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Abstract This study examines the hypothesis that sexual
selection has shaped patterns of olfactory communica-
tion in wild moustached tamarins, Saguinus mystax. Do
sex di�erences exist in frequencies and in the intensity of
scent marking, in the use of di�erent scent-marking
types, and in behavioural responses to scent marks?
Scent marking (anogenital, suprapubic, sternal) and
behavioural responses (sni�ng and overmarking) were
recorded in four groups (ten adult and subadult males,
seven adult and subadult females in all groups com-
bined) in north-eastern Peru. Frequencies and intensity
of scent marking were signi®cantly higher in female
tamarins. Males and females did not di�er in the use of
anogenital marking, but suprapubic marking was em-
ployed signi®cantly more often by females. Only 10% of
scent marks were monitored by another group member,
and only 5% were overmarked by another group
member. Most sni�ng of scent marks was done by
males, and males sni�ed at marks produced by females
signi®cantly more often than at marks produced by
males. Both sexes overmarked scent marks with similar
frequency, but females overmarked scent marks pro-
duced by males signi®cantly more often than those
produced by females. An increase in frequencies of scent
marking was observed in two females of one group after
the death of the reproducing female, but frequencies of
scent marking remained the same in the males of this
group. The female-biased rates of scent marking are
consistent with predictions made by sexual selection
theory for species with substantial male care for o�-
spring and strong reproductive competition between

females. However, a decisive test of the proposed role of
sexual selection will only be possible with more ®eld data
on patterns of olfactory communication in other cal-
litrichine species.
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Introduction

Whenever the sexes di�er in morphological, physiolog-
ical or behavioural traits that are not directly related to
survival or to the basic requirements of reproduction,
sexual selection is invoked as an explanation (Darwin
1871; Reynolds and Harvey 1994). Displays, ornaments
or weapons that serve to attract mates or that are used in
intrasexual contest may be either exclusively or more
strongly developed in the sex that competes more
strongly for access to mates (Darwin 1871; Andersson
1994). In mammals, it is usually the males that compete
for access to females and, accordingly, exhibit such traits
(Darwin 1871; Lincoln 1994; Clutton-Brock and Albon
1979).

Considerable attention has been paid to the role of
sexual selection in shaping patterns of visual and vocal
communication (e.g. Ryan 1985; Andersson 1994).
However, although it was already suggested by Darwin
(1871, p. 313) that ``odoriferous glands [have] been ac-
quired through sexual selection'', little attention has
been paid to the role of sexual selection in shaping
patterns of olfactory communication in mammals (see
also Blaustein 1981; Arnold and Houck 1982). Blaustein
(1981, p. 1007) suggested that in small mammals, odours
``are probably functionally equivalent to secondary
sexual characteristics'' and that ``sexual selection should
act upon these odours just as it acts upon visually con-
spicuous characters''. This reasoning is extended here to
include the behaviours that are associated with the dis-
persal of scents.

Dedicated to Dr. Gisela Epple, pioneer of research on callitrichine
behavioral biology, on the occasion of her 60th birthday

E. W. Heymann
Abteilung Verhaltensforschung und OÈ kologie,
Deutsches Primatenzentrum, Kellnerweg 4,
D-37077 GoÈ ttingen, Germany
e-mail: eheyman@gwdg.de, Tel.: +49-551-3851-123,
Fax: +49-551-3851-228

Behav Ecol Sociobiol (1998) 43: 37±45 Ó Springer-Verlag 1998



Scents play a signi®cant role in the social and sexual
communication of mammals (for reviews see Ralls 1971;
Eisenberg and Kleiman 1972; Mykytowycz 1972; John-
son 1973; Brown 1979; Brown and Macdonald 1985).
Scents of speci®c glands (or other sources of odour such
as urine, faeces, or saliva) are often deposited on a
substrate (or a conspeci®c) through highly ritualised
behaviours (e.g. Ewer 1968; Mykytowycz 1972). Exam-
ples have been provided for sexual dimorphism in the
development of scent gland organs, the frequency of
scent-marking behaviour and the chemical composition
of the odoriferous substances (e.g. Schultze-Westrum
1965; Payne and Swanson 1970; Goodrich and My-
kytowycz 1972; Jannett 1986; Thompson and Fadem
1989; Koprowski 1993).

Scents are also important in the social and sexual
communication of the Callitrichinae, the marmosets and
tamarins (e.g. Epple 1974; Epple et al. 1986). These
small (100±650 g) New World primates possess various
patterns of scent marking involving glands in the ano-
genital, suprapubic and sternal region of the body (Ep-
ple et al. 1986). In captivity, sex di�erences in the
frequency of scent marking have been identi®ed, with
females usually marking more often than males, partic-
ularly in species of the genus Saguinus (e.g. French and
Cleveland 1984; Epple et al. 1986). So far, predictions
derived from sexual selection theory have not been ap-
plied to examine patterns of scent marking in callitri-
chines. However, callitrichines show characters in their
reproductive biology which would make such an ap-
proach particularly useful.

First, there is strong reproductive competition be-
tween callitrichine females. Breeding is habitually
monopolised by one female in each group (French 1997;
contributions in Mittermeier et al. 1988), although there
is increasing evidence from wild Callithrix spp. for se-
quential or simultaneous breeding by two females
(Digby and Ferrari 1994; Ferrari et al. 1996). Female
reproductive competition may be severe, even leading to
female-induced infanticide (Digby 1995; Kirkpatrick-
Tanner et al. 1996). This competition is probably caused
by the need for helpers to successfully rear the heavy
twin o�spring (Digby 1995).

Second, there is substantial male investment in the
o�spring (Baker 1991; Goldizen 1986, 1988; Rylands
1986; Heymann 1990a). This point is particularly rele-
vant in the context of sexual selection theory. Extensive
male care is likely to restrict the reproductive rate of
males (Clutton-Brock 1991) and thus to shift the ratio of
female potential reproductive rate:male potential
reproductive rate towards equality or towards higher
female rates. This, in turn, should increase mate com-
petition among females (Clutton-Brock and Vincent
1991; Clutton-Brock and Parker 1992; see also Gwynne
1991). One should therefore expect traits in callitrichine
females that have been shaped by sexual selection.

Moustached tamarins (Saguinus mystax) are the
largest member of its genus (for body mass data see
Snowdon and Soini 1988; Heymann 1997a,b). They live

in groups of 3±12 individuals (mean group size:
5.5 � 0.2), which usually include 2 (or more) adult
males and 1±2 adult females (Soini and de Soini 1990).
Only one female breeds in each group (Soini and de
Soini 1990). Social relationships are characterised by
very low levels of agonistic behaviour (Heymann 1996).
Olfactory behaviours include three types of scent
marking (anogenital, suprapubic, sternal), urine wash-
ing, muzzle rubbing, sni�ng of substrates or group
members, licking of marked substrates, and rubbing the
cheeks in urine of other group members (Heymann 1985,
1995a, 1997a; Heymann et al. 1989).

In this paper, the olfactory communication, speci®-
cally the patterns of scent marking and responses to
scent marks in wild moustached tamarins are examined
in the light of sexual selection theory. First, I address the
question of sex di�erences in frequencies of scent
marking. Second, since studies in captivity also suggest
sex-speci®c use of scent-marking types (e.g. French and
Cleveland 1984), I examine whether similar di�erences
exist in the wild. Finally, I examine responses to scent
marks, in order to elucidate whether communication by
scents is primarily addressed to the same or to the op-
posite sex, a feature which is relevant for the discussion
as to whether inter- or intrasexual selection or both are
operating.

Methods

Study site

Data presented here were collected during ®eld studies at two dif-
ferent sites in north-eastern Peru, the EstacioÂ n BioloÂ gica Quebrada
Blanco (EBQB) and the EstacioÂ n BioloÂ gica Padre Isla (EBPI).
EBQB is located at 4°21¢S 73°09¢W [this position was determined
with a Garmin GPS-45 and di�ers from coordinates given in pre-
vious publications (4°40¢S 73°W) that had been read from a map]
on the right bank of Quebrada Blanco, a tributary of the RõÂ o
Tahuayo. For details of the EBQB see Castro (1991) and Heymann
(1995b). EBPI is located on Padre Isla, an 8-km2 island formed by
sediments of the Amazon some 70±80 years ago near Iquitos. For
details of the EBPI site see Heymann (1990a), EncarnacioÂ n et al.
(1990) and Moya et al. (1990).

Study animals

The subjects of the study were four groups of S. mystax (QB-1, QB-
2 and QB-3 at EBQB, and PI on Padre Isla) whose compositions
are shown in Table 1. These groups were studied between July 1985
and May 1986 (QB-1, 365.8 h of observation), between June and
September 1990 (QB-2, 330.4 h), in August 1995 (QB-3, 160.8 h),
and between October 1985 and June 1986 (PI, 318.2 h before +
62.0 h after the death of one adult female on 20 January 1986).
Groups QB-1, QB-2 and QB-3 were living in interspeci®c associa-
tion with groups of Saguinus fuscicollis (see Heymann 1990b). For
further details of groups QB-1, QB-2 and PI see Heymann (1990a,
1996). Group QB-3 had been under observation since February
1994 (Knogge 1998; Smith 1997). All groups were habituated to the
presence of human observers. Animals were identi®ed using body
size and natural markings, e.g. size and pigmentation of genitalia,
and healed injuries (kink in tail, hole in ear lobe; see Heymann
1990a, 1996). Problems of individual identi®cation resulted mainly
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for adult males in groups QB-2 and PI, which in each case were
essentially similar in body size and testes size, and for the two adult
females in group QB-2, whose vulvas were the same size. The dis-
tinguishing feature in the QB-2 males ± a sti� ®fth ®nger on the left
hand of one of the males ± was often not visible during the short
and rapid scent-marking events.

There are reasons to suppose that none of the individuals
present in group QB-1 was still present in group QB-2, and that
none of the individuals present in group QB 2 was still present in
group QB 3. One of the adult males in QB-1 had a kink in the tail,
while none of the adult males in QB-2 and QB-3 had such a kink.
The female of QB-1 had extremely large labia majora throughout
the study period, never seen again in any other female. One adult
male in QB-3 had strongly asymmetric testes not seen in males in
QB-1 and QB-2, and the other adult male of QB-3 was still sub-
adult when the study by Knogge (1998) started in February 1994;
one adult female was subadult and the other a juvenile at the be-
ginning of Knogge's study. Therefore, we considered frequencies of
each individual as a separate and independent data point.

Data collection

The study groups were usually observed for complete days, i.e.
from the early morning when the tamarins left their sleeping site to
the afternoon when the animals retired to a sleeping site. Scent-
marking behaviour was recorded with a behaviour sampling
method (Martin and Bateson 1993); whenever I observed scent
marking, I recorded the number of scent-marking acts [� the
completed rubbing movement involving one of the scent glands
(anogenital, suprapubic, sternal)], the type of each act (anogenital,
suprapubic, sternal), the individual or age-sex class involved, time
of day, location within the home range, height in the forest and
type and orientation of substrate, the behavioural context, and
responses to scent marks. I could observe responses only if they
occurred within a period of about 4±5 min, since after this period
the group had usually moved on.

Data analyses

The analysis of sex di�erences in frequencies of scent marking is
based on scent-marking events. A scent-marking event may either
constitute a single act or an uninterrupted sequence of two or more
successive acts of the same or of a di�erent type. Di�erential use of
scent-marking types was analysed by comparing the proportions of
scent-marking events that included di�erent types. As a measure
for the intensity of scent marking, I used the number of acts per
event.

For the analysis of sex di�erences, only adult and subadult
animals were considered (scent marking was extremely rare in ju-

veniles). Subadults can be included in the analysis since their
marking activity may approach that of adults (Epple et al. 1986).
Individual scent-marking frequencies were calculated by dividing
the number of scent-marking events per individual by the total
number of observation hours for each group. The few events in
which the identity of a female was not established were deleted
from the analyses. However, events in which the identity of the
male was not clearly established were too frequent to be deleted
without biasing the result in favour of females. To make the
analysis as conservative as possible, all these events were attributed
to one male in each group, thus increasing the total variance and
making it more di�cult to obtain a signi®cant di�erence between
the sexes. To account for group di�erences in overall frequencies of
scent marking, standardised frequencies were calculated by divid-
ing individual frequencies by the group-speci®c mean frequency for
adult and subadult animals. Both frequencies and standardised
frequencies were subjected to a one-way ANOVA to test for sex
di�erences. Di�erential use of scent-marking types and intensity of
scent marking (de®ned as the number of scent-marking acts per
event) were analysed with the Mann-Whitney U-test, since these
data did not meet the assumptions for parametric tests.

For group QB-2, only data from the period after the disap-
pearance of one adult female were used, since females were not
readily distinguished before. For group PI, only data from the
period before the death of one of the adult females were used in the
analyses of sex di�erences. Data from both the period before and
after the death of one of the adult females were used to examine
changes in rates of scent marking in the remaining group members.
For the analyses of di�erential use of scent-marking types and in-
tensity of scent marking, one adult male in group QB-3 was ex-
cluded since it had not been observed marking.

To analyse whether the sexes di�er in their responses to scent
marks, all groups had to be lumped together, because the ®gures
would otherwise have been too low for statistical treatment. I
compared the number of observed and expected responses of males
and females with a G-test. Expected frequencies took into consid-
eration that e.g. in a group of two males and one female, reactions
to a male scent mark could come from one male and one female,
those to a female scent mark from two males but not from a female.

The death of one adult female in group PI provided the op-
portunity to analyse potential changes in scent-marking frequencies
in relation to the social change. Individual scent-marking fre-
quencies before and after the death were compared with a t-test; the
two adult males were lumped together for this analysis.

Behaviour sampling has the potential problem of incurring a
sampling bias against individuals that are less habituated to the
observer or that behave less obviously. I checked for such a bias by
comparing observed and expected age-sex class and individual
representation in scan sampling data with the G-test. No such bias
was apparent in any of the groups except for the males of QB-3
(Table 2). However, this bias would not a�ect sex di�erences.

Results

The sexes di�ered in the overall frequency of scent
marking, the frequency of use of di�erent types of scent
marking, the intensity of scent marking and the response
to scent marks.

Frequency of scent marking

Frequencies of scent marking were signi®cantly higher in
females than males (ANOVA: F � 9.33, df � 1, 15,
P < 0.01; Fig. 1). The di�erence between the sexes be-
comes even more pronounced if the di�erences between
the groups in overall frequencies of scent marking are

Table 1 Composition of the study groups [age-class determination
according to criteria provided by Soini and de Soini (1990)]

QB-1 QB-2 QB-3 PI

Male, adult 2 2 2 2
Female, adult 1 1±2a 2 1±2b

Male, subadult ± ± 1 1
Female, subadult ± ± ± 1
Male, juvenile ± ± 1 2
Female, juvenile ± 1 1 ±
Infant ± ± ± 0±1c

aOne female disappeared between 7 and 20 July 1990 while no
observations were carried out
bOne female killed by an anaconda on 20 January 1986 (see
Heymann 1987)
c Infant born at beginning of December 1985; died on 23/24 Jan-
uary 1986 after death of mother
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accounted for by standardising the frequencies (ANO-
VA: F � 14.76, df � 1,15, P < 0.005). In each group,
frequencies of all females except for the subadult female
in group PI were higher than the frequencies of males.

Use of scent-marking types

For males, the proportion of scent-marking events in-
volving anogenital marking varied between 75% [QB-3;
note however the very small number (n � 7) of events
in males, with only one event not involving anogenital
marking] and 100% (median: 95.8%); for females the

proportion was 99±100% (median: 100.0%). The dif-
ference is not signi®cant (Mann-Whitney U � 16.00,
N1 � 9, N2 � 7, ns).

The proportion of events involving suprapubic
marking varied between 0.0% and 4.7% (median: 0.0%)
for males, and between 0.0% and 13.8% (median:
11.1%) for females. The di�erence between males and
females is signi®cant (Mann-Whitney U � 6.50, N1 �
9, N2 � 7, P < 0.01).

Events involving sternal marking were extremely
rare. Of the ten events, six were observed in males, two
in females, and in two cases, the individual was not
clearly identi®ed. The small number makes statistical
testing unreasonable.

Intensity of scent marking

A scent-marking event may involve a single act or two or
more acts from the same or from di�erent scent-marking
types. Males and females di�ered in intensity, with fe-
males including on average more acts per event than
males (females: 1.274 � 0.103, males: 1.126 � 0.098;
Mann-Whitney U � 11.00, N1 � 9, N2 � 7, P <
0.05). If di�erences between the groups in overall
intensity are taken into account, the sex di�erence
becomes even more pronounced (Mann-Whitney
U � 8.00, N1 � 9, N2 � 7, P < 0.02). As with overall
scent-marking frequencies, in each group the intensity of
scent marking of all females except the subadult female
in group PI was higher than the intensity of scent
marking in males.

Response to scent marks

Response to scent marks may include sni�ng, licking
(usually only if urine was mixed with the mark), muzzle
rubbing and overmarking. However, most scent marks
did not elicit a response obvious to the observer and
only about 10% and 5% of scent marks were monitored
through sni�ng and overmarking, respectively, within
4 min. Licking and muzzle rubbing were extremely rare.

Males sni�ed at scent marks signi®cantly more and
females signi®cantly less often than expected by chance
(Table 3). Furthermore, males sni�ed signi®cantly more
often at scent marks produced by females than at scent
marks produced by other males than would be expected

Table 2 Statistics for the observed and expected representations of
age-sex classes and individuals in the scan samples (G-test, values
are Gadj)

QB-1 QB-2 QB-3 PI

Age-sex class 0.512 2.828 1.078 1.469
df 1 1 1 1
Males 1.127 0.063 27.760* ±
df 1 1 2 ±
Females ± ± ± 1.873
df ± ± ± 2

*P < 0.001

Fig. 1 Comparison of scent-marking frequencies (means � SD,
unstandardised) of adult and subadult male and female Saguinus
mystax

Table 3 Sni�ng of scent marks
Scent mark
made by

Number
of marks

Number of marks
sni�ed by

Expected number of
sni�s by males

Male Female

Males 146 2 1 13.7 Gadj = 11.762
Females 452 54 4 42.3 P < 0.001
S 598 56 5
Expected 37.2 23.8

Gadj = 14.982
P < 0.001
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from the frequency of scent-marking events (Table 3).
The number of sni�s by females was too small for sta-
tistical examination.

Frequencies of overmarking of scent marks in both
sexes did not di�er from expected frequencies (Table 4).
However, scent marks of males were overmarked sig-
ni®cantly more often and those of females signi®cantly
less often than expected (Table 4). While males over-
marked male and female scent marks according to ex-
pected frequencies, females overmarked male scent
marks more and female scent marks less than expected
(Table 4). However, given the small numbers, these re-
sults should be treated with caution.

Licking of scent marks (probably when urine had
been voided with the mark) was extremely rare and
observed only in males, and was directed exclusively to
marks produced by females.

It is highly unlikely that immediate responses oc-
curred later than 4 min after the scent-marking event.
The group usually had moved on within such a period.

Changes in scent-marking frequency
after the death of an adult female

The adult reproductive female of group PI was killed by
an anaconda on 20 January 1986 (Heymann 1987).
Within a few days after this event, there was a notable
increase in the size of the vulva of the second adult fe-
male, and later also in the subadult female. Both females
showed a signi®cant increase in scent-marking frequen-
cy, while no change was noted in the adult and subadult
males (Fig. 2).

Discussion

This study demonstrates for the ®rst time sex di�erences
in scent-marking behaviour of a wild callitrichine pri-
mate. Adult and subadult females show signi®cantly
more frequent, more diverse, and more intensive mark-
ing than adult and subadult males. This is in line with
®ndings in di�erent tamarin species in captivity (Box
and Morris 1980; Coates and Poole 1983; French and
Cleveland 1984; Heymann 1985; Castro 1990; Rohrhu-
ber 1990; Buchanan-Smith and Jordan 1992; for review

see Epple et al. 1986) and con®rms predictions made by
the theory of sexual selection.

In callitrichines, females compete for the usually
single reproductive position in each group. The ultimate
factors leading to reproductive monopolisation in calli-
trichine groups are not yet well understood, but com-
petition for male helpers may be a key factor. Garber
et al. (1984) and Koenig (1995) have shown that female
reproductive success (measured in terms of infant sur-
vival) correlates with the number of adult males present
in a group. While this does not necessarily imply that
females also copulate with all males, polyandrous mat-
ings have been observed in several studies (Goldizen
1987, 1989; Soini 1987; Ferrari 1992; Baker et al. 1993;
Garber et al. 1993; Heymann 1996). Competition be-
tween males for females is probably less pronounced
than in other primates. There is generally very little
agonistic behaviour between males, but mate guarding
during presumed oestrus periods of the reproductive
female may occur (Soini 1987; Goldizen 1989; Baker
et al. 1993; Heymann 1996). Male-male competition
may take place at the level of sperm, as indicated by the
relatively large testes in some callitrichine species (Har-
court et al. 1995). Competition between males might be
relaxed through the habitual twinning, with twins being
dizygotic and therefore potentially fathered by di�erent
males. Furthermore, co-operation between males may be
essential for successful rearing of infants. The lower level
of scent marking in males would be consistent with the

Table 4 Overmarking of scent marks

Scent mark
made by

Number of
marks

Number of marks
overmarked by

Expected number
of overmarks
by males

Expected number
of overmarks
by females

Expected
total number
of overmarks

Male Female

Males 146 6 11 4.4 Gadj=0.349 3.4 Gadj=8.814 7.8 Gadj=5.977
Females 452 12 3 13.6 ns 10.6 P<0.005 24.2 P<0.05
S 598 18 14
Expected 19.5 12.5

Gadj=0.144 ns

Fig. 2 Comparison of scent-marking frequencies of adult and
subadult males and females before and after the death of the
reproducing adult female of group PI
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presumed lower level of intrasexual competition. This
hypothesised relation between intrasexual competition
and scent marking would predict variation in the degree
of sexual dimorphism in scent marking in relation to the
degree of intrasexual competition in di�erent callitri-
chine species. At present, too few data are available from
®eld studies to conduct relevant analyses.

Competition for mates in one sex and mate choice
by the other sex are important components of sexual
selection and may act simultaneously (Johnson
1988a,b; Andersson 1994). In this case, the same trait
or signal may be employed in intrasexual contest in-
teractions as well as in courtship (Kodric-Brown and
Brown 1984; Krebs and Davies 1993). For example,
Jannett (1986) suggested that scent marking in male
voles, Microtus sp., aids in territorial maintenance
(intrasexual component) and in the facilitation of mate
choice by females (intersexual component). Similarly,
Gosling and Wright (1994) showed that scent marking
by male coypus, Myocastor coypus, is linked to intra-
sexual competition, but also suggested that females
should base their choice of a mate on information
provided by scent marks. In ring-tailed lemurs, Lemur
catta, male scent marking functions primarily in in-
trasexual competition, but for females a role in both
mate attraction and intrasexual competition has been
suggested (Kappeler 1998).

The patterns of scent marking and responses to scent
marks observed in this study suggest that a primary
function of female olfactory signals is the attraction of
males. First, females scent mark frequently even if no
other female lives in the group. Second, sni�ng of scent
marks was signi®cantly more frequent in males. Results
of studies in captivity also suggest that female olfactory
signals function in intrasexual competition: scent marks
produced by reproducing females may temporarily in-
hibit ovarian cycles or delay the time to ®rst ovulation in
other females (Epple and Katz 1984; Savage et al. 1988;
Barrett et al. 1990). However, such an ``inhibitory''
function of female scent marks is not easily understood
given that olfactory signals have poor directionality and
that the sender has little control over who will receive the
signal (Endler 1993). It is also di�cult to explain why a
female should sni� the scent marks produced by another
female if this results in physiological manipulation, i.e.
being reproductively inhibited. While in captivity, scent
marking may result in a high concentration of ``phero-
mones'' in a limited space, which might be su�cient for
a physiological e�ect without the receiver sni�ng at the
marks, this is unlikely to be the case under natural
conditions.

The increase in scent marking by the two females
remaining in group PI after the death of the reproducing
female is consistent with both an intrasexual and an
intersexual model of selection. The death of the repro-
ducing female may have released the two females from
some ``inhibitory'' e�ect, and may have caused increased
competition between the two remaining females for the
vacant reproductive position in the group. The increase

in scent marking could, however, also be seen as an in-
creased e�ort to display towards the males. The role of
males in determining which females reproduce is not
understood, but there is some evidence that their con-
tribution can be essential (Anzenberger et al. 1996).
Subsequent to this study, group PI had split up into two
groups by October 1986 (B. Ruth, personal communi-
cation) but the exact pattern of group splitting could not
be reconstructed. In captive cotton-top tamarins, S. oe-
dipus, changes in the social environment stimulate the
growth of scent glands and lead to increased rates of
scent marking in females (French et al. 1984). The
observations reported here are consistent with these
®ndings.

Scent marking was continuously observed through-
out all study periods and there was no indication of
seasonal peaks. The data collection schedule did not
permit analyses of the presence of cyclical variation in
scent marking frequencies. In studies of captive Saguinus
oedipus, no cyclical variation or di�erences in scent
marking rates between periovulatory or non-periovula-
tory periods have been detected (Heistermann et al.
1989; Ziegler et al. 1993). However, the latter study and
a study by Converse et al. (1995) suggested that quali-
tative changes in scent marks indicate the oestrus cycle.
Taking into consideration that mate choice in primates
is probably not based on single stimuli or events but
rather on repeated interactions between known indi-
viduals (Keddy-Hector 1992), continuous scent marking
may be a form of permanent display that allows re-
peated control and evaluation by the receivers.

The production and maintenance of sexually selected
traits should be costly for the individual if the trait is an
honest advertisement of quality (Kodric-Brown and
Brown 1984). It has been suggested that chemical signals
are good indicators of individual quality (Endler 1993).
However, it is not yet known how costly scent-marking
behaviour is to callitrichines. Potential costs include the
energy required for the development and maintenance of
scent gland tissue and for the production of scent gland
secretions, and perhaps the increased risk of being de-
tected by predators guided by olfaction like cats and
mustelids (see Jannett 1986).

Models of sexual selection propose that sexually se-
lected traits are indicative of the quality of the bearer
(Kodric-Brown and Brown 1984; Johnstone 1995). Ev-
idence for this hypothesis has been provided mostly for
visual and vocal traits and signals, but more evidence for
olfactory signals is becoming available. Female mice can
discriminate scents of parasitised and non-parasitised
males which suggests that scent (in this case from urine)
is a reliable indicator of the signallers' quality (Kavaliers
and Colwell 1995a,b). In voles, the attractiveness of
scents (of both males and females) has been found to
vary with the protein content of the diet, which may be
indicative of the signaller's quality (Ferkin et al. 1997).
Gosling and Wright (1994) demonstrated for M. coypus
that anal gland mass in males is limited by body con-
dition. Experimental work on callitrichines in captivity
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has demonstrated the ability of adult animals to dis-
criminate between scents of intact and castrated males
(Epple 1979) and between unfamiliar dominant and
subordinate males (Epple 1973). No experiments have
been designed so far to investigate the response to scents
from females with di�erent reproductive histories (good
breeders vs bad breeders) or di�erent reproductive
condition (oestrus vs non-oestrus) to see whether con-
sistent choices are made by males based on female scent.

Support for the proposed role of sexual selection in
shaping patterns of tamarin olfactory communication
and the suggestion that selection acts more strongly on
females is provided by morphological data. Scent glands
are sexually dimorphic in tamarins, with larger ano-
genital and suprapubic glands in females (Dawson and
Dukelow 1976; French and Cleveland 1984; Zeller et al.
1988; Soini 1990; P. Soini, personal communication).

To unequivocally demonstrate the action of sexual
selection it must be shown that variation in the trait, i.e.
scent-marking behaviour, results in variation in repro-
ductive success. This will only be possible through long-
term ®eld studies. Patterns of olfactory communication
could then be analysed in relation to individual life
histories and reproductive strategies and success. Com-
parative data from other wild callitrichines are clearly
also needed. Finally, as suggested recently by Kappeler
1998, it will be necessary to examine the entire com-
municative process in more detail and more compre-
hensively, i.e. patterns of signal transmission from the
sender to the receiver.
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