 1948
019054 Tanaka, 1953
L - 49356 Blair, 1041a
PRRPRS 0-37-0-08 Morris, 1955
0-19-0-50 Blair, 1940
Microtus pennaylvanious 0-02-0-58 Blair, 1%41b
0-07-058 Huyne, 1950
micnfebelli - (3—0- 28 Tanaka and Teramura, 1853
arealis 0-07-0-37 Heichstoin, 1960
agrestis 0-08—-0-70 Brown, 1856a
ochrogaster 0-05-0-14 Harvey anid Barbour, 189656

* Results from Middlemarsh, 1963,



126 L. E. BROWN

dominant as did such ranges at Middlemarsh. Miller (1958) had two
male Apodemus with large ranges during the breeding season. He
suggested they were unmated animals searching for females, they could
have been two dominant males. In Table I results are shown of Harvey
and Barbour's (1965) radicisotopie tagging of Mierotus ochrogaster.
The tags were inserted subeutaneously and with each 10 ft movement
of the scintillation pole they were able to check over an area 40 ft wide.
including some subterranean act ivity. Four males tracked in the same
area showed there was some overlapping of ranges for them (and
probably for others in the same area), Records of roughly twice the size
shown in Table I were obtained using the Minimum Area method
(Brown, 1962). Table I gives results from their modified Minimum
Area method where a quarter range length was used ns a standard to
fix the outer limits of the range,

Table I shows the extremes of the range size from the small juvenile
to the most adventurous male. The movements of the majority are,
however, much more limited, as will be seen in Table I1. The greater
average range of the male compared with the female is also shown,

Range lengths and range sizes

Linear measurements from which home ranges are caleulated are
usually either the straight line distance between the two most widely
separated points of eapture (range length) or measurements from o
caleulated centre of activity. Range length may be used to discuss
home range, without conversion to areas (Stickel, 1954), In these terms
the average range length for Peromyscus lewcopus lies between 67 and
133 vd for males and 50 and 100 yd for females (Stickel and Warbach.
1960). Similarly figures for Apodemus sylvaticus are 40-80 wid for males
and 20-60 yd for females (Evans, 1942; Brown, 1956a: Miller, 1058:
Kikkawa, 1964 ; Tanton, 1965). In Table ITI, which gives other exam
ples, the two sets of figures (a) and (b) represent results from the same
data of more than fourteen captures (a) and from four to seven captures
(b). The authors believed a true home range lay between these two sets
of figures: an illustration of the type of variation experienced according
to experimental and other factors (age, sex, season and size of habitat),

Recent work with the common shrew, Sorer arane s (Shillito,
1963c), illustrates a more realistic use of range length. Whilst one
could make an overall average range length for this species of 28-39 m
this was best analysed as an average of 37 m for juveniles, 39-6 m for
short range females but up to 112 m for long range females, who moved
to a new range before breeding. Whilst some short range males moved
between 22 and 66 m other males showed prolonged wanderings. Those
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remaining within the wood recorded distances between 79 and 144 m,
but others left the wood temporarily or permanently. In general the
shrew adjusted its range length to its particular habitat and the focus
of activity was always from the particular hole in which it was living.

Dice and Howard (1951), studying snow tracks of prairie deermioe,
found that each animal returned by exactly the same route as it used
when it set out. My track results with Apodemus always suggest this
but cannot prove it. Similarly, only natural tracks in snow or sand will
determine the exact point from which the animal is operating. Before
these tracks have melted or been blown away one can measure linear
distances. Blair (1051) found for Peromyseus polionotus (beach mice)
that these varied from 5 to 293 yd, the mice always making purposeful

Tanre 11

Average range sizes

Averago range sine
Bpeooies {acres) Reference
Male Fomule

Mice and decrmice

072 024 Miller, 1858
A » 4
A gotane sylections 071 039 e i
45 027 Kikkawa, 1964
Feromyscus gossypins 1:82 1-44 Ciriffo, 1961
- B3 061 Blair, 1840
) 2.31 1-30 Blair, 1042
boylii 04 038 Brown, 1864
Vilos
04 01 Brown, 1956
Clethrionomys glareolus -!’ 038 029 Brown®*
[ o565 0-27 Kikkawa, 1964
rufocan s 0-47 0-21 Tanaka, 1953
Muoist
Microtus pennsyleanicus 0-31 0:1% pgrass-
lamnd Blair, 1940
0-50 028 Dry
grasslund
43 0-19 Hayne, 1848
agrestin 0-24 -1k Brown, |#56a

* Hosults feom Middlemarsh, 1965,
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trips away from and back to the hole. Tracking, unless each individual
mouse is labelled, does not tell you the number of animals involved nor
the actual number of trips made, It is because of these difficulties that,
with trapping data, the centre of activity (Hayne, 1940; Dice and
Clarke, 1953) is used. Obviously percentage movements from such a
point are a general mathematical estimation, but they may be the best
type of analysis that the particular data allows.

Comparisons of trap and track resulls

How far do the tracking results 1 have obtained for Apodemus
compare with published trap records! Stickel and Warbach (1960)
deseribe a 5-year trapping, at roughly 2-monthly intervals of the wood
mouse, Peromyscus lewcopus, They group their results into four cate-
gories. Firstly, a limited number of mice had extensive ranges and
showed changing areas of use. Within the period of study five males
travelled (*xtL;nﬁiruly.' over the entire woodlot (4-4 acres), either sectori-
ally or making an almost complete cironit within a particular trapping

Tanre 111

Average range of movemend

Bange length (o :
Species ango leng (1) Ritaronia

Males Females
Mice and deermice
Apodemus sylvaticus o3 47 Brown, 19506n
il a5 Miller, 1958
T g ] 119 a3 Jones and
Barber, 1057
Peromysous maniculafus 1k 102 Allred and
Beck, 1063
lesecopacs () 115 L 15 Stickel and
(b} i 42.5 Warhach, 1960
ey DT 3 it Shadowen, 19463
nniderdli T0:5 [ Bhadlowen, 1963
Voilis
Micratus agrestia 1M 27 Browmn, 1895t
Clethrionomys glareclus 03 43 Brown, 1056a
ricfocanus Gl-1 287 Tanalka, 1953

Hange of movement (or monge length) is the straight lino distance betwesn the two
most widely soparated points of eapture.
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period. Very complete details are given for one male, no. 3348, who
lived for a record 38 months and was captured more than any other
mouge (118 times in nineteen trapping periods from December 1950 to
January 1954 ; Table IV). Its home site was in the east quarter of the

TanLg 1V

Prapping history of o male Poromyscus leucopns

(No. 3348)

Po=ition of captures in each period

Y iy Monih .
{44 acre woodlot)

1850 Decomber South corner
1841 Fobruary and Apaal Enst quarter
June Ihagonal route aoross wooddlol
August, September
anid Noveanber East opuartor
152 Jarunry Fiast quarter
Muareh Fast quarter to south corner
My Dingonal route across woodlot
July East quarter
Hi'}'!i'ln'u'l' Fanssi quarter to gouth corner
December West quarter
1953 Februsary West quarter
April Almost complete cirouit
J e Eanst quarter to central srea
Ohetaobor Fast quarter
1954 Janmnry Central aroa (not trapped here before)
: 11 ]

F. lewcopus No, 3348, was trapped 118 times from December 1950 to Janunry 1854
(Stickel and Warbach, 1060).

woodlot, in a tangle of hnllll}'.-'lu'k'n and dead branches: in one of the

favour positions. When no. 3348 was absent other mice were regu-
larly trapped here. No. 3348 was first captured when about 2 months
old and appears to have remained on the area during the whole of its
long life. Since his first capture was as a sub-adult he probably invaded
the woodlot from elsewhere. It is considered likely that on occasions
he departed on trips of exploration (Stickel, 1965, personal com-
munication). Such an animal corresponds with a dominant male
Apodemus. Two females were reported in this eategory; for Apodemus
this meant they were associating with a dominant male,
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The second category includes the mice that oeCupy atable ranges:
70%, of the mice (seventeen males and twenty females) had relatively
stable ranges and stayed in the same general area from month to
month. This iz the general pattern of behaviour of the majority of
subordinate female Apodemus. The third category include the mice for
whom occasional records exist for long trips away from their normal
home range, and the fourth category deals with the Peromyscus who
ghift their range perhaps gradually across an area,

BEABONAL MOVEMENTS

The movements of the male small mammals deserve further con
sideration. It is a well-established fact that they normally move over
wider areas than do the females. Their increased range may coinvide
with the breeding condition of the female. Miller (1958) found the
average range for male Apodemus {from March to May was 88 vd
compared with 20 yd in September and November. After the spring
breeding season their behaviour will partly depend on their position
in the social hierarchy. The dominants appear to remain located in their
favourite positions even if they move around more freely with some
extended trips of exploration. In the whole population there iz, how-
ever, especially in June, & great reduction in trappable numbers (Kvans,
1942; Brown, 1954; Miller, 1958: Kikkawa, 1964; Tanton, 1965),
resulting in a “summer lull” in the population. The reasons for this
include the fact that the death rate of over-wintered animals goes up
in early summer (Chitty and Chitty, 1962, for Mierotus; Shillito, 1963b,
for Sorex araneus).

This is the time of digpersal of sub-adults and juveniles of both
sexes, and there is much evidence that the adults, especially the males,
are moving out of woodlands to cultivated fields, corresponding with
local farming activities (Miller, 1958 ; Rowe of al., 1963). Absence from
an area, with subsequent reappearance is again common at this time
(Blair, 1940; Miller, 1058; Shadowen, 1963: Kikkawa, 1064). More
males than females wander and fewer return. Thus the ealeulated death
and dilution rates for Apodemus are higher for males than for females
and the majority of long-term recaptures are those of females (Kik-
kawa, 106G4).

Tanton (1965) could find little evidence for migration from his
data, and believed there was a twin population of Apodemus in the
summer, of which the trapped animals were but a small percentage.
Disinterest in entering a trap could be explained if “lying out” oceurs
in subordinate 4 podemus as it does with those rabbits that are withont
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warrens (Lockley, 1961). Feeding habits change seasonally (Miller,
1954) and abundant insect food could explain lack of interest in corn-
haited traps. Food storage is unlikely to occur until later in the year.
Seasonal movements, or migrations, are a normal pattern of
behaviour for many small mammals. In winter they congregate for
warmth in dry habitats (cornricks, barns and houses) and in spring
they return to breeding grounds and establish their homes (Curry-
Lindahl, 1956, for dApodemus and Microtus agrestis; Tevis, 1956, for
Peromyscus; DeCoursey, 1957, for Microtus pennsylvanicus). Lemming
migrations are similarly connected with seasonal changes of habitat
and are an effective mechanism of dispersal (Kalela, 1040, 1961). The
concept of a “death” migration as a safety valve of overpopulation is
not now accepted. Field observations dispel the old-fashioned concept
of “foolhardiness’’. Autumn migration, usually in the darkest part of the
night, is fairly directive and at about 3-6 km per h. Running paths,
giving protection and ease of movement are preferred, and swimming
is only attempted when the land is silhouetted on the other side of the
lake. The nostrils are kept well out of the water, high mortality occur-
ring in windy weather, as waves are dangerous. Lemming migration is
much more solitary in its general nature than one concludes from many
deseriptions in the early literature (Myllymiiki ef al., 1962).
To what extent do small mammals move during the spring and
summer in such a manner that it could be regarded as migration: a
dispersal mechanism connected with seasonal changes of habitat?
Although other explanations exist there is always the possibility of
migration having occurred when trappable numbers in an area can,
but do not always, fall to nil as, for example, at the time of the summer
lull (Brown, 1954, for Microtus; Stickel and Warbach, 1960, for
Peromyscus; Tanton, 1965, for Apodemus). This is a normal time for
juvenile and sub-adult dispersal due to agonistic behaviour of the adult
males. If migratory movement of the adults is also oeccurring at this
time it is operating when the population pressures are very low. Calhoun
(1962) secks to create artificially such depleted areas in order to examine
induced mass migrations. He suggests that signals will tell the mouse
directions where competition is least and the mouse will be seeking to
keep a maximum distance from its nearest neighbour. With the absence
of signals in a particular area the mouse will experience an urge to
move in this direction. This urge is so great that at the limit the mouse
will be moving to its death over unsuitable terrain (disproved for
lemmings; Kalela, 1961). An urge that can overcome those controlling
social behaviour, and breeding, is a very strong one indeed. Landmarks,
retreats, signals, foodstores, and all other normal stimuli are sacrificed.



132 L. E. BROWN

I believe these experiments are only feasible outside the main breeding
season and forces that control a small mammal to settle would prevent
the whole population from taking part. The “stay at homes” would
remain. Does a wanderer continue to wander or does it stop when a
suitable home is found? Calhoun's experiments are designed to investi-
gate whether you ean induce small mammals away from agricultural
land. “Control densities in neighbouring reservoir habitats and the
damage to adjoining agricultural land will diminish to a point of
economic insignificance’.

Migrations, at all seasons, are fundamentally associated with
survival, and linked with availability of food. In the summer the small
mammal can be selective in its choice of food, moving to favourite
feeding areas (Miller, 1958; Curry-Lindahl, 1959, 1962.). A strong
natural migration into agricultural land, when crops are attractive as
food, will be very diffieult to counterbalance. Calhoun’s (1962) sugges-
ted experimental procedures deal with “a phenomenon of behavioural
physics of population, in which many ‘atoms’ or units, the individual
animals, are required for appropriate analysis”. Six to twelve workers
would daily handle several thousand animals for at least a 90-day
continuous removal period. As Calhoun comments, biological studies
of population seldom utilize such a mass effort,

DISCUSSION

Whether one is thinking in terms of behavioural physics of popu-
lations, of single communities or of single individuals, much has vet
to be investigated concerning both the methods and causes of the
movements of small mammals. These movements range from a minia-
ture type of nomadism within a small area around the home to the long
migrations in search of food and shelter for the winter or in search
of & mate in the spring. The home is the base from which the small
mammal will direct its normal activities, here then will be the maximum
safety, security and social stability. The concept of home range em-
bodies an important biological and psychological pattern of behaviour.
It is our definitions that are limited beeause we are attempting to state
in static terms (e.g. nores) the area of activity of a living mobile animal
that may have its movements influenced by a great many factors in the
physical and biological environment (Blair, 1951). Home range is best
considered as “that area habitually traversed by the individual in its
normal activities within a specific period of time" (Shillito, 1963c).
Alternatively, one can consider the animal's “movement pattern’—
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the actual movement in three-dimensional space that the animal makes
during a specific period of time (Brant, 1962),

The composition of the community will affect the range of movement
(Calhoun, 1962). Within the one species a social hierarchy exists.
Between two species there may be a balanced relationship, of dominance
and subordination, or of time (nocturnal and diurnal rhythm of activity)
or of microhabitats within the same environment, Other, less commaon
species, will restriet themselves to highly specialized localities.

General statements regarding the movements of all emall mammals
may be limited in value becanse the fundamental reasons for diversity
in population densities may vary. Population size and range of move-
ment are closely interrelated. Brant (1962) estimates that the area
occupied by an individual Peromyscus may be fifty times as large as
that occupied by a Microtus. Calhoun (1962) regards Microfus as an
“extra-community” species, probably representing a late evolutionary
stage in overcoming complexities of small mammal communities. Such
species tend to be grass eaters. They tolerate excessively high densities,
although the causes of their “crash™ are still being investigated.
Microtus agrestis at Lake Vyrnwy averaged in good habitats 120 voles
per acre in the spring and 250-300 voles per acre in the autumn (Chitty
and Chitty, 1962). A comparable average range of numbers for Apo-
demus sylvaticus is from three animals per acre in the late spring to
seventeen animals per acre in the autumn (Brown, 1954 ; Miller, 10958
Kikkawa, 1964). Small movement pattern and high densities for Micro-
fus were considered interdependent by Brant (1962). Similarly, he
judged that seasonal changes in the mean distance between successive
captures (average distances) of the deermice and harvestmice he
studied were inversely density dependent. Comparative figures of
average distances for Peromyscus maniculatus gambeli and Microfus
californicus californicus were 172 ft for the former and 26 ft for the
latter,

The living space needed by any individual small mammal varies,
therefore, from one species to another. This space can be classified in
three ways: as the animal’s home range, its territory, or its vital space.
Home range is the area used by the individual within a specifie period
of time, territory is that area defended intraspecifically and vital space
is the whole space necessary for an animal to achieve its annual eycle
{(Saint Girons and Saint Girons, 1959),

Competition for this space by the individual, the ‘“‘clan’” or the
species will cause constant reactions that only ideally will give a bal-
anced equilibrium. Small mammals provide a great part of the food of
larger carnivorous mammals (and birds of prey). Their suceess in
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survival is to an important extent due to their high rate of breeding.
Yet the intraspecific control of numbers would appear to be more
important than any other factor in the natural environment. Either
high populations are tolerated or there is constant intraspecific strife
and a dominance hierarchy. In the latter case, with Apodemus, the
stronger and older males control the spring breeding and the family
group. The territory of the clan is protected by the males and main-
tained by the females. Only the fittest young will survive an enforced
dispersal. Social strife need not always involve aggressive behaviour,
but its effects may be marked even in individuals not directly involved.
Croweroft and Jeffers (1861) found the attitude of the female Mus to
entry into traps was influenced by the presence or absence of males.

Homing experiments have often assumed that a lake is a barrier
to small mammal movements (Hacker and Pearson, 1944, 1951).
Recent work by Sheppe (1965) has shown that Peromyseus leucopus
behaves like the lemming when needing to cross open water. The
swimming is towards visible goals and only when land is silhouetted
on the other side. Both have the same inability to swim under water,
and drown in choppy conditions. Where floating plant life is present
in the lake the mouse runs over this as if it were on dry land. The
longest swim of a Peromyscus was 765 ft when the animal was returning
to its island home. All the emigrants from natural populations were
young miee.

The life of the samall mammal within its natural community is as
vet only vaguely understood. The eaptive animal must modify its
drives for exploration, for food seeking, for protection against enemies
or seasonal hazards. In orientation, the diurnal Clethrionomys relies
more on sight whilst the nocturnal agile Apodemus relies more on
sounds and perhaps vibrations. Whitaker (1963) described how the
meadow jumping mouse, Zapus, produces a drumming noise by vibrat-
ing its tail rapidly. Each time this behaviour was observed the animal
was in a high state of excitement in its cage. In the wild, ground vibra-
tion will be as important a warning as sound to a burrowing animal.
How important they are for any particular species has yet to be investi-
gated. Vocalization, as part of the small mammal’s behaviour similarly
needs more study. Lemmings use sounds as part of their threat display
(Myllimiiki et al,, 1962). 1 have observed this behaviour more often
with the voles Clethrionomys and Microtus than with the mice A podemus
and Mus,

Where a dominant controls a community his activity will limit
the territory within which individual home ranges operate. The size
of such territory for a dominant Apodemus is about 4-6 acres. Howard
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(1949) and Redman and Sealander (1958) found Peromyscus regularly
moved over 5-6 acres, with one example moving over 10 acres. Execept
for this territorial patrolling of the dominant male, ranges revealed by
live trapping appear to be significantly related to natural ranges.
Stickel (1954) found this true when making experimental comparisons.
I am in agreement with Blair (1951) that this is broadly true when
comparing them with tracking results. No method vet devised is
without its limitations. There is a maximum length beyond which the
majority of small mammals seldom extend their range (Tanaka, 1963a).
The boundaries for a clan appear to be those established by the
dominant. Only those small mammals without homes will disperse
further and they may do this at any time (Brant, 1962). A social
hierarchy may itself mean that more than half the population is
erowded into a few areas whilst the favourite positions remain empty
under the dominants’ control (Croweroft and Rowe, 1963, for Mus).
Although there is more space in the natural environment than there is
under experimental conditions order still prevails. Even when spring
flooding put most of the range out of action Peromyscus moved to
drier areas within its range. Enlargement of the range did not occur
(Ruffer, 1061).

Mutual avoidance will often prevent aggression. Brown (1964)
found that P. leucopus, P. maniculatus and P. boylii would not actively
seek out each other but would exhibit aggressive behaviour if one went
into the nest box of the other,

Random behaviour, so important for statistical ealenlation, is not
typical of small mammals. Statistical caleulation tends to sacrifice
for the biologist the majority of the information gained in the field.
It may be based on assumption known, or later proved, to be invalid
( Blair, 1951). Statistical significance may demonstrate methodological
rather than biological regularities (Brant, 1962). Yet awareness of
inexactitudes may foster further fruitful investigation.

Control of the numbers of small mammals, where this is necessary,
eannot be effective until their movements and behaviour are under-
stood, The problem is not simply one of direct damage to trees, erops
or stored products. Apodemus agrarius has been shown to be the host
for bacterin which cause a serious disease—leptospirosis among cattle
and pigs (Bang and Lund, 1964),

Climate, as a factor influencing both population and movement of
small mammals, has been reviewed (Brown, 1962), Severs winter
eonditions may take a heavy toll of populations. Gottschang (1965)
found that the severe winter of 1962-63 caused a great decline in all
small mammal numbers in Ohio and brought Blarina brevicauda down
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to a “erash” level. On the other hand, a good summer may bring peak
numbers, increasing the reproductive and survival rates enormonsly,
Yet this is an oversimplification of rodent fluctuation which is “under
control of the complex ageney of the ecosystem™ (Tanaka, 1957).
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APPENDIX

I have studied the movements of small mammals in various habit-
ats in Dorset since 1961, The data selected for this paper refers, with
minor exceptions, to that obtained in 1963 in 18 acres of Poorstock
Forest, in Middlemarsh, Dorset,

In 1963 the populations of A podemus were studied in three adjacent
arcas, A (1.9 acres), B (2-1 acres) and C (3-0 acres), from April to
October. A was an area of young pine trees in which 4 podemus had only
recently established itself. B was an area of well-developed pine and
mixed woodland with much undergrowth, and C was a mixed area of
newly planted and well-grown trees. Population estimates (Hayne,
1949) were obtained after 3 days pre-baiting followed by 4 days live-
trapping. Selected Apodemus were then studied longer in relation to
their movements, first by further trapping and then by tracking. They
were toe-clipped to allow individual tracking recognition, having
originally been marked with numbered monel rings, Tracking allowed
a wider range of study of the free animals. The newly established area
A had its own community and dominant, but areas B and C had cut
into sections of several dominants., Only those animals that were toe-
clipped could be individually tracked. The tracking plates were strips
of paper-backed metal foil overlaid with a fine tale suspension held in a
silicone water repellant medium. The plates were placed, for protection,
in waxed cartons. Large numbers were used, especially in areas of parti-
cular interest. Tracking plates that had been visited were replaced,
but the eartons were handled as little as possible and were destroyed
after use. Seent marking by urination is typical and re-use would have
complicated the results. The cartons were held in place by metal skewers
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and the entrance was protected by a plastie hood. Tt was not necessary
to provide food : experiments showed the mice entered unbaited cartons
as readily as baited ones. (Return along the same route as the outward
journey—often found in small mammals—appears to be linked with the
animal having scented its track or having followed the scent of another
small mammal.)

s
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TERRITORY IN SMALL CARNIVORES
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BEYNOPSRIS

l. Aspeats of territory and home reoge in small carnivores are discussed with
reforense to the literature and to the suthor's provieasly unpublished work on weasels
(M ustela ndvalis) nnd stosts (M. erminea).

2. The evidence suggests that weasols and stosts can have s territorial system, with
closely defonded boundaries. Home range, that is & more loossly organized system,
is elaimod for most small memmals but the litorature, so far as it gooes, suggests & con-
sidorablo cloment of defenes in the social system of small carnivores.

4. Territorinl defonoe by overt threat seeurs in birds and may slso ocour in small
carnivores. However, the use of “scent’ including urine and fasoes to mark boundaries
is also n form of threat and most small carnivores are eminently equippoed to threaten
in this way.

4. Dominant territory-holding weasels all come into breeding condition in Mareh
and all remain so until August in Seotland. Subdominants are more variable in the extent
to which they come into breeding condition, some remaining in & non-bresding condition
throughout the year. It is argued that this s an offeet of being subdominant,

5. Bome small carmivores seem to patrol the boundary of their territory and spend
most time where the pressure from sdjacont animals is groatost,

8. Bex ratios show a variation from 1 : 1 (or very oceasionally an exosss of fomales)
Loy, more commonly, an oxecss of males, 1t is argued that the torritorial system, in which
the female is subdominant to the male and lives on his territory ot his plessure, can lead,
during periods of food shortage and/or high numbers, to a differential mortality. Males
become more sggressive and tend to treat females as males with consequent poor
breoding and high mortality of females,

7. Before o territorisl system can be set up there must be more than a certain
threshold number of males. The sizes of territories depend not only on the food supply
but also on the number of animala competing st the time the territories are sot up.

INTRODUCTION

The reviewer of territory and home range in small carnivores has a
fairly easy task since the literature is meagre. The difficulty comes in
trying to make sense of the various reports and to relate them to other
aspects of the animals’ lives. 1 have therefore had to lean heavily on
my own work on weasel ( Mustela nivalis) and stoat (M. erminea). But
where data are few I have speculated freely because 1 feel that only
thus will outstanding problems be defined so that means can be sought
for their study.

In order to avoid disrupting the narrative, 1 have relegated all
deseriptions of technique and study areas to the Appendixes.
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TERRITORY, HOME RANGE AND CLASSES OF ANIMAL

Some small carnivores, the solitary Mustelidae in particular, are
often said to be great wanderers. In fact, like most animals, they stay
put if they can hold a territory. If they cannot they may well travel
long distances; for example, a tagged male long-tailed weasel (Mustela
frenata) travelled at least 22 miles in 7 months (Burns, 1964); and there
are other though somewhat less spectacular examples.
Figures 1 and 2

show the disposition of the territories of male
weasels in a young forest plantation in the Carron Valley, Stirlingshire

The boundaries were formed by joining the outermost traps which were
visited by each animal. Without exception, all the traps within the
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Fia, 1. Terrilories of male weasols in the Uarron Valley, Stirlingshire. November
March. Dots indicate pormanently sited trap; oross-hatehing indieates arons of overlap
betwoen adjacent animals or areas whers preciss boundaries cannot be determined with
the trap-spacing used. Each rosident weasel is reprosentod by o lotter, The study area
15 about B0 aores (32 ha).

area 8o delimited were also visited by the owner of that ground. The
cross-hatched areas show the points of overlap or apparent overlap
between adjacent animals. Figure 1 refers to winter (November 1060

to March 1961) and Fig. 2 to summer (April to October 1961). Kach .
territorial outline is based on at least twenty records.

In winter the degree of overlap was small whereas in summer,

presumably owing to increased activity in the breeding season, overlap

was greater. But, even in summer, it was remarkably small considering

the case with which these small animals cover the ground. Trapping
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in the way described is, of course, a crude technique for investigating
range; nevertheless, if overlap had been substantial, T should have
expected to detect it.

Not all weasels within the study area held territories. Transient
animals passed through during most of the year with a peak in late
summer and early spring. These animals were usually caught once only
although some settled for varying periods within a territory. If they
settled their movements were much restricted, often to one trap. Thus
one might classify the population into residents, temporary residents,

and transients as Weckworth and Hawley (1962) did with the pine
marten [.lfrirhh r'i:rf.r'f.r,rn]- [h{'\-:,' studied,

When a territory holder disappeared naturally or experimentally
and a transient animal was in the vicinity, the transient immediately
took over the vacant ground and established similar boundaries (five
examples, Carron Valley ; three examples, Midlothian). On one oecasion
(territory D in Fig. 1 and see Fig. 2), no transient male was present and,
over a period of 6 weeks, three adjacent territory holders pushed out
their boundaries and eventually shared the abandoned territory.

Stoats on the game ground also held territories similar to those of
weasels but larger (Figs. 3 and 4), Whereas the territories of weasels
were between 2:5 and 12 acres, that of one stoat was about 50 acres,
and, as in weasels, transient stoats passed through the area but did not
settle permanently except when a territory became vacant. Figure 3
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Fia, 3. Territuries of stosts in the Carron Vaslley

shows the territory of one male stoat (A) whose territory covered much
of the study area and seemed to be wholly within it since this animal
was eaught on every oecasion on which 1 trapped. Later, this stoat
died in a trap during severe frost. The territory was then divided
hetween one stoat known previously only on the edge of the
(B) and two newecomers (! and D: Fig. 4).

study area
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A territorial organization is implicd  sinee incomers settled and
residents only extended their boundaries when a resident animal was
removed. This implies a defence of boundaries. Most writers have
l'-"||'r'|'|-r| Liw [||i' Lren n-.'l'ur.ir-li h_1, r'.-~.|4|.|-||1 e marten (] _”n.-.f.- N .--.lu.-'.-'.-.-.-|_|
(Quick, 19566; Lensink, 1957; Hawley and Newhy, 1957; Weckworth
F
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and Hawley, 1962) and weasel and stoat (Nyholm, 1059) as the home
range. The ter iderable overlap between adjacent
animals but only Weckworth and Hawley (1962) mention how adjacent
home ranges relate to one another. Apart from two males whose home
ranges coineided, their deseription suggests devended boundaries,
Female weasels and stoats in the Carron Valley and in Midlothian

i jrupHvH 0

did not show territorial behaviour as clearly @s did - the males.
That is, their boundaries were not contignons. Either they delimited
an area smaller than that of males and were caught repeatedly in
one trap only (3 examples) or they were eanght only onee (six examples).
Thus among the females there were transients and residents, the latter
oceupying a smaller area than the male on whose territory they
lived.

Nyholm (1959) followed the tracks of weasels and stoats in the
snow. The home range of male stoats averaged 85 acres (34 ha) whereas
those of females averaged 18 acres (7-4 ha). The range in male weasels
was only slightly greater than that of females (4-2 acres as against
#acres; 1-7 and 1-2 ha). But weasels spent much of their time below

the surface of the snow where they could not be tracked and Nyholm
also had difficulty in distinguishing the tracks of males and females,
His figures for home range size in weasels, therefore, must be treated
with cantion. Hawley and Newhy (10467) give the range covered by
pine marten (Martes eanrina) as 0-9 sq. miles (558 aecres) for males
and -3 sq. miles (186 acres) for females. But the number of residents
on the ground conld be much greater; for example, Weckworth and
Hawley (1962) estimated that at a population peak there were eleven
resident marten living within an area of 6-2 sq. miles (1 795 ha), but
they did not say how far the ranges of these residents overlapped and
how they compared with those after a decline to three marten in the
same area. Kllis (1964) nsed radio transmitters mounted on collars to
follow raceoons ( Procyon lofor) and suggested that raccoons have smaller
home ranges when the population is big than when the population is
small.

It is sometimes difficult to avoid the conclusion that, in people’s
minds, the term “territory” refers to birds and “home range” to
mammals without there necessarily being justification for the use of
one or other term. I think that “territory™ (that is, a defended area)
the social set-up of the weasels and stoats [
better means of study show that the overlap

o

more aptly deseri
studied and, even if
between adjacent animals is greater than I have found, the term is
still applicable. The important point is that, onee the territories have
1 settling.

been set up, the residents prevent others fre
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It is extremely diffieult to make valid comparisons between territory
size in the same species in different areas or between different species
without knowing a great deal about the habitat and the food supplies,
However, a valid comparison ean be made between weasel and stoat
in the Carron Valley since both species oceupied the same ground and
fed almost entirely upon voles (Microtus agrestis). The daily food
requirements of stoat and weasel and the body size are both in a ratio
of about 2 : 1. But the territory size is in the ratio of approximately
8 : 1. The discrepancy is in part due to the fact that weasels can
exploit voles more efficiently than can stoats, since weasels ean follow

the voles below the ground whereas stoats hunt on the surface and have
a curtain of grass between them and their prey. In order to get sufficient
available voles stoats presumably need, in this particular situation, a

disproportionately larger territory.

TERRITORIAL DEFENCE

Most small or medium-sized carnivores have scent glands. One
presumes that these are used to mark |!'I'|:"it1’l'|'l'|.' and certainly the pine
dt, 1943).

In addition to secent per se, most carnivores use urine and droppings
in a seemingly organized way., For example, in the Beinn Eighe
National Nature Reserve in west Scotland, pine marten use the partly
overgrown timber extraction roads and deer tracks to move about the
countryside. They deposit their droppings and
at varying intervals with one to three
the dropp

marten | Martes marles) sets seent (see photograph in Schn

» glong these tracks
Iroppings at each point. Often,
o are of different ages suggesting a repeated use of the
track and a renewal of the scent (Lockie, 1964). Quick (1951) found
the same with Mustela frenata in Montana, At the dens of Mustelidae
there are often very large lavatories (Quick, 1951 ; Lockie, 1964 ; Neal,
1945; Polderboer, 1942), although whether this is a concentrated
effort at the defence of a den or a matter of sanitary convenience is
uncertain. The wild cat (Felis aylvestris), unlike the domestic eat,
does not bury its droppings but uses them and urine to mark its range
{Lindemann, 1953). In addition to this, wild cats have claw sharpening
trees distributed about their territory and these may likewise act as

markers especially sinee a foot seeretion is involved (de Leeuw, 1957),
Domestie cats have claw sharpening loci—usually the best chair cover.
In a house where several cats live, a hierarchy usually develops { Baron
el al., 1957) and it would be interesting to know if this decides which
one may sharpen where.

The idea of defence by wvisual display which derives largely from
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studies of birds must be extended to include the laying of scent or
other markers. For, although the poteney of scent in defence is largely
assumed, it seems a valid assumption sinee seent is used in an organized
way and a boundary between adjacent animals is often maintained.

THE NATURE OF DNOMINANT AND SUBDOMINANT ANIMAILS

Rights of ownership confer assurance on a territory holder so that
it immediately has an immense advantage over an intruder. This has
been seen repeatedly in birds (e.g. Lack, 1943; Tinbergen, 1953).
There is no reason to suppose that the same does not hold for small
carnivores and, indeed, the fact that introders or transients eannod

usnally establish a territory in the presence of an owner supports the
view,

This being so one might reasonably expect that enforeed relegation
to subdominance might have a lasting physiological effect on the animal,
One manifestation of such an effect might be a failure or delay in
coming into breeding condition. Aceordingly, | recorded the breeding
condition of all male weasels by scoring the testes size “small,”
“medinm,” and “large.”” Hill (1939, p. 495) shows for weasels collected
in England and Wales that when the average testes weight is 0-03-0-05 ¢
(= “small’), the testes produce no sperms; when the average weight
is 0 13-0-18 g (= “medium"), a varying proportion of testes produce
sperms the remainder not; when the average weight is more than
0-18 g { = “large™), all the testes produce sperms,

Table T sum

warizes the proportion of each class of male weasel
in ench month which had “small”™” testes (that is, were producing no
sperms and therefore were not in breeding condition). Clearly, the
hreeding season of resident weasels was precise, no animals being
guicscent from March until |TII|I'|.' In contrast, except in March, June
and July (when some were recorded “medium”), a varying proportion
of transients remained in 4 non-breeding condition,
Transients did not differ from residents in age or
presumably, did they differ in aggressiveness sinee once established
on a territory they could hold it. Therefore the failure of some transients
to come into breeding condition must have been due to their bheing
“have-nots”., Not all transients were guicscent, however, for some
were distinguishable in their breeding condition from territory holders

Chne male I!.'uln'lin;_r wensel was followed fair Iy |-|U_~..-I_-.- during its change
of status. From November until January it was a subordinate animal
living in the territory of another and much restricted in its movements,
being eaught repeatedly in one trap only. In early January it began
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second suggestion is possible, particularly in some agricultural areas |

where the condition of the habitat is continually changing. Indeed,

since the age structure of resident and transient males was very similar 1

{Table 11} and sinee the territorial system did not break up annually '
|

Tanre 11

Age structure of weasels® |
Males Females
Aper in months Raesidont Transwnts
fronm independenced torritory holders
Mo o’ M o W ar [
B-12 7 {501) i (58} 14
13-24 1] [EE]] 22 (21) a
25=368 1 | a1 {240} 1
Over 36 il T (1) 1 ()
Teotal 14 { 1R} 114% { 1UHI) 21 { 1ving

* Information from study arcas in Midlothian and the Carron Valley, Stirlingshire are
poaled, there being no detectable differonce botween the age structures of the popula-

tions in the two nreas,
¥ This first age category begins at 6 months to avelkd eonfusing transients with dis-

|'|'l?'|lll|.' _'I.l-'”‘|lj_'.
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Tasre 1
The

progmrtion of residend and fravimeend male weasels in o non .J_.J'.'.l.l,frr.-:g ednrd i i

Residents Transients
Manth Percentago N reontage N i,
non-breeding®  examined non-breeding  examined
.rrtlsluu'_t 30 1 1w 2
Februnry 11 ] 17 ]
March i 11 i 7
April i ] [ 15
May il = 31 0
Jumas I & i 3
July i 12 1] 4
Angust 13 15 -
Septern ber 17 1] 43 [}
Uhetonher 1w 0 100H 1
Sovernber i 1) 10 1
hevember | EEL] 1y 14m0 @
* Note non-breeding = “small testes™ (W text),

to move through the study area as indicated in Fig. 5. It reached ter-
ritory C a few days later just after 1 had removed the owner, This
transient settled and held territory C until its death 10 months later. I
settled while its testes were “small”” and subsequent development of the
testes was slow ; by the end of March they were classified as “medium"
but not until the end of June as “large". Thus, with change of status,
this transient’s sexual development still lagged behind that of more
long-standing residents. Furthermore, the territory held was the
smallest on record (2-5 acres), 1 suggest that the physiological effect
of being a transient lasted in this animal well into the period of being
a full resident,

In contrast, another transient arrived in carly February with testes
already “medium”, It immediately took over a vacant territory and
held it until killed by a short-eared owl (Asio Mammens) 12 months
later. By early April, the testes were “large” and remained so until
late August when they regressed. Thus, this animal behaved like a full
resident from the moment of its change of status, Both these animals
were yearlings and both weighed 150 g (April).

Either not all transients reacted similarly to lack of territory or
some were territory holders whose status had recently changed. The
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(see p. 1649), 1 am led to the conclusion that territory holders must
guite often be displaced by some means. However, in the small number
of resident male weasels I studied in the Carron Valley and in Midlothian
most vacancies were produced through predation by owls, by natural
accidents and by my mistakes, and few, if any, by displacement of the
owner of the territory. A further conclusion ean be made: that age has
no bearing on the ul.iliﬁr to gain a territory. 1 suspect that the good
fortune of being in the right place at the right time is a far more potent
factor. Furthermore, the similarity of age distribution of residents and
transients suggests that mortality factors act equally on all age gronps
after the first 6 months of age even if transients as a whole suffer greater
losses than residents. In this respect, weasels are similar to many
hirds (Lack, 1954).

USE MADE OF TERRITORIES

Trapping as a means of learning how an animal moves ahout its
territory or home range can only give a broad picturve, If one traps
intensively over a short time, the animal is disturbed unduly ; if with
lesser intensity over a long period, the information can only be general,
Tracking in snow is useful but individuals eannot usually be distin-
guished and the study is limited to one part of the year,

The recent development of radio telemetry offers a wonderful
field for the study of the movement of animals. Transmitters are small
enough now to be incorporated into a collar for animals the size of
pine marten, wild cat and raccoon; and a wide variety of animals is
already being studied by radio telemetry in America (e.g. Storm, 1965,
Ellis, 1964). But I doubt if radios on eollars will be satisfactory for
weasels and stoats and there is no other way of attaching the trans-
mitter without ineonveniencing the animal, [ have therefore started
trials in captivity and in the ficld on a system of mutilating the foot of
weasels hy eutting off one toe so that the animal leaves a distinetive
footprint. In America the method has been used by Justice (1981) for
small rodents. Seattered about the territory are tunnels, similar to
traps, in heaps of stones. The tunnels contain paper and stamping ink.
First trials look hopeful but the footprints of weasels and stoats are
never as clear as those of small rodents which also use the tunnels,

These are technigues for the future. In the meantime we must make
the best use we can of the standard technigues of trapping and tracking.

Figure 6 shows the territory of one male weasel in the Carron Valley
and the use the animal made of the territory over a 8 month period as
indicated by the number of trappings at each point. There are two
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main factors which could in principle affect the use of territory —foumd
supply and adjacent animals. The food supply (Mierotus agrestis) was
measured by W. N, Charles during this study and was fairly uniformly
distributed, the vegetation types being few and near randomly distri-
buted. It is possible but unlikely that the availability of food was
markedly different in the different parts of the territory. I believe in this
instance that adjacent territory holders decided in-some degree the
activity of the owner about its territory. At trap a (Fig. 6), an introsion
imto another territory, there is one record only. At trap i, where a neigh-
bour intruded there are six records. This animal spent much time at traps
b, ¢ and o ; & and d were traps at which three resident animals met

a
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Fig. 8. The uee mude of a territory by o mals weasel as shown by trapping results,
Thoes roprvsent. traps anid tho lines enclose one woasel ln[ritur‘q}_ Crosacs indicate the
puinber of times the animal was caught in cach trap.

and b, ¢ and d were the common boundary with the resident holding
the largest territory. The remaining traps at which only one neighbour
was involved had few records. The inferenee is that the territory holder
gpent more time where pressure from adjacent animals was greatest.
The apparent connexion oceurs in other territories but is not entirely
eonsistent. Clearly other factors also influence the use made of a ter-
ritory,

In trapping both weasels and stoats | was repeatedly struck by the
speed at which both species could move from end to end of their
territories. Indeed, the impression 1 had was that weasels and stoats
patrolled their boundaries. This is to be expected in a territory holding
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species which must renew secent and which may also deter intruders
by direct confrontation,

I have only onee seen a tervitory holder escort o transient from its
territory, 1 had a clear view only because the chase was along a wide
track which passed through the territory. Both animals suddenly
appeared running towards me, the chaser shrieking now and again.
They paid no attention to mé and passed close by, At the known
boundary of the tervitory the owner broke off and returned into his
territory where he was shortly after trapped and examined. The other
animal kept running and disappeared from view a gquarter of a mile
down the track. 1 was unable to catch and examine the chased weasel,
but sinee none of the known residents were missing 1 presumed it to
he transient,

On another oceasion, 1 trapped a transient stoat which squealed
as it came out of the anaesthetic oo Appendix), Immediately, the
presumed owner of the tereitory appeared racing towards me - nparently
to see what was iln|1|w1'liti;._:. l'l'lrut'Tllllrltf*t:l..'. it broke off and d, '||:||-un~|l
when it saw me,

The pine marten ((MWartes eawrvina) and fisher (Martes pennanti)
in America (Grinnel ef al., 1937) and 1w marten (Martes martes) in
the Lake District of England (South 1964, p. 361) are alleged to
move around the cirenmference of Leir range, American marten
travelling around a circle of from 5 to 30 miles cireumference with
temporary residence at points along the cirenmference. This may well
be a scenting expedition for even a cirenmference of 30 miles need take
a marten no more than 3 days (Marshall, 1951).

Likewise, Hawley and Newby (1957) give forty minimum daily
movements of one male pine marten ranging from no recorded move-
ment to 146 miles. The maximum length of this animal's home range
was 2 miles so that it could easily have supervized the whole boundary.

Most writers speak of home range in small earnivores, 1 have used
the term territory for weasel and stoat. But the terms are not distinet
and one might reasonably expect different species or the same species
in different seasons to show hoth types of land tenure, that iz, a loosely
and a strictly held boundary, Whichever the animal uses, it must
maove around the limits of its range or it will lose ground sinee, as we
have seen, the pressure by adjacent tervitory holders and transients
is continuous. Thus, the statement by Nyholm (1954) that stoats and
weasels use several hunting areas and switeh from one area to another
with a few days interval needs explanation since the boundary of these
stoats’ ranges would presumably remain undefended for possibly
some weeks,
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Criddle (1947) reported that the winter den of the least weasel
(M. rixosa) was thickly lined with vole fur snggesting regular use.
Likewise, Raievsky (1946) states that the sable (Mustela zibellina)
is hound to a single winter den and this factis used in making a eensus
of these animals. In contrast, Nm-:i'm%iuhﬂlﬁlm writes that dens of
weasels are not used permdnently.

Tt would seem that territory holding weasels and stoats move quickly
and regularly around their territories and'that some parts of the
boundary get more attention than others; a fact that Hawley and
Newby (1957) report for the pine marten in Montana. On the use of dens
the evidence is contradictory but it may be that use varies with the
seazon and with the severity of the winter.

RELATIONSHIPF BETWEEN THE SEXES

The sex ratio in small carnivores poses some problems. Many
workers lump the year's cateh together and usually get a 2 ¢ 1 or 3 : 1
ratio of males to females ( Deanesly, 1935, for the stoat; Hill, 1939, for
the weasel: Hall, 1957, for American weasels). This is usually explained
hy the greater activity and therefore proneness to trapping of males.
In both weasels and stoats, males and females show a different prone-
ness to capture at different seasons; this is partly a funetion of trapping
and partly a function of the annual eycle of these species (Lockie,
in progress). Added to this, however, is the undoubted fact that females
can become genuinely scarce (Weckworth and Hawley (1962) and
Lampio (1951) in the pine marten; stoat in the Carron YValley, Lockie
unpublished) and, on one oeeasion, disappear altogether (e.g. weasels
in the Carron Valley, see Appendix 1). The factors associated with
such oceurrences are high numbers, even when the food supply is
abundant, and a declining food supply. Thus, Weckworth and Hawley
(1962) show that even resident female marten were in poor condition
during a population peak before their small rodent prey began to
become scarce, Later, when the small rodent food supply crashed
females suffered more than males. Likewise, in the Carron Valley, 1
had three male and two female resident stoats using part of the study
area. As the food supply declined, first both females disappeared then
two males. Finally when voles were about forty-five per acre (W.N.
Charles, unpublished) only one male remained. Weasels in the same
area had been very numerous prior to the start of this study. But
during the study female weasels, at first in a ratio of one to every three
males, became steadily scarcer until for 10 months in 1961 1 could find
none on the study area nor in the countryside around it. It would seem




TERRITORY IN SMALL CARNIVORES 157

that under eertain eireumstances female mustelids do less well, some-
times markedly less well, than males, T believe the territorial organiza-
tion may indicate how this may eome about.

If the male’s territafies are contiguous, if there are as many females
as males or fewer and if the fe are not concentrated inthe territories
of a few males, it follows that the territories of females cannot be
contignous since they are smaller than those of males. Any defence of
an area by females by ing scent or otherwise cannot be a signal
between adjacent. territory-holding females, although seent could
well act as a sign to wandering females. 1 suggest that female weasels
and stoats defend their small territory mainly against the male owner
of the territory in which they live.

This view of male and female relationship has some support from
observations on the relationship of male, female and young weasels
in captivity (Lockie, in progress). The animals were housed in a cage
12 2% 1:56 ft in the open. Outside the breeding season it is difficult
in eaptivity to keep male and female weasels together sinee the male
dominates the female, restricts her movements greatly and often kills
her.

I put the male and female together in March with plenty of eover to
allow the female refuge. The male chivvied her when she came near
him but did not press home the attack; she always retreated before
him. She must have been receptive during oestrus for, by 18 April the
female was pregnant. At mid-pregnancy it beeame difficult to tell
which animal was dominant, and as pregnancy advanced dominance
gradually passed to the female and lasted until the young were several
days old. At this point, the young met with an accident and the female
reverted to a subdominant position. A month later she was again
pregnant and again dominanee passed to the female and remained with
her until the young were about 12 weeks old and beeame independent,
when the male resumed dominance over both the female and the young.

If we try to marry these observations with those, admittedly meagre,
from the field, the picture I suggest is of a male territory and, within it,
a female territory which expands and contracts with the breeding
condition of the female. The point is that the female exists on the male’s
territory at his pleasure. It is advantageous for the male to be aggressive
but not too agressive for, if the latter, he will tend to drive females as
well as males out of his territory. The presence of the female is the resul-
tant of a rather delicately balanced aggressiveness toward other males
and toward the female within his territory.

There are, however, oceasions when the delicate balance may well
be upset—at high population density or when the food sapply is in
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decline. In the red grouse (Lagopus scoticus) which has a similar ter-
ritorial organization, Jenkins ef af. (1963) have shown that in bad vears
for grouse the sex ratio is biased towards males because the hens are
not so readily aceepted by the tervitory-holding cocks. In good VeArs,
the sex ratio is near unity and some cocks mry accept two hens.
Woeasels and stoats apparently behave in a similar way, and T would
postulate that under favourable cireumstances some male mustelids
might be bigamous or polygamous. Polygamy is indeed suggested for
the pine marten in Ameriea {Marshall, 1951) and Nvholm wrote me of
one area he studied in Finland where female stoats outnumbered males.
This might be claimed as another example of the importance of
males in controlling population size and breeding rate (Wynne-Edwards,
1962). If s0, one must explain why males who behave in an aggressive
way towards females are not selected against since they leave no
offspring. or one may invoke a group selection that benefits the species
but for the evolutionary operation of which there is no explanation,
I would prefer to look upon the pressure against. females rather as the
consequence of a social organization which, while it may be of immense
advantage to the individual in other ways, can, on oceasion, g0 Wrong,

ETABILITY OF THE TERRITORIAL SYSTEM

I did not witness the setting up of territories since the organization
of Figs. 1 and 2 was already in being in November 1960 when the study
began properly. The set-up deseribed continued with minor changes
of boundary and some change of individuals until November 1961,
During this time, the food supply fluctuated between 45 and 220 voles
per acre (Fig. 7). Transient animals were usually entering the area,
but even when voles were numerous they eould not settle, (The number
of transients shown in Fig. 7 is a minimum, however, since trapping
was done at monthly or half-monthly intervals for 3 days and so many
transients probably came and went between trapping sessions.)

Thus, the resident weasels made no attempt to adjust their numbers
to the fluctuating food supply. (The loss of one resident in March 1960
was by predation. No transients were caught at that time on that
territory and the three adjacent residents shared the vacant ground. )
This means that the number of weasels holding territories must have
been decided previous to November 1960 and subsequently  was
unaffected by the considerable fluctuations in the food supply.

Likewise, in Midlothian, a similar territorial system involving three
resident males and one female was stable from April 1964 until at
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least September 1965, There was no break-up of territories following
the breeding season

Moving
weasels declined rapidly. This can be explained in the following way
During trapping in November 1961 ‘one resident died of an injury,

on to November 1961 (Fig. 7) the number of resident

two by predation, another under the anaesthetic and two disappeared
These animals are indicated by letters set in a cirele in Fig, 8. The
losses left lacunae in the territorial sdt-up and immediately the re
maining residents pushed out their boundaries but, meeting no opposi
tion, continued to move as indicated in Fig, 8. Thus the whole cohesion
of the system broke down and did not reform during 1962 or 1963

Fro. 7. The number of resident and transiont woeasels sl of voles fn the Carron
Vialloy atudy area

when the study ended in this area. But, during these years, sufficient
male weasels entered the study area to populate it, as it had been in
1961, ten times over. At any one time, however, not more than two
animals were present and thus they were not in contact with one
another. | suggest, therefore, that for a territorial syvstem to be set
up in weasels requires at least enough animals to populate the area
IIIJ”I\'. After October 1961 when the ]lnr;llh|_1iu|| of residents |'|.'H[ |||-|-||
reduced the remainder did not share the study area between them
Any considerable enlargement in one direetion apparently meant a
loss of contact in the other (Fig. 8). Thiz surrests that the weasels
were holding as much ground as they could,
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Short-tailed voles fluctuate widely in nomber, It seems to me
unreasonable to expeet weasels to adjust their territories (assuming
that territories are indeed primarily needed for a food supply) to such
a rapidly changing prey population. Instead, 1 suggest that weasels
hold as much ground as they ean and this gives sufficient available
food in all situations except the most extreme. SBuch extremely low
prey numbers may come only onee or twice or perhaps not at all
in the early history of a forest plafitation.

100 yards

Fui. 8. The break-up of the tervitovisl systom of wensols (o the Carron Valley,
November 1861, Dots represent teaps and enciceled  lottors animals which died or

dissppearsd. Arrows show the approximate routo taken by weasels after the adjacont
animnl maoyved or ded,

Thus, 1 suggest that the initial setting up of territories is not
necessarily related to the food supply alone but also to the number of
male weasels on the ground. If there are too few males, no territories
result ; if there are moderate numbers, a territorial system as shown in
Figs. 1 and 2 results; if numbers are very high, ageressiveness by the
males is probably high too in order to maintain a sizeable territory.
This last situation may then explain why female weasels ean come
off badly even when the food supply is apparently adequate.
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Suppose, however, that my interpretation of Figs. 7 and & is
wrong. Could it be that the weasels can forecast in autumn the level
to which the voles will fall in April of the following year? If so, the
territories may have been maintained because the weasels “knew”
that the prey in April 1660 would not drop below 45 per acre. But in
autumn 1961 they “knew™ that in May 1962 the prey would be down
to 18 per acre and they acted accordingly. This is by no means im-
possible; but it perhaps requires that the weasels have a gauge not only
of the numbers of the vole population but also its quality. W. N,
Charles is at present working on,the structure of the vole population
in these years so that this possibility can be assessed before long.
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APFPFENDIXES
1. Study areas

Three study areas have been used, a young forest plantation in the
Carron Vallevy, Stirlingshire, as the main live-trapping study area, a
small plantation in Midlothian as a subsidiary live-trapping area and
part of an estate in Midlothian where intensive spring-trapping was
carried out. The first two areas eave information on resident animals,
and a little about transients, while the third, which was initially cleared
of weasels and stoats, gave information about transient animals

The study area in the forest plantation in the Carron Valley was
about S0 acres with 2 000 acres of similar plantation all around it.
The trees, mostly Scots Pine and Sitka Spruce, varied in height from
1 1o 61t gris=es, mostly FEL '-".'ll-'l'ln'n'll'.l-1|l.' (VL wl,'--fu--'-'.'. I} _I'I'I'_I woge, Holews
mollis, Molina caerulea and Agrosfis spp., grew luxuriantly.

Weasels had been numerous before the study hegan but had become
searcer by November 1961, A feature was the unbalanced sex ratio
Indecd, from !":-||||I:||_'q. L1961 for more than one YVedr no females could
he found and almost 1-|-|'|.|.||||_l. none or few were present i the forest
sinee no young appeared in the traps in July 1961 when young animals
shonuld become inde |--'|||i|':|1 In this resE et th -.|1.-|!_1 AeA '.\-IH:l|'.|lj|'il|
but from subsequent work in Midlothian it seems that males behnved
nevertheless, normally

The Midlothian live-trapping study area was a shelter bhelt of 30
acres in its initial stages. The trees were small, the grass luxuriant.
The spring-trapping area was on the same estate, Trapping was in
tensive over about 500 acres using sixty to seventy Fenn spring traps.
The area was cleared of weasels and stoats at the beginning. Thereafter,
the traps were visited EVETY 3 or 4 davs for three VEears, Sanee there
were periods when no animals were eanght, it is presumed that all or
most animals entering the study area were canght soon after entry
- JII.'-'rI,'-_lur'.'-':.l’

When traps are used for, say. small mammals each animal must be
enticed to the trap. Some come readily, some less so and some not at all,
Thus the captures are not only a sample but possibly a biased one.
However, weasels and stoats cannot resist heaps of stones (as every
ramekeeper knows) and my traps were set in these, They were left
in =il and e bt wren trappings so that the weasels used them
regularly and incorporated them in their daily movements. Thus, at
every trapping session most and sometimes all the residents were caught,

The owners of only two territories were missed on occasions and 1
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|'I|"-|IIIII'||. that these animals -IIII_'\ hind part ol thedar territory outsidi
the --rl|-|_\ area (Table H[I The case of |'i|.|rl'|;1'|- and r'r'n'.|||1|||'|- COIm
pensates in gome degree for the fact that the animals are of necessity
thin on the ground.

wvoLe 111
T'he proportion of trapping sessiani 6 which sach resident wensel
Lt .
Percontage of trapping
Aniil® No. o seasions at which each
trapping sossi0ns animnl was canghi on
Or mors tines
N 1= ¥
I3 1= (LI
Ll 15 [ ALE]
I3 t Liidd
| b» 20) LiMb
F 1 LM}
i 1% LB
H 1= bl
| 15 10
I I8 17
* Lattoring of animals as i |
t A and J are presumed o evidonos to have part of their tervitory outside th

widy area, the remaindoer not

The traps were home made wooden boxes (10 in. long = 6 in, hich =
din.) with a galvanized iron guillotine door operated with a nylon
line from a treadle at the back of the trap. Inside, T provided & hay
loft and fresh meat, The food was not needed to attract the weasels
and stoats to the trap but to keep them alive overnight onee eaptured
I found that both weasel

and stoats were very susceptible to lack of
food and chilling. The back of sach trap was made of ||'i:|11' glass to
allow the operator to g2ee what he had caught. The traps were set as
“dead end’ traps, that is, the animal could not look through but
instead explored a darl

cavity

In areas where woord mice I_Il.uul'- LR -_.l,u'.-'.-.-.l‘.-'. ws entered the traps
they invariably when caught chewed through the nylon line. We
therefore made treadle traps in which the treadle acts also as the door
By nailing weights to the treadle, the traps could be made to capture
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only animals heavier than wood mice. The Cotswold Game Farm,
Stroud, Gloucestershire, make weasel traps of this sort. They are most
efficient but are too narrow if the wish is to keep weasels alive overnight
in cold weather.

3. Handling

Weasels and stoats ¢ fierce and active. |fug|_1;.\' E_[lq_]'l,'q"‘.lq and a wire
cone are diffieult, if not impossible to use. I therefore, anaesthetized
all weasels before handling with anaesthetic ether. Because of the variety
of field conditions and the variability of individuals, 1 could not
determine a standard dose. Instead T had to judge by experience when
the animal was sufficiently anaesthetized. (See Lockie and Day (1964)
for a fuller explanation.)

L Marking

At first, 1 tried plastic collars hoping to be able to observe marked
and unmarked weasels and also hoping to get returns of animals which
had left the district. In general, the collars were difficult to adjust and
while some lasted for up to % months in the field with no inconvenience
to the owner, others chafed.

I therefore, ceased using collars and marked all weasels and stoats
by punching the ears, there being three positions on each and sixty-
three combinations which was adequate for my purpose. (See also
Lockie and Day, 1964.)

5. Age determinalion

The age of weasels and stoats was determined by the degree of
wear on the upper canine teeth, I now have records of the wear of
canine teeth in twenty animals of known age in the wild, The length
of time that individuals could be followed after independence varied
from a few months to three years. This information shows that age
determination by the wear of canines is acenrate for the first 12 months
but is less aceurate in the older age classes, The errors involved are
being estimated and the technique will be published elsewhere, It
has the obvious advantage that it can be used on unmarked live animals.




BUENT MARKING IN THE CANIDAE i3]

is frequently associated with some form of body rubbing. In order to
distinguish between mere elimination in the ecase of urination and
defaccation and a comfort movement such as a seratch in the case of
body rubbing, eertain quantitative and qualitative differences that are
not visible in the original postures must be found in scent marking, The
hehaviour patterns used, therefore, should be changed.

There are three characters which serve to distinguish scent marking
in the family Canidae. First, there is a directional gquality in the posture,
i.e. the animal orients itself towards & specifie object or to the source of
an odour. Secondly, the stimuli which elicit the patterns are cither
entirely new objects or objects with which the animal is well acquainted
and on which he has previomsly deposited seent. In both cazes, the
object marked is eonspicuons. Lastly, the motor patterns are repeated
frequently in response to the same stimulus,

It should be emphasized that the use of the term “‘territorial
marking” has been deliberately omitted since this would immediately
ascribe a funetion to the behaviour,

Ulrination patterns

Elimination of wrine in members of the family Canidae differs
between the sexes, Females generally squat deeply into nearly a sitting
parit] o, The tail is held parallel with the ground., Males also squat;
however, they lower their hindguarters less than females,

Males exhibit three marking postures depending upon the intended
orientation of the urine, If sprinkling urine on a vertical surface, the
well-known leg-lifting pattern oceurs, The animal stands parallel with
the objeet, twists his hindguarters, raises his leg from the hip and erooks
it (Fig. 1). When directing urine onto the ground, males either stand
with all four legs slightly spread or stand and elevate one hindleg under
the body. In the latter posture, there is generally a slight depression of
the hindquarters. Tembrock (1957) has deseribed male red foxes mark-
ing with urine using a squatting posture, but this was not observed in
the present study.

Most males and some females of the genus Cands (the domestie dog,
wolf, coyote and jackals) serateh at the ground with their fore and hind
feet after marking with urine,

In the males of two species (maned wolf and bush dog) little seasonal
change was seen in the frequeney of urine sprinkling. The members of
most species observed did, however, show an inerease during the rutting
Beason,

Studies of the male domestic dog (Berg, 1944) have shown that the
leg-lifting posture of males does not appear until the animal has become
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mature. Berg showed that animals prevented from leg-lifting until after
reaching maturity showed the correct pattern as soon as they were
released from a confined state. Although leg-lifting normally appears
at 19 weeks in the domestic dog, it ean be indueed at 8 weeks by daily
injections of testosterone, Thus, Berg's experiments demonstrate that
the ]I:'!_"-ii“il'l,'.{ marking posture in the domestice 1i||:._r i inbwrn and
hormonally controlled.

Fio. 1. A male maned wolf urinating on o post using the leg-lilt posture,

Females who are directing their urine towards an object on the
ground either squat in the normal urination posture or squat and elevate
one hindleg unde. the body (Fig. 2}, When they orient towards a
vertical surface they initially stand parallel with the surface and then
turn so that they are facing away from the surface. One hindleg is lifted
under the body and the root of the tail is twisted to the side as they
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SCENT MARKING IN THE CANIDAE

DEVRA KLEIMAN
The Zoologieal Society of Le wdon, London, Eagland

BYNOPSIS

Boent marking has been defined s urination, defasoation, or rubbing of certain areas of
the body which is (1) oriented to specific objects, (2) elicited by familinr COnSpHoumE
landmarks and novel objects or odours, and (3} ropeated frequently on the same ohjoct.
Comparisons have beon made of the marking postares of the members of fourteen Ao
in the family Canidae, Seent marking postures in conjunction with other behaviowral
anil anatomical characters were shown to bo effestive in establishing taxonomie relation-
ghips, The bush dog and bat-eared fox, two anatomically aberrant members of the
family, differed considerably from the ather species in the methods which they wsed for
msrking and thoe postures which they sdopted,

Beveral theories concerning the Mlunetions of marking ave discusaed, and it is sugpested
that seent marking probably originatod as a8 deviee for fumilinvizing nnd resssuring ihe
animal when he entersd o strunge snviconment. The methods uaed for dispersing seent
arcse from the association of the unknown with autonomio responses, such as urination
wnd defacestion, which oceur in strange and frightening situations, &mrmdnr}‘ Funetions
have arisen such as the hringing together of the sexes and the maintenanee of territory,
and thess have assumed an important funetion in the survival of the species,

INTHODUCTION

The significanee of olfaction in communication amongst mammals has
heen largely ignored by biologists, mainly hecause they have been so
ill-equipped to deal with the problem. Our own feeble olfactory sense
has inhibited both research and interest in this field, We know next to
nothing about the quantity and quality of information conveyed by the
odours which many mammals deposit with such conspicuous behaviour
throughout their environment, and we have scanty knowledge of the
behaviour patterns which have evolved in association with the dispersal
of scent, Our ignorance in this area is rather disturbing when we
consider the sophisticated methods which have been devised to analyse
the visual, tactile, and acoustic senses,

This paper will deal with scent marking in the family Canidae. The
behaviour patterns which are utilized for depositing scent will Le
deseribed, Several comments will be made on species-specific differences
in the motor patterns and their possible use as taxonomie characters.
Lastly, 1 will discuss the funetions of seent marking and its possible
evolution as well as the types of information which can be conveyed
biy the odours,

167
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ANIMALS AND METHODS

Fifty-three members of the family Canidae were observed in the
gardens of the Zoological Society of London. The following is a list of
the distribution of sexes and numbers:

Nao. of No, of

Hpecies miles femnles
1. Waolf (Caris lupus) 4 L
2. GI)FUTJ_! (Cania lntrana) 1 ]
3. Black-backed jackal (Canis mesomelos) 1
4. Side-striped jackal (Cands adustus) 3
G. Domestio dogs including dingoes and New  Guinen
singing dogs (Canis familiariz) b b
i, Red fox (Velpes vulpes) 2 1
7. Fonnee fox (Fennecus zerda) |
8. Arctie fox (Aleper lngopus) 3 ]
0. Raceoon dog (N yefereutes procyonoides) 2 1
10, Parapuayan fox ([husicyon gymnocercus) 1
11. Maned woll (Thrysocyon brachyuras) 2 1
12, Bush dog (Speathos venaticus) 4 1
13. Cape hunting dog {Lyeaon pictus) 1
14. Bat-earcd fox ((Mocyon megolotiz) 3 1
25 28

All of the animals observed were on exhibition in the gardens
throughout most of the year. They were fed a diet of horse-meat and
freshly killed chicks and mice. Fruits and vegetables were fed to those
species which are thought to be more omnivorous in the wild.

Generally, the animals were interfered with as little as possible by
the observer, and a hide was set up in front of the cages of those
individuals who appeared disturbed by the observer's presence. Ocea-
gionally, novel odour-bearing and visual objects were placed in the cages
of all of the animals, and the responses to these stimuli were recorded.
Balloons, herbs, perfumed cloths, and the facces of different species
were among the abjects presented. Where possible, the faeces and urine
of eonspecifies with whom the subject was unfamiliar and familiar were
presented.

RESULTS

Before deseribing the means by which members of the Canidae
deposit their seent, it is necessary to define what is meant by the term
“goent marking’’. In mammals, odour can be dispersed by urination,
defaeccation, and the seeretion of glandular material. The latter method
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urinate. A fomale may lightly touch the vertical surface with her
anao-genital region. There is no depression of the hindguarters

While the squat or the squat-with-leg-lift was used by the females
of most of the species abzorved. the completely upright posture with
the leg lift was seen only in the raceoon dog, the Aretie fox the maned
wolf, and the side-striped jackal

Fro., 2. A fomals Pamguavan fox using the sqguat-with-leg-hift postare, Hhe = just
rising after having urinated

(Fig. 3). She direets her urine onto a vertical surface by climbing up

¢ bush dog female uses an entirely distinet marking posture

hackwards onto the surface with her hindlegs, urinating while standing
on her forelegs. and then sliding her ano-genital region down the
vertical surface

Among the females, the Paraguayan fox and side-striped jackal use
arine as a marking deviee throughout the vear. The raccoon dog
domestic dog, covote, and bat-eared fox females only mark during the

period [1|'1-c'r'|||||-__- oeatrus and during oestrus itself  Juring this study,
female Cape hunting dogs, wolves, red foxes, and black-hacked jackals
were never observed marking with urine, The female bush dog marked
throughout the year, but mor intensively during heat, Neither the
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fennee fox nor the maned wolf were obses ved for the entire year, anid

there is therefore no data on seasonal chanzes in marking behaviour for

them, Neither of these females showed signs of an oestrous |!|'['i|’|l|

Fra. 3. A fomale bush dog urinating in the raised-hind puarters posture, (Taken from
a eolour film.)

;.Ji.lr.ll'fl'ifllr.ll.u pelterns

Although dogs and foxes could use faeces as material for marking
defaccation s not used }:_1. the members of most Hi|i'|"i1"\-€ as a means of
depositing odour on a specific object or landmark, The fennee fox and
Arctie fox were l“'l'i\.-\-il'\llljlll.\, ohserved '|"1ill'1'iiTI]1:¢ in response to novel
stimuli; however, the act was never repeated more than onee. The
motor pattern used was the same as the eliminative pattern. The back
= h'-:t'_'|lr|l‘\.' huneched, the tail root raised. and the hi.nlﬂp_u-. hent. In the
cases of the Arctic foxes and fennee fox, faeces were considered to be a
marking substance becanse they were directed onto novel objects,

BRubbing and rolling puitterns

Rolling on the ground and bods rubibing are well-known phenomena
in the family Canidae, but have not generally been considered to be a

means of IIi?‘|H'.""~!.I'I‘;." gseent, Sineos I'IJ|||ri||_l_' and rolling [HIssEEs Arn orienta-

tion ecomponent, are repeated frequently upon the same object, and are
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elicited by both novel objects and well-known landmarks, 1 feel that
they should be considered as marking. Members of the Canidae do not
have seent glands loeated on the trunk of the body (they do have anal
seent glands and a gland on the dorsal side of the tail near the root;
Hildebrand, 1952). There it now, however, some evidence from observa-
tions on the domestic dog (T, J. Pickvance, personal communication)
that the odours of some areas of the body have a greater attraction for
conspecifics than others,

When rubbing its body on an objeet on the ground, the animal will
generally begin by ‘bending its forelegs and thus dropping its fore-
quarters. It will then rub the side of itz neck and temple on the object
or odour-bearing object several times in suceession, sometimes alternat-
ing sides. This may be followed by the animal turning over completely
on its back. When on its back the animal exhibits the wriggling and
writhing pattern with which dog owners are so familiar.

When rubbing its body against a wvertical surface the animal
successively presses the side of its temple, neck, and trunk against the
surface, The tail is usually raised at the root.

The body rubbing postures which have just been deseribed oceur
throughout the family with the exception of the bat-eared fox who
shows a slightly modified pattern. When on its back, the bat-eared fox
will generally roll from side to side using gquick jerky movements, The
writhing behaviour has never been observed in these animals,

Stimali releasing marking behaviour

Urination, defaccation, and body rubbing, the three methods of
dispersing seent employed by members of the family Canidae, arve
released by two types of stimuli. The first type of stimulus is provided
by familiar, conspicuous objects, and all members of the family con-
centrate some of their marking aectivities on objects such as wooden
posts which are a permanent part of their environment. The seeond
type of stimulus is provided by novel odour-bearing and visual ohjects,

DISCUSSION

Species-specifie differences in mavking methods

Lorenz (1941) has shown how a comparison of fixed motor patterns
in closely related species of the Anatinae conld be used in clarifving
phylogenetic relationships. A preliminary study of the family Canidae
(Kleiman, in preparation) using much the same approach has just been
completed. The relationships of the various species are hest revealed by
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differences in soeial behaviour, but a comparison of scent-marking
postures reveals that they too can be used for taxonomic purposes.

Heimburger (1959) and Seitz (1955) in their studies of certain species
in the family have implied that there are species-specific patterns of
response to visual and odour-bearing objects, i.e. the members of one
speeies will respond to certain objects by rubbing and to others hy
urinating. These differences were not observed during the present study,
For example, most strong odours can and do elicit both patterns
separately and together. The response is probably not ecompletely
random, but until we obtain more information about both the gqualities
of the stimuli being used and the responses to them, it is not possible
to make any generalizations.

There are, however, two statements which can be made on the
preference of marking method. (1) Some species use one marking
method to the exclusion of others, (2) Species differ in the posture
which they adopt for marking.

1. Use of one marking method lo the exclusion of others

Bush dogs, a morphologically aberrant member of the family, have
never been observed rubbing their bodies on either old landmarks or
new objects. Only urine is used for depositing seent. The fennee fox
and Arctie foxes were observed oceasionally using their facces as a
marking substance and were the only members of the family to do so,

2. Different postures employed for marking

The males of ten species were observed. Although most of the
animals urinated on both horizontal and vertical surfaces using the
marking patterns which have been described, the males of two species
showed a preference for one method of marking. Bat-eared fox males
were never observed marking on vertical objects. All urine sprinkling
was direeted towards the ground, and the animals either stood with
their legs slightly spread or stood and raised a hindleg. Bush dog males,
on the other hand, were seen using only the posture in which the leg is
lifted out from the body at a ninety degree angle, and they used this
method even when they were urinating on objects which were on the
ground,

In females, the most common postures uszed for marking with urine
are the ones in which the female simply squats, or squats and elevates a
hindleg. This pattern has been observed in the domestic dog, the coyote,
the ui{]{_--n.tri]w(l ja..ckul, the bat-eared fox, the Paraguayan fox, the
fennee fox, the wolf, and the Aretic fox. It has been reported in the red
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fox (Tembrock, 1957). The more unusual pattern of urinating on
vertical objects by directing the anogenital region towards a surface
has been observed only in the maned wolf, the raceoon dog, the Arctic
fox, and the side-striped jackal. The bush dog female's posture which
has been deseribed has been neither observed nor deseribed for females
of any other species in the family : the bush dog female used this method
almost exclusively and only onee displayed the squat-with-leg-lift
posture,

With one exception there are no species-specific differences in
rubbing and rolling patterns. The exception is the bat-eared fox whose
side-to-side rolling behaviour has been mentioned. This behaviour
pattern may he related to the fact that there is a hair split in the centre
of its back which may contain a scent gland. It would be most interest-
ing if the evolution of a new scent gland had been associated with a
modification of the normal canine rolling pattern.

The bush dog and bat-cared fox stand out as having the most
specialized means of dispersing their seent. This behavioural analysis is
in aceord with the palacontological and morphological evidence through
which these two species have been placed in separate subfamilies, the
Simocyoninae and Otocyoninae, respectively. Of course, the analysis
of one type of behaviour is inadequate for reaching conelusions regard-
ing phylogenetic relationships. All aspects of the animal’s behaviour
must be considered together with its ecological status before any definite
statements ean be made regarding its taxonomie position.

Functions of marking behaviour

Several theories have been proposed to account for the oceurrence
of scent-marking. Wynne-Edwards (1962) has presented the view that
scent marks serve to inform animals of the population density of
conspecifics, henee information ean be gained on the number of rivals,
the number of oestrous females, and their health and age. He considers
urination to be a social phenomenon with a display function solely
confined to males. Schenkel (1947) in his study of wolf behaviour con-
eluded that seent marking has several functions which include the
demarcation of territory, the making of acquaintances, the formation
of the pair. and the legitimization of the leader. Lorenz (1954) has
likened seent marking in dogs to a nightingale's song. The scent is
deposited in a dog's territory in order to ward off intruders,

The above views consider the behaviour to be mainly a social
phenomenon. Lyall-Watson (1964) (among others) in his study of the
acouchi has made several interesting comments on the function of scent



1746 DEVRA KLEIMAN

marking that might have a more general application. His statements
are useful in explaining the oecurrence of the behaviour and easily lend
themselves to an hypothesis concerning its evolution. He favours the
interpretation that scent marking serves to mairtain the animal’s
familiarity with its environment and that odour is added to specific
visual landmarks both to familiarize the animal with new territory and
to refamiliarize it with old terrain,

From this hypothesiz arises a possible understanding of the evolu-
tion of the behaviour. Most mammals show antonomie responses such
as defaccating, urinating, and sympathetic reactions in the skin in
response to unfamiliar terrain or situations. Primitive mammalian
forms could have responded in this way to the unknown, and the smell
of their own scent would have reinforeed the assurance that was gained
from a known home range. These antonomic responses might have
evolved into more voluntary actions. The specialized postures which are
used today for depositing scent might have developed for directing the
seent onto more conspienous landmarks in the environment.

In analysing the possible evolution of social displays, Morris { 1955)
uses the same argument ;

“Considering all that is known about the type of behaviour involved
in territorial defence, it is highly probable that these methods of marking
{urination and defaccation) have evolved from the alimentary effects of
parasympathetic stimulation that oceurs with thwarting.” (p. 104).

The thesis that seent marking in mammals arose from autonomie
responses and evolved into a means of familiarizing the animal with its
environment and reassuring it in unknown situations is very useful. It
certainly does not exclude the numerous social funetions which scent-
marking has gained during the evolution of the behaviour, but it does
imply that they developed secondarily. This thesis also suggests that
seent marking is not used as an agonistic display for territorial defence
even though the behaviour is effective in maintaining a territory. Its
efficiency simply lies in the avoidanee responses which are shown by the
intruding individuals.
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SOCIAL GRHOUPING AND HOME RANGE
IN FERAL SOAY SHEEP

', GRUBB and P. A, JEWELL®
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BY NOFPSIS

The Boay sheep of Hirts, St. Kilda, are feral and under no human restraint or control
This study is coneerned with the muanner in which their movements and social grouping
are omple

ed in making use of the resources of the island, Details are given of the study
aren. Mothods of marking and identifyving individual sheep are disoussed and the system
of mapping their movements is deseribaod,

The sheep are formed into social groups, each restricted in its mnge. A swe home
range group ineludos owes, lnmbs aod young rames, totalling abour thirty head. Ham
home range groups are muach smaller, with betweon two and twelve members, Cohoronee
al the group s promoted by physieal barriors, and maintained by solation of grazing
areas and specifiec social ties. The age class distribution and socisl Eroiprng of thi -|'||m-|p
are listed

The ranges of ewe groups overlap but regions exclusive to the occupanta are main
tarsedd swwathon the snge although there @ oo overt ageressive internction between ErisipE,

Ewes have rotained the same home range for ot least fve yvears, Daily movements are

extromely regular i surmmer bt less i petitive airiel more extengive in winter, There o
alsn semaonnl changes in daily aetivity, Adverse wenthor conditions |I|-.|-||||.|: oy einent ,
Shewp shelter in eleits (drevetone cells) and eortam oleits are ased by spenifio Eronips uf
1. The adeguacy of the pasture s mmportant in determining the home range. The
wtrorid of lnmbang and death are doseri b

The pature of rem home mnge groups is diseussed, During the mating season, thesse
groupa aplit up and each rem wanders widely. This wandering is halted only when s ewe

on heat is encountersd. Groups of mms reform after the mating season with the same

composition and on the same groamd

Ram lnmbs in most pesipects behove like adult roms daring the mating season

though this may lead fo new associations for the yvoung animals,

INTRODLUNCTION

The Soay sheep of Hirta are not indigenous wild animals but are a
population of feral domestic sheep, This cireumstance must always be
borne in mind when comparing their behaviour with that of wild
ungulates. These sheep have not reeently escaped, however, but are of
a very primitive, unimproved type, and have been feral for a long time
(see deseription of their history in Boyd ef al., 1964}, They were first re
corded in the seventeenth century when they already existed as a feral
fock on the small island of Soay (244 acres in extent). In 1930, the larger
island of Hirta (1 575 acres) was evacuated and a part of the Soay Hock

resent address: Department of Zoology and Comparative Anstomy, University
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was subsequently transferred there. These introdueced sheep have ot
been interfered with sinee that time; a large flock hag descended fiom
them, and the population now stands at about 1 000 head but fiuctuates
in numhers from year to year

The sheep oecupy all parts of the island of Hirta and there is
virtually no part of it that is not accessible to them, Several sub-flocks
ean be identified that appear to vemain within small sectors of the

island, and there are further subdivigions into small parties of sheep

that are resident on areas of about 106 acres, Thus, although the
movements of the sheep are not restricted in any way, each indiy icdual
E||'|-11-'|'-.' to inhabit a |'|'|:I1i_‘.|'|l'\ amall area that can be identified as its
home range. Feral goats in New Zealand have been observed to behave
in a similar way (Riney and Caugliey, 1959),

A discussion of the |'|r||1'|'|_|l of home ranee i= FII'I'.'\-I.'IH!'lI I'|-'="‘|'||Il'|'1‘
(Jewell, pp. 85-108). The exhibition of home range behavionr by mam-
mals implies a self-imposed restriction to movement, and it was shown by
Hunter {1964) that the coneept can b .'||||I|il'l| .'-|||'|||'!::l|||'i:|.11‘l|l‘q.' tioy com
mercial hill sheep. He found that a floek in a large hill enclosure was
4'||||:||r|-cn:'|! of several ||1|:|:|||' range groups anil cach O ;-_'!'-'-1'.”"1 ”'llll_"u' i
part of the enclosure, These observations were made on Hocks of ewes
and their lambs, and rams were not present. Moreover, it might be
suspected that some of the behavioural attributes of hushanded sheep
are maintained by constant contact with man. In view of these con
giderations the study of feral sheep gaing particular interest. A full
complement of rams is present on Hirta, their numbers being determined
solely by factors of natural mortality, The flocks on Hirta have never
|l:'|'|| .'-.|||-|Ii||'r'l.11*|| 0 r'rIII.I:I!I'll ||.'|| h_'. [ LAEENA]

The observations that we shall deseribe have been made as part of a
broad co-operative research programme to st udy fully the ecology of the
Soay sheep (see Boyd et al., 1964) This study has been in progress since
1059 and has vielded a great deal of background information on which
we have been able to deaw, During this past year one of us (P.G.) has
heen resident on the island

METHUODESE

The period of intensive observation extended from September 1964
to June 1865 inclusive and covered the rutting season, winter and the
hirth of a fresh erop of lambs,

Area of stwdy

The study area was restricted to the Village Glen, This glen is a

semiecireular area of eround rising from the sea with a gradient of 1 in 6
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angd backed by the much steeper slopes of two hills, Oiseval (948 ft) to
the east and Conachair (1 397 1t) to the north, In addition. the south
east slope of a ridge extending from Conachair and enlminating in a
plateau, Mullach Sgar (715 ft), bounds this area on the west side, These
features are shown on the map (Fig. 1). The gradient of these high
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Fr, 1. Map of Hirta, 5t. Kilda, showing the loealitios mentioned in the text

slopes varies from 1 in 1-5 to 1| in 3-5, The last mentioned ridge is
broken h.". a col at Am Blaid, below which the _-:|||]|.r- 12 less uniform and
interrupted by small corries. Set between Oiseval and Conachair is a
subsidiary hanging valley, An Lag Bho'n Tuath (sce Fig. 2). The
central part of the Glen is bounded by a drystone wall that follows the
contours and encloses those areas formerly cultivated. Centred within
this are the deserted cottages of the St. Kildans arranged along a single
street, The whole area within the wall is here referred to as the Village
and this ground is divided into sectors by streams, dykes and cultivation
ridges. Drystone storage houses or cleits are numerous thronghout the
Glen but are especially conecentrated at the back of the Village and in
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Tobar Childa. An Army garrigon is installed in the south-east corner of
the Village and a new road leads from the Army camp parallel to the
shore and then sweeps up into the hills,

Above the Village, the slopes are covered by a grass-heath, within
which heather is predominant on Oiseval and Conachair. Mixed grass-
laned. on the other hand, is almost eonfined within the perimeter wall,
although patches of such grassland oceur in An Lag Bho'n Tuath (Fig.
2y and in depressions lying in the western slopes. Here, also, are izolated

Fro, @, Conachair and An Lag Bho'n Tuath from the east, photographed from o
vantage point on Uisceval, The fanks in An Lag Bho'n Tuath are ahown, together with
the Village perimeter wall and cleits in Fobar Childs to the left of the picture, The
rather aharp domarestion between the hoather on i onachair and the grassland in An
Lang Bha'n Tuath is evident,

areas of Molinia-Sphagnum grassland, Other plant communities are
gparsely represented within the Village Glen,

Boyd (1959) presents an aerial photograph of the Village Glen and
there is a photograph of the Village in Boyd et al. (1964). A general
account of the climate of the Outer Hebrides will be found in Manley
(1948). A recent account of the history of St. Kilda is given by Steel
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(1965) and many excellent photographs that illustrate the habitat of
the sheep are published in this book.

Tdentification of individual sheep

The sheep had been marked with plastic tags and nylon swatches
to indicate age, and year and locality of capture. Combined with
natural variation in colour, and the presence or absence of horns, these
produced a set of characters by which each tagged sheep could he
positively identified. Identification of a number of untagged individuals,
including all rams, was also possible and marking of untagged sheep
continued during the period of study. Sheep with tags alone could not
be safely identified at a distance even with binoculars and the more
conspicuons coloured swatches used to indicate area of capture had in
many cases faded. Sheep which had been given coloured nylon collars
could be seen from any part of the village, as long as they were not
hidden in dead ground. These conspicuous animals were chosen as
representatives of home range groups and their ranges were mapped.

Kecording 1anges of sheep

Sightings of individual sheep were represented as dots on a map of
seale 17 in. to 1 mile. This map was prepared from aerial photographs.
There is an element of distortion in the result as these photographs were
not true verticals.

In the latter half of October and November 1964, as many sightings
as possible were recorded. In December to April 1965, in an attempt at
standardization, sightings were systematically plotted for 09,00 h,
12.00 h and 15.00 h only, but this did not appreciably alter the results.
In May, additional sightings for 06.00h and 1800 h were taken.
Sometimes certain sheep could not be found and as a thorough search
would eause too much disturbance, their positions were not recorded
for that hour,

It was inevitable that whilst an attempt to map home ranges of
sheep could be aceurate within the Village itself, where landmarks were
numerons, it eould be misleading outside, since sightings would be too
few to distinguish regular from exceptional occurrences,

The sub-population of sheep in the Village Glen is quite distinet
from others, although the marking schemes discussed by Boyd et al.
(1964) have also involved sheep from the peninsula of Ruaival and the
cliff terraces of Oiseval. A group of sheep whose home range is centred
on Oiseval spends the late summer in the east Village, but they are not
considered in the present paper.
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For one day each week, half-hourly counts were male

ing the
daylight hours of the numbers of sheep engaged in different activities.
(bzervations were made from a vantage point on the lip of An Lag
Bho'n Tuath. Three eategories of sheep were recognized : ram lambs
({bhorn in 1964), other males, and all other sheep (ewes, ewe lambs and
misidentified males). Aetivities recorded were grazing, lving, standing,
walking, fighting, suckling and mating

UHEERVATIONS
Ewe home range groups
Recognition of ewe home range growps
Soay sheep on Hirta commonly graze in small numbers (grazing

parties), alt hough it is a subjective matter to decide how closely animals
must be grazing before they are reg

arded as forming a single party. In
any case, in whatever way such groups are defined, they vary in

composition ig the day, Sheep may form into larger groups when

[ARERE RR A J1‘.'|-£1_\- i

being disturbed or when moving from one area to

another during grazing. That individual sheep keep to particular parts
of the Village has already been shown (Bovd ef al., 1964) by marking
them with plastic collars and coloured car swateches and by observing
naturally marked animals. 1t is, therefore, likely that the same sheep
will tend to graze together from day to day. On certain occasions
numbers of the order of thirty sheep beeame isolated from all others in
the Village Glen, for instance in An Lag Bho'n Tuath, on the south-west
slopes of Oiseval or on the slopes below Clash na Bearnaish (see Fig. 1)
In these fortuitous cireumstances all those animals tending to graze
together and forming an apparent association separate from other sheep,
could be distinguished. Such groups can be called home range groups
(Fig. 3), Having noted all the constituent individuals that could be
recoeniged, it was then possible to verify subsequently the reality of
the group, In this way, it was found that all the ewe parties in the village
could be aseribed to one of seven home range groups (see Table 1), The
'|Ilr:-i.|illl'|:-i and extent of these ranges is indicated in Fig. 4. Within a
home range group it was possible to discern smaller parties that

frequently grazed and moved as sub-units, Such parties were particalarly
noticeable in the West Village arca (Table 1), Again, individual gheep
could show preferences in the area that they would use within the group
home range during a particular period. The home ranges during May
1965 of four members of the Signal's Meadow group illustrate this

phenomenon (1

.0 A-IN.




GROUPING AND HOME BANGE IN SB0OAY BHEEDP 185

Fra. 3. Mart of 5 owe home range groug, showing owes and young lamba, The animal

ot top contre of the picture is an ol owe with long horns, aceompaeniesd by twin lnonbes,

Immeddintely below her 2 o vearling ram

The structure i{f. eare Mo FErR e (it s

It seems probable that several diverse factors contribute to the
formation and maintenance of home range groups. Firstly, natural
features of topography and the man-made stroctures in the Village
Glen reduce freedom of movement of the sheep. Dykes, streams and
walls divide the area into regions showing some correspondenee with the
ranges of home range groups. A dry burn, for instance, serves to
demareate the Factor's Meadow group from the Signal’'s Meadow group
(see Figs, 4 and 5).

Secondly, the grassland communities which the sheep favour most
are restricted in area but are distributed thronghout the lower part of
the village, These areas form foeal points of attraction for the sheep and
each area tends to be monopolized by a particular group of animals,

Thirdly, sheep are ohserved to associate elosely, The most important
of these associations is the family of matrilinearly related animals. Ewe
lambs accompany their dams elosely through summer and antumn,
thongh by mid-November some are to be geen occasionally grazing
apart or with others of the same age. Again, some yearling cwes
accompany particular older ewes. There is no evidenee to show whether
thosze that do not do so have lost their dams or have lost the tendency
to follow them, Older sheep of different age classes are also seen to keep
with each other, sugeesting that the attachment of the ewe lamb to her
dam lasts for a long time, probably until the death of the dam, The
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Fia. 4. Ranges of eight ewes, each representing o home range group or subgroup, in
May 1065, The groups are listed in Table 1. Bach symbol represents cne sighting. The
range of the smaell Village Seafront group s omitted ; it is cornpletoly overlapped by the
ranges of the Signals Meadow and West Village wrcups, OF the West Village subgroups,
2 andd 3 are intermedinte in range between | and 4 and 5, and theie ringes arc also
ok e,

tendency to follow the dam remains even after the time the lamb might
be expected to have become fully acquainted with its range. In a few
instances known marked sheep have offered proof of the family relation-
ship within a party, whilst in other instances it could be reasonably
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inferred from their possession in common of some distinetive coat-
eolour marking.

Y oung lambs spend much of their time in each other's company and
these associations may persist in later life. Parties of ewes of the same
age were quite often seen, and in a year of exceptionally good lamb
survival {as in 1961; see Jewell, 1966), when the chances of ewe lambs
grazing together are greater, such associations could be of long-lasting
significance.
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In BN One lovme FAnge gEroup there are, of COUTSEe, Many Families
(see Table 1) but their ultimate relationships are not known. It can be
inferred that many parties have members without a close filial relation
-:|Iii|. but the nature of the bond between them is not known. In a

number of cazes, a ewe (and in one case 8 mature ram) has been peen to

call for its companions when they have wanderod fa away or have
moved out of sight
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Tl PreRenCe of male .h'.furlfr in eive o range groups

Through summer and autumn ram lambs aceompany their dams,
although by September they already show greater independence than
pwe lambg. Their ranges, however, are still those of their maternal
groups, Yearling rams in the village area also demonstrated a persistent
adherence to ewe home ranges (see Figs. 3 and 5D1). Older rams were

never members of ewe home range groups and their movements w ill be
deseribed in a later section,
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Fig. 5.
Fia. 5. Ranges of four sheep of the Signals Meadow home range group in May 1965,
The animals are (A} ewe W52, (B} owe W54, (€) ewe BLET and (D) & yvoung ram, (384,
BLAT wus excoptional in that she mnged widely into the ares used by the Factor's

Meadow home range group, although hor range was otherwiss similar to thoss of the
other sheep in her group.

Home vange behaviowr

Relations between home range groups

Sightings have been recorded for several individuals within each
home range group and the maps prepared have afforded a series of



192 P, GRUBB AND P. A, JEWELL

comparisons, From these and from general observations, it is clear that
the ranges of individual gheep within a group are generally very simiar
{Fig. 5) although there is some variation. The ranges of groups overlap,
but compared with the area used exclusively by one group, the zone of
overlap is small (Fig. 4). The extent to which sheep of one group will
move into the range of another group, varies from individual to
individual. In Fig. 5 it will be seen that one individual of the four
animals illustrated persistently grazed east of the dry burn (ewe BL 87,
Fig. 6B) in an area dominantly occupied by the neighbouring home
range group.

The West Village sheep are interesting in that they present a situa-
tion that might represent incipient splitting into several home range
groups. The West Village sheep are, as a whole, quite separate from
other home range groups, but are, nevertheless, subdivided into smaller
groups with different ranges. These ranges owerlap considerably and
members of distinet subgroups will often mix in grazing parties. More-
over, some interchange between members of the subgroups was seen in
spring, thus testifyving to the reality of a larger cohesive group,

The fact that certain areas are occupied exclusively by one home
raunge group does not imply that territories, in the gense of defended
areas, are being maintained, but the sheep do provide a good example
of the establishment of “monopolized zones”. Within a group of ewes
it is unusual to see any overt interaction between individuals although
recognition of regular companions is implicit, Strange ewes which
wander among other groups are subjected to an investigation, consisting
of sniffing of the Aanks and anal region. The degree of interest shown in a
stranger can be very slight, Occasionally a butting bout has developed,
but similar butting encounters are not uncommon between sheep
within a group. It is significant that sheep only transgress the bounds
of the range of another group when the latter are elsewhere in their
range,

Adherence to range

Ewes first marked in 1961 have stayed in the same range throngh to
196465 (see the example in Jewell, p, 91). Amongst the several hun-
dred sheep that have been marked sinee the Soay sheep study started,
there have been remarkably few observed shifts of range. The only
record of far-ranging movement was in February 1965, Following a
snow storm, some ewes moved from the Village Glen to the Cambir and
did not return until the lambing season. Another shift oceurred when a
ewe changed home range groups, Tt grazed with the Mid Village group in
September and October, 1964, and moved to the Village Seafront group

= a s a
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in November, Other departures from ranges have been temporary and
have plways been provoked by disturbance of the sheep. Attempts to
cateli them in nets may lead to their being chased far from their home
range, vet within a matter of hours they will return to it.

Daily movemends

Daily movement of sheep includes comparatively rapid excursions
between the Village itself and the slopes above, alternating with periods
of grazing and resting involving less movement. Arrival and departure
do not coineide with sunrise and sunset, Sheep may be present in the
Village at dawn but if not they arrive soon after, On doing so they move
quickly down to areas near the periphery of their range before starting
to graze and then move slowly back across the Village fields. By late
afternoon, sheep are travelling more rapidly to their evening grazing
AreRs,

When approaching or departing from a grazing area, sheep would
keep in strict file and travel along well-defined tracks. If the leader of
the file halted, so wonld the others, although often another animal
would move round onto the track ahead. continuing movement, The
file wonld ]H‘Til!llil'?l”l‘.' break up as pockets of good grazing were
encountered. This was most clearly seen as sheep moved across the
slopes of An Lag. stopping at the grassy surrounds of each cleit they
passed. Files were never led by very voung sheep if older ones were
present; activity was :_fvn:'ru"}' initiated by the older animals. Though
no individuals stood out as “Hock leaders”. some older sheep were
clearly more alert and wary than others.

The most well-marked sheep tracks are those followed by the sheep
in their early morning movement into the grazing areas, The tracks
( Fig. 6) are oriented in relation to the pattern of home ranges and their
presence implies a regular traffic of sheep,

The movement of different groups and even different individuals
within groups was not entirely similar. Sheep of one group might descend
into the Village while those of another were moving out. Members of a
group may ascend and descend at different times. In spite of these
variations, the position of a sheep at a particular hour of the day could
vary by less than 100 m over a period of days, during spring and
summer. The great regularity of the movements of a sheep through the
hours of the day is illustrated in Fig, 7. Such regularity of movement
can allow the same area to be grazed by different groups of sheep at
different times of day without the groups encountering each other,

With the passage of autumn and winter, there was a progressive
change in the timing of movements. Ascent to higher ground came earlier
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relative to sunset even as the 'i"."' g shortened, and often the Village was
not vigited av all by sheep which earlier in the season would onlv have
begun to leave it at dusk.

440 yardy

Fiez, 8, Map of sheep tracks in the Village in apring 1965

Fio. 7. Sightings of o ewe BLAT at different hours of the day in May 1965, A at
0800 h { D) and 1800 h (@): B at 12,00 h {0 and 15,040 h 1

In parts of the Village Glen grazings of the type present within the
perimeter wall are isolated among grass heath and sheep would stay in
such places during the day. When they came into the village fields, the
time of arrival and departure of the sheep varied and the paths taken
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were not necessarily the same each day. For instanee, the same animals
might ascend Gearraidl Ard or Lag Aitimir on ditferent afternoons.

Changes in the daily evele were associated also with a deterioration
of the grazings during winter and a onsequent search for food. As a
result, ranges were recorded as being more extensive during, for
instance, January, than in May (fig. 9) even though fewer sightings
per day were being recorded. For a given hour of the day the area being
grazed was different, say. in March, before the spring growth of grass,
from what it was in May, when grass was actively growing (Fig. 8). The
effect was for the home range groups to be concentrated together on the
best grazings in May, whereas in earlier months they had been more
widely dispersed.

SO0 yonay
A ——

Fi:, B, Sightings of the ewe BLST at 0000, 12,00 and 1600 h for March (@) and
May (O 1965,

Daily activity

A full analysis of daily activity will form the subject of another
paper, Here it may simply be noted that during the late summer after
intensive grazing in the morning, the animals would usually lie down
and chew the eud. The proportion doing so at any one time was never
large but there was a noticeable midday peak in this activity in both
rams and ewes, As winter advaneed, the proportion spending any part
of the daytime lying down became very small and this was especially
g0 amongst rams. With the spring flush of grass and the lengthening
day, grazing became less continuous and at this time there was an
additional peak of resting and cud chewing after the morning descent.
The proportion of sheep lving down and cudding was always higher on
sunny days.
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Before the mating season, in September and Oetober, rams would

often lie down during the day and spend time cudding, After cudding
they would frequently rest with the head stretched out on the ground
hefore rising to graze again. This habit was rarely seen in ewes, The
proportion of males engaged in activities other than grazing o endding
became much higher during the mating season.
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Fra. . Bightings of o owe WG takon at 3-houely intervals over the day in (A) Janaary
and (B) May 1145,

fufluence of weather

On fine days there were fewer sheep in the Village and more on the
slopes above and some sheep would spend the day there without
descending to the Village grazings. On exceptionally sunny days, sheep
would range farthest from their normal haunts. Conversely, during
severe weather, Village sheep would keep within the perimeter wall and
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retire to eleits towards evening. A sudden shower would make sheep
return rapidly to the Village from An Lag Bho'n Tuath or the lower
slopes of Oiseval and clonding over on a sunny day also sometimes had
this effect. But sheep also made additional eyveles of movement during
the day without anyv elear relation to weather conditions

There were varied reactions to hail and heavy rain. Sometimes sheep
winild continue grazing, At other times, especially with o driving winil,
thev would shelter behind walls or eleite or even amall banks. Males
often entered cleits under weather conditions which did not prevent
ewes grazing, and sheep appeared more ready to shelter in summer and
auntumn when they were physically most fit

Following a snow fall, sheep wandered in troops until thawing
commenced. Few attempted to dig through the snow for food (Fig, 10)

Fuo. 10, An old ewe pawing awasy snow to reach the grass

The wae af shelter

The village cleits are the most important places of shelter. The sheep
have preferences for certain cleits some of which have regular and
frequent use. Such eleits are used only by the members of a given home
Fange group, even w hen t |||'_‘, are situated in & region of |:-'|.'|'|'|;I,|r hetween
two home range groups. (There are exceptions, to be mentioned later,
in that the use of certain cleits is the prerogative of ram groups.) Cleits
with |I-.'||'1|‘. broken walls, allowing a through draught, are not entered
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but sheep can get into cleits the doorways of which have become 80
blocked with debris that the remaining gap is no higher than the lying
height of a sheep, Within each home range group, no evidence was
found to suggest that any particular family of sheep had the exclusive
possession, or use, of any given cleit,

Seversl places ontside cleits were frequently used for resting, judging
by aceumulations of sheep dung. In the village, such sites were under
the wall bordering the Manse in Gun Meadow and on the Village Street
near the graveyard. Elsewhere, rock cuterops and econcrete buildings
formed shelter for conspicuous resting sites and many of the ruins in
(ilen Mor were similarly used. The pattern of deposition of dung
indieates how sheep will take advantage of shelter. Lying-up positions
often oceur to the leeward of very small banks or rocks and even
tussocks of grass less than a foot high,

Grazing on cleits

Sheep sometimes graze the turf roofing of cleits. This habit reveals
some interesting individual variation. Only six ewes in the Village area
fed on eleits. and of these some did so far more frequently than others.
A few ram lambs were also seen several times on cleits but only one
adult ram was ever seen in such a position, and then only after the
mating season. At this time it grazed alone and after completing grazing
on one eleit would elimb down and search for another, spending most
of the day on them,

Lombing and the howe range

Ohservations on the behaviour of ewes at lambing were limited, but
it can be noted that they did not depart from their usual routine in any
gignificant way. Sometimes, hefore they gave hirth, it was noted that
ewes wonld retire to secluded areas, and this took them to parts of the
home range that were not usually used at that time of the year. They
were very wary for a short time after part nrition and would graze apart
from their usual companions but after a few days they returned. Older
lambs would play together; although such groups of lambs would not
necessarily all belong to one home range group, it was the usnal ten-
dency for this to happen.

Death and the home rang

telatively few sheep died during the period of study, and these
mostly in March. Characteristically, a dying sheep wonld graze apart
from ite fellows and retreat more readily into the shelter of eleits. Most
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sheep die in the eleits which they have been regulariy frequenting.
Uertain cleits frequented by rams were found to contain a number of
rams’ skulls but not the remains of any ewes, Here was evidenee that
rams had died in the seclusion of their “traditional” eleits (see later),

There was a hesvy meortality among yvearling rams. Many of these
were geen to wander aimlessly and eventually ecollapse well away from
the home range of their fivst few months of life. This wandering could
not be explained simply as a disorientation following sickness as ewe
yearlings did not wander in the same way. It should be noted that

these yearlings eannot be regarded as having established permanent
ranges at this stage of their life

Cirazing and the home range

As grazing is the chief activity of sheep, the area grazed and the
home range are virtually the same, although there may be zones of
passage within this area where animals rarely stop to feed. The areas
where grazing is most intensive are also those where the home range
can he most sharply defined. In the Village Glen, swards including
species of Holeus, Agrostis, Festuca, Poa and Anthoranthum are confined
to the Village itself and some outlying patches, 1t is on such pastures
that the sheep feed for most of the time and for most of the vear. There
are loeal variations in the species composition of such grassland, but the
most, favoured swards are seattered about the Village and oceur for
instanee in damp places or where there is trampling. Sheep do not feed
exclugively on such patches but they clearly prefer them and the
distribution of these swards bears a relation to the organization of sheep
into home FANEE groups. The presence of an isolated |H.1h.‘!l of espe {.“!ih
good grazing may influence the separation and isolation of a group of
sheep whose movements eentre around it. Within the range of a home
range group, there may be several pockets of good grazing. Some of
these may be visited more often by certain individuals and not at all by

others, resulting in minor variations in home range within the Eroup
(Fig. 5).

seasonal changes in day-length and the condition of food plants
wiere associated with changes in the ro nd timing of the daily eyele
of movement of the sheep. Although showing such strict adherence to
range the sheep were obliged to roam more widely when grazings
deteriorated, but there was no wholesale shift of range. The animals
moved over what were the best grazings but, in addition. they incor-
porated into their daily eyele visits to other plant communities, by
going up the slopes earlier in the day and ranging further over the
higher grazing., In the Village Glen,

grass heaths and communities
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ted by purple moor grass ocenr on the hills above the Village.
¢ food sources had been ignored when more attractive herbage

Thes:
was available.
Aetivities r.{f' ritns and rom lambs

Homme range growps arel raniges

all groups during September and Oetober

Adult rams grazed in s
and were completely independent of ewe partics (Fig. 11). These groups

Bho'n Tunth

Fra, 11, A group ol rmms grazing within a drystons fank in An Lag
The tussocky appesranese of the grass aults from the erazing methods of the sheop

“""'i"'i’*"'l two to twelve individuals {(Fig. 12) although at times some
rams led a solitary existence. Ram lambs, however, and vearling rams
(that is voung adults born in 1963) graged with partienlar ewe groups
and shared their general movements and home range (see Fig. 5). Cloze
observation showed that these young rams were nevertheless expressing
ure of independence from the ewes. They often grazed alittle

SOME me
apart, frequently in pairs, and as will be deseribed later, the advent of
the mating season disrupted their association with ewes.
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There were six groupings of adult rams in the village (Table 1)
tthough one split into three units in the early part of 1965, and their
home ranges were guite different from those of any ewe group. The
home ranges of the rams cut across those of the ewes and also included
some areas not inhabited by ewes (Fig, 13). Even so. they were some
what restricted in distribution, and this feature was more evident in
other purts of the island, outside the study area. The ram ranges were

oriented on '_"Hlli :.'r'.'l.rlll:-_'n !Il'lll SOIMIE Ol |]'.|-r|| |u|'|'|;-'|||1u-|1 1-:|n||_-~-||||'r';1i|i_||L

Firo, 12, A home range groap of rams in spring

sometimes several neichbouring groups of rams wonld graze or lie
1llul'=|l'='l' .'|II'=| As many ns 1‘\.'-!'!::1_". one rams have heen Sl 1'|III:|'1"_'.:I1r'|i
in this way, but the formation was a temporary one and the several
groups always dispersed again

Certain eleits were used exelusively by the adult rams, and at soms
!u'1'!||rl|.-\. of thi YVeur one or twao cleits would be used I'l'ﬂll'.ll'l_\ every
night ||I'H. A EToup. “Illill'._'_ the |.ll:'l'i1lli of st Iil!_‘\. some ram lambs hesan to
use these “ram cleits’ and this conld evidently lead to their use by rams
over a long period, Confirmation of the existence of traditional ram
cleits eame from finding the skulls of rams only in some of them (see

p. 200)
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Fro. 13 Ranges of cight rams, each representing s homs range group (or subgroup)
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At the beginning of Oetober some of the ram groups altered their
(g WP I,'.'|||:|_-. uhiq-!. Ililfl f.l.lt'rlli'l']_'k' :'I'.'I')'I'il. i An I.'I: thl.ll r|1ll-:l1ll iII [lli'
evening, retired instead to Lage Adtimir togethe

with those that had
r'|||:'r||--!|_l.' moved onto Gearraidh Ard, At

about the same time some
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individuals departed from the Village Glen and others began arriving
from other parts of the island. The first strange ram appeared in the
Village on 29 September. It may have come from Glacan Mor as it
returned to this area in December. As early as 23 September, Village
rams had been seen making excursions outside their normal ranges, In
the first week of October two rams had gone to other parts of the island,
but general daily activity had not changed.

As October progressed, more strange rams arrived, in some cases in
groups which kept together even as the mating season advanced, and
Village rams started wandering outside their earlier ranges -more
frequently. Although often grazing with former companions the
organization of groups gradually disappeared, During the middle of
November, at the height of the mating season, many strange rams
appeared within the Village but a proportion of Village rams remained
the whole time in the vieinity of the Village Glen. Visiting rams re-
mained for varions periods of time, from a few hours to a week or two,
and Village rams, equally, were absent for various periods.

Dhuring late October and November rams from the Village Glen were
seen on the eastern terraces of Oiseval, on the slopes of Mullach Sgar, on
Ruaival, Leathaid a’Sgithail Chaoil, east Glen Mor, the Cambir neck
and the slopes of Ard Uachdarachd (see Fig. 1). Visiting rams which
were identified had come from the Oiseval terraces, Ruaival, east
Gleann Mor, Ard Uachdarachd and the Gap and others were seen, in
December. to have returned to Glacan Mor, Claigeann an Tigh Faire

and Claigeann Mor. Visitors of known provenance returned to their old
havnts,

Daily activity and the mating season

In September daily activity consisted of emergence from cleits at or
after first light when ewes had already begun to graze, movement to a
grazing site, grazing within a circumseribed area of this site and a steady
movement away from this area towards evening. Rams nsually entered
cleits after dark. By November, daily activity had radically changed,
Rams never grazed together or remained in one area for any length of
time. At any one time a high proportion were neither grazing nor lying
eudding but were cither wandering through the Village, investigating
ewes, or engaging in sexual or agonistic behaviour. Rams were often
seen in guite different parts of the Village within a few hours and
crossed and recrossed it in no set pattern. A conspicuous feature of the
mating season was the formation of a consort pair between a ram and a
ewe that was approaching oestrus. Such rams beeame temporarily
sedentary and spent much of the time grazing. Other males often grazed
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in the vicinity of such pairs. It was concluded that less time was being
spent grazing than before but that rams that were forming consort
pairs with ewes were less affected,

Although there was this change amongst rams to greater activity
during the day, there was also a tendency to remain within a certain
part of the Village for several days and movements of the ewes in that
area were in general followed,

The end af the mating season

The roaming activity of rams subsided as the peak of the incidence
of oestrus in the ewe population was passed, although there were many
ewes to come on heat. This contrasts with the situation bhefore the peak,
when few ewes had been recorded on heat but the rams had started
wandering. In several cases the re-establishment of range took the form
of a shift within a day from a range that had been oceupied for only a
few days to a permanent one corresponding to old haunts, Rams were
seen making these movements, Some rams, however, did not return
until the summer of 1965,

With the mating season ended, daily activity was almost entirely
confined to grazing, Rams no longer lay together endding or idling,
Movement was now very elearly centred round eleits, into which they
would retire while it was still light and from which they would not
emerge until some time after dawn.

Activitics of ram lambs

In September ram lambs were still sucking their dams occasionally,
e the hindguarters of their dams
off the ground with one thrust of the muzzle. 1t was, nevertheless, clear

although they were large enough to

that the larger ram lambs were losing attachment to their dams and
grazed independently or with other ram lambs. The associations
e L ERTTLERE FEHCRTE 0 ket T L] it  NIPWEYLEer, i e =SITiR e r
bhetween ram lambs appeared to be temporary, how l the small

of
fing the mating season in mid-November.

individuals kept with their mothers well into January, exeept for a br
period of independence du
During this season, some ram lambs me

wed far atield, one visiting
Ruaival from Glacan Oiseval and another Gearraidh Ard from Na
h'Eagan (distances of about 11 miles). These movements were probably
not as extensive as those of adult rams. az relatively few strange ram
lambs were identified in the Village, Smaller and presumably less mature
ram lambs changed their ranges hardly at all or for a short period only.

At the end of the mating season, most ram lambs returned to their
old ranges. It was common to see several ram lambs grazing together,
but in only one case was a permanent partnership formed (Fig. 14)
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Many individuals grazed for the whole or a large part of the time as
individuals among ewe groups. In the north-west of the Village area,
ram lambs were using cleits also used by rams but not frequented by
ewes, In other parts of the Village ram lambs have been caught in eleits
with rams although they had not bheen associating with them while
grazing, One or two ram lamhs which had not been scen hetore the
mating season established ranges in the Village Glen. A few Village

lambs made changes of range well after mating activity had ceased.

s crum 3.-..;||||.|_-\.- which have formed o prerTanenl |l|1II||l'I'-JII'|-

Residency and dispersion amongst rams

The mating season acts disruptively on eztablished ram associations,
but it is also a time that leads to the formation of new associations by
voung rams. Nevertheless, the ol | rams in general show great loyalty
to their home ranges and each other, and their groups are reformed. It
also appears that the majority of rams establish a home range near the
area of their birth, The fifty-six rams grazing within the range of ewe
cgroups ineluded thirty-nine tag

red rams of which twenty-cight had
first been eaptured as lambs or yearlings. These rams had remained in
the general vicinity of their hirth place, though there is no doubt that
rams do not show the same life-long fidelity to an area of residence as do
ewes, Examples of dispersion and new home range formation far from
the area of birth were seen in the five rams tagged in the village; they
had subsequently settled in outlying parts of the island—on the ( ‘ambir
Neck, Ard Uschdarachd, the Gap, Buaival, and in east Glen Mhor.
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DISCUSSION

The selection imposed under domestication profoundly affects the
physigue and behaviour of domesticated species (Spurway, 1955; Hale,
1962; Jewell, 1962). In particular, in relation to behaviour, there is
selection for doeility and presumably for tolerance to crowding. Soay
sheep are much more timid than commercial Hocks and do not bunch
when chased, but they no doubt possess the gqualities imposed by
domestication and their fertility appears to be unimpaired by erowding,
On the other hand, many of the behavioural attributes of domestic
animals may be maintained by constant contact with man, and escape
into the feral state could reveal previously disguised behavioural
potentialities, whilst the feral state will itself impose new conditions of
selection. The Soay sheep flocks may possess attributes, therefore, that
are unigue to their situation, but their home range behaviour ean prob-
ably be taken as a useful model for many ungulate associations.

The present studies have established the pertinence of Hunter's
{1964) work to unmanaged sheep, and feral Soay sheep are seen to have
ranges that differ little in extent from those of partially confined hill
sheep, The presence of a full eomplement of rams on Hirta does not
disrupt the home range organization of ewe groups, although the rams
themselves are seen to have their own type of behavionr in relation to
home range. Moreover, the present studies have shown the fidelity with
which ewe groups will adhere to a given small home range throughout
their lifetime,

Hunter's method of recording home range, by simply mapping the
positions of marked sheep at certain times of day, has given considerable
ingight into sheep movements, It has obvious limitations, but it avoids
the artificiality of attempting to define a range boundary and in the
present paper we have not heen concerned to translate observations into
actual home range areas. Some indication of the size of these areas, and
their variation, can be judged from Figs. 4, 5, 9 and 13,

The range of the whole home range group is more extensive than
that of any one of the individuals that comprise the group. As there is
gome variation in the home ranges of sheop within a group, a useful
representation of the group home range would be a map of the distribu-
tion of density of occurrences of all group members, The nature of the
joint home range in relation to that of the individual demands further
examination, Nevertheless, in the case of a elose-knit home range group,
the difference between the group and individual ranges is not very great
in terms of area, Certain eonditions may promote the evolution of
geveral home range groups from one original group (the status of the
sheep in the west part of the Village could be interpreted in this way).
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This could arise from the idiosyneracies of movement of an individual.
if taken up by many sheep (as could happen if there was exceptionally
favourable survival of lambs and the consequent build up of a very
large family),

The relations between groups of rams is not clear at present but the
following picture of the social grouping and ranging of ewes is suggested.
The movements of the individual are dictated by an innate daily
rhythm and an active search for food, but they are strongly influenced
by the tendency to follow the movements of other individuals and
inhibited by the “resistance’” provided by the presence of sheep that
helong to neighbouring groups. Some sheep will be less affected by these
last two factors than others. The area of overlap between adjacent
home range groups will not be precisely definable. It is suggested that
this overlap of range is greatest when the group is small but, other
things being equal, intrusion is least in areas where most time is spent
by the group. The use of one area by several groups does not obtain
when ranges are small (in early summer) but this condition will operate
when wide ranging movements are made, increasing the extent of
overlap. The home ranges of groups of sheep will be in equilibrium, the
position of vague psychologieal boundaries moving as grazing conditions
change. Bearing in mind the variation in the overlap part of the range,
the group home range can be divided into an overlap area and a
monopolized zone (Jewell, p. 105),

Ewe groups are large, include ewes of all age elasses and young rams,
and consist of matrilinearly related sheep, Family associations begin
with the behaviour of the lamb and dam which ensures that they keep
together (Hafez and Scott, 1962). In late life some of this behaviour is
lost and a ewe and its dam may or may not be seen together frequently,
but, as Hunter and Milner (1963) have shown, a family relationship
typifics most home range groups. The play groups of voung lambs show
a tendeney to reform after the completion of weaning, with the differ-
enee that the sexes are in separate groups, and in the ewe home range
group this sub-association forms an alternative attraction to that of the
family. What it is that makes one rather than the other predominate
in a particular ease is not clear,

The ewe associations may evolve from family groups under some
particularly favourable cireumstances. In an established home range
group (and particularly at high population densities) the relatively poor
chances of survival of lambs, and the birth of males which soon depart
from the dam, reduce the chances of large families developing within
the group. Thus, although members of a home range group may he
ultimately more closely related amongst themselves than they are to
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ewes in other groups, the relation between most of them may be so
indirect that it is hardly likely to contribute in any significant way to
the eohesion of the group. The general synehrony of activity within the
home range group, the calling of sheep isolated from others, suggesting
that the presence of companions is sought, and the recognition of ewes
from other groups as strangers, all imply an acquaintance and famili
arity with grazing companions and form the basis for the perpetuation
of the eompany. Perhaps the associations within the family group, the
gingle age-class group and the home range group, ean be explained in
terms of the initiation of activities by the older, dominant, experienced
animils and the following of such activity by the yvounger, subordinate,
inexperienced ones. This remains to be examined. However, the
specificity of the association between mother and davghter does appear
to have a special importance as a primary bond amongst ewes and it
ensures that the groups are naturally self-perpetuating,

Hunter and Davies (1863) carried out some experiments on ewe
lambs associations. They removed groups of ewes with their lambs from
the hill and kept them elsewhere in pens, On being returned to the hill,
those sheep amongst which ewes and lambs had been penned together,
returned to their appropriate home range areas. But groups of lambs
that had been weaned and then kept apart from their dams for 6 months
stayed in small companies together
eut across the boundaries of the existing ones.

Young rams, once they have given up trying to suck their dams,
make no further attempt to keep with them and group together with
the male playmates of their first few weeks of life, The presence of
young rams in a ewe group is temporary. Later they will keep apart or
join up with the older rams. Such a change is in contrast to the sedentary
life history of ewes, and involves the adoption of a new range. Certainly,
the members of a ram group keep very close together outside the rut in
a way not usually seen among members of a ewe group. The end of the
rut is the significant oceasion in the forming of new associations among
males, and in general these associations appear very firm.

Bam groups are small and comprise animals that are mostly 3-5
yvears old. The death rate of males is higher than that of females, so that
few old rams survive, and the youngest rams remain with the ewes,
Members of a ram group need not be related at all elosely. Whether
recruitment of new members is adequate to maintain ram home range
groups indefinitely is not known,

The home FANZEEe gEronps of ewes and ms differ in size, age-class
composition, relationships between members and the way in which they
are perpetuated, In addition, the rams tend to frequent different ground

and adopted new home ranges that
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from ewes, These differences in social grouping and spatial distribution
and the distinetions in physical characteristics and in behaviour, are
ultimately a result of the different selection pressures imposed on the
two sexes, These in turn result from the different contribution that each
male or female is potentially capable of making to future generations,
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steep-sided corries and glens from these hills of ultra-basic and acid
rocks.

Most of the ground above 305 m is sparsely covered with vegetation
and affords little grazing outside the summer months; three of the hills
exceed 762 m in height. For more than half the year this high ground
is enshrouded in mists and exposed to frequent gales and rain. During
the winter months it is eommonly subject to frost conditions and is
often snow-covered. Snow lay on average 107 days each year between
1960 and 1963,

The ground below 305 m is mostly poorly drained or boggy and
largely dominated by Meolinia, Scirpus, Schoenus and Eriophorum, with
relatively smaller areas of Calluna heaths and Agrostis-Festuea grass-
lands on the better drained soils. These latter constitute the most
important source of food for the deer for the greater part of the year,

The island is almost entirely treeless, so that the deer have to seek
shelter in hard weather behind natural topographic features.

SEABONAL DISTRIBUTION AND MOVEMERNT

With the prevailing south-west wind, the eastern half of the island,
though not so exposed to gales, receives less sunshine and considerably
more rain than the western half, Partly perhaps because of the contrast
in climate, the better pastures appear to be more numerons and exten-
sive in the west, and inspection of the maps (Figs. 1 and 2) shows the
movement of deer into this region after the removal of the sheep stock
from it in September 1957,

The maps show the late winterfearly spring distribution of those
deer groups where one sex predominates, so as to clarify the social
arrangement. It will be noted that the hind groups are invariably
Hlanked by stags, and both are usually located on the lower ground on
south-facing slopes in each of the larger natural catchment areas, the
higher ground being almost uninhabited. This spatial arrangement was
not affected by the changes in distribution following the removal of the
sheep, But the fencing-off of the traditional hind ground in Kinloch
Glen for afforestation appears to have produced a permanent change,
only a few of the stags remaining on their much reduced, but traditional,
grazings.

Delap (1967) has described a similar dispersion of the red deer on
the Wicklow Hills during the period 1932-33, and has observed a
similar arrangement in north Westmorland, where the larger stags tend
to gravitate downwards and outwards each year after the rutting period,

Ahlén (1965, p. 325) has noted the same tendency amongst the
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Fra, 1. Distribution of deer groups, compossl prodominoatly of one sex. Bhoam,

April 1957,

vestigial herds of Swedish red deer in Scania. In this case the stags live
in the smaller woods on the periphery of the hinds' range except during
the rut.

On Rhum, the mapped groups indicate the normal resting positions
of both the segregated and mixed parties of deer. If undisturbed many
of the older animals stay on, or near, their main feeding areas during the
day. Each evening, however, almost all the deer will come down to
collect on these low level Agrostis-Festuca grasslands and feed there
during the night.

1t will algo be observed from Table 1 that in most years 60%, of the
deer, irrespective of sex, age or the prevailing weather, were distributed
on ground insolated from the south. Areas facing east and west, and

-8
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SY NOPFSIS

Owing to the neture and overall importanes of the work oo population dynasmics of tho
red deer (Cereus claphus 1) on Rhum, ohservations of their social nrp.nh.nt.iun Aand
bohaviour have until this year boon largely adventitioos.

The data, although limited, do howoever suggest that both the disperssal and®
dispersion of the dosr are ordered by well-cstablishod patterns of behaviour,

Larger or smaller groups of cach sex oonsistently ocour together within esch of the
natural catchmont areas, usually on south-facing slopes. The stags invariably cooupy o
particular sren; generally below the hinds and followers in the wint and spring, and
above them in the late summer. In spite of the large-scale changes consoquent upon the
removal of the sheep from the island in 1057, this spatia]l srmngement of the hords has
not been affected. When the hinds' wintering ground in Kinloch Glon waas feneed for
afforestation, however, no compensatory regrouping took place and chly a fow stag

. groups remsined on' their much reduced, but traditional, grazings.

Bugregation of the sexes, even in winter, is largely incomplote on Bhum; less than
half the sexually mature individusls of either sex being wholly dissocdated from® the
othor st any one time, As yet, no individual of sither sex lias beon obsbrved to be
territorind in the strict sense of defending an area of ground, On the contrary, all the
grazings are shared and o nstural rmoking order appears to dictate the grazing behaviour,
Tha larger or older hinds appoar to be dominant to sl other clisses of dither sex within
their own’ homse ranges; the yearling stags ocoupying the lowest rank.

These home ranges, within which individuals live throughout the years, sppear to he
surprisingly constant in size regardless of topographio varintion; extonding to approxi-
mately 400 ha for o hind and 5060 ha for o stag. The limits arm not, however, fixed but
vary with the vear; each home range being based on ag ares of maxiomumn utilization,
which will inelude the more important winter grasings.

The mechanism of dispersal appears to he an almost continuous process boginning at
birth anid reaching completion by the age of 3 years. The data suggest that the pattern
of dispersion is determined largoly by the combination of the individual's oxplortory
behawiour with its resctions to eneounters with other deer of varying social dominanoce.

With n uniform annual sull of one-sixth of the adalt stock from all parcts of the island,
thers should theorotioally bo no need for any individual of sither sex to move fare to
extablish its own home range. Yet, of the fiftoon marked desr recoversd in the eull, sged

* i years or older, only two out of nine stags had moved lesa than 125 km from their places

of hirth, and all six hinds had moved more than 800 m. The stags had, on sverage,
moved 2-5 km, almost twice as far as the hinds with their average of 1-4 km.

These behavioural differences, associated with sex, are apparent even during the
first yoor of life,

Amonget the naturnl deaths during the Inte winter and carly spring, the marked stag
calves have been found to have moved more than three times as fior ns the hind ealves,
Their descent in altitude was also more than four times that of the hinds, Whether these

W . 211
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ealves were solely responsible for thelr movements or wers indused to move in this way
by their parent hinds or other deer is not known,

There are indications that the dinroal and seasonal movements muny also be largoly
determined by age; in grneral the older the individual, of cither sex, the lower its Prodit ion
o the hill in respect of its place of birth, The five marked stags, over the ngo of 3 yeara
shot accidentally during the August-Septembor period, wore all scoupying ground, level
with their respective places of birth, whilst the four 3 year-old atags were all conaidornbly
higher. Similarly the four marked hinds, over the age of 3 years, wore all lower than their
places of birth in order of age, whilst the five 2- and Ayenrold hinds, wors all as high,
or higher, during the same winter poriod, Novembor-January.

Bocauss of its bearing on the problem of marauding snd eolonization, the behsyviour
wark, which started this year, has ns its msin aim the elucidation of the principal factors
determining these differences in disporsal and home range utilization.

INTRODUCTION

Most of the data discussed in this paper have arisen adventitiously
in the course of a study of red deer (Cervus elaphus L.) population
dynamics, This work was started on Rhum immediately following its
declaration as a National Nature Reserve in 1957 ; the immediate aim
being to establish and then maintain a stable deer population at a sub-
maximal density as part of an experiment in land management ( Eggel-
ing, 1064),

The total number of deer has varied between 1 691 and 1 842 sinee
an annual cull of one-sixth of the adults, eounted each spring, was
introduced in 1958, The population counted in the spring of 1965 was
1 760. Advantage is being taken of the present stability to study the
deer’s grazing regime and behaviour.

With the development in 1963 of calf ear-tagging materials suitable
for field recognition, the present population containg most of the 228
marked individuals from three age classes, covering all the most
important stages in population dispersion and reproduction,

Beeause of their importance in the allied problems of colonization

and marauding, the mechanics of dispersal and home range utilization
are now receiving special attention.

HABITAT

The island of Rhum lies some 24 km due west of Mallaig, off the west
coast of Seotland.

[t is approximately 10 684 ha in extent, most of it bleak and moun-
tainous except where the larger glens level off near the coast.

The hills, largely consisting of igneous rocks, were formed during
the Tertiary period by intrusion through the Pre-Cambrian Torridonian
sandstone. The subsequent action of the glaciers carved out many

——
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Fia. 2. Distribution of deer groups, composed predominantly of ono sex, Hhum,

March 1965,

receiving only a few hours sunshine each day, appear to be the least
favoured, whilst the north-facing slopes, insolated obliquely but
throughout the day, attracted slightly more than 209 of the deer. 1t
will be noted, however, that in the spring of 1957, whilst the island still
carried a sheep stock of 1 000 breeding ewes, 709, of all the deer
appeared to prefer ground insolated from the south, suggesting that
when the better quality grazings were less available, aspect assumed
relatively greater importance,

Although there could be slight differences between classes in their
selection of ground according to aspect, these are not at present
significant. On the other hand, in relation to altitude the various classes,
which ean be distingnished in the field, show guite definite preferences
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and weather conditions

24-30 April. 6 days
Winds: N.. N., NW..5W., NW., XKW

(The island still carried a sheep atock

this wear.) Warm and
throughont

pleasant

13 May. 6 days
Winds: SE., NW., NW., N, NW., W.

Warm or very warm each day

o8 .l'l.l'l.:l 6 May. G iliys

Winds: NE., W., W., N.,, W.. NW.
Except for the last day it was cold
with strong winds throughout

20 April-2 May. § days
Winds: N'W., N., N., 8E., 8E

Sunny andd warm or very lot

G=14 Aprnil. § days

Winds; 8E., NE., NE., NE,; E.
Cool or very cold with all tha high
ground froson

26-30 March. 5 days

Winds: N., NW., E., 8E., N.

Very cold with strong winds, accoms-
panied by hail and snow showers

3-7 April. 5 days

Winds: NW., N., NE.,, 8E.. E

Very cold with hard frosts nnd strong
winids throughout




Tanie IT—Percentage distribution of the deer in relation to altitude

(Measured in 76 m intervals.)

Clinss 0-76 152 228 J005 3Bl 457 533 610 ]

1057

Hags 28-2 273 207 14:2 0-5 ni4
Yearling Included with &

Hindls 25-1 304 113 20-1 15 741
Calves 26-9 312 1253 179 1-1 279
Total 26-5 204 140 178 1:1 1 584
19455

Stags o7 T4 176 115 -3 itk
Yoarling Ineluded

Hinds 376 16 125 236 15 Bls
Calves 376 187 11-1 254 0-7 205
Total 44-3 1390 140 197 0-9 17
1959

Stags 374 31-4 164 11-8 - 500
Yearling 3 389 1890 151 167 — 126
Hinils 412 202 117 152 — 871
Calves 424 20-8 131 186-1 — 236
Total 40:1 234 135 145 — 1733
1960

Htaygns 48-1 193 152 57 — S
Yearling £ 3 41-0 180 163 11:] 17 118
Hinds 45-3 156-3 12:5 11-5 09 B2
Calves 48-2 17-2 11-56 108 049 314
Total 402 17-0 133 BT 07 1 8
1151

Htags 451 239 157 10-5 1:8 -— Sdd
Yaurling g4 466 229 #-0 T-0 i1 LLE ] 130
Hinils 657 178 i -4 4-8 1-2 LR
Calves OH8-8 160 10.2 52 40 1-2 325
Total 5Z-5 187 116 75 36 08 1 830
1962

Stags 40-8 281 152 131 04 — 564
Yearling 400  18-1 161 174 42 07 1567
Hinds 36-0 18-5 14-0 20-1 4-8  0-4 737
Calves 338 180 166 197 b — 205
Total 276 21-5 150 175 32 w02 753
1963

Htags 305 26:3 168 12-5 14 — itk
Yeurling 4 357 183 BT 190 13:6 — 125
Hinds 318 187 5 246 8-1 - 725
Calves 30-2 210 97 234 s — 248
Total M-8 218 119 198 0.7 - 1681
Avernge 1050-G3

Stags 42:3 256 258 108 14 — ndlx18
Yoarling § &4 404 188 133 145 5-8 06 131+ 7
Hinds 4244 183 115 16-1 50 08 BOS + 31
Calves 431 186 122 145 52 05 284 £+ 18
Taotal 424 206 130 130 40 0-4 1761 +25
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(Table 11). Constructing a contingency Table for the four classes of
deer, arranged aceording to seven intervals in height, a X7 value of
202-1 with 18 degrees of freedom is obtained., The greatest contribution
is from the stags with 135-3, due to their being more numerous than
expected between 76 m and 228 m and much less numerous than
expected between 228 m and 533 m.

In the five spring counts, 195963, the average height of these stags
was 86 m above sea-level. The hinds and followers were signifieantly
higher, with slight differences between each class, The yearling stags
had the highest average mean of 113 m, whilst the hinds averaged
109 m and the calves were lowest at 106 m. In 19567 the deer were kept
off many of the lowest grazings by the shepherds, which explains the
rather different distribution.

In the only complete summer count, undertaken in the fiest week of
August 1965, all the deer were on the highest parts of their range
and, as expected, the stags had reversed positions with the hinds and
followers (Table 111), The latter classes were, however, distributed in
the same order of average height as in the spring,

Hiagn Yonrling stags Hineds Calves
Metres AR 266 2061 251
Tance IIT

Percentage distrilnition af the deer in relation to altitude
{Measured in 76 m intervals in August 19465.)

Class 076 152 228 305 4810 457 532 610 686 u

Stags 80 148 115 198 285 107 38 15 2.5 B4
Yearling £ 4 111 11-1 179 282 137 60 60 26 34 10
Hinds 137 100 103 321 147 11-9 25 48 00 i
Calves 153 120 108 333 138 93 24 24 00 a4
Total -5 120 11-2 280 181 105 31 32 14 2042

The explanation of this distribution would appear to be that the
non-breeding classes, because of their superior physical condition
{unpublished material), are able to move higher up the hills than the
breeding hinds, This is supported by pereentage figures of hinds with
calves taken at 152 m intervals.

Metres 0-152 d0s 457 over 457
Percentage of hinds with calvea 423 383 Az-0 250

<
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DIEFERSAL
Ciroup size and segregation of the seres

The size of the groups and the degree of segregation of the sexes in
red deer appear to depend largely on the seale of the country, the
number and dispersion of feeding areas and the availability of shelter.
Where woodland is accessible, and food and shelter are abundant, deer
appear to live in small family parties. Eygenraam (1963) gives figures
for Holland, which show that two-thirds of all the groups observed in
the 1860 and 1961 counts were composed of five or less individuals; and
only 49, of all the groups exceeded twelve in number. By inspection of
the various groups tabulated, it appears that 709, of the stags, exelud-
ing yearlings, and 987, of the hinds were clearly segregated into groups
of their own sex,

Ahlén (1965) includes the yearling with the older stags in the totals,
but states that most of his observations were of single stags, Sinee only
9-29; of all observations were of stags over the age of 2 years, most of
them living outside his study area, almost all the stags associating with
the hinds must have been yearlings. The Scanian deer appear therefore
to be equally well segregated. Again the average group is composed of
about four individuals. By contrast, in Scotland where the deer are
living in a largely tree-less habitat, the groups tend to be considerahly
larger, the actual size varying with the scale of the topography.

On Rhum the glens are small, and sheltered hollows and corries are
numerous. Grazings likewise are not generally extensive but are widely
distributed. During the 1964 and 1965 spring censuses, particular
attention was paid to noting the size and composition of each group
before it coalesced with others after being disturbed. The average group
size was 9-2 and the two years hardly differed in this respect. In the
August 1965 census the average group inereased in size to eleven, largely
due to the addition of the current vear's calves.

Un two forests in the eastern uplands of Seotland, Glen Fiddich and
Invermark, which are being used as complementary study areas, the
country is altogether on a larger seale, and the average group consists
of about forty deer.

Even the roe deer (Capreolus capreolus L.) in the Speyside area in
the Central Highlands show a similar trend in winter. In woodland
conditions the wintering groups remain as family parties but in the
open these parties tend to form larger groups of two or three families
in each. On one exposed and almost trec-less hill near the research
station, the only shelter is limited to one small area in a large summer
range. Throughout the late winter of 1965, there were twenty-six roe in
this area, living and behaving as a herd until the spring.
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Perhaps, beeause of this tendeney for deer to herd on open hills, the
red deer in Seotland are probably never as well segregated as those on
the continent. On Glen Fiddich 419, of all the groups counted during
the last four years' spring censuses, have been mixed. This figure does
not include yearling stags. On Rhum the figures are lower, being 349,
in the spring and 389 in the summer. The slight summer decline in
segregation might appear to be due to both sexes moving up to the
same high ground, where the grazings are more restricted, thus produc-
ing apparent aggregations of groups, with no obvious limits: and
certainly not sufficiently obvious in the limited time available during
a census (Lowe, 1061).

However, in terms of deer numbers, rather than groups, the differ-
ence is greater and appears to be real. In the spring of 1964, 502, of the
hinds were mixed with 589, of the stags, excluding yearlings. In the two
spring counts of 1965, the figures were 589, and 569, of the hinds associ-
ating with 609, and 549, of the stags respectively. This suggests that
the degree of mixing at any one time is probably roughly constant when
measured in this way. In the August count, 66°, of the stags were
found in association with 749, of the hinds; the smaller family parties
and some of the stags being almost the only strictly segregated groups,

Under this system, therefore, it appears that an individual of either
seX is under no compulsion to move far from its place of hirth through
social pressures,

Territory and home range

Territory in the original sense used by Howard (1920) and re-defined
by Burt (1943) as that part of the home range, protected *. .. by
fighting or aggressive gestures from others of their kind, during some
phase of their lives . . .”" has not been observed on Bhum; unless the
oecasional aggressive gesture made by one individual towards another,
usually of junior rank, when it approaches too closely and gets in the
way, indicates a system of micro-territoriality rather than one of social
dominance.

In the same way during the rut, the stags cannot be said to hold
territories as defined above, because they are not usually within their
own home ranges, and the hinds, rather than the area on which they
happen to be at any one time, briefly constitute the protected property.

Through marking calves in the neighbourhood of Kinloch, the anly
human settlement on the island, it has been possible to follow closely
the dispersal of some individuals and their success in establishing home
ranges. From these observations, it would appear that only the physie-
ally mature and breeding members of the local groups of both sexes
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have established home ranges and the limits to these are not strictly
defined except along the lower margins of their more important winter
grazings.

Because the total population is small in this area, normally consist-
ing of about thirty hinds and followers, it has been possible to identify
the few well-established and dominant hinds individually. For three of
these it has been possible, by experiment, to determine the limits of the
areas over which each is dominant in respect of the others, since their
home ranges overlap to some extent on the low ground. If these three
are labelled A, B, and C; hind A feeds and is fed scraps at the north end
of the settlement only, Hind B, probably the oldest of them, feeds on
all the grazings round the bay but is not given food anywhere. Hind C
also feeds on all the grazings, but is used to being fed seraps on one area
only at the south end. When all three are grazing at the north end and
food is thrown to them, all the deer within about 5 m of hind A, make
way for her. Elsewhere, except for the one area at the south end, hind
B is dominant to C throughout.

Normally, such responses are difficult to observe, except between
the old and the immature classes, because the relationships between
mature individuals are too well established.

Because of the configuration of A's home range in relation to the
others, these three hinds can only graze communally again when on the
highest parts of their summer range. B and C, on the other hand, have
overlapping home ranges throughout all the seasons of the year but are
rarely members of the same group by day. Beeause home ranges overlap
or separate to varying extents at different levels on the hill, the possible
combinations of groups or individuals are to some extent dependent
on season and prevailing weather conditions.

The possible compositions are further complicated by the explora-
tory movements of the immature individuals. This was well illustrated
during the 1964 census. Hinds B and C were in one party of eleven,
consisting of three stags, five other hinds and one unmarked calf, Both
their marked calves were in another party of seven, consisting of a
yearling stag, a marked hind with her first but unmarked calf and two
voung non-breeding hinds; the two groups being separated by about
400 m. The implications are discussed later,

The inconstancy of group size and composition due to movements
of this type has become increasingly obvious as the marked proportion
of the groups has been raised through calf marking. In the spring of
1965, two counts were made of the deer just south of Kinloch, the results
of which demaonstrate just how easily an impression of constancy might
have been formed if all the deer had been unmarked ; especially since
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1o-month-old calves closely resemble young hinds superficially. On
23 March 1065, the largest group was one of fifteen deer, consisting of
one vearling stag, ten hinds, one of which had a blue tag and two were
the marked yearlings of hinds B and C; and four calves, three of which
were marked, one with an orange flash and two with white flashes. On
I April 1965, the largest gronp was in the same place and was again
one of fifteen deer, consisting of one yearling stag, eight hinds and six
calves. But none of the hinds and five of the calves were marked, two
with orange and three with white flashes, The two marked yearling
hinds were this time with another group of seven, some 300 m further
woest.

Schloeth (1961) found a similar inconstancy amongst the deer in
the Swiss National Park, once he had a marked sample as a basis for
his observations. Within a year, he found that only 259, of the deer,
originally observed in the company of the marked deer, were still
present.

It is difficult to reconcile these observations with group territorial
behaviour, postulated by Darling (1837, pp. 68-70), when the only
relatively stable elements in each group appear to be the physically
mature individuals with their well established individual home ranges;
and none of these has ever been observed to assume overall leadership.

The present data do not suggest that there is any social organization
extending beyond the family and the mother's home range.

The distinctive and recurring pattern of distribution of stags and
hinds appears most probably to emanate from their social preferences,
which are guite different but complementary; the stags disliking and
the hinds preferring to be surrounded by other groups of deer.

Stages in dispersal
First year

Within a few hours of birth, most calves begin to explore their
hinds' home range, their first steps being in search of a comfortable bed.
Within about a fortnight these explorations include making brief
contact with other calves and groups of deer. These encounters may
elicit a variety of reactions. Very oceasionally it may be temporarily or
permanently adopted by another milk hind. In one such case on Rhum
the hind reared both calves successfully., More often, but still infre-
quently, a hind may allow a strange calf a drink, but normally calves
are suckled by their own hinds only and are repulsed by others. Later
in the winter, calves are more often observed, by themselves, with stags,
with other ealves or associating with other hinds. With the cessation of
lnctation, towards the end of March amongst the pregnant hinds, calves
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of both sexes are regularly found in the company of other groups as
already deseribed, suggesting a temporary disruption of family ties,
This situation tends to continue until after the calves are born in June.

If the marked calves, dying from natural causes each late winter,
are tabulated in accordance with the distances they have covered from
their original point of capture, it appears that the two sexes have quite
different behaviour patterns (Tables IV and V). The stag calves have
been found on average three times as far from their place of marking as
the hind calves and more than four times lower in altitude. On Inver-
mark a similar pattern of behaviour was observed in the severe winter
of 1862-63, when fourteen of the marked calves (seven stags and seven
hinds) died. The stag calves had moved on average 5-6 km from their
original positions of marking compared with 4 km moved by the hind
calves. Whether these movements signify that stag calves explore more

Tasre IV

Iistance between ariginal point of capture as a calf and recovery when shot or found
deqad

Metres Kilomatres Hample Mean
100 200 400 800 146 32 48 64 pize distance
() (k)
Age of stags
6 months i} 3 3 (2 (10} 1-1
1 year — —
- (i (2) 17
4 2 1 1 4 a0
1 I 1 2 07
] 1 | H -7
i — -
7 — =
8 I I 31
Age of hinds
& months (1y 2 (1 (4) 03
1 year (1) (1) 0-th
2 1 2 3 -0
H I 1 2 17
4 1 1 2 156
5 = e
i 1 1 06
7 | 1 1.2

Figures in parenthessa refor to deer found desd oontwith the shooting season.
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Tavre ¥V
Change i altitude from original poing of capture as a calf, when subsequently shot
or fowund dead
Sanple  Mean
Motrea gize  change
=305 —152 —70 £30 + 70 4+ 1624 30564 457  (n) {rmn)
Ago of stags
6 months (:3) 2y (2 @) (10 —104
1 youar — —_
2 (1) (L (2) -—122
3 £ 1 1 4 +213
4 H 2 —8
A 2 2 =15
i 'y =
T s =
L] 1 1 0
Agre of hinds
6 months (4) () ~23
1 year (1) (1) + 6l
Z a4 3 0
3 = 2 + 09
1 1 1 2 — 38
a = ==
1] 1 1 =76
7 1 1 - 183

Figures in parentheses refer to deer found dead outwith the shooting season,

extensively than hind ealves, react differently to approaching death, or
demonstrate a difference in parental behaviour is not known.

In general, calves, during their first year, explore most parts of
their hinds' home ranges but seldom stray far from them,

Second year

In their second year most yearlings suffer at least one period of
temporary expulsion at the time of parturition or mating (the rut). But
the variety of responszes observed together with the dearth of marked
breeding hinds, make any quantitative evaluation impossible at the
present time. Much depends on the breeding condition of the mother
and the sex of the yearling, but three main categories of behaviour can
be distinguished.

1. Non-breeding mothers and their yearlings. Hinds not pregnant
for a second year are termed yeld ; these usually continue to suckle their
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yearlings throughout the summer and in some cases until the following
November regardless of their sex.

2. Breeding mothers and their yearling hinds. Some yvearling hinds
have been seen to remain near their mothers throughout parturition
and to have rejoined them shortly afterwards. Others have become
completely independent and have joined other non-breeding hind groups,
usually in the neighbourhood; but normally the reunion is probably
delayed only for a few days or weeks.

3. Yearling stags. The yearling stags appear to be less acceptable
socially than the yearling hinds and are often seen singly or in loose
groups after leaving their pregnant mother. Almost invariably any
solitary antlerless deer encountered on the hill between June and Oeto-
ber will be found to be a yearling stag. Some of these yearlings leave
their mothers’ home ranges at the age of 9 months as deseribed and only
return for brief visits in the late summer. But most of them probably
rejoin their families sometime before September, During the rut many
of these yearlings are again forced to leave the family group temporarily,
although some are allowed to remain, being ignored by the stag holding
the gronp.

At present the percentage of yearling stags becoming independent
as a result of either of these two events is unknown. But, by the end of
their second year, it appears from the census figures that at least one-
sixth of them are no longer with their families. In the 1964 census,
21-4%, of all the yearling stags were on their own, with other stags or
with other hinds, in roughly equal numbers. In 1965, the figure was
16-89, .

However, with some groups containing as many as eight yearling
stags with only seven hinds, it appears likely that more than one of
them was a stranger, In another instance, two marked yearling stags
were counted with hind groups, to which they appeared to, but did not
in faet, belong. Sinee some single yearling stags may, moreover, have
joined hind groups on being disturbed before heing counted and classi-
fied, it appears probable that at least 259, of this class of stags have
become independent by the end of their second year.

In Holland, Eygenraam (1963) was unable to locate most of the
yearling stags expected during the 1960 and 1961 censuses, and since
the yearling hinds outnumbered the yearling stags by seven to one, it
suggests that most of them must have become independent towards
the end of their second year.

Third and fourth year
Until the introduction of a new type of ear tag in 1963, observations
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of movements made by marked 2- and 3-year-old deer were not possible,
because by that age the numbers on the tags had either fallen out or
were obscured by grease and dirt, only being legible in the hand.

Few marked deer have been shot, and those by accident, because
they are required alive for a full documentation of their development,
growth and breeding histories, ete. Data are therefore limited. But if
those available (Tables IV and V) are examined, they appear to indicate
that final dispersion is probably not complete before the end of the
fourth year.

During the third year, the disruptive forces, bearing on the family
groups at the time of calving and mating, appear to be more effective,
bt not total. The two 2-year-old stags found amongst the winter
deaths, although not strietly comparable with the other shot stags, were
both still in the neighbourhood of their mothers’ home ranges. Similarly,
the three 2-year-old hinds, shot in the early winter, did not appear to
be far from their previous home ranges. But being still on their summer
ranges when shot, these hinds were in fact probably independent.

By the end of their fourth year, both the stags and the hinds appear
to have moved as great a distance from their original point of capture
as that recorded by any other older age class. It also appears that both
sexes in this age class were higher up the hills than any other older deer.
The older stags appear to go no higher than the ealving and rutting
grounds during the months of August and September, the period during
which all the marked stags were shot.

The marked hindg, all of which were yeld, were all shot in the period
November—January. Although only very small samples are involved, it
does appear that there is a marked change in the relative height on the
hills after the age of 3 yvears, only one of the older hinds being as high
as the area on which it was marked as a ealf. This is in agreement with
Darling’s observations (1937, p. T4).

Whether this pattern of behaviour is maintained by hinds breeding
in their third year and calving in their fourth, is not known. One
marked hind did calve as a 3-year-old on Rhum in 1964, but perhaps
because there are no grazings between the highest parts of their summer
range and the grasslands near sea-level, no hinds have ever been seen
wintering much above the 100-150 m contour in that area.

CONCLUSIONS

The dispersal of deer on Rhum therefore appears to follow a definite
pattern and is perhaps never guite complete.
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During the first three years, the family ties are gradually dissolved
and the sub-adult 2- or 3-year-old moves up to the water-shed, which it
then explores during the summer months,

A home range is next selected from above and gradually established
below as it matures and begins to breed.

Ultimately, in old age, only the lower parts of the home range are
utilized and the summer range is abandoned.

SUMMARY

1. Information about the distribution, dispersal and social organiza-
tion of red deer on Bhum was gathered incidentally during a study of
their population dynamics between 1957 and 1965.

2. General daytime distribution of red deer in the catchment basins
of this mountainous island favours slopes and ground isolated from the
south with little or no distinetion between sex and age.

3. In spring, daytime distribution of the distinguishable classes,
stags, yearling males, hinds and calves, shows most of the deer (> 60%,)
below a height of 152 m with the stags the lowest class (av. 86 m). In
one summer count (August 1065) these positions were reversed, the
stags being the highest class (av. 280 m.)

4. Group size and composition by sex. On Rhum, where feeding
grounds and shelter are of assorted sizes and dispersion, average group
gize is about nine, and about one-third of the groups contain deer of
hoth sexes. Where the country is on a larger scale, as in the eastern
highlands of Scotland, group size is larger (ca 40) and more groups
(409} include bhoth sexes. By contrast, in mixed open and wooded
country, e.g. Holland and Sweden, groups are small—seldom more than
family parties—and the sexes are generally segregated.

5, Dispersal of young. From observations of individuals marked as
calves, there appears to be a gradual dispersal (perhaps stimulated by
enforeed separation during the periods of calving and mating) over the
first three years of life, the males tending to establish home ranges
further from their place of birth (av. 2-5 km) than the hinds (av. 1-4
km). Following the evacuation of the sheep stock in 1957, and with the
deer population being held at about 1 700-1 800 by means of an annual
enll (179, excluding vearlings), dispersal over distances of this order
appears to be independent of competition for food. Further, aggressive
behaviour of adults does not appear to contribute to dispersal. In fact
marked animals may be found sometimes with one group, sometimes
with another. There appears to be no group territorial behaviour, as has
been sometimes reported. Sinee, however, such movements probably
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underlie the problems of marauding and colonization and appear to be
greater in other parts of Scotland, this investigation is now receiving
special attention in preparation for similar work on the mainland,
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Most of the data from Silwood refer to sight records of marked
animals, which are preferable to the use of baiting points (as in trapping),
but suffer from some bias due to the non-uniformity of the habitat
resulting in differences in ease of observation, as well as the observer
being unable to give equal attention to all parts of the wood. Also the
squirrels’ habitat was not continuous beeause the woodland was small.
The linear movements observed (Table 1), however, were similar to
those found by Robinson and Cowan (1954), and K. D. Taylor (unpub-
lished), but were larger than those observed by Flyger (1960), probably
beeause most of his records were obtained by a method involving a high
density of traps, a method shown by Taylor (1963) to reveal only
relatively small movements.

Tasre 1

Clapures and sightings of all spuirrels, and range of movement of animals with over
nine records during the period November 1964 to October 1965

Bection of No. Mean Moan No.of Greatest distance Area defined by
population  of no.  no.  animals between ohasrvations
- of of with observations
mals eap- sight- more
tures ings than ® Mean Maximum Mean Maximum

records  {m) {m) {ha) {ha)
Adult & 18 3 o i 314 488 1-46 a-D4
Adult ¢ 14 G4 164 12 132 174 053 0-03
1964 born
juvenils 3 13 1] 20 10 214 G LERE. 1 1 -6
1904 born
juvenile ¢ 10 5.2 136 i 167 bLE.H] 0n-u7 215
1965 bormn
juvenile g 17 4-8 57 7 221 G581 077 1:82
1965 born
juvenile 9 L 2:8 2.4 1 (85) (140} = —
BEHAVIOUR

Little meaning ean be attached to range of movement without
considering behaviour; this has been well demonstrated by Eisenberg
(1962) in a study of two species of Peromyscus, when he showed how
their differing social behaviour was accompanied by differing breeding
performance and accounted for the constant, locally distributed popula-
tion of the one species and the fluctuating, quickly spreading population
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HOME RANGE AND AGONISTIC BEHAVIOUR
IN THE GREY SQUIRREL

JAN C. TAYLOR

Ministry of Agriculture, Fisheries and Food, Infestation Control Labaoratory,
Tangley Place, Worplesdon, Guildford, Surrey, England

SYNOPFSIS

Ohaervations have boon made on clearly marked grey squirrels (Scivrus caralinensis
Umelin) in o small woodlot. The range of movement of individual srpuirrels varied

according to sex and nge, and some of thess diffsronces have boon sorrelated with
agonistio and sexunl behnviour,

INTRODUCTION

During the 12-month period from November 1964 a study has been
made on the social behaviour of grey squirrels in an attempt to under-
stand their destructive habit of stripping living bark from trees, and
some interesting aspects are emerging. Most of the work has been done
in a 4} ha woodlot at Imperial College Field Station, Silwood Park,
Berkshire, where squirrels have been trapped periodically to maintain
a population individually identifiable by dye-marked pelage and toe-
clipping. Two hundred hours have been spent on observations, chiefly
from vantage points scattered through the wood, but also from a hide

overlooking a feeding point, where more intensive behaviour studies
have been made,

HANGE OF MOVEMENT

There have been several studies on range of movement of grey
squirrels; principally by Robinson and Cowan (1954) who observed a
range of about 20 ha for males and 2-6 ha for females, and Flyger
(1960) who by trapping and visual observation detected much emaller
ranges of 0-77 ha for males and 0-49 ha for females, Although estimates
of range vary, there is agreement that the grey sguirrel is a “home
range” species, and that the majority live in areas familiar to them for
most of their lives. There is also agreement that male range is greater
than that of female, and that juvenile range, which iz more erratie, is
probably associated with dispersal,

229
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of the other. In grey squirrels agonistic and sexual behaviour appear to
have great influence on their movements,

Agonistic behaviour

The most conspicuous form of agonistic behaviour is when one
animal chases another at speed round a tree-trunk and across the
woodland floor: under some circumstances this can be heard at a
distance of at least 100 m. Less conspicuous behaviour, such as avoid-
ance, is more difficult to observe and needs more careful interpretation,
requiring a knowledge of the system of visual, auditory and possibly
olfactory signals. The signals mainly associated with dominance appear
to be: narrowing of the eye, which is ringed by pale fur, bringing the
ears forward to expose the puff of white hair behind, raising of hair
along the mid-dorsal line of the back, erection of tail hair and flapping
the tail, paddling the hind feet, teeth chattering, and finally (that which
is important to this project), taking chips out of whatever is to hand,
which includes strips of green bark during March to August. Signs of
submission inelude : wide open eyes, covering white hair behind the ears,
relaxing tail hairs, avoidance by altering course or by rushing past at
speed, squealing when hard-pressed in a chase, and a high-pitched
growl, often accompanied by striking with the forepaws when at close
range (also found in the red squirrel by Eibl-Eibesfeldt, 1951). The latter
may perhaps be more a sign of defiance than submission as it is fre-
quently directed towards an unquestionably dominant animal, and it
is not a sign of dominance as Flyger (1955) describes for American
squirrels.

Observations made at feeding points indicate that there is a well-
defined scale of precedence which has been noted before by Flyger
(1955) and others. This seemed to be strongest between adults towards
juveniles, but in addition both sexes appeared to have separate social
scales which are loosely linked in such a way that the dominant male
takes precedence over all females, and the dominant female takes
precedence only over males low in the soeial order. Since the study is
still at an early stage it has not yet been possible to determine over
what area a dominant animal exercises its rank, nor whether males haold
it over their full annual range of movement, or only part of it, and
whether or not subordinate females assume dominance over higher
ranking animals when defending their broods. However, the relatively
few observations on dominance made other than at the baiting points
did not reveal reversal in the social scale. How the rank order is arrived
at is uncertain; open combat is unlikely since only one case of this was
seen, yet torn ears and hroken tails often oconr. The only fight witnessed
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oecurred between two spring-born juveniles disputing the use of the
feeding hopper, the movement was too quick to analyse, but appeared
to involve biting and seratching and was accompanied by much
growling. The number of chases heard per unit time each month perhaps
give a clue as to when the social order is determined, for these rise to a
peak in the late autumn and fall off to only one-eighth of this value in
June and the amount of chasing suggests that rank is decided before
actual combat ; one animal conceding to another by avoidance or escape.
Since many of these chases consist of a juvenile being pursued by an
adult it is probable that older animals are likely to be more dominant ;
this is borne out by examination of dominant squirrels. Chasing of
juveniles may also be one of the reasons for the erratic juvenile ranges,
as they may be attempting to find areas where adult aggression is
minimal,

It is interesting to compare the frequency of chases with readiness
to call at predators or intruders (such as myself); antumn ealling has
been noted by Hazard (1960) and Shorten (1962) and during the vear
at Silwood the frequency and origin of calls has been noted. As with
chasing, this reaches a peak in the autumn, falling to one-eighth of this
level in March, and Gordon (1936) suggests that the autumn ealling of
the pine squirrel is connected with a territorial system. Grey squirrel
calling, often heard at distances up to 300 m, is usually accompanied
by vigorous tail flagging. On one oceasion six animals, only a few metres
apart, were seen to call at the same time, apparently showing no
antagonism towards cach other, Flyger (1955) concludes that these calls
are purely alarm notes, but this does not explain their differential
frequency each month throughout the year. As with the pine squirrel,
the main activity at the time of most frequent ealling is burial of the
food erop; this suggests that it could be the period of annual stocktaking
suggested by Wynne-Edwards (1962), calling acting as a means of
population census and storage as a measurement of food availability.

Breeding behaviour

Range of movement and agonistie behaviour become more meaning-
ful when considered with breeding behaviour; when a female is coming
on heat she gives a eall similar to that heard in the autumn; this ean
bring males from a distanee of at least 100 m and in a short time there
may be as many as twelve animals, including some immature ones of
both sexes, following and chasing her through the trees. In chases
where I have been able to identify most of the animals present, the
animal nearest to the female is the most dominant male. The female iz
chased to the extremity of a branch or into a nest where she turns and
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holds off the leading male, and he in his turn tries to keep the other
males away ; while the male is thus engaged, the female may rush past
and be chased to another point. 1t is during the confusion of the chase
from one perch to another that copulation often takes place, intromis-
gion being accomplished without courtship by a male—not invariably
the leader—which succecds in eatching and holding the female for
perhaps a minute, during which time the other males stay still and
quiet and the female emits the defiant growls deseribed under agonistic
behaviour. In the confusion other ehases often develop after the wrong
female, and excited juvenile males have been observed to attempt
reciprocal copulation. These chases often lead the oestrous female away
from her usual range.

The larger male range appears to be connected with their behaviour
during the period of oestrus in the females, which at Silwood occurred
from late December to February and June to early July, During these
times males systematically search through the woodland sniffing along
“highway'' branches in the trees and along fallen branches and stumps
on the ground, sometimes cutting chips from them (also described by
Eibl-Eibesfeldt (1951) in red squirrel courtship), and approaching
females with a stilt-like walk which enables them to come close enough
to amell at the base of their tails, and later the ground below as the
female moves on, Males will often “*test” the same female in this way a
number of times before moving off, approaching her each time she stops
to dig in the leaflitter. Male searching activity, female calling, a short
grunting eall given by males after they have sensed a female on heat
and, apparently, a seent marker, all help to ensure the presence of a
number of males attending an oestrous female, That male behaviour
during the oestrons months accounts for their greater movements is
supported by the observed maximum linear range (including the seven
males with large movements), being reduced to less than the average
for the yvear, if the months of January, February and June are excluded
(see Table 1). During chases after an oestrous female there is consider

able antagonism between males, with a great show of the signals,
including chipping bark (alzo noted by Shorten, 1954) and, in June
stripping off shreds of living bark; up to 200 em? of green bark were
seen to be removed in this way

Much of the bark stripping at Silwood occurred a little while after
oestrus in the breeding period, and only oecurred at points where two
or more ranges of the seven observed summer breeding females over-
lapped. This suggests that this damage is also associated with breeding
females, and the only animal seen stripping bark at this time was a
pregnant female which had on several oceasions been seen chasing
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another summer breeding female. Defence of nest trece by hreeding
females is well known, and Robinson and Cowan (1954) report consider-
able aggression, particularly towards other females. It is interesting to
note that summer-breeding females are the last to maoult the tail and
ear hairs which are so important in displays of aggression,

The movements of the different sections of the population appear
to be closely conneeted to their behaviour, sexually guiescent animals
having medium overlapping range, breeding females having reduced
range connected with defence of nest trees and possibly
territorinl system, while fecund males have extended range connected
with the search for females on heat. Much of the bark stripped at
Silwood, amounting in all to about 1 m2,

a marked

was apparently connected
with breeding, but observations made at Wytham Wood suggest that
other factors are involved, sinee adult females and spring-born young
were seen returning daily to the same trees to feed on the inner layers
of bark. A habit which may also be connected is that of

gnawing supel
ficial bark from under the first branch of major trees, bhuot

as yet it has
not been possible to identify the squirrels concerned,
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A COMPARATIVE REPORT
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BYNOFPS1S

Theropithecus geladn, a cercopitheesid primate, ia found only in the mountains of
Ethiopia. This vegetarian inhabits the slopes of steep procipices ana gorges forming herds
of up to 400 strong composed of “ono-male groups”, “all male groups” and parties of
infants, juveniles ete. Under poor feeding conditions herds tend to Mragment into smaller
parties and many “one-male groups’ then forage separately. Herds may range up to
4 miles a day but do not return to the same cliff sleeping sites—rather they move along
u line of procipices for several days before returning. Although local populstions are
conpentrated in partioularly favourable localities, the one-male groups wander freely
and there is probably considerable interchange between herds. Hords show no delensive
behaviour of any kind in relation to other geladas and o male's aggressive behaviour
oeours in relation to his “harem’ only. Geladas never move far from eliffe and retreat
to them on the least alarm and for sloeping. Their rmoges are thus linoar—along the orag-
linea of gorges and escarpments. A herd is dispersed in such o way that females and
young remain nearest tho cliffs, and maoles, particulardy non-breeding and juvenile
individunls, form the periphery.

The social systom resembles that of Papio hamadryas clasely and that of Erythrocelus
patas to a lesser extent. Tt differs markedly from the botter known multimale troop of
Pupio cynocephalus sl Marcaea species, 1t is argued that these contrasting types of
socinl gystems in terrestrial open country primates aro essentinlly fanctions of habitats
difforing with respect to food availability, predation pressure and the availability and
nature of secure places for protect o sl Ell“("FI'IIEI-

INTRODUCTION

The gelada baboon (Theropithecus gelada) is a ground dwelling vegetarian
primate of open precipitous country found only between 2 000 and
5000m in the high mountains of central and northern Kthiopia.
Strictly speaking it would be better named gelada “monkey”, sinee
it is not a close relation of the typical “baboons™ of the genus Papio and
certain similarities to them in terms of ecological adaptation in morpho-
logy and behaviour may be regarded as examples of convergent
evolution. The animals are large (adult males may weigh about 45 Ib,
twice that of females: Matthews, 1956) and sexually dimorphie, the
adult males sporting lengthy dark brown capes from their shoulders
and enormous canines. The smaller females are not unlike macaques in
superficial appearance,
237
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The gelada was first “discovered” by the German explorer and
naturalist Riippell (1835) during a collecting safari in the Begemdir
provinee of Ethiopia in the last century. Apart from a few brief accounts
from skin collectors and taxonomie reports the animal has remained
unstudied in the field until the present writer's expedition to Ethiopia
in 1965, Two races have been deseribed, one from northern Ethiopia
and one from the eastern escarpment and the eentral highlands, but
local variations observed by the writer suggest that the distinctions
are not very meaningful. The name “T'schelada’ is given to the animal
only by the Amhara inhabitants of Begemdir where Riippell first
collected it

In 1965 a preliminary survey of the animal's ecology and behaviour
was completed and the results are being prepared for publication. The
present paper reports briefly on certain aspects of herd composition,
population dispersion and movement of interest in the context of this
symposium. A more detailed account will follow. C
studies in Ethiopia are planned for the near future,

Washburn and De Vore (1961) have pointed out the great interest
of comparative studies of ground dwelling African primates in view of
possible parallels between cercopithecid, pongid and protohominid
evolution in similar terrain. Apart from the forest dwelling gorilla and
mandrill, and the montane gelada, the terrestrial primates are savannah
or forest fringe animals, Of these Papio eynocephalus has been exten-
sively studied (Hall and De Vore, 1965) and preliminary accounts of
Papio hamadryas and Erythrocebus patas have appeared (Kummer and
Kurt, 1963; Hall, 1966). Gartlan is completing a study of the semi-
terrestrial Cercopithecus acthiops (Hall and Gartlan, 1965) and will begin

work on Mandrillus in October 1966, This study of the gelada provides

new information for the analysis of the markedly contrasting social

systems now known to oceur among terrestrial primates,

omprehensive

ECOLOGY

The Ethiopian highlands comprise an elevated tableland, rising to
near 5 000 m at Ras Dashan in Semyen, dramatically dissected into
enormous gorges belonging mostly either to the Blue Nile or Takazze
river systems. In the north and east the highlands fall away along
escarpments of tremendous height and grandeur into arid lowlands
which, to the east, rapidly disappear into the Danakil Desert, The
highlands have a temperate climate with a dry season approximately
from Reptember till June broken only for the small rains in April
(for details see Kebede Tato, 1064). Oceasional showers may, however,
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be experienced throughout the dry part of the year. In the main study
area, in the Semyen mountaing of Begemdir (between 3 500 and
4 400 m), ground frost was experienced before dawn on several days in
February and after storms frozen hail may lie for several hours in April.
The higher peaks may be white for several days during this month,
More severe climatic conditions occur during the main rains between
June and September.

Apart from taking small quantities of insects the geladas appear en-
tirely vegetarian, feeding mainly on grasses and bulbs. They oceur only
in the vicinity of precipices to which they run on the least alarm and on
the ledges of which they sleep. To study them it is thus essential to eamp
on the edges of escarpments and gorges and to observe the animals as
they move up and down them and along the cliff edges. On the eastern
gide of the highlands geladas were found mainly near the coliff-girt
summits of high erags (Ambas) occurring at intervals along the escarp-
ment and also on cliffs often very close to agricultural land. Some of
these localitics were aceessible by Landrover but in Semyen the finest
herds in most natural conditions were only reached during extensive
safarie by mule caravan.

The main study areas were (1) the districts of Geech, Ambaras and
Addis Gey in the Semyen mountains (February to April 1865), (2) the
gorge at Debra Libanos some 70 km north of Addis Ababa in Shoa
(May and July 1965), and (3) & chain of localities down the eastern
esparpment from Lalibela to Sendafa in the provinees of Wollo and Shoa
(Mount Abuna Joseph, Limba Amba, Dessye. Tarmaber, Ankober and
Aliltu) vigited in June 1965, (See Scott, 19565, for a map of High Semyen;
more correct map now in preparation. )

HERD SIZES AND POPULATION DISPFERSION

Geladas are gregarious and were observed in herds of up to 400
strong, These herds are, however, not social units of relatively stable
composition such as baboon troops. They comprise several types of
social unit, “one-male groups’ (see below), “all-male groups”, juvenile
groups and infant play groups which tend to separate easily, forming a
constellation of smaller herds which may later reunite to form the
original large congregation, The larger herds result primarily from
animals coming together on particularly favourable feeding grounds.
This is, however, by no means a passive aggregation (Allee, 1931) but
an active congregation dependent upon the animals’ responsiveness to
their fellows, Social responses tend to bring individual groups into the
vieinity of food.
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In Bemyen during February the harvests are being gathered and
threshing Hoors are in active use. Particularly large herds were observed
near the village of Ambaras and the animals gathered around threshing
tfloors where the food supply was particularly ample. The hillsides are
excessively enltivated in this area and erosion is heavy. Following the
harvests the soil bakes hard and there is little food. The animals
congregate on the few patches of dried sward left by villagers for their
domestic animals or wander up and down eraggy slopes too steep for
farming. Observations of population size in April, in the latter half of
the rainy season, showed numerical differences in population from
February. Near the villages of Ambaras and Addis Gey the population
as & whole was smaller but this effeet was not apparent on the high
plateau of Geech mountain where there is no agriculture: the animals
feed in a more or less untouched habitat of grassland dotted with tall
mountain lobelias,

In February twenty-four herd counts were made in Semyen, pro-
viding a maximum count of about 400 individuals and a minimum of
thirty (¥ = 156). In April, however, when thirty-five herds were counted,
the largest was only 300 and the smallest twenty-five (7 = 90). A
comparison between these two figures shows that in February
herd size was significantly larger than in April (x* = 17-69, significant
at 0-19). Leslic Brown (personal communication), who was in Semyen
in November 1963, saw large herds 300400 strong at that time. It
appears therefore that following the rains large herds pillage the crops
in agricultural areas and remain around the villages during harvest.
Later, however, as the food supply visibly deereases, the animals are
forced increasingly off the agrieultural land and decreases in herd size
oocur. It seems probable that the local movements involve shifts onto
gorge sides or into areas where grassland is more extensive. Since the
gelada never moves far from cliff edges any gap in the line of precipices
appears to impose a natural barrier to population movements. Neverthe-
less fairly large local displacements along gorges in Semyen are probable.

In other areas herds were counted late in the dry season. Food was
visibly scarce and herd sizes were small. Counts of eleven herds from
the eastern escarpment and Debra Libanos averaged eighty-five
individuals with a maximum of 200 and a minimum of forty. While
these figures are significantly smaller than counts from Semyen in
February they do not differ significantly from counts made there in
April. Local populations were, however, much smaller—an effect of
range and habitat restriction by intensive agriculture and human
settlement. In most of these localities shooting and/or trapping of
geladas oceurs on a scale much greater than in Semyen. In these arcas
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also the frequency with which one-male groups (see below) were
recorded moving separately from other groupings was especially high.
Thus, whereas in Semyen there were fifty-nine herd counts and thirty-
three of one-male groups, clsewhere there were only eleven herd counts
and thirty one-male group determinations.

All the available evidence thus suggests that the population dis-
persion of geladas at different places and seasons is largely a function of
food availability. With abundant local food sources large herds congre-
sate together—with food sparse and irregularly distributed the herds
scatter and a high incidence of one-male groups travelling separately
is recorded. While local human predation may also affect dispersion to
some extent this is considered a minor factor. Along the escarpments
and gorges cliff sleeping sites are commonly available and their relative
abundanee does not affeet the herd sizes under discussion. An observa-
tion especially pertinent to this conclusion was made near Debra
Libanos during the early part of the rainy season in July. The first
storms caused little visible change in the food situation and small
dispersed parties of geladas were observed. As soon as a carpet of green
grass appeared changes in dispersion were apparent. A rich gently
sloping meadow-land developed near a stream bed and the animals took
to assembling there in large herds of up to 150-200 individuals. All fed
eagerly and for many hours on the freshly growing vegetation. Else-
where, on the more barren gorge sides and on ploughed land, at this
time only relatively small parties were seen,

HERD COMPOSITION

Large herds consist of several types of social unit. The “one-male
group” (Kummer and Kurt, 1963) is the reproductive unit of a gelada
population. It consists of a large adult male, a group of females including
both mothers and non-maternal animals in all stages of the cestrous
cyele, variable numbers of juvenile animals, infants and babies and an
occasional sub-adult male often almost fully grown but not sexually
mature. In areas where the population is widely dispersed such social
units are the commonest, observed associating inconstantly with small
groups consisting wholly of large sub-adult males and mature males
(possibly old animals) not possessing “harems”. These “all-male
groups” likewise move independently from other units and show
considerable cohesion over several weeks.

In large herds the one-male groups become totally intermingled so

that to the casual observer their presence is completely disguised. In
fact that it took the writer five weeks of hard observation before he was
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certain of their presence. Evidence of the following types finally demon-
strated their occurrence without any doubt. (1) Groups were identified
by observing identifiable females (chest patches in contrasting stages of
oestrus; Matthews, 1956; Crook, in preparation) and their move-
ments. (2) While scattering widely throughout the herd the females
of a group periodically gathered close to their male and appeared
to interact sexually only with him. {(3) The group of females together
with their babies move synchronously with a male and independently
from other members of the herd both in space and time. (4) The
male normally determines the direction of movement of the group.
(5) Observation of a few well-known groups over periods of up to
# weeks reveals a considerable membership consistency. In two groups
studied an additional female joined the group during the period
but no females were lost. Juveniles and infants frequently move from
one group to another when the groups unite to join temporary herds.
In large herds juveniles tend to congregate together and infants form
play groups quite distinet from the overdispersed adults. Likewise in
large herds the all-male groups coalesce to form a well marked section
in which few females or young ever occur. One-male groups varied in
size from five to thirty monkeys with a noticeable, but not statistically
significant, trend to increased group size outside Semyen in areas where
shooting oceurred.

After several weeks’ observation it became possible to make counts
of the herd composition in terms of sex and age categories. These com-
prised adult males, large sub-adult males, non-maternal adult females,
females with babies, juveniles and infants, While every attempt was
made to make these determinations as accurate as possible, a degree of
error was inevitable and probably varied with the number of animals
and the distance of the herd from the observer. Repeat counts were
made until the best possible estimate had been obtained. Particular
difficulty was experienced in distinguishing large juvenile males from
females, especially when animals had their backs to the observer for
long periods. Since the distinetion between small juveniles and infants
depended on a size estimate, difficulty was experienced with herds at
differing distances from the observer. Results nevertheless showed
sufficient consistency to allow a reasonable confidence in the estimates,
Details are provided in Table 1 permitting the following econclusions.

(1) The adult sex-ratio in herds differed when herds in Semyen were
compared with those from elsewhere, more males being observed in the
Semyen. This is almost certainly the consequence of shooting, Adult
males are not only the largest animals in herds but also the boldest and
the last to retreat onto the cliffs. Near Debra Libanos in particular, army
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parties from a nearby camp used to shoot up geladas at irregular
intervals, doubtless selecting males as the main targets. (Semyen sex
ratios 1:2-4, elsewhere 1:6-9.)

(2) The socionomic sex-ratio for the “one-male groups” also re-
veals o higher proportion of females outside Semyen. Some of these
groups were extraordinarily large (one of thirty being recorded at Debra
Libanos) and only in those areas where shooting was reported were
groups ever seen being led by large sub-adult males. (One-male group
ratios in SBemyen 1: 39, elsewhere in areas where shooting was reported
1:8). The fact that in two areas outside Bemyen where shooting does not
occur (slopes of Mount Abuna Joseph and the monastery forest area at
Debra Libanos) the ratio was 1:4-6, resembling the figures from Semyen,
guggests that human predation is indeed the main factor producing the
differences,

{(3) When herd sex ratios are compared to one-male group ratios
relatively more adult males were counted in the herds. This is attributed
to the herd counts including large adult males otherwise oceurring only
in all-male groups.

(4) The ratio of adult females to maternal females in herds differed
little in the contrasting areas counted, although a slight increase in
mothers is apparent outside Semyen. Since the mean numbers for
infants and babies in Semyen herds in February-April summate to
18-8 individuals compared with a figure of 24-4 from herds outside
Semyen in March—July, the contrast is probably due to a higher inci-
dence of births in the early dry season yielding higher numbers of
females with babies late in the dry season,

(5) The ratio of non-maternal to maternal females is larger in one-
male groups than in herds. In Semyen this may be due to counts of
one-male groups being made mostly late in the visit there. The ratios
for one-male groups from shooting and non-shooting localities outside
Semyen are identical. A further analysis of these data is in preparation.

HERD STRUCTURE AND MOVEMEXT

A gelada herd shows a distinet organization that is not simply a
summation of seattered “one-male groups" and “all-male groups' into
a mixed population. A browsing herd is dispersed over a wide area but is
never seen more than a mile from the nearest cliff edges. Its organization
is intimately related to the position of the cliff. Nearest the edges
one observes parties of infants and small juveniles either feeding or
playing together interspersed among numbers of females and mothers.
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Seattered irregularly among them are several adult males, the leaders of
“one-male groups’’. As one traverses the herd away from the cliff edge
the numbers of infants and babies rapidly decrease while that of adult
and large sub-adult males increases until, on the outside flank, only
males are observed. The herd may be divided eonveniently into two
sections—the mothers, infants and females nearest the cliff and adult
and sub-adult males “inland” from them (Table I1).

Tasre IT

Proportion of individual calegories in two herds from sections near the cliff, furthest
Srem the cliff, and intermediate, expressed as percentages of animals sampled in each
section.

Geech, Semyen Mountains, January 1965

Near cliff Intermediate  Furthest from cliff

Herd A
Adult males 80 16-7 45-8
Bub-adult males 35 — ag.9
Fomales 345 33-3 -
Juveniles 190 25-0 25
Bahies 345 250 —

Herd B
Large males 28-3 h4-0 BR-2
Mothers with babies 717 45-5 10-8

During the greater part of the day a herd moves slowly forwards, its
speed determined by the numbers of individuals respectively sitting,
grooming, feeding or walking. A fairly regular sequence of speed changes
may be observed. Table II1 provides data showing the numbers of
animals in sample counts performing these four activities at half-hour
intervals. From such records we may eategorize the manner of move-
ment of a herd into several main types: Groom-sitting (usually in early
morning and late evening), Groom-feeding, Feeding, Travel-feeding
{(which may be fast or slow depending on the percentage of individuals
feeding or walking), and Travelling, the latter being a rapid cross
country march. During the typical record shown, extensive forward
movements oceurred just before recording was started and again at
roughly hourly intervals. Each displacement eontinued for 10-15 min
when the pace slowed as individuals sat down to feed. The following
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morning two main displacements occurred between 11.15 and 11.30
and again 2 h later. Throughout the day the main activities are feeding
and walking. Grooming oceurs mainly in the early morning and during
short rest periods throughout the day.

Forward movement is commonly initiated by the male section of the
herd—an inereasing number of individuals rising and striding forward
plucking up a food object here and there. After pacing approximately
300 m they settle down one by one and resume feeding. Sometimes,
however, individual monkeys get up here and there all over the herd
and move forward. Their going gradually activates the feeding animals
who likewise rise and move until eventually the whole herd moves
slowly forward. During Slow Travel-feeding movement oceurs through
the sporadic walking forward of individual males in the van. An animal
moves a few metres and sits down again to feed. Another monkey strolls
up behind it and, on reaching it, also sits down. Following animals very
rarely pass a monkey that has sat down so that forward speed depends
particularly on the distance the initiators walk rather than on the
number of them moving, There are no “leaders’”—first one then another
of the monkeys in front initiates a movement. It is apparent, however,
that males move more frequently, further and range outwards from the
cliff more than females and this greater activity accounts for their
relative positions on the ground and their role in activating movement.
Travelling resembles a forced march. 1t was seen once when a herd had
moved far from a cliff sleeping place and appeared anxious to retrace its
gteps, and frequently during March and April at Ambaras when the
food supply was scarce—the smaller herds then travelled rapidly from
one patch of dried sward to another or up and down over the gorge-side
erags in an evident search for feeding places,

In Fig. 1, the relative positions of the male and predominantly
female sections of a herd during a day’s ranging are shown. As commonly
happens the herd reversed directions in the middle of the day, this being
initiated within the rear part of the herd. The males followed and their
greater pace soon brought them back into the forward and “inland”
position characterizing the outward march. On the march one-male
groups often become sufficiently separated to reveal their identity
(Fig. 2A). A more confusing distribution of individuals during a herd
feeding period is shown in Fig. 2B.

DIURNAL ACTIVITY AND RANGING

The monkeys sleep on amall ledges on vertical rock faces. In Semyen
they show a preference for clefts and chimneys in the cliffs where the
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rock is broken by an abundance of ledges and often overshadowed by
an overhang. At dusk they climb down into these places and scatter in
small groups or singletons about the available ledges. Geladas are
seldom about before full daylight and only gradually disentangle
themselves from the huddles in which they spend the night to sit or
groom nearby. On deeply shaded cliffs they soon move out of the eold
air and elimb out of the mountain shadow into the sunlight where at
once they sit down and groom. Later the groups coalesce into the herd
for the daily ranging. In one area (Addis Gey) in Semyen a herd spent
the night on the slopes of a vast gorge where erags and cliffs were well
separated. This appeared to impose a considerable scatter on the groups
and on the following morning many single one-male groups and a few
small herds formed by the fusion of two or three groups were seen
moving in parallel up the gorge sides to the flat land above. Here they
eoalesced to form a large herd of some 264 individuals.

In the Semyen gorges in February the herds gradually climbed the
scarped slopes until they reached relatively flat land near the villages
in the middle of the day. They then reversed their movement and
returned slowly downwards for some part of the morning journey. In
late March and April, however, they remained below the villages on the
steeper slopes less denuded of food than higher areas. At Aliltu near
Addis Ababa small groups were kept low in a gorge by village boys at
harvest time (December) but in June, when the boys were less active,
they came up over the top of the gorge rim reputedly to work the
recently sown fields.

In Semyen and again at Debra Libanos a reversal of movement in
the middle of the day was frequently observed. Also in the late after-
noon in Semyen the animals often descended the eliffs into rich vegeta-
tion with trees where they drank. They did not ascend again exeept on
one day after a storm which had driven them to shelter in the vegetation
earlier. Herds on these gorges commonly moved west in the morning and
east in the afternoon. It appeared that they were avoiding moving
towards the bright sun. The pattern did not oceur, however, on
differently oriented gorges elsewhere,

The distance travelled in the course of a day varies with the locality
and time of year. Montane grassland herds appeared to have a fairly
stable long distance range every day while herds near villages at harvest
time moved only short distances and kept near the threshing floors,
One herd watched on the Geech mountain grasslands travelled for
3 miles outward in the morning and returned 1} miles in the afternoon
—a total of 4} miles in the day. Most herds probably do not move as far
as this unless feeding conditions are poor or the animals disturbed. In
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the same area and at the same time a herd in heather forest spent most
of the morning in one locality and travelled only about 1} miles in the
rest of the day. Herds do not normally return to sleep in the same eliffs
on succeeding nights and this is linked with the longer outward journey
compared with the afternoon return. On succeeding nights on sleeping
cliffs immediately below our camp at Ambaras we counted 14, 40, 14
(different animals), 60, 20, about 100, 20, 51, 0, 25, 21 and 0 monkeys,
thus demonstrating the inconsistency with which the ledges were
occupied.

Attempts were made to follow herds on suceessive days but this
revealed major difficulties. Herds split up so frequently into component
parties and one-male groups, and likewise show considerable seatter
along eliffs at nightfall that on successive days one is often unsure
whether a given herd is composed of the same animals, One well-known
herd on Ambaras was, however, found travelling slowly westwards
along the gorge for a period of 3 days covering about 5 miles leaving
pockets of monkeys behind it. It travelled out of the study area but
drifted back soon afterwards. Another herd at Addis Gey completed a
round trek of about 6 miles in 3 days, 3 miles out in one direction and
then back again. In general herds appear to drift up and down the gorge
sides over a range of about 4 miles. This figure is probably relative to
the Semyen gorge conditions reflecting distances of relatively unbroken
cliff rather than a behavioural characteristic. Hanging is limited to areas
near cliffs and must accord elosely with the topography. Open country
ranging such as that described for Papio by De Vore and Hall (1965)
does not oceur in the gelada.

Limitations on movement imposed by the availability of precipices
may also account for the distribution of local gelada populations in
Semyen. In a trek along a gorge near Ambaras few geladas were seen
on slopes that were far from cliffs. On Geech mountain likewise herds
appeared to centre on the bluff crags of Emietgogo and Kadardit,
tamer slopes being less frequently visited. These crags thus formed the
“gore areas” for local populations ranging in their neighbourhood.
These “demes’ probably consist mainly of one-male groups loyal to the
area. Nevertheless, the extent to which such groups may wander
independently, together with the absence of any herd organization
restricting entry and departure of groups, suggests that free interchange
between neighbouring demes is frequent so long as barriers to move-
ment (i.e. the absenee of cliffs) do not prevent it. Contrasts in colour
between local populations on different mountains certainly suggest that
wandering on a larger scale is infrequent.
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CONCLUSIONS AND COMPARATIVE DISCUSSION

The results of the 1965 expedition now permit a number of summar-
izing statements describing the manner of dispersion of individuals in
gelada populations.

(1) The gelada occurs in herds whose size varies in different places
and at different scasons, Herds are constantly dividing into smaller
parties, the main social unit being a “one-male group” consisting of a
large mature male, a group of females with their babies and infants and
occasional attendant juveniles. These are the indivisible units of the
population which form herds through congregation. Within the herds
juveniles and infants separate from the one-male groups to form their
own play groups and foraging parties but become distributed among the
groups again as the herd fragments. Many sub-adult and adult males
are not members of one-male groups. They collect into small units of
their own—the all-male groups. All-male groups and one-male groups
may scatter quite independently, and in some areas the population is
dispersed entirely in this way and herds are not seen,

(2) Geladas never move far from cliffs and erags to which they run
for shelter from weather and predators and on which they sleep. Typi-
cally geladas are found along the rims of precipitous gorges where such
protective features are unlimited for considerable distances. All gelada
movement and ranging is done with strict reference to topography and
the position of the cliff line.

(3) A large gelada herd shows a marked structure particularly
apparent on montane grasslands but still detectable around villages and
threshing floors. The herd section nearest the cliff contains intermingled
one-male groups, play parties of infants and small juveniles. Furthest
from the cliff large males and well-grown juveniles are found. When
moving a herd progresses in such a way as to maintain the predomi-
nantly female section nearest to the cliff edge. The movements take the
form of forward pulsations usually initiated by males in the van. The
rate of movement depends on the percentage of individuals sitting,
grooming, feeding or walking forward at any one time. Fast marches
of the whole herd were seen under poor feeding conditions,

(4) A day range probably rarely exceeds 4 miles. It ocours within a
narrow belt of country not more than a mile deep from the gorge edge
at any one time. The steep slopes of gorges down to about 2 500 m are
normally part of a ranging area. The animals move out and up from the
sleeping cliffs in the morning and back and down again in the afternoon.
The return journey is never as long as the outward journey so herds
move along the gorge edges on successive days. Sometimes the return
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journey is not apparent, the animals simply descending directly onto
cliff faces below them.

(5) On successive days a herd may move 5 or more miles along a
gorge rim before beginning to retrace its advance. The distance over
which a herd moves along a gorge is probably determined largely by
the presence of good eliffs, any gap tending to prevent further move-
ment,

(6) Likewise the congregation of the population into demes centred
on particular areas with fine cliffs, and which thus provide core areas
to local ranges, is probably determined primarily by eecological factors.
The tendency for groups to wander separately and the absence of any
mechanism for exclusion of groups from herds suggests considerablo
interchange between neighbouring demes when ecological factors allow
a certain amount of movement. Often, however, isolated demes were
diseovered centred upon remote erag-sided mountains (ambas) and sur-
rounded by country entirely unsuited to geladas. Colour contrasts in
pelage were noted between such isolated populations,

The above points reveal two main factors determining the population
dispersion of geladas: firstly the presence of cliffs or crags for security,
secondly the availability of food. Dependence upon a cliff-line imposes
(1) the linear nature of the range, (2) the division of the herd into two
seetions oriented with respect to cliffs, and (3) the splitting of the
population into demes centred upon a stretch of cliff functioning as
their core area, Under conditions of food abundance the one-male
groups and all-male groups congregate into large herds. Food searcity
at the end of the dry season eauses the following changes: (1) increased
fragmentation of herds into small parties; (2) one-male groups and all-
male groups wandering widely and independently from one another;
(3) an inereased rate of group travel; (4) reliance on food supplies away
from villages and bare harvested land.

Kummer and Kurt (1963) and Kummer (to be published) have
drawn attention to contrasts in social organization within the genus
Papio. Their Ethiopian studies confirmed Zuckerman's (1932) work,
mainly in the London Zoo, on the “harems’ of Papio hamadryas. This
species has a social organization based on a “one-male group” and very
strietly disciplined—a female wandering more than 5 m from the male
is chased and severely attacked. These groups rarely intermingle and
yet, in the main study area in Harar provinee, only rarely separated
from the sizeable herd. The groups centred activities on a limited num-
ber of sleeping sites but frequently changed their site every night. The
herds oceupying the area appeared to be divisible into several “troops”
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which, although corporately using the sleeping places, otherwise moved
separately and sometimes showed aggression to one another,

The hamadryas system differs from that of the gelada in the following
main ways: (1) gelada groups intermingle more in herds and although
males have behavioural means of integrating females (Crook, in
preparation) they do not physically assault them by using the hame-
dryas neck bite; (2) gelada groups may wander apart entirely inde-
pendently and in some areas the whole population is largely dispersed
in this way and no big herds are seen; (3) gelada herds do not appear to
contain mutually exclusive troops, differentiation between herds seems
to depend more on preferred ranges and the loeation of population
“demes"” around favoured oliff sites.

The recent work of Hall (1965) has revealed yet another type of
“one-male group’” among African terrestrial primates. Erythrocebus
patas of the open grassland savannah was studied in Uganda and the
populations found to be dispersed in large one-male groups mutually
isolated from one another at all times by oeeupying largely separate
ranges and showing mutual avoidance, The males play a special role as
sentinels for the groups and direction of movement is largely determined
by females., These remarkable monkeys furthermore scatter for the
night into isolated trees; safety in the open grasslands at night is a
matter of dispersion and erypticity since secure rock or tree refuges do
not oeeur.

Each of these three species thus has a social system based in its own
way on the “one-male group’ and all eontrast markedly with the better
known multimale troop system common to Papio cynocephalus and
species of Macaca (Table IV). The new discoveries effectively dispose of
Kommer's and Kurt's (19683) concern over whether in P. hamadryas the
one-male gronp might not be an ecologieal artifact. Certainly extended
studies are required before a thorough picture is attained but enough is
now known to reveal two basic grades of social life among terrestrial
primates.

In a survey of primate social systems, Crook and Gartlan (1966)
sugeest that the Aaemaedryas—patas—gelade type of social system is
basically an adaptation to sparse feeding resources seasonally more
limiting than P. eynocephalus and Macaca habitats. The one-male
group in such conditions is considered the most efficient social unit for a
sexually dimorphic population in which females are both smaller than
males and more numerous. This is becanse a smaller proportion of
available food goes to the individuals least econcerned with infant
nutrition and reproduction generally. In multimale units the large
males must take a much greater proportion of the food. The large size
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THE SPACE ORGANIZATION OF NUTRIA
(MYOCASTOR COYPUS) POPULATIONS

LECH RYSZKOWSKI
Polska Akademia Nauk, Zaklad Ekologii, Warsaw, Poland

SYNOFSRIS

A study of a nutria population, breoding in an enclosed marshy area of 182 ha, is
reported. During the study (1956-00) the numbers varied botween 445 and 2 000 gpoci-
mens. Nutria possess home ranges, but these are freely overlapping snd no territorinlity
i shown. Young snimals remain in family groups but adults aro solitary, The neata of
soveral individuals are intersporsed throughout s given sres, When population density
becomes high, the vegetation is damaged by the nutrias’ habit of concontrating their
feeding in particular placess. Two different factors determining movement away from
arvas of too-high concontration are suggested. In ono set of circumstances the lewel of
aggressivensss botwoen individuals becomes high and dispersal oeours before damage to
the vegetation. In other pircumstances high population donsitios are tolorated and
deterioration of the vegetation ultimately forces emigration to ceour.

RATIONALE, OBJECTIVES AND METHODS

Studies of population organization include both assessments of strue-
ture (density, distribution in space, age structure, ete.) and of interac-
tions between animals. These may be direct (e.g. fighting, co-operation,
parent off-spring contacts, ete.) or indirect (as when mediated by
changes provoked in the environment).

Because they have diverse evolutionary backgrounds, different
species of mammals are characterized by different types of population
organization. The different types of population organizations will be
expected in mammals according to whether individuals lead a solitary
life or live in herds, are nomadic or sedentary, exhibit aggressive
reactions to other members of the population or can tolerate them. In
turn the habits of animals can be modified by the environmental condi-
tions under which they live. Therefore, in order to form a picture of the
space organization of nutria populations an answer to the following
three questions should be obtained :

1. What iz the territorial behaviour of nutria taking into account

their type of population organization?

2. What are the environmental factors which promote closer con-

tacts between animals?

3. In what way do the contacts between nutria influence their

distribution?
250
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The investigations to be reported were carried out in an enclosed
marshy area of 192 ha, two-thirds of which was covered by sedge
(C'arex) and one-third by reeds. The area was intersected by a dense
network of canals and included a lake of 25 ha.

During the four successive years 1956/57-1959/60 a population that
varied between 445 (the initial number released in the spring of 1956)
and about 2 000 specimens lived on this farm. During the first two years
of breeding the animals were allowed to breed at will, during the next
two years the entire population was removed into pens for winter, and
then released on the whole area in spring.

Some supplementary data were obtained from nutria living on a
fish pond (carp) farm of 5 ha covered by Carex sp., Glyceria agualica
and Fguisetwm limoswm, The density of the population on this farm
was about seven animals per ha.

The data were obtained as follows: (1) direct observations on the
behaviour of nutrin; (2) eapture, mark and release methods. Five
trapping stations were chosen with thirty-five to forty livetraps per
station. The trapping period on each station lasted 10 days, traps being
checked every morning and evening. Fourteen 10-day trapping series
were earried out. To study the effect of removal of nutria from the
population eight 10-day series of trappings were conducted in which the
captured animals were taken away.

The lowest number of nutria eaught during a 10-day period of
trapping was seventy-six animals, the highest 158 animals. The follow-
ing age classes were distinguished: (1) up to 1 month of age; (2) from
1 to 3 months of age; (3) medium aged, from 3 to 6 months, and
(4) adults more than 6 months of age.

THE TERRITORIAL BEHAYIOUR OF THE XUTHIA

The analysis of seventy-nine cases where an individual reacted to
the approach of another individual has shown that the average recogni-
tion distance is 1 m. Then observations were made of the distribution of
nutria over the area covered by sedge, and the distances between adult
animals were noted. During thirty-seven periods of observation it was
learned that under field conditions 739, (of a total 582) of the individu-
als were dispersed more than 1 m apart, 8-8% were involved in pursuits
but 18-29 approached within the recognition distance. The nutria
which had come close to one another did not form stable groups but
after some time dispersed again which shows that they only temporarily
tolerate the presence of other animals and do not form close herd
relationships,



il

SPACE ORGANIZATION OF NUTRIA POPULATIONS 261

To support the conclusion that adult and mediom-aged nutria live
a solitary life the following observations were made: oats were put on
feeding posts (1 m? in area) and the number of feeding nutria was
recorded. Only 9-59%, of the adult and medium nutria tolerated close
associations under such conditions (total number of nutria observed 147).
The difference between the tolerance secore from field conditions and
from feeding posts is statistically significant (P < 0-05). The same type
of observations were made on the fish-pond farm. Close associations
were tolerated by only 3-89 (total 458) of observed nutria, From these
data the conclusion was drawn that a preferred food (oats) decreased
the level of tolerance between nutria, and by that token it is inferred
that they do not form herds.

Special experiments on the formation of groups of nutria were
undertaken, Five artificial groups of adult nutria were formed in boxes.
Any animal which started to fight was removed from the box and
replaced with an animal which did not show aggressive behaviour,
After 4 months the animals were released on the fish-pond, but the group
organization was not maintained and animals dispersed.

The analysis of the trapping records show that at all trapping
stations the distribution of eatches of adult females and males is
random. These distributions were computed for the first capture of an
animal in a given trap, recaptures of the same animal in the same trap
were omitted, The statistical analysis of the distribution of animals in
space was made with reference to a Poisson distribution where variance
(4?) is equal to the mean (m). To check the discrepancy of the empirical
data from theory the standard errors were computed in the manner
described by Greig-Smith (1957) and then the f test was used,

Due to the fact that the distribution of catches of adult nutria was
random it was concluded that adult nutria do not defend territories
(territory in the sense defined by Burt, 1943). If there were territorial
behaviour the catches of nutrin should show a uniform distribution,
The catches of medium-aged nutria showed in one case a clumped
distribution and in twelve cases a random distribution.

In order to ascertain whether or not medinm and adult nutria
restrict their movements to a particular area that they regularly
frequent, an analysis of all captures (including recaptures of the same
nutria in the same trap) was earried out. On four out of fourteen stations
adult males showed a clumped distribution. Adult females on ten out of
fourteen stations showed a clumped distribution and medium nutria
on seven out of thirteen stations,

The conclusion was drawn that adult females showed more restrie-
tion of their movements to a particular area than males,
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The next question to be investigated was how many nests a nutria
has in its home range. Of sixty-nine adult nutria which were directly
observed entering their shelter places at least twice, 399, had more than
one shelter place. Shelter places separated from one another by more
than 200 m characterized 189 of observed nutrias. The fact that the
shelter places of different animals were interspersed in the area supports
the conclusion that nutria home ranges overlap. But in gpite of the
interwoven pattern of nest distribution, animals did not enter the nests
oceupied by other nutria. If, by chance, such a situation occurred it
usually caused a fight between the animals. All the data presented
above concerned the medium and adult animals. Quite a different
picture was obtained from observations of young nutrias,

Observations have shown that young nutria up to 3 months of age
live in family groups. The percentage of single young nutria observed
in the field was 387 (from a total of 117). Single adults and medium-
aged nutria observed under the same conditions amounted to 739 of
the observed sample.

The distribution of eatches of young nutria always showed a
clumped distribution.

A more detailed analysis of trap records revealed the decline of
family bonds with the inereasing age of the nutria (Table 1),

Tanre 1
The decline of family bonds with age

Age of nutrin Poarcent of eaptures Total no. of
{months) captires
Hingle With mother  With other
nnimal of
BIMITIO BT
0=1 33-0 a1-0 360 114
1-3 870 -3 12-7 1042
36 B8-0 00 2.0 1143
Over 6 100-0 -0 0-0 3 142

On the basis of the above data one can characterize the type of
nutria population organization as follows: they are animals which live
a solitary life when adults, and they show an aggressive reaction to one
another, or only temporarily tolerate the presence of other members of
the population. The family forms an exeeption and strong family bonds
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exist between a mother and her young offspring. Nutria have over-
lapping home ranges within which only the nest is defended against
other animals,

THE INFLUENCE OF ENVIRONMENTAL FACTORS ON THE DISTRIBUTION
AND CONTACTS OF NUTRIA

It was found that the boundary between water and reeds is the most
attractive habitat for nest building. The centre of reeds and the
boundary between reeds and sedge are second in attractiveness. The
boundary between sedge and water are less attractive and the least
attractive habitat is the centre of the sedge (Hillbricht and Ryszkowski,
1961), This gradation of attractiveness is probably connected with the
shelter offered by the conditions of habitat but not with the species
of plant as such. The nutrias disperse very easily along the network of
canals,

Observations on the activity of nutria in a water canal have shown
that there is a high correlation between the number of swimming nutria
in a given part of the canal and the number of pursuits between them
{r = 0-81). From these data the conclusion was drawn that when the
configuration of the terrain produces more frequent contracts between
animals the number of fights is increased.

The same holds true in the clearings of vegetation made by nutria,
Nutria have the habit of eutting the vegetation on the spot where they
are feeding. Such spots attract other animals to feed in the same place.
This in turn inereases the chanee of animals meeting and stimulates
fights between them.

THE INFLUENCE OF POPULATION PFHENOMENA ON THE DISTRIBUTION
OF NUTRIA

The influence of the relationships between animals on their distribu-
tion can be divided into two groups: (1) indirect ones through changes
made in the habitat, and (2) direct influences springing from the
contacts between them.,

With regard to the changes made by nutria in plant cover, according
to the work of Hillbricht and Ryszkowski (1961) they were as follows:
on clearings made by nutria the growth of nitrophilus species of plants,
caused by overfertilizing, ean be observed. In addition the majority of
persistant plants are resistant to treading. The number of poisonous
plant species inereased from one to six in parallel with the intensity
with which eclearings were used. Where plants that are poisonous for
nutria were most numerous they covered 50-60%, of the cleared area.
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The conclusion may be drawn that the intensive feeding activity of
the nutria decreases the nutritive value of the plant cover and by that
token stimulates the dispersion of nutria to new habitats,

In order to study the direct influences of contacts between nutria
on their distribution an analysis of nutria dispersion into an area from
which resident animals had been removed was earried out (Ryszkowski,
19462). The results of this work ean be summarized as follows,

1. When animals are removed from an area, their place is taken
largely by specimens with the greatest tendency to migrate (adult
males).

2. When trapped animals are again released in the place of eapture,
migration through the area is lower than when they are removed,

3. From these two phenomena one can draw the conclusion that
the animals occupying a given area control the migration rate
of new animals into this area.

CONCLUSIONS

The impression of the space organization of the nutria population
under investigation that emerges from these investigations has the
following main features that are worth underlining. The nutrias have
overlapping home ranges with an interwoven pattern of nests. They
defend nests against other members of the population and show
aggressive reactions on meeting. The changes made by nutria in plant
cover cause a decrease in its nutritive value. This degradation is
encouraged by their habit of feeding in a spot where plants have been
cut off and so promoting over-use of the area. If their feeding activity
is evenly spread out over the whole area the plants will get the chance
to recover and there will be no change in species composition of the
vegetation providing the density of nutria is not kept too high artifici-
ally. Because of their aggressive behaviour when meeting they probably
control, to a vertain degree, the rate of immigration into the areas in
which they are resident. It is pertinent to mention that when about 400
nutria lived in the closed area of 5 ha for 3 months the tolerance to the
presence of other individuals within the recognition distance increased
twice in comparison with field conditions. This indicates that their
behaviour can change under conditions of overcrowding. Whether this
happens under field conditions is not known to me. But the possibility
of behaviour change exists and we can conjecture on two possible
developments when a population builds up to a large size.

In one case, when the animals’ level of aggressiveness is high, some
of them will start to migrate to new areas as a result of too-frequent
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aggressive contacts. But this could happen before destruction of the
plant cover.

In the second possibility it can be postulated that a decrease in
aggressiveness occurs and the animals start to migrate to new areas
following destruction of the plant cover.

One can think of other causes of nutria dispersion beside the two
deseribed above but I have no data to check them.
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Only Latin names cited in the text are indexed below.

A
Alopex lagopus, Arctic fox, 2-3, 168
Alouatta palliate, howler monkey, 100
A podemug agrarics, mouse, 125, 128
Apodemus sylvaticus, field mouse, 856,
g4, 8956, 113-134, 141
Arvicola, water vole, 116

B
Blarina brevicanda, short-tailed shrew,
134-1135

C

Canis audusius, side-striped jackal, 108

Canis familiaris, dog, 168

Canig latrans, coyote, 168

Canis fupus, wolf, 101, 168

Canis mesomelus, black-backed jackal,
165

Capreolus capreolus, roa deer, 219

Cercopithecus aethiops, grass monkey,
238

Cervus elaphus, red deer, 211-228

Chrysoeyon  brachyurus, maned
168

Clethrionomys, vole, 118, 121, 122, 124
128, 134

lethrionomys gopperi, vole, 125

walf,

l‘.-'.fr'!'hﬂ'uuum_r;n glareolus  brilannicus,
bank vole, 112, 118, 122, 134
J'!r.rhrmrmmlu_m i,r.l‘urrufrm skotnerensia,

Bkomer vole, 86, 90, 93-04, 96, 97,
B8, 889, 120
f.'.frfﬁra}a.un"iyn

127, 128

125,

refocanus, vole,

D
Ihdelphia maranpialis, opossum, 100
Ihesicipon Paraguayan
fox, 168

FUTROcErCIE,

E
Eothenomys, red bank vole, 119
Erythrocebus patas, patas monkey,
238, 263257

F
Felis sylvestria, wild cot, 148
Fennecua zerda, fennec fox, 168

G
Gorilla  gorilla  beringed, (mountain
gorilla), 86, 88, 92, 100, 1056

H
Heterohyrax, hyrax, 106
Homo sapiens, man, 4, 61-78, 101
Hylobates lar, gibbon, 100

K

Kobtus leche, lochwe, 102

L
Lagopus scoticus, red grouse, 168
Lr-;u.m americanus, snowshoe hare, 101,
104
Lyeaon pictus, Capoe hunting dog, 168

M

Muaecaca spp., macague, 253

Macaca radiata, bonnet macague, 100

Marmaoto monar, woodchuek, 115

Mandrillus gp., mandrill, 238

Martes cauring, pine marten (Amori-
can), 102, 145, 147, 148, 155, 156

Martes martes, pine marten, 148, 155, 156

Martes pennanti, fisher, 155

Martes rizosa, least weassl, 156

Microtus, vole, 116, 118, 121, 122, 123,
126, 130, 131, 133, 15689-160

Microfus agrestia, field vole, 80, 92, 118,
121, 122, 123, 126, 130, 133, 134,
148, 154, 156, 1589

Microtis arvalis, vole, 1256

Mierotus monfelelli, vole, 125

Microtus eclirogaster, vole, 126, 126

M rerotus pe .lul.*lrﬂr'rl-.lu'r'lr.v, vole, 125, 127,
131

Mus musculus, house mouse, 114, 116,
121, 122, 125

Mustela erminea, stoat, 143
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Mustela  frenata,
144, 140

Mustela nivalis, weasel, 143

Musiela zibellina, gable, 156

long-tailed wensel,

Myveaator coypus, nutria, 260-265

Nasua narica, coatimundi, 102

.\'_r.rl'n'r.u tilata Ir.l.l'-.--'.'_.ln.-.-.--..ul'.---‘_ racocon dog,
liks

()
Odocoilens hemionus, black-tailed deer,
102, 1046
Odocoileus virginianus, whitetail deer,
R, 89, 102
Oryetolagus cundewlus, rabbit,
120121

Chocyon megalotis, bat-eared fox, 168

101, 118

1!
Pan salyrus, chimpanzees, 3, 4, &
Td, 1M
FPapia spp., baboon, 86, 88, 00,
103, 104, 250, 252

1043,

Papio eynoeephalus,
100, 238, «

_x--l'lq.u b,

257

Papio hamadrijas, |.'ul||||.l|:|'_-.:u.' baboon,
288, 202257

FPeromyseus spp,, deer mouse, 116, 130,
131, 133, 230

Peromyscus  Doylii, desr mouse, 120,
125, 127, 185
Peromayscis gossypints, mouse, 125,

127, 128
& R -Ilr"rr'r'lr_l'l.'\‘. woiil deer mouss
120, 124, 128, 129, 134, 145

f'a PP L T rrlrlri'.l"qﬁjl'-’r-"f, diser TS,
114, 117, 125, 127, 128, 133, 135
Peromyscus maniculaius bairdis, prairie
o mouss, 1156, 118, 119, 123, 127

I romeyiecus nadalld, deer mouse, 128

FPeromyscrus polionotus, beach mouse,
118, 125, 127

Presbytis entellus, langur, 100, 103

Procavia, hyrax, 106

148

Pudoriva putorius furo, ferret, 23-44

Procyan lotor, racooon, 102, 124,

Foudoriua pruelariia pulorius, !.nl--l-u.l, a3
A

=
Serurus gpp., pine squirrel, 232
Seiiris  oarolinensis,
220214
Speothos venaticuws, bush dog, 168
Sevurves vadparia, Red squirrel, 231, 233

Soree araneus, shrow, 123, 126, 130

Erey Aol

T
Theropitheeus gelada, gelada
104, 236258

Tropidonotus natrir, prass snake, 123

baboon,

U
I reiis middenorfli, kodiac bear, 102
v

na viewgna, vieuns, 102, 105

Veelpes vulpes, red fox, 101, 168

2

Zapus, moadow jumping mouse, 134
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A
Age determination,
in Mustelidoe, 165
Agrression, 116
Agpressive behaviour,
in adult polecats, 28-31, 33-34
Agprossive play,
oomparison  with
3334
definition of, 24, 33
development of, in polecats, 31-32
inhibiting factors, in polecats, 33, 35
stimulating factors, in polecats, 32—
33, 36
Agonistic behaviour,
by dominant for territory mainten-
ance, 116-117
in grey squirrel, 231-232
Annual home range, 103
Anting, 83
Approach avoidance conflict, 47
Arctic fox, 2-3, 1688, 171, 172, 174
aee also Canidne

adult agression,

B
Baboon, 86, 88, 103, 104, 250, 252
biomass of, 80
density of, 86, 88
home range, 100, 103
sexual dimorphism in, B0
aee alao Gelada baboon, Yellow
baboon
Bank vole, 134
exploration activity in, 1
home site, 118
movement studies, 112

iy

Bark,
stripping,
by grey squirrels, 229, 231, 233-
234

Bat-pared fox, 168, 171, 1 174, 175
#ee also Canidas

Beach mouse, see also Deer mouse
home site, 118
range length, 1

Biomasas, 87

73,

T

&=d

| &1
e

K

Black-baoked j:.ln.'k.l.ﬂ. 168, 169
aee also Canidas
Black-tailed deer, 1006
home range, 102
Bonnet macague,
home range, 100
Breeding,
of polecats and ferrets, 24
Breading behaviour,
of grey squirrel, 232-234
Breeding range, 123-124
Bush dog, 168, 168, 171, 174, 175
see also Canidae

Canidae, 167-176

Cape hunting dog, 168, 171
see also Canidae

Cat, 3—&

Children,
exploration in, 61
play in, 61-78
sensory deprivation, 63

I"-hiru]lu.r:]_:tw', 3. 4, 5, 61, T8
home range, 100

Claw sharpening, 149

Climnate,
and movement of amall mammals,

1351306
and population, 135-136

Coatimundi, 92, 104
field wark on, 104
home range, 102, 103

Core area, 103-104, 106
in gelada baboon, 252

Coyote, 168, 171
see also Canidac

Coypu, see Nutria

TR

D
Daily movements,
of Boay sheep, 193—105, 2042006
Deer mouse, 120, 131, 133, 230
ageression in, 116
dominancs hisrarchy, 114, 123
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Deer mouse—aond.
habitat preferences, 120
homing, 134
range length, 126, 128
range sizes, 125, 127
sepaonal movements, 131
Defascation, 47
a8 activity measure, G0-51
in Canidne, 172
and exploration, 49-50
pine marten, 149
wild cat, 149
Demsity,
of mammals, 8687
Diversive exploration, 83, 78
Dog, 168, 168-171, 173
aee also Canidae
Dominant individuals,
deer mouse, 114, 134135
fiold mouse male, 113, 114, 115, 1148,
117, 123, 125-126, 130, 134
houss mouse male, 114
in Mustelidas, 150-153
rabhit, 119, 120-121
rod deer hinda, 221 :
territory labelling, 116-117
woodehuelk, 116

E

Electric shovk,

and exploration, 50

and fear in rats, 56
 Exploration, 45, 61, 121-122

defittitions of, 62-63

fear controlled, 47

nnd habituation, 62, 65

and mativation, 45-46

non-motivational theory for, 46

in rat, 45-57

in rodenta, 77-78

theoriea of, 6263
Exploratory behaviour,

in lion cuba, 14
Exploratory drive, 40

¥
Fear, 48, 48, 50
in rat, 4567

BURJECT INDEX

Fenneo fox, 168, 172, 174
sex also Canidas
Ferret, ses also Polecat
aggreszive behaviour, 2344
Field mouse, 113—134, 141
aggression,
in adult males, 116-117
in dominant male, 116
exploration netivity in, 121-122
St. Kilda, habitat prefercnee, 120
home range, 94, 05
home site, 118
movement studies, 112
range length, 126, 128
sonsonal movemoents, 130, 131
Field vole, 130, 133, 134, 149, 154, 1546,
159
breeding range, 123
and exploration, 121
predation of, 122
radioisotope tagging, 92, 126
relations with field mice, 119
weight ranges, 0
Fish ectoparasities, 2
Fisher, 156
Fooi of activity, 103

e
Came, 70
CGelada baboon,
evonlogy, 238230
field work on, 104
herd composition, 241-244
herd movement, 244-250
herd size and population dispersal,
235-241
herd structure and movement, 237-
258
Gibbon,
home range, 100
Gorilla [mountain), 92, 105
density of, 846, 838
home range, 100
Girasa monkey, 238
Girass enake, 123
Grazing partios,
of Soay sheep, 184-102, 200-201
Grey squirrel, 220-234
Group size,
in red deer, 210-220
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H
Habhitat proferences, 120
Hamadryas baboon, 238, 252-257
harem systom, 252-253
Hamster, 46
Harvest mouse, 133
predation of, 122
Home range, 86-106, 111-114
and death in Soay sheep, 198-200
definition of, 99, 103-104, 132-133
in mammala, 85
enrly estimates of, 112
and grazing in Soay sheep, 200-201
in grey squirrel, 220-234
and lambing in Soay sheep, 168
of lion, 11, 20-22
methods for estimation of, 124-126
and nests of nutria, 262
of pine marten {American), 148
predation influence, 122-123
recording methods for, 90-00
of red deer, 220-222
in Soay sheep, 170200
species comparisons, 100-102
in stoat, 144-148
in weasel, 144-149
see alao Territory
Home range groups,
of Boay sheep,
ewes, 184201, 208
rams, 201-204, 209
Home site, 118
Homing, 120-121, 134
House mouse, 114, 121, 125
aggresaion in, 116
predation of, 122
Howler monkey,
home range, 100
Hyrax,
home range, 106

I
Tdentifieation methods,
golads baboon females, 242
groy squirrels, 229
Mustelidas, 165
raceoons, 148
rod deer, 212
SBony sheep, 90, 183
Individual tolerance limits, 118, 119

Interspecific roactions, 119
Interspecific svoidanes, 13556
experimental, between desr mouse
and house mouse, 119
natural, between rabbit and hare,
118

K
Kitten, 4-5
Kodine bear,
home range, 102

L
Langur,
home range, 100, 1053
Least weasel, 156
Lachwe,
home range, 102
Lemming, 134
migration of, 131
Lifetime range, 91, 92, D, 07, 98, 103
Lion, 11-22, 105
and birth, 12-13
denaity of, 86, 88
greeting behaviour of cubs, 13, 156
hide, 16
introduction to pride, 156
and territoriality, 19-22
Living space, 133
Lomg-tailed weasel, 144, 149
Ludic behaviour, 81-62

M fotlc)
O s
o BEt 4

o
= lpavLcuTra -

Macague, 253
Malayan rata, 120
Man, 4
home range, 101
and play, 77
sensory deprivation in adults;
#ee also Children
Mandrill, 238
Maned wolf, 168, 171
see also Canidae
Marten,
home range, 102
Maze experiments, 406—47, 49, 51-55, 60,
57, 117
Meadow jumping mouse, 134
Meadow mouse,
home range, 123
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Metabolic energy expenditure, 87
Mice,
range aizes, 125, 127

Migration, see Seasonal movements
Mole,

and radiomarker, 92
Monkey,

monopolized zone, 106

sensory deprivation, 63
Monopolized zone, 1046, 106, 162, 208
Motivations, 45

N
Wecl biting,
in polecats, 25, 26, 27, 28, 30, 11, 32,
33
Neophohia, 73
Novel object,

approach pattern, 71-76
investigation of, by children, 8@, 70,
T1-76
and sound, 68, 65
and vision, G6-68
Nutria,
population organization of, 260-205

0
Ontogeny,
and plﬂ;}'t 64, 78
Oypossum,
home range, 100

| of
Paraguayan fox, 168
see alao Canidae
Patas monkey, 238, 263-2567
Phylogeny,
and play, 2-3, 7-8, 78
Fine marten, 149, 155, 156
Pins marten (American), 102, 145, 147~
148, 155, 150
Pine gouirrel, 232
Play, 1-8, 61, 63-75, 78
Vi,
in polocats, 2344
conditiona for, 3
dofinition of, 36
hunting,
in lions, 17-18
in lion eubs, 16-17
in lioness, 17

SUBJECT INDEX

Play—eont.
motor patterns of, 7--8
in polecats, 26-28
phylogeny of, 2-3, 7-8
and ritualization, 8
signals for, 34
in polecats, 27, 32, 33, 35
theories of, 4-6, 36, 6405
voluntary, 3
Play groups,
in golada babodm, 239, 242
Polecat, 23-44
play with man, 34
. young,
development of play patterns, 35
Population mambers,
intraspecific control, 115-116
and mental illness, 116
Prairie deer mouse, 115, 123
home site, 118
intragpecific tolerance, 110
range length, 127
see also Deer mouse
Predation, 122-123

R
Rabhbit,
dominancs hierarchy, 119, 120-121
home range, 101
safety distances, 110
Raceoon, 148
home range, 102
in telemetrie studies, 124
Raccoon dog, 168, 171
see also Canidae
Radioisotopes, 82, 118, 124-126
Radio transmitters, 02, 00, 124-126,
153
and raccoons, 148
Runge, !
of movement of grey squirrels, 220
230
Range lengths, 126-128
Range sizes, 125-130
gee also Home range
Bat, 45-57
sonsory deprivation, 63
strains differing in emotionality, 5
in T-maze, 46-47
wild, 48-40
in Yanaze H1-556, 606
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Red bank vale,
populations in Japan, 119
Red deer,
dispersal of, on Rhum, 211-228
Red fox, 168, 160, 171
home range, 101
see also Canidas
Rod grouse, 168
Red squirrel, 231, 233
Regular routes, 104
Rhesus monkey, 5
Rodents,
. and exploration, 77-78
Roe deer, 219
Rubbing and rolling,
in Canidae, 172-173

=
Sable, 166
Scent glands, 149, 173
Beont marking, 116, 150, 141
in Canidae, 167176
definition of, 168164
functions of, 175-176
in lion, 21
Beasonal dimorphism,
and biomass of small mammals, 90
Sensonnl movements, 103, 130-132
field vole, 131
red deer, 213-218
Begregation of soxes,
red deer, 210-220
Sensory doprivation, 63
Sexual dimorphism,
of gelada baboon, 237
of yollow baboon, B0
Sheep,
feral, on St. Kilda, see Soay sheep
Bhort-tailed shrew, 134-135
Bhrew, 130
breading range, 123

range length, 126
Side-striped jackal, 168, 168

#see also Canidae
Rignalling,

by dominant for territory mainton-

ance, 116-117

Bkomer vole, 86, 80, 93-04, 06, 7, BB,

249, 120 '
lifetime range, 96, U7, B8

Skomer vole—aeont. !
trapping of, 93-04, 06, 97, 08, 99
weight ranges, 80

Snowshoe hare,
home range, 101
usa of rogular route, 104

Boay sheep, 178-200
density of, 86, 89
field work on, 104
home range, 105
recording home range, B0-01
lifetime range, B
monopolized zone, 105, 106
use of regular routes, 104

Bocial hierarchy, 112, 114, 115
aee alzo Dominant individoals

Spocifio exploration, 62, 78

Htickleback,
courtahip sctivity of, 8

Btoat, 143-165

T
Tensing, ses Play, signals for
Telemetry, see Radio transmitters
Territorial behaviour, see Territorinlity
Territoriality,
and home range, 105
of lions, 10-22
of Mustelid fermales, 148
of nutria, 260-263
Territory, 133
abandoned, 145
in small carnivores, 143-165
defence of, by Mustelids, 149-150
definition of, 148, 1565
of red deer, 220-222
and sex relationships in Mustelidae,
1566-158
use of, by weasols, 1563-1560
see also Home range
Teatis,
condition of, in weasels, 150-151
Thompson's gazelle,
density of, 84, 80
Tracking, 112-113, 127, 128-130, 141
Transient individuals, 117, 119
lion, 21
in Mustelidae, 145, 148, 150-153,
158-161
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Trapping, 92-99, 112, 128-130, 135,
141, 144145, 230
feld mouse, B4, 05
nutrin, 260 '
and “spurious” home ranges, 93
weasels and stoats, 163-165
wood deer mouse, 128-129

U
Ugnnda kab, .
territoriality, 105
Urination,
in Canidae, 168-171
lion, 21
pine marten, 140
rat, 47
wild cat, 149
v
Vicuna,

home rnnge,,"li}ﬂ
territoriality, 105
Vital space, 133
Voealization, 1056, 106, 134
in polecats during aggressive play
27-28. 30

SUBJECT INDEX

Vaole, 118, 121, 122, 124, 126, 149
populations and mental illness, 116
rungo length, 128
range sizes, 126, 127

“T

Water vole, .
territory marking, 116

Wensel, 143-1685
and stability of the territorial

systom, 158161

Whitetail deer,
density of, 86, &0
home range, 102

Wild cat, 140

Wildebeaest,
density of, 86, K8

Wolf, 105, 188, 160, 171
home range, 101
see also Canidan

Woodohuelk,
dominance hierarchy, 115

Wood monse, 120, 135, 1064
range length, 126
swimming ability, 135
trapping study, 128-120

Y
Yellow baboon, 100, 238, 262-257



