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Introduction

Abstract

Monogamy in mammals is relatively unusual, only occurring in 3-5%
and to an even lesser degree in rodents. Monogamy exists in two forms,
facultative which evolved due to female dispersion and obligate when
male care is needed for offspring survival. Most monogamous rodents use
scent marking as a form of territorial defence to obtain exclusive access to
vital resources. Intrasexual competition occurs in many species to main-
tain pair bonds and also to signal presence within a territory. In this study,
we tested the hypothesis that resident obligate monogamous Eurasian
beaver (Castor fiber) can discriminate between the sexes when investigat-
ing anal gland secretions (AGS) from unknown (stranger) mated pairs.
We predicted that, due to intrasexual competition, dominant territorial
male and female beavers will display a stronger response to AGS of same-
sex conspecifics. Territorial intrusion by mated pair strangers was simu-
lated by the formation of experimental scent mounds (ESM) with AGS.
Our results showed that both sexes (1) displayed a stronger response to
the male AGS in sniffing duration, (2) physically responded for longer
durations towards male AGS and (3) overmarked male AGS more fre-
quently. We infer that obligate monogamous mammals can determine the
sexual identity of intruding conspecifics of a mated pair via AGS and that
intruding males may pose more of a threat to resident males via intra-
sexual competition and resident females due to the long-term costs, such
as infanticide and abortion, of a new dominant male.

monogamous pairings, at least one, if not both sexes,
defend a territory. Territorial codefence is exercised

Monogamy generally implies that a mated pair
remains together throughout several breeding seasons
(Lack 1968; Kleiman 1977). Monogamy only occurs
in 3-5% of all mammals and to an even lesser degree
in rodents (Kleiman 1977; Dunbar 1984). Monogamy
exists in two forms, facultative which evolved due to
female dispersion (Komers & Brotherton 1997) and
obligate when male care is needed for offspring sur-
vival (Brotherton & Manser 1997). Pair bonds are
established to enable sufficient resources to be
acquired for breeding and survival (Wickler &
Seibt 1983; Gubernick & Teferi 2000), and in most

by monogamous mammals such as Kirk’s dik—dik
(Madoqua kirkii) (Brotherton et al. 1997), Malagasy
giant jumping rat (Hypogeomys antimena) (Sommer
2005) and California mouse (Peromyscus californicus)
(Gubernick & Teferi 2000). Many species maintain
and defend territories to obtain exclusive access to
vital resources such as mates, food and nest sites,
which are not always mutually exclusive and can
often be multipurpose breeding territories (Temeles
1994; Wyatt 2014).

Glandular secretions are often employed as olfac-
tory signals, that is, scent marks, to define territories
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and their ownership (Gosling 1982; Sillero-Zubiri &
Macdonald 1998; Roberts 2007). Mammalian scent
marking is usually carried out by both sexes (Gosling
& Roberts 2001; Roberts 2007), for example spotted
hyena (Crocuta crocuta) (Burgener et al. 2009), and
several types of glands are used for these purposes.
Anal gland secretion (AGS) in the yellow mongoose
(Cynictis penicillata) and other herpestids function as
long lasting marks (Le Roux et al. 2008).

Sexual dimorphism in monogamous mammals with
territorial codefence exists due to sex-specific roles
(Jannett 1986) and has been identified in the com-
pounds of some mammalian olfactory secretions
including AGS (Jordan et al. 2011). In some species,
for example the monogamous aardwolf (Proteles crista-
tus), both sexes deposit AGS as a form of territorial
defence; however, males often scent mark more fre-
quently than females (Thiessen & Rice 1976; Wyatt
2003; Skinner & Chimimba 2005; Miller-Schwarze
2006). In monogamous codefending mammals, indi-
viduals are expected to display more agonistic
responses to same-sex conspecifics due to strong in-
trasexual competition over resources such as food,
shelter and mates (Boydston et al. 2001; Gosling &
Roberts 2001; Cant et al. 2002).

Little information has been gained about the dura-
tion of sniffing and/or physical destruction of scent
marks with regard to intrusions of same-sex conspecif-
ics, and therefore, the response of individuals to
intruders in this manner is unknown. However, a com-
mon response to encountered scent marks of same-sex
conspecifics is ‘overmarking’: when an individual
places its scent mark directly on top of a previous scent
mark deposited by a different individual (Johnston
2008; Jordan et al. 2011; Wyatt 2014), which is often
considered a form of intrasexual competition (Rich &
Hurst 1999; Miiller & Manser 2008; Jordan et al. 2011;
Clapham et al. 2012). Ferkin et al. (2004) and Wood-
ward et al. (2000) suggest that in monogamous spe-
cies, individuals should overmark same-sex intruders
more often than opposite-sex intruders to maintain
pair bonds and also to signal their presence within the
territory. This is supported by Ferkin and Pierce (2007)
who suggest that although scent marking is a costly
activity, individuals should overmark same-sex con-
specifics to avoid competition and eavesdropping. Lit-
tle is known about the response of individuals of
monogamous mated pairs after encounters with scent
marks from same-sex conspecifics especially in wild
populations (but see Woodward et al. 2000).

The obligate monogamous Eurasian beaver (Castor
fiber) lives in family units consisting of a dominant
adult pair with current year Kkits, yearlings and
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sometimes subadults (Wilsson 1971; Campbell et al.
2005). Copulations occur around late January to early
February, at a time when environmental constraints
such as, cold temperatures, snow and ice often reduce
mobility (Wilsson 1971). Kits are born mid-May (Par-
ker & Rosell 2001), weaned at approx. 1-2 mo and
emerge from the lodge during July (Wilsson 1971).
Beavers usually disperse as 2-yr-olds to the nearest
available site, although delayed dispersal is common
in high-density populations (Hartman 1997). Beavers
are not sexually size-dimorphic (Osborn 1955; Mul-
ler-Schwarze 2011) but do display sexual dimorphism
in their parental care. Males primarily invest their
time through indirect care via construction behav-
iours and territorial defence, whilst the females pro-
vide the direct care such as providing food and
huddling with the young (Nolet & Rosell 1994; Woo-
dard 1994; Sharpe & Rosell 2003). Beavers are highly
territorial, and both sexes and all age classes (>5 mo)
participate in territory defence, with the dominant
pair being the main contributors (Wilsson 1971;
Rosell & Thomsen 2006). Aggressive encounters are
common, bite wounds from conspecifics are a com-
mon cause of death and often occur in May when the
subadults are dispersing and new territories are likely
to be established (Nolet & Rosell 1994). Beavers settle
in a new territory or take over a territory both as a
pair and individually, when an individual holds a ter-
ritory it is likely to be shortly joined by a new mate to
form a pair. Intruding beavers usually establish them-
selves in previously occupied territories when one or
both residents have died, although mated pairs have
been observed to evict territory owners (Nolet &
Rosell 1994; F. Rosell, unpubl. data).

Scent marking peaks in spring (Apr. and May)
(Rosell & Nolet 1997; Rosell et al. 1998), and males
scent mark more frequently than females, particularly
in summer (Jun.and Jul.) when females are lactating
(Rosell & Thomsen 2006). Adults of both sexes
remove scent mounds and overmark where conspecif-
ics, other than the family group, have marked, but it
is unknown whether individuals remove scent
mounds and/or overmark same sex and/or opposite
sex (Rosell et al. 2000; Rosell & Bjeorkeyli 2002;
Tinnesand et al. 2013).

Both Eurasian and North American (Castor canaden-
sis) beavers deposit scent in the form of castoreum or
AGS. Castoreum is produced in the castor sacs; urine
is mixed with the contents of the castor sac resulting
in a castor fluid, and AGS has sebaceous, wax esters
and fatty acids that form the major constituents
(Grenneberg 1979; Gronneberg & Lie 1984; Sun
1996). These secretions have been shown to provide
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information regarding species (Rosell 2002) and sub-
species identification (Rosell & Steifetten 2004), but
only AGS enables beavers to discriminate between
sex, individuals and kin (Grenneberg 1979; Sun 1996;
Sun & Miiller-Schwarze 1997, 1998a; Rosell & Sunds-
dal 2001; Rosell 2003).

This study investigates the potential for sex discrim-
ination in anal gland secretion in the Eurasian beaver.
By presenting scent marks, we simulated simulta-
neous territorial intrusions by an established mated
pair in a free living population of Eurasian beavers.
We hypothesised that dominant monogamous territo-
rial males and females can discriminate between
the sexes via the odorant signal of AGS. We predicted
that, due to intrasexual competition, dominant
monogamous territorial males and females will exhi-
bit stronger responses to the scent of same-sex con-
specifics via response durations (sniffing and physical
i.e. pawing behaviour with front and/or back feet)
and over-marking frequencies.

Materials and Methods

Study Area and Study Animals

The study was conducted between 30th May-26th
Jul. 2008 and 19th Apr.—19th Jun. 2010 on the Strau-
men, Saua and Gvarv rivers in Telemark County,
south-eastern Norway (59°23 , 09°09E). The mean
monthly temperature is below 0°C between Nov. and
Mar. All rivers contain lakes along part of their length,
resulting in only limited fluctuations in water temper-
ature along the main river channels and thus reduced
ice cover in winter. All three rivers form part of the
catchment of Lake Nordsje (Campbell et al. 2012).
The beaver population in the study area is near carry-
ing capacity (Parker & Rosell 2001; Campbell et al.
2005, 2012), all territories are adjacent to each other
with no unoccupied stretches of river (Herr & Rosell
2004) and hunting pressure is low. Beavers in the
study area are part of a long-term study that began in
1998, and we were thus able to use trapping records
to determine the dominant adults of each sex (Sharpe
& Rosell 2003; Campbell et al. 2012, 2013).

Scent Donors and Collection of Scent Samples

Beavers were trapped at night using landing nets from
a boat (Rosell & Hovde 2001). All live trapping was
under licence from the Norwegian Experimental Ani-
mal Board and the Norwegian Directorate for Nature
Management and met the guidelines approved by the
American Society of Mammologists (Gannon & Sikes
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2007). AGS samples were collected from 44 live-
trapped beavers (22 mated pairs, Xweight
+ SD =20.3 £ 1.97 kg, range 18.0-25.5 kg, age
3-12 yr). Before collecting AGS samples, the tail was
lifted and the rectum emptied. The cloaca area was
then rinsed with distilled water. The papillae of the
anal gland were pushed out separately and the AGS
squeezed out. Live-trapped beavers were sex-deter-
mined by the colour and viscosity of their AGS (Rosell
& Sun 1999). Pregnant/lactating females were deter-
mined by the size of the nipples >0.5 cm and Kkits
seen/trapped in the territory that year (Campbell
et al. 2012, 2013). No beaver was handled for more
than 20 min. AGS samples were stored in glass vials
with Teflon lids (La-Pha-Pack®) and placed in cool
bags surrounded by ice blocks to maintain them at a
low temperature during transportation to or from the
laboratory. AGS samples were stored in a freezer at
—20°C until used in an experiment. Freezing and
thawing does not affect the composition or smell of
the AGS (Sun 1996).

Experimental Design

Samples collected from mated pairs from other water-
sheds located >15 km away from the experimental
sites were designated as ‘strangers” (Sun et al. 2000;
Rosell & Bjorkeyli 2002). Mated pairs were used as
donors in this study to ensure an environmental simi-
larity of the two scents. For all 22 experiments, stran-
ger mated pairs with similar characteristics to the
territory holders were selected, that is, animals of sim-
ilar age (<2 yr), weight (<3 kg difference) and similar
season of scent collection (<2 mo difference). AGS
samples of 0.25 g were used for the experiments
(Rosell & Bjorkeyli 2002). The selected AGS was
placed in a plastic cap (2.5 cm diameter and 1.5 ¢cm
high) placed on an experimental scent mound (ESM),
as this was deemed to be a suitable receptacle for use
in the field, and the small circumference of the cap
reduces the evaporation surface area (Schulte 1998;
Rosell & Bjorkeyli 2002). Beavers do not respond to
untreated ESM; therefore, none were included as a
control (Schulte et al. 1995; Rosell et al. 2000).

The ESM were established 30-60 min (17:00—
18:00 h) before the anticipated emergence of any
beaver family member from the lodge (Rosell & Bjor-
koyli 2002). All experiments were carried out within
50 m of the lodge of a territory, and ESM were
located where beavers could smell and readily access
them from the water (Rosell & Bjorkeyli 2002). For
each experiment, two ESM were constructed 30 cm
apart and within 50 cm of the water’s edge (Fig. 1).
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Fig. 1: Experimental setup with ESM containing male and female AGS
and a responding dominant resident.

The 30-cm separation distance between ESM enabled
beavers to differentiate between the scents and pro-
vided the opportunity of responding initially to one
ESM then separately to the other. It also prevented
the destruction of the second ESM during response
to the first (Sun & Miiller-Schwarze 1997; Rosell &
Bjorkeyli 2002). Simultaneous presentation controls
for temporal variation in motivation of the resident
and thus provides a more sensitive test of discrimina-
tory abilities (Sun & Miiller-Schwarze 1997; Rosell &
Bjorkeyli 2002; White et al. 2003).

Disposable gloves were worn during construction of
ESM to avoid contamination with human odour.
ESM were formed by scraping mud from the bottom
of the river or the riverbank to create a low dome
shape. Each ESM was approx. 15 ¢cm wide and 10 cm
high (Rosell & Bjorkeyli 2002). Both scent mounds
within a pair were approximately equal in size and
shape and constructed from the same material. Any
other scent mounds found in the locality were
destroyed prior to construction of the ESM. The bottle
cap containing either male or female AGS from
the stranger mated pair was placed in the centre of
the ESM, the top of the cap even with the surface of
the mound. During scent preparation, a coin toss was
used to randomly determine the position of the male/
female scent at each ESM site, but observers were
blind to the scents to avoid bias during experiments
and analysis. Each observation was terminated after a
response was recorded or when fading daylight pre-
vented further observations. At termination, the caps
and scents were removed, and the mounds were
destroyed. If no response was observed, the experi-
ment was repeated on another night, using fresh
scents from the same donor beaver.

Sex Discrimination via Anal Gland Secretion

Response Measures

Responses were recorded using a tripod mounted
video camera (Sony DCR-SR35E) set to record contin-
uously. The camera was placed approx. 10 m directly
behind the experimental site and was always handled
with latex gloves to avoid human odour. Video
recordings were analysed manually using Microsoft
windows Media Player (Microsoft®). Three response
patterns were classified: (1) sniffing, defined as when
a beaver was within 5 cm of the mound, facing the
mound with its nose; (2) physical, defined as when a
beaver used its front and back feet to change the
shape of the mound; and (3) overmarking, defined as
when a beaver was standing on a mound in an over-
marking position with the papillae visible (Rosell &
Bjorkeyli 2002; Rosell & Sanda 2006).

Sniffing duration was recorded in seconds as a
measure of time required to identify scents, as well
as a sign of level of interest. Physical response dura-
tion was measured in seconds to indicate strength of
any triggered agonistic behavioural response, that is,
the longer the response, the more agonistic it was
considered to be (Sun & Muiller-Schwarze 1997;
Rosell & Bjorkeyli 2002). Interpreting physical
behaviour at a stimulus as an indication of an ago-
nistic response in Eurasian beaver can be justified
based on previous experimental and observational
evidence (Rosell et al. 2000; Rosell & Bjorkeyli
2002). Overmarking duration was not recorded as
overmarking lasts less than a second. Therefore, only
the presence or absence of overmarking was
recorded. Only the response of the first beaver and
only responses from the dominant male or female of
the territory were included in the analysis (Sun &
Miiller-Schwarze 1997). An experiment was termi-
nated when the beaver re-entered the water or was
>5 m from the ESM.

Statistical Analysis

We evaluated the duration of the sniffing response
and the physical response of dominant territorial bea-
vers towards AGS from intruding beavers with gener-
alised linear mixed effects models (GLMM) with a
Poisson error structure (Zuur et al. 2009), which are
commonly used to analyse such experiments (Pal-
phramand & White 2007; Tinnesand et al. 2013). The
model evaluating the sniffing duration (in seconds) of
the dominant territorial beaver included the sex of
both the donor beaver and responding dominant bea-
ver (as a factor with the levels male or female). Age
and body mass were not included in the analysis as
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they had been controlled for in the experimental
design.

A physical reaction seemed to be dependent upon
the presence of a preceding sniffing reaction; no phys-
ical responses were observed without a prior sniffing
response. The model evaluating the duration (in sec-
onds) of a physical response of a resident dominant
beaver therefore included the sex of the donor and
responder as well as the duration (in seconds) of a
sniffing response preceding a physical response.

We used a GLMM with a binomial error structure
to evaluate the probability for overmarking. As a
response variable, we used the occurrence of an
intruding beaver overmarking an AGS sample or not
(0 =no overmarking, 1 = overmarking), and as
explanatory variables, we included the sex of both
the donor beaver and responding dominant beaver
(as a factor with the levels male or female). In addi-
tion, we controlled for the absence or presence of a
physical reaction prior to overmarking.

Due to the pairwise presentation of the AGS sam-
ples to dominant territorials, we nested the random
effects of the dominant territorial’s identity within
the random effects of the experimental identity in all
explanatory models (Bates 2010). We used a back-
ward procedure to select the best models, based on
p-values with a significance level of o = 0.05, starting
with a full model of all covariates and relevant sec-
ond-order interactions (Crawley 2007). The function
Imer in the ‘lme4’ package in R 2.14.20 (www.R-pro-
ject.org) was used to fit GLMM with Poisson distribu-
tion, and the ‘nlme’ package with the function
glmmPQL was used to fit GLMM with Poisson
distribution corrected for overdispersion (Zuur et al.
2009).

We used chi-square tests to analyse whether domi-
nant resident beavers reacted first to AGS of male or
female intruders. The statistical software R 2.14.20
(www.R-project.org) was used in all analyses.

Results

We recorded responses of 22 dominant territorial bea-
vers (13 males, nine females). Dominant resident bea-
vers of both sexes responded significantly more often
first to the AGS of a male intruding beaver than to the
AGS of a female intruding beaver (chi-square test,
let response to male — 19, let response to female — 3, XZ
=5.133,df = 1, p = 0.024).

The results of a GLMM analysing the sniffing
response showed that resident dominant beavers
spent significantly more time sniffing AGS from males
than females of an intruding mated pair (Table 1;

H. B. Cross, A. Zedrosser, O. Nevin & F. Rosell

Table 1: Generalised linear mixed models explaining A) the time of the
sniffing response (in seconds) of resident dominant beavers of both
sexes to an intruding mated pair of beavers.; B) the time of the physical
response (in seconds) of resident dominant beavers of both sexes to an
intruding mated pair of beavers.; C) the probability of overmarking of
resident dominant beavers of both sexes to an intruding mated pair of
beavers. Number of observations = 44 and number of trials = 22.
B = estimated coefficient, SE = standard error, z/t = z-value for models
A and C and t-value for model B

Variables B SE zIt p-Value
A) Duration of sniffing response
Intercept 2.593 0.145 17.821 <0.001
Intruding mated pair 4.648 <0.001
Female 0 0
Male 0.324 0.070
B) Duration of physical response
Intercept 0.573 0.478 1.173 0.254
Intruding mated pair 12.415 <0.001
Female 0 0
Male 2111 0.517
C) Probability of overmarking
Intercept —4.579 1.613 —2.839 0.005
Physical duration 0.256 0.098 2.616 0.009
Intruding mated pair 2.226 0.026
Female 0 0
Male 3.101 1.393

Fig. 2). The sex of the responding dominant beaver
was not significant (B = —0.157, p =0.578) and
therefore removed from the analysis.

The results of a GLMM analysing the physical
response showed that resident dominant beavers spent
significantly more time physically responding to the
AGS from males than females of an intruding mated
pair (Table 1; Fig. 2). The sex of the resident dominant
beaver (B = 0.355, p =0.317) and the length of the
preceding sniffing response (B = 0.003, p = 0.774)
were not significant and therefore removed from the
analysis.

The probability of overmarking significantly
increased with the duration of the preceding physical
reaction towards the AGS of an intruding mated pair,
and the AGS of the intruding male was overmarked
significantly more often than the AGS of the intruding
female (Table 1). Of the 22 donor females, 10 were
pregnant/lactating, and seven of the nine responding
females were pregnant/lactating. A post-hoc test with a
chi-Square analysis indicated that it was marginally
significant for pregnant dominant females to over-
mark AGS of an intruding male more often than
non-pregnant dominant females (chi-square test,
x?=2.933,df = 1, p = 0.087). Due to a small sample
size, no tests were carried out on the durations of
sniffing and physical responses.
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Discussion

Our findings that both sexes of territory holding
monogamous beavers respond towards the AGS of the
stranger pair male for longer durations indicate that
paired territory holders can distinguish between male
and female AGS. This supports the hypothesis that
dominant territorial monogamous beavers can dis-
criminate between stranger adults of a mated pair via
the odorant signal of AGS. This is consistent with
other mammalian species where AGS is known to
code for sex and considered to be important for social
communication (Jordan et al. 2010). Our results only
support our prediction that dominant monogamous
territorial males and females will exhibit stronger
responses to the scent of same-sex conspecifics, with
regard to the males and not the females which, oppo-
site to our prediction, responded for longer durations
and overmarked more frequently, the AGS of male
intruders. Our results also suggest that both sexes of a
pair of dominant resident beavers consider stranger
mated-pair males to pose a greater threat than stran-
ger mated-pair females.

Our study does not support Sun and Miller-
Schwarze (1999) who found no evidence that
the North American beaver (C. canadensis), which is

Female subject

T T T
Male subject Female subject Male subject

behaviourally similar to the Eurasian beaver, respond
more agonistically to AGS of either sex. However, in
their study, ESMs were constructed in the evening,
left unobserved and returned to the next day with no
continuous knowledge (e.g. continual observation
direct or film) of the ESM during the intervening
hours. It is possible that more than one beaver from
the same colony visited the ESMs, resulting in differ-
ential responses being masked by collective responses
of several individuals.

We predicted a more agonistic response to same-
sex conspecifics by a territorial monogamous mam-
mal due to strong intrasexual competition over
resources such as food, shelter and mates (Boydston
et al. 2001; Gosling & Roberts 2001; Cant et al.
2002). A laboratory study on the monogamous
prairie vole (Microtus ochrogaster) found individuals
overmarked same-sex conspecifics more frequently
than opposite-sex conspecifics when placed in neu-
tral arenas (Ferkin 1999; Woodward et al. 2000).
Our study agreed with these findings with regard to
males, but not regarding females; however, none of
the female voles were pregnant or lactating at the
time of their experiment, whereas in our study,
many of the females were, which may affect mark-
ing behaviour.
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Monogamous males increase their reproductive
success by defending a territory to secure a breeding
space with adequate food resources to support a preg-
nant female and later offspring (Busher & Jenkins
1985; Clutton-Brock 1989). Male intruders to a terri-
tory pose more of a threat to a male territory holder
due to intrasexual competition. Although intrasexual
competition is often stronger in polygamous species,
monogamous populations with high densities, such as
our study population, have strong competition for
mates and territories. In the monogamous Alpine
marmot (Marmota marmota) intruding individuals,
both males and females can ‘force” a divorce of a pair-
ing (Lardy etal. 2011). This is also occasionally
observed in our study population, though mainly due
to intruding males (F. Rosell, unpubl. data).

Ferkin et al. (2004) and Ferkin and Pierce (2007)
suggested that overmarking of opposite-sex conspecif-
ics could be to advertise sexual receptiveness or inter-
est; however, most of the females that responded in
our experiment were pregnant or lactating, as beavers
mate in late January and early February, and also, the
individuals used in the experiments were all long-
term mated pairs. Female residents may infer that
male intruders pose more of a threat than females as
in some species males can determine their relatedness
to young (Blumstein 1997; Sun & Miiller-Schwarze
1997, 1998b; Hacklander & Arnold 1999), and there-
fore, a mate change during the breeding season would
expose the young to the risk of infanticide, although
definite evidence of infanticide in beavers is lacking
(But see Haines 1955; Sun 2003).

In monogamous species, the male biological parent
of the young is essential for parental care and off-
spring survival and therefore could reduce the likeli-
hood of extra-pair copulations (EPCs). EPCs are also
low in species in which mobility is difficult during the
mating season due to environmental constraints, such
as ice and snow, (Nolet & Rosell 1994) and have not
been found in our study population (H.V. Tinnesand,
M. Saebo and F. Rosell, unpubl. data). Additionally, in
some species, for example Alpine marmots, females
can abort their unborn offspring (i.e. the Bruce effect)
when there is a new dominant male in a territory,
which reduces time and energy costs (Agrell et al.
1998; Hacklander & Arnold 1999). Aborting or losing
young due to infanticide is very costly to females
especially in obligate monogamous mammals that
only mate once a year and therefore reduce their fit-
ness (Agrell et al. 1998; Hacklander & Arnold 1999).

Our study suggests that in accordance with similar
studies, and our prediction, territorial obligate monog-
amous mammals can determine the sexual identity of

H. B. Cross, A. Zedrosser, O. Nevin & F. Rosell

intruding conspecifics of a mated pair via AGS and
that they regard the male of an intruding mated pair
as posing a greater threat than the female. Intruding
males may pose more of a threat to resident males via
intrasexual competition and to resident females due
to the long-term costs, such as infanticide and abor-
tion, of a new dominant male.
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