of hunger. Lorenz
¢s as having predatory
gy specific, Riber (1950)
Leyhausen (1956, 1965) adds
t: Hawks are not cats, dogs, owls
d-the animals (and presumably com-
their behaviour) evolved independ-
ethaps not too surprising that
ory-instincts which operate independently
unger-are-not universal among predators.
awks are more closely related to
nd-grebes than- either of the latter are
ed to cats and dogs, and it does seem strange
‘a“motivational mechanism has evolved in
“Which-differs- from all other avian and
predators.
Iternative explanation exists: Hinde (1959)
- has'suggestéd that internal ‘drive’ is non-specific
and“acts merely to assure the efficient function-
inig-‘of “the “control - mechanism for behaviour
¢-also: Hebb 1949); helping to ensure optimal
‘of stimuli and-behaviour, and that specific
tors ‘such ‘as hormones and stimuli serve to
ge theintensities and probabilities of appear-
of various behaviours, presumably through
ting. or inhibiting-various neuronal path-
hus some predators might kill excessively
“the’ general stimulus environment, and the
possibilities for the expression of behaviour, have
been sub-optimal (as is the case with most
captive animals) and if stimuli (such as prey)
are then provided in abundance. This hypo-
thesis is being tested experimentally with mam-
malian predators in my laboratory. Also within
this theoretic:_il framework, prey animals might
rs i 0, or-perhaps even as an
warting a predator from com-
kof cating' previously killed prey.
crvations ‘of Leyhausen (1956)
5 nant with latter ‘hypothesis. It is
éasier for me “to visualize' differences arising in
evoliitioninr the probability that various neur-
onal pathways will be facilitated or inhibited
than it is to hypothesize that some predators
have evolved specific, predatory, motivational

meichanisms and other, very similar ones, have
not.
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runctions in different species.

§ behaviour by which glandular
eposited on the ground or onto
mal’s environment. Specialized
ds; producing apparently odori-
ons, are found in a majority of
¢ Schaeffer 1940; Grassé 1955;
1964; Tembrock 1968; Ewer
tailed studies of the occurrence
ifi certain taxonomic groups have
it (see, for example, Pocock 1910;

‘marking behaviour of a number of
¢en described, and it is clear that
t deal of variation between species
atterns involved. This"is partly due
itions on the body in which the
. The deposition of urine and
secretions of the sex accessory
“~glands, can also constitute
ur (see Ewer 1968a; Mykyto-
alls 1971). Kleiman (1966) sug-
ition of scent marking which stated
n be dispersed by urination,
he secretion of glandular
atter is usually associated with
f-body rubbing and in all cases
Id be distinct from normal actions
ning or elimination by virtue of
nd" quantitative changes in the
violr However, the latter point excludes
idental ‘deposition of scent as, for ex-
e from" the-interdigital glands found in
Ssélllny fuminants’ (see Pocock 1910; Miiller-
sma‘ﬁme 1971), or - the possibility that some
ot mammals may- mark burrows or runways
€y “fun- through' them (as in the shrew,
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SCENT MARKING IN MAMMALS

By ROGER P. JOHNSON
Department of Zoology, Edinburgh University

his paper reviews e)gperimenta[ and ﬁe!d studies on scent marking behaviour. The occur-
flects of scent marking are congxdergd in pamculgr, and a number of areas for further re-
‘made apparent. Marking behaviour in mammals is often stated to be ‘territorial’ or, more
play a role in territorial defence. In fact there is a shortage of evidence to support this
fthe relevant observations are anecdotal or interpreted with preconceived notions of
smind. While marking is clearly associated with aggressive behaviour in many species and

¢ be related in some way to territorial behaviour, its role in aggression is not understood.
there is-evidence to support a number of other theories of function some of which are un-
rritory. It seems that, as with any other mode of communication, scent marking has become
sein a variety of contexts. It probably has more than one function in any one species

Blarina brevicauda, see Pearson 1946). Schenkel
(1966) suggested that the term ‘marking’
should be used when a mark is set which persists
and can be perceived by other members of the
species and therefore make possible an indirect
contact between them. This review is concerned
with the occurrence and effects of these deposits.

The chemical composition of scent marks has
in no case been fully determined. A number of
authors have suggested that a pheromone is in-
volved in ‘territorial marking’ (Kirschenblatt
1962; Wilson & Bossert 1963; Gleason &
Reynierse 1969; Michael & Keverne 1968).
However, they disagree over the effect such a
pheromone might bring about. It is clear from
the data examined in this review that scent
marks can transmit various olfactory messages;
some of which may be found to involve the
action of pheromones. However, to suggest
that there is a pheromone specifically associated
with scent marking is probably misleading.”
Bronson (1971) has recently stressed that the
term ‘pheromone’ (Karlson & Liischer 1959)
should only be used in those cases where it is
reasonable to suppose that a single -substance
brings about a specific effect. Thus, in the case
of scent marking, use of the term is probably
inappropriate as the responses to scent marks
are not clearly defined and it remains possible
that the effects of scent marks are brought
about by a variety of olfactory cues. The com-
position of mammalian scent substances is
probably complex. The essential components
(from the point of view of the perfume trade) of
the secretions of the civet, Viverra civetta,
and the musk deer, Moschus moschiferus, ]:{ave
been identified but they have been used very little




ANIMAL BEHAVIOUR, 21, 3 JOHNSON: SCENT MARKING IN MAMMALS 523
% Bossert 1963). . None of these possibilities: o.-domestic cat could find their by giving the other animal a familiar smell and
ysis of the substances investigated and for most of +he nest using olfactory cues which it might thus help to resolve the approach/
an olfaction has been reported experimental evidence, In thie sifed in and around the nest, presum- avoidance cgnﬂlct of an encounter.
cowalee et al. 1969; Curtis et al. follows, data from field and 3 o-«';,mother. Rat pups have also been The location of marking points is thus not
Sohwarze 1971). of marking behngur are eval, e capable of orientation towards necessarily related to the boundaries and de-
{ to these theories. The mater; - ing from their nest (Gregory & fence of territory. In some cases their distri-
ction into three sections: (1) The om bution suggests that scent marks might be for the
behaviour is often referred to as marks. (2) ';[‘he‘ frequency of g ht be argued that the saturation of anjmal’§ own use. They may act as a means of
narking * (for example, Thiessen, to thg ‘motivational state of ‘th th the animal’s own scent (My}(y- orientation or cpuld have a psychological
d Lindzey 1968; Mykytowycz 1968), prevailing stimulus conditiong; %) serves to make the area familiar. effect on the animal's ‘sense of confidence’,
as- Schenkel (1966) has pointed out, of scent marks on the behay a) believes that an important func- The marking of other animals may be connected
niship: between marking and territory encountering them. : ¢ marks may be that their presence with the maintenance of group identity. More
tated. In some cases it may be that (1) The Locati 5 sense of security and ‘increases con- detailed studies are required, in the manner of
rs no relation to territory. For e Location of S - some instances scent is deposited that carried out by Mykytowycz & Gambale
¢ black -rhinoceros, Diceros bi- If scent _marlgs acted as a m i orientation within the territory. (1969), on the distribution of scent marks within
well defined marking behaviour defence it n}lght be] EXpecte 1967) showed that the rhinocer;)s an animal’s territory or home range.
territorial (Schenkel 1966). However, occur most frequently at the: ay and follow faecal scent trails, . i
ﬁc’ti;;rgg‘ogaﬂ(dng is often described as aries. Hediger (1949) commy aymjce are known to use urine (2) The Frequency of Marking Behaviour
f territorial defence, ie. warning other species deposit scent wher besfeldt 1950a; Reiff 1951). Ewer (1968a) stated that the factors which evoke
way (Hediger 1950, 1955; Lorenz  pect rivals; this would ten rtant to note that marking be- marking are obscure. There is, however, some
66; Ropartz 1968a; Harrison-Matthews territory borders. This is su = not occur only within the animal’s data on the effects of several factors on marking
“Mykytowycz 1970). This idea, besides mann’s (1955) report that th his is ‘evident from the fact that an frequency. These can be broadly classified as
g well established, is one of long standing, Lynx Iy(zx, and the wild c: mark in novel, laboratory situations those relating to aggressive ]gehqv1our, to sexual
metimes attributed to Goethe (1938) bury urine and faeces within le, the golden hamster, Mesocricetus behaviour, and to novel stimuli; these are dis-
“Uexkiill (1934), but is also to be found in deposit them conspicuously n %Hé gerbil, Meriones unguiculatus, cussed below. Marking, aggression ax_ld sexual
am’s (1884) account of the otter, Lutra In most cases, however, sce; ﬁthors) and also from observations in behaviour have a common physiological basis
nsis, in which he referred to property confined to the borders of “Eibl-Eibesfeldt (1953) recorded that to the extent that they are all dependent on the
arks acting as a warning to rivals to keep beaver, Castor canadensis, f Buropean hamster marked when in a sex hormones. The size and secretory activity
“away. However, contrary to the claims of some marking points are at the ed rritory, and Myers & Poole (1961) of the scent glands in several species are influ-
authors (for example, Ropartz 1968a), there is a but some are near the lodg ytowycz (1965) observed that rabbits enced by the sex hormones (sce, for example,
lack of evidence to support this explanation Richards (1967) stated that the B n neighbouring alien territories which Kupperman 1944a; Martan 1962; Mykytowycz
of scent marking. In fact, marking might play a C. fiber, marked the territori ametimes visited. 1962, 1965, 1966; Glenn & Gray 1965; Drydep
part.in any field of olfactory communication, he also recorded that marking b . & Conaway 1967; Stoddart 1972). In the gerl;ll,
and there have been a number of other sug- throughout <the territory. In on Other Animals Meriones unguiculatus, the frequency of marking

communication value. The ctolagus cuniculus, Mykytow
posed ones are listed below; (1969) have shown that m:

¢ i i i le is
cent marks are sometimes placed on other behaviour in both the male and the fema
5. Mykytowycz (1962, 1965) recorded controlled by the sex hormones (Thiessen,

ed by various authors, with found within the territory as ale rabbit will mark a female and, Friend & Lindzey 1968; Thiessen & Lindzey

e last one where reference is but are more frequent in the cntly, the female will mark the male 1970). Androgens affect matking through the

might act as: neighbouring colony. Mykyt the young. The female occasionally hypothalamus (Thiessen & Yahr 197?)EEXPeélii

(i) a deterrent or substitute for aggression, that the marking behaviour ] “in what appears to be self marking ments in which the olgactgr)é bullFsC t(:) t estgizezguli

to warn conspecifics away from occupied ably saturates the territory with lling: on dung hills (Mykytowycz & were ablated showed that ? as ryof v

territory; the whole area of the territory -(1969). Mykytowycz suggested that were also essential to thélplﬁllg en%l;:g it
(&) a sex aftractant or stimulant; probably common. It has beé: ur serves to identify individuals bya  ingbehaviour (Baran & Glickman 1370;

dour. Marking on other animals has et al. 1970). o o )
reported in lengxurs, Lemuridae (Petter There has been very little investigation ol{j th?
in the sugar glider, Petaurus breviceps frequency of apparently spontaneous 1i‘maxl' bng:
us (Schultze-Westrum 1965), the tree perhaps because it seldom occurs hm the a_nora
W, Tupaia belangeri (Martin 1968), the atory. Marking by the golden ban:g;t;er bi 2
goose, Helogale undulata rufula (Rasa familiar home cage appears to be 1 regu:h
1973), ‘and other examples may be found in in both the female (Richards 1966) an 3 e
Ewer (1968a) and Tembrock (1968). Spraying a male (Johnston 1970). A similar ﬁn%xlligllggs e?&g
conspecific with urine (enurination) appears to reported for the gerbil (Higgins, Glickman

(iii) a system of labelling the habitat for an scent ;ngks}zo:cura;vxﬁgsge;
animal’s own use in orientation or to case O the LUrope: ¥

zz;r%tain a sense of familiarity with an %ﬂ'ﬁib;iffelffml(ggg?id:;ﬂm

(1967) reported that the scent m
ceros, Diceros bicornis, were .l
less at random throughout th
It is also possible that, in some
with young may mark the nest

(iv) an indicator of individual identity, per-
haps including information on sexual
status, age, dominance, etc.;

(v) an alarm signal to conspecifics;

i i ; king
(v) Wynne-Edwards (1962) has proposed articular. There has been no d % fairly common in the rodents and lago- Isaacson 1967). However, the absence of marking
that marking has an epideictic fun(I:)tion: gf marking behaviour in this respe norphs (see review by Kleiman 1971). Kleiman ~ may be an effect of the tlz}bori:;;};ailézgﬁgﬁi

an indicator of population size. blatt, Turkewitz & Schneirla (19 Wggested that it acts as a form of reassurance it is probably morefrequent in a
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that-a dominant animal
hour during periods

the duiker, Cephalophus
maxwelli (Ralls 1969), the rabbit (Mykytowycz
1965; Mykytowycz & Gambale 1969), and the
mongoose (Rasa 1973). However, more data
on the frequency of apparently spontaneous
marking is required.

Marking and Novelty

Maljkjng'behaviour has been observed when
an animal is introduced to a new cage in the
case of: the tree shrew (Martin 1968), the green
acouchi, Myoprocta pratti (Morris 1962), and
in ﬂ}e bushy-tailed woodrat, Neotoma cinerea
acraia (Egoscue 1962). Marking also occurs
when a novel object is introduced into the home
cage. Martin(1968) reported, for example, that
the tree shrew marked an object placed in the
cage at once with the throat gland or with urine;
initially marking was intensive but it rapidly
dummsl_xed Similar behaviour has been ob.
served in the brush tajl possum, Trichosurus
?@ec’ula (Kwn 1967), the marsupial mouse,
DINIROpsis crassicaudata. (Ewer 1968b), and
11%;71:(1)1)& gerbily M. unguiculatus (Gallup & Waite

The frequency- of ‘marking as a response to
novelty has been the subject of some laboratory
studies on the gerbil. Baran & Glickman (1970)
obserqu male gerbils in a neutral novel area,
measuring 60_ % 80 cm, and reported a positive
acceleration in marking rate during the first 10
min, followed by a levelling off for the re-
mainder of a 15-mi1_1 trial. However, on exposure
to - on. the. following day,
peak after 5 to.7
Thiessen, Blum &

min “and - ‘then:’ decline
Lindzey (1970) tested rbils.for :5 min on each
of 11 co ecutive: days: it an'.area: measuring
100 cm2. They - found: that. marking by both
males and: females increased over.the 11 days
particularly between days I'+and 5. They aiso
four}d that_ the frequency of marking, within the
5~m{n period, changed  as testing proceeded.
During the first day, marking occurred most
towards the middle and end of the test period
but this pattern changed so that by day 5 mosi
marking occurred during the first minut’e and

by a system of olfactory labelling, -
Marking and Sex

Marking appears

factors which Suggest it might have

Development of markin
species it has been found
of the scent glands coincid
ity. It was reported, as ear}

rphism of marking, T ¢
g behqviour generally &
morphic; both sexes u

ands and markin,
to be sexually di

appears from the ob:
Swanson (1970) that
times more often
the gerbil, males
the females (Thie:
males mark ten t

servations of- Pay
males mark about:
than the females. In the'cas
mark about twice as often
ssen 1968), while in the r:
imes more than the femalés:

ariation in marking. Gland a¢
have been reported:
g the breeding season in .
ease in gland activity is sa
e European hamster, Cri
(Eibl-Eibesfeldt 1953), and in
Phodopus ~ (Vorontsov
oddart (1972) showed. th
se in the water vole, Arvicol

Gurtovoi 1959). St
this was also the ca

nsend (1953) found that during -the
owed a peak of marking
although it is not clear how this

however, marking activity is
no seasonal variation. Erlinge
1968) reported that the otter, Lutra

reported to show

. ich mates mainly in the late winter or
/utzlﬂ, :gglgg continued to mark throughout the
earywith a decline during the summer months
}‘\’ﬁy to August) when the animals were ob-
gerved to be generally less active. It has been
stated that the scent glands of the shrew, Blarina
previcauda (Pearson 1946), and the gerbil,
Rhombomys opimus (Sokolov & Skurat 1966)
are active throughout the year and are there-
fore not connected with breeding. In the squirrel,
Sciurus caroliensis, Taylor (1968) stated that
peaks of marking activity occurred outside as
well.as within the breeding season. It thus seems
that- there is considerable variation between
species in this respect. The point is well illus-
wrated by the observations of Quay (1953)
on the scent glands of five species in the genus
Dipodomys (kangaroo rats). He found that gland
size showed a clear seasonal cyCI'e related to
breeding cycle in two species, but in the others
there was no seasonal change in gland activity,
or,.a seasonal cycle with no relation to the cycle
of breeding activity. )

Thus, while in some species marking may be
related to breeding activity, in others it is not
confined to the breeding season and it probably
has other functions. There is, however, a lack of
data on cyclic variation in marking behaviour
(as opposed to gland activity) for the majority
of species.

Oestrus and marking. It has been shown that
ogstrous state may be communicated by ol-
factory cues (for example, in the rat, Le Magnen
1952; Carr & Caul 1962), and it is possible that
the scent marks of females carry this information.
If-this were so, cyclic variation in the marking
activity of females, related to their oestrous cycle
might occur. Beach & Gilmore (1949) found
that the urine marks of the female domestic
dog indicated her oestrous state to the male and
that she urinated more frequently when in heat.
Kleiman (1966) lists several other species in the
family Canidae in which the female only marks
at the time of oestrus, or with greater fre-
quency during oestrus. Grassé (1955) stated that,
In.many species, the glands of the female se-
creted most at the time of sexual receptivity.

“There appears to be no full investigation of
marking frequency and the oestrous cycle in
any species. However, there are a number of
Statements on this topic which are typical of the
State of much of the marking behaviour liter-
aure in that they are not accompanied by
SUpporting data and show some disagreement.
n the golden hamster, for example, it has been
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stated that the female produced less flank gland
secretion when in oestrus and did not exhibit
marking behaviour.(Brust 1953; Dieterlen 1959).
This was also reported to be the case in the shrew
(Pearson 1946), and possibly in the rabbit
(Mykytowycz 1966). However, the contention
of Brust (1953) and Dieterlen (1959) was
contradicted by Whitney (1963) who stated
that the flank glands of the female hamster
produced a secretion only when she was in
oestrus. Grassé (1955) also said that the female
hamster marked particularly when in oestrus,
but with glands in the genital region and not the
flank glands. Dieterlen (1959) recorded that the
female hamster marked with genital glands as
well, though he claimed that these glands were
sometimes active in anoestrous females as well
as those in oestrus,

It is clear that there is a need for a more
adequate investigation of this aspect of marking
behaviour. [Data included in papers by Tiefer
(1970) and Payne & Swanson (1970) appeared
to show that the female hamster marked least
when sexually receptive. However, in both these
studies, females were tested in the presence of
males as the primary interest lay in the inter-
action between males and females. Thus re-
ceptive females may have shown less marking
behaviour because they spent the duration of
the trial copulating.]

Marking is thus apparently related to several
sexual factors which suggests it might have some
sexual function. However, it has been shown that
in the golden hamster (see Kirkman & Algard
1964) and the gerbil (Mitchell 1967) the scent
glands, and therefore presumably the scent they
produce, are not essential to mating as it is
accomplished successfully even after the gland
has been excised. There appears to be no pub-
lished data on the frequency of marking in the
course of mating although some statements
on the subject have been recorded. Eibl-Eibesfeldt
(1953) commented that the male European
hamster scent marked on entering a female’s
territory prior to mating, and Whitney (1963)
stated that the flank gland of the male golden
hamster became damp with secretion when he
was sexually excited. Marking during sexual
excitement is reported to occur in the rabbit
(Myers & Poole 1961), the agouti, Dasyprocta
aguti aguti (Roth-Kolar 1957), and in several of
the lemurs (see Petter 1965; Jolly 1966). There is -
also some evidence that enurination in several
species of rodents and lagomorphs occurs
particularly during courtship (Kleiman 1971).
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Wwhile marking is related
to”sexual status (iie. séx; Sexual maturity, and,
in ‘some- cases, oestrous and seasonal cycles)
its function is not necessarily associated directly
with mating,

Marking and Aggression
" The mediating role of olfactory cues in ag-
gression has been demonstrated in mice (see
Mackintosh & Grant 1966; Ropartz 1968b,
and ‘the review by Bronson 1971), and it is
possible that such cues occur in the scent gland
secretions, and thus the scent marks, of other
Species: An association between marking and
ggression and dominance has been reported
for “a large number of species. Marking be-
haviour is related to dominance status; for
example, in the rabbit, dominant animals mark
more than those of lower social status (Myky-
towycz 1965) and the same is true of the gerbil
(Thiessen et al. 1971). Mykytowycz (1965) re-
corded an increase in marking activity when
rabbits engaged in aggressive encounters. Some-
times marking may serve as a threat or warning
in lieu of aggression, as in the account given by
Lockley (1961) of a dominant rabbit marking
immediately before it chased off a subordinate.
Other observations which support the suggestion
that marking and aggression are closely related,
have been reviewed by Ralls (1971) to whom the
reader is referred for further details. Some
additional examples are to be found in Ewer
(1968a). Ralls (1971) concluded that animals
appear ‘to mark frequently in any situation
where they are both intolerant of and dominant
to other-membe ‘the 'same. Species’. The
occurrence - -of ~:marking - conjunction with
aggression suggests-that it plays some part in
threat display, -and thus;” perhaps, in territ-
orial threat: However, it is important to note
that its effect in aggressive encounters has not
been determined. In some cases it is used inde-
pendently. of any territorial context as, for
example, in the observations of Mykytowycz
(1965) and Lockley (1961) referred to above,
where marking occurred in encounters between
colony members as much as between territorial
rivals. Further discussion of the role of marking
In territorial defence will be found in the account
of the responses of animals to scent marks,
Marking as a response to'an encounter with
conspecific is perl_naps closely related to scent
€mission as a reaction to an individual of another
species, perhaps as a means of defence. The
well-known example of this use of scent is found

in the behaviour of skunks and jt al

means of defence, and Hediger (1959):
the case of a captive lemur which
response to someone approaching its ¢

In some cases gland secretions mgs
posited as a response to a predator
effect of signalling alarm to conspecify

Valenta & Rigby 1968; Carr, Maj

Krames 1970; Carr, Roth & Am
Olfactory cues of this type might be
in scent marks. Miiller-Velten (1966) fo

(1971) found that the black failed deer "
ileus hemionus columbianus, released s

animal is in flight. There is, however, no &
mental evidence that scent marking is
communicate alarm; in fact, volatile t
emitted directly from the frightened anital
might be expected as this would provide a rior
rapid means of communication and the -
would not persist for as long as a scent mark
might. 3 8
Thus scent marking may be used as a threat
to other species as well as to conspecifics’ or
might, in some cases, function as an alai
signal. There is a shortage of information;’
ever, on the effects of scent marks in ‘the
respects. o

(3) The Responses of Animals to Scent Marks,
Response to Scent Marks of the Opposite Sex

Olfactory cues may serve to attract sex part-
ners to each other (see Le Magnen 1952; God-
frey 1958; Carr & Caul 1962 Bronson 1971).
Or may act as stimulants to sexual behaviour
(for example, in the golden hamster, Murphy &
Schneider 1970). Noble (1939) suggested ihat
scent marks might make an animal’s terfitory
sexually stimulating to the opposite sex; how-
ever, there is little evidence available for either
attractive or stimulating properties of scent
marks,

i cited in Michael & Keverne 1968)
ﬂ’gf Ezftg female cat in oestrus showed the
S“a'tterns of behaviour typical of her response
e ' male if she was placed in a cage recently
t?"u ied and marked by a male. It has been
gjgggsted for several species, that scent marks of
females attract males to them (for example, the
slow loris, Nycticebus coucang, Seitz 196_9, and
the grey squirrel, Taylor 1966). Beach & Gilmore
(1949) showed that urine from female dogs in
oéstrus was more attractive to males than urine
from anoestrous females and Donovan (1969)
found that the anal gland secretion of an oestrous
bitoh stimulated mounting by the male. Both

hese ‘signals would be deposited at the urin-
n-and defaecation points of an animal. Rowe
1970) found that mice, Mus musculus, were
attracted to traps by olfactory cues left by an
animal of the opposite sex which had previously
gecupied the trap, and Moore (1965) s_howed
that “the deer mice, Peromyscus mamcula_tus
and:P. polionotus, were attracted to a box which
had~ previously contained a female. These
observations show that a scent mark can act as an
dttractive stimulus to a member of the opposite
s¢x;-however, there is no evidence to show that
they"do act in this way in a natural situation.
As'with the use of scent as an alarm signal, it
would seem to be more adaptive to attract a
mate by a volatile signal rather than a scent
mark so that the animals are attracted to each
other directly rather than to the general area in
which they are living. Scent trails could be used
in this context but this has not been observed in
any species. Beach & Gilmore (1949) suggested
that this might occur in the case of the dog.

In opposition to the idea that scent marks
might serve to attract mates, it has been sug-
gested that a receptive female may be inhibited
from marking and thus cease to warn other
animals away (Harrison Matthews 1952). The
information on this aspect of marking is incon-
clusive and, once again, further research is
needed. There seems to be a particular lack of
data on the marking behaviour of females.

Response to Scent Marks of the Same Sex

The observations reported in the literature
of the behaviour of males when the scent marks
of other males are encountered, are reviewed
below divided into five categories of response.
 Avoidance of a scent-marked area, It is some-
mes suggested that scent marks warn other
ammals to keep out of occupied territory.
However, there appear to be no observations of
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animals withdrawing after encountering an alien
scent mark. Leyhausen (1965) said that there
was no evidence for a deterrent effect of scent
marks in cats, and it is well known that the
domestic dog does not withdraw from an area
scent marked by another dog (Scott 1967).
It was suggested by Leyhausen & Wolff (1959)
that scent marks might act ‘like railway signals’
to minimize encounters between individuals by
signalling how recently an animal has passed.
There is some evidence that this occurs in the
cheetah, Acinonyx jubatus, in which there are
no fixed territories but each group of animals
appears to avoid encountering other groups
(Eaton 1970). The scent marks of the otter may
also have this sort of effect (Erlinge 1968)
where intrusions, even to the centre of a neigh-
bouring territory, are probably common. In
fact, invasions of this sort into marked territory
have been observed in several cases. Eibi-
Eibesfeldt (1953) stated that a marking point
of the European hamster, while probably acting
as a warning, was never observed to frighten
another animal away and territorial intrusions
did occur. In the rabbit, also, visits are made
into the neighbouring territories (Myers &
Poole 1961; Mykytowycz 1965). Thus with-
drawal from a scent-marked territory is clearly
not the usual response. A more likely territorial
effect of scent marks is suggested below.
Modification of behaviour in response to a scent
mark. Some observations have been recorded
which show that when an animal enters alien
territory, a general modification of bchavlour
may occur. The predisposition for an animal on
home ground to win in an aggressive encounter,
and for the intruder to flee, has been known in
the context of the laboratory cage for some
time (see Dice 1929; Crawford 1939; Nice 1941).
In the field Mykytowycz (1965, 1968) has de-
scribed how a rabbit, upon entering alien
territory, becomes alert, moves with ‘an_altered
posture, ceases to feed and will flee from an
occupant of the territory regardless of the
rabbits dominance status within its own colony.
Similar observations have been reported for the
marmot (Miinch 1958), and in an experimental
study of the behaviour of the gerbil in the
presence of alien scent marks, Thiessen et al.
(1970) reported that the animals appeared to
become more hesitant and cautious. These
changes in behaviour might be due to olfactory
cues, particularly the scent marks, of the temt-{
ory occupier, but could also be a response to
any novel environment or to the absence of the
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animals own.scent. marks.. The relative import-
anee -of -these factors has not been investigated.
It seems probable, however, that although scent
marks do not cause avoidance, they may signal
that an animal is in foreign territory and pre-
dispose withdrawal in the presence of the
resident animal. It is thus reasonable to suppose
that in the course of repeated territorial en-
counters; scent marks of another animal might
acquire aversive properties through a learning
process. This has not been investigated experi-
mentally; but there is some support for the idea
to be found in the results of Nyby, Thiessen &
Wallace (1970).

. Approach to a scent mark. There are several
accounts in the literature of males approaching
the marking points of other males. This phen-
omenon is familiar to us in the behaviour of the
domestic dog and cat, but it also occurs in
species which appear to maintain a more ex-
clusive territorial system. An interesting ex-
ample of this is provided by the method of
trapping beavers related by Audubon & Bach-
man (1847) in which beaver castor (the pre-
putial secretion used in marking) is used as an
effective bait in the traps. Audubon & Bachman
also” stated ‘that beavers visited the marking
points of their neighbours, and Erlinge (1968)
reported that the otter made journeys which had
the apparent goal of investigating the scent left
by ‘other animals' at marking points. A labor-
atory test to determine whether alien scent
marks were approached or avoided, was carried
out by Baran & Glickman (1970). Male gerbils
were found to show a preference for shredding
paper-impregna i bum’compared
to either néutral i i
own sebum: Ba
approach tathi
}vﬁjs indicated’
essen, Lindzey-&:Nyby (1970) re orted
gnal; gerbils, but n’otrf‘emalgs,f sh)owe% ‘obvitgl?:
interest’ in a pad impregnated with sebum fro—xz\)

another male compared to a neutral stim
Rowe (1970) found that male house micu: I\;}:rse
attracted to traps previously occupied by un-
familiar males.

Thus the evidence suggests not only that
scent marks probably do not bring agoutaa\xlg?é?
ance by other males, but that the converse may
be true, i.e. that they have attractive properties.

Marking behaviour as a response to a scent
mark. In conjunction with an approach to a
scent mark, a marking response has been ob-

served in a number of cases, This ;

well illustrated by the domesg}élfié)sg’ 31131
reported in other members of theu
(see Heimburger 1959), and in the domy
(Leyhausen 1965). An animal may alg
whpn alien marking materia] is present
artificially. Aleksiuk (1 968) found that th
marked when it encountered alien casto,
had been placed in jts territory, and
(1968) reported that objects already ma;
tree shrews seemed to produce intense
when presented to others. Rasa (in
observed that if a mongoose was placec
alien cage ig immediately marked at . thy
marking points. That this sort of resp
elicited by the alien mark rather thag
properties of the marking site, and is.

Westrum (1965). He found that a group of
ghde.rs marked an object more when it
previously marked by another group of a
than if it was presented as a clean, noy
ulus. A similar finding was reported.-f
golden hamster (Johnston 1970) and the
goose (Rasa 1973). The increase in m
observed when an animal entered a cage alr
marked by another, unfamiliar animal;
found to be greater than that which oceir
after introduction to a similar clean cage.

‘Experiments with the rabbit showed th
alien faecal pellets were placed in the rabl if
home‘ territory or cage, they elicited intense
marking (Mykytowycz 1968; Mykytowyez. &
Hesterman 1970). However, if a rabbit was pl
in th; completely unfamiliar territory of ano
rabbit, it did not mark, although it did mark
in a socially neutral, novel area. In additio
has been reported that when a rabbit enters.a
territory which it regularly visits, some marking
activity continues to occur (Myers & Poole
1961; Mykytowycz 1965). These observations
suggest that the response to an alien scent mark
may vary according to the context in which itis
encountered. This may be an important consider-
ation for the inerpretation of laboratory studies
in the absence of field studies. It has been shown
by Nyby, Thiessen & Wallace (1970) that gerbﬂs
may learn to modify their marking frequency,
apparently in response to olfactory cues associ
ated with attack and defeat.

In some species, however, it seems that an
alien scent mark may be the primary stimulus
for marking behavidur. This possibly applies

¢ development and maintenance of the
unal marking sites of colonial species, as,
xample, in the desert cavy, Mlcrocav_la
salis (Rood 1970), several Heteromyid

“odents (Eisenberg 1963, 1964), the rabbit

IS : 9
Jvtowycz 1965; Mykytowycz & Gambale
%}g)(y?evgral species of zebra, Equus (Klingel
1667, 1968), and the mountain goat, Creamnos
é;icarzus (Geist 1964). In these cases the same
ing points are used by all members of the
oup: Of greater interest, however, are the cases
i which it has been observed that common
ing sites are used by animals living in
arate territories. Audubon & Bachman
47) included a description of how the scent
g sites of the beaver were located on the
rs of neighbouring territories; animals
‘both territories were alleged to contribute
m. FErlinge (1967, 1968) reported that
lished scent marking sites were common
dividuals in the district; animals visiting
deposited their own scent after investigating
ft by others, and Eaton (1970) observed
that'a group of cheetahs encountering the scent
s-of another group, inspected them and
arked the same place. Jolly (1966)
reported that lemurs, Propithecus verreauxi,
would mark a place which had been marked
some time before by the members of another
froop. Goddard (1967) found that the rhinoceros
was-mainly solitary but the home ranges of
individuals overlapped and several animals
used the same dung hills as marking points. A
form of communal marking is also reported
i spotted hyaena, Crocuta crocuta. Harris_on
Matthews (1939) recorded a case of a latrine
sitg“of the hyaena which covered an area of a
quatter of an acre. The social relations of the
animals using this site was not stated but pre-
sumably a large number of animals was in-

“of hyaenas containing as many as 100
animals had been seen. .
The establishment and use of marking points
common to a large number of animals would
appear to give support to the idea that they act
as loci for the general exchange of information,
assuggested by Seton in 1910. Odour is used as a
means of identifying individuals in the mouse
(Bowers & Alexander 1967), and the gerbil
(Dagg & Windsor 1971), and Kalkowski (1968)
has shown that mice can discriminate between
the individual scent traces left by others. Rasa
(1973) found that mongooses could be trained
to discriminate between the anal gland secret-
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ions, which are deposited as scent marks, of
different individuals. It may also be inferred
that information concerning individual identity
Is contained in the scent marks of other species
from the observation that when, for example,
two golden hamsters meet they investigate, in
particular, each other’s flank glands. This led
Petzsch (1951) and Lipkow (1954) to suggest
that a cue for individual identity was present
in the secretion of the gland. Behaviour whereby
attention is paid to the scent glands when two
animals meet, has also been reported in the
European hamster (Eibl-Eibesfeldt 1953) and
in the black tailed deer in which the tarsal giand
is the subject of investigation (Miiller-Schwarze
1971). It is probable that the communication
made through this behaviour also occurs when
the glandular secretions are encountered in the
form of a scent mark. Hesterman & Myky-
towycz (1968) found that human subjects could
discriminate between the anal gland secretions
(which coat the faecal pellets used in marking)
from different rabbits, on the basis of the in-
tensity of the odour, with respect to age, sex,
breeding condition and social status. Scent
marks may thus signal a number of pieces of
information about the animal which deposited
them.

A further explanation of the communal nature
of scent marks was given by Wynne-Edwards
(1962). He suggested that ‘the establishment of
special points to which animals go to deposit
their scent and seek that of their fellows’ had an
epideictic function. There is some evidence that
the frequency of marking may, in fact, vary
with changes in population density. Erlinge
(1968) reported that otters increased their
marking activity at times of high density. In
1 year, for example, the density of otters was one
per 3:6 km of river and about 80 per cent of the
marking points were being visited regularly;
in the following year the density fell to one otter
per 5+0 km and only about 40 per cent of marking
sites were regularly visited. It is also interesting
to note that Kock, Stoddart & Kacher (1969)
in their study of lemmings, Lemmus lemmus,
during a population peak, observed that large
latrines were formed along the migration routes.
These measured 20 to 30 cm in diameter and
were a few centimetres high, sometimes occur-
ring at intervals of several metres. It is not known
if an increase in marking activity by all individ-
uals was involved or if the size of the latrines
was simply related to the number of animals
passing them. Clearly the presence of the faeces



530 ANIMAL BEHAVIOUR, 21, 3

imulus. for an animal
owycz & Gambale

). 'showed " that: umber of -dung hills
in-airabbit colony.appeared to be related in some
way:to-ehanges in population size; this was not,
however, -the only factor affecting their fre-
quency. In another study on density and mark-
ing, this time with the chin gland of the rabbit,
Myers. et -al. (1971) reported some ambiguous
results which appeared to show that marking
increased when fewer rabbits were present in a
limited area. Also, it was reported by Thiessen
et-al. - (1971) that gerbils, housed in various
densities, showed a decrease in marking activity
in a.test situation, as the number of animals
housed together was increased. The results of
these studies are difficult to interpret but they
suggest ‘that the relationship between marking
frequency and population size may be an inter-
esting ared for further investigation. It has been
suggested that marking could affect the breeding
condition of a population of animals through the
ii;s;gbution of primer pheromones (see Ralls

Threat as a response to a scent mark. There
are. some observations of a threat display in
response to alien scent marks; they support
the view that marking itself contains an element
of -threat. For example, Eibl-Eibesfeldt (1953)
reported-that the European hamster ground its
teeth in a characteristic expression of threat
upon smelling the scent mark of another animal.
Similarly, Aleksiuk (1968) observed that the
beaver hissed when smelling an alien mark in a
manner which he believed to be associated with

t. A threat display i

is' also reportec
nstances: -th

d g

From the preceditig sections it is clear that a
number of events can: occur in Tesponse to an
alien Scent mark. Approach, investigation and
marking behaviour are probably the most usual.
The nature and strength of the response made to
a scent mark may depend on the social relations
and experience of the animals and perhaps also
on factors such as the time of year.

The Response of an Animal to its Own Scent
Marks

Finally, it is also relevant to consider the
effects an animal’s own scent marks may have
on itself. An animal’s own scent might act to
‘increase its confidence’ (Ewer 1968a), It has

been suggested that this effect

t of scé
it has been released as a response tom
fear, may have_ been fundamenta] to t}

scent marks could provide
liness’ for an animal (for example, Ej
feldt 1953; Mykytowycz 1968), but there
to have been no experimental investig
the response of an animal to 1ts own scen
The observations of the use of scent
ready mentioned, show that scent . m;
sometimes act as cues to the animal
posited them. The idea that scent mar]
increase an animal’s confidence is.:
by an anecdote related by Eibl
(1950b) in which a badger, Meles mele,
ended by a strange environment, was ca
the presentation of an object which had
scent on if.

Discussion

mental work. There is some evidence to.,
a number of different explanations of the
tion of scent marks. :
Marking is associated with aggression.
dominance in many species and this su
that it is involved in some way with threat
with territorial motivation. However, its
role in this context has not been determin
Some cases scent marks possibly occur
frequently at or near territorial boundaries
they do not appear to cause withdrawal or.
intruders away. It may be that they bring
a general modification of behaviour, in pa
lar a predisposition to flee, and it is pos
moreover, that scent marks might acqy
aversive properties; but these are both untes
hypotheses.
There is a limited amount of evidence
support the idea that scent marks might a
alarm signals, in that marking may occu
some species when an animal is frightened.
Scent marks may have some function as
ated with sexual activity but in what way
not. been determined. Marking is found t
connected with several factors related to br
ing (sexual-dimorphism, sexual maturity, poss:
ibly the oestrous cycle), and in some cases it may
be related to the cycle of reproductive activity.
In other cases it is not confined to the breeding

o and therefore some function unretated to
g is implied.

act that marking often occurs as a re-
o to novelty and that an animal may
‘mark throughout its_territory or range,
1 some support to the idea gl:gat marking is
el e to make the habitat familiar. There are
aftl %bservations which show that scent marks
?Sosb‘meﬁmes used in orientation, through the
?;:mation of scent trails, and perhaps also in
the orientation of young animals to the home

spons
scent.

sn;.;l . many species it is found that common

king sites are used by several individuals
3 kﬁmng points may be sought out and
appear to elicit marking behaviour. This might
be interpreted as indicating that scent marks
Actas sites for a general exchange of information.
It seems likely that scent marks can be used to
indicate individual identity and status, and in
some cases, where they are used to mark other
animals, a group odour may be involved. In this
respect ‘scent marks might play a role in the
territorial organization of a community. The
obsérvation that marking may occur as a com-
munal activity and also that the.frequency_ of
marking may vary with changes in population
size, taises the possibility that marking might
be mvolved in some way in the regulation of
population density. . . .

Thus it appears that marking behaviour ca
have a number of functions. In this review a
variefy of species have been used to illustrgite
the points made and it is probable that mark.mg
serves different functions in different species.
This i suggested, for example, by the variation
found between species in the relationship be-
tween cyclic changes in marking activity and
breeding.

Many species have more than one source pf
scent secretion, any of which might be used in
scent marking (for example, in the sugar glider,
Schultze-Westrum 1965; the tree shrew, Martin
1968; the rabbit, Mykytowycz 1968; and many
rodents have glands at more than one location,
see Quay 1965, 1968; Quay & Tomich 1963).
Marks originating from different sources may
have different effects. It was noted by Pocock
(1910) that even to a human observer, the odour
of four separate glands of the gazelle, Gazella
d"f’ cas, were distinct. There is experimental
evidence to show that different glands in the
ase of the black tailed deer (Miiller-Schwarze
Y7) and the mongoose (Rasa 1973) have
tparate  functions. Moreover, there

is no

JOHNSON: SCENT MARKING IN MAMMALS 531

reason why a single scent mark should not, for
example, signal ‘home’ to the marking animal,
act as an identity check for another member
of the colony, and signal threat to a foreign
male or the presence of a potential mate to a
female. A common misconception seems to be
that all scent marking behaviour can be treated
as analogous whereas in reality it is obviously
a diverse behaviour and scent marks can have
many functions.

The deposition of odoriferous secretions,
urine or faeces, to form a scent mark, is a part
of an animal’s system of olfactory communi-
cation. It is distinct from the release of a volatile
scent directly from an animal, in that scent is
deposited by specific action patterns, but it is
not necessarily distinct by any functional
criterion. In fact the relative permanence of a
scent mark compared to a volatile release of
scent, would result in it being particularly
adaptive in certain contexts, for example, in
scent trails or in the maintenance of social
organization perhaps through labelling territory.
However, the term ‘territorial marking’ is often
not appropriate because in many instances
marking behaviour is clearly unrelated to territ-
ory and in no case has its communication value
with respect to territorial organization been
determined.
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