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Abstract Olfactory signals can contain information, such
as age and social status, and play a vital role in competitor
assessment. In many territorial species, subordinates must
leave their natal colony to obtain their own territory and
mate. These individuals could be aggressive opponents in
agonistic encounters, as they will have little to lose (the
desperado effect). In this study, we tested the hypothesis
that dominance and age are coded in the anal gland secretion
(AGS) of the monogamous and highly territorial Eurasian
beaver (Castor fiber), and if this information is used by
conspecifics to evaluate the potential threat posed by an
intruder. Territorial intrusions were simulated by presenting
residents with a two-way choice test of AGS from an un-
known male territory owner (i.e., dominant) and his son
(i.e., subordinate; either 1 or ≥2 years old). Residents spent
more time investigating AGS from subordinates than their
fathers and responded more aggressively to subordinates
than their fathers when subordinates were ≥2 years old.
Chemical analyses gas chromatography and multivariate
data analysis supported our behavioral findings and revealed
differences between chemical profiles of territory owners

and subordinates, as well as between the subordinates in
different age classes. This study reveals that information
about age and social status is coded in AGS of beavers
and that this information is used to determine the level of
an eventual future response to the signaler.

Keywords Anal gland secretion .Castor fiber . Chemical
communication .Competitor assessment .Desperado effect .

Dominant–subordinate discrimination

Introduction

Owning a territory can ensure exclusive access to food, mates,
and nest sites, but defending these resources against other
individuals is costly (Maher and Lott 1995; Bradbury and
Vehrenkamp 1998). The risk of injury or even death in a
physical conflict with an intruder makes it crucial for a terri-
tory owner to make the “correct” decision regarding the costs
and benefits of a potential fight. It is therefore beneficial to
collect information conveyed by different signals to assess the
threat posed by an intruder (e.g., Temeles 1994; Müller and
Manser 2007), and invest more aggression towards an oppo-
nent that poses a higher risk (Parker 1974).

In many mammals, chemical signals play an important role
in competitor assessment (Ralls 1971; Gosling and Roberts
2001; Wyatt 2003; Müller-Schwarze 2006), and these signals
can convey honest information about, e.g., the age class (e.g.,
Buesching et al. 2002; MacDonald et al. 2008; Kean et al.
2011; Caspers et al. 2011), body condition (Buesching et al.
2002), and dominance status (e.g., Hayes et al. 2001; Scordato
and Drea 2007; Burgener et al. 2009) of the sender. Age, body
size, and dominance status are often correlated with fighting
ability or resource-holding potential (RHP), which is frequent-
ly used to settle contests (Parker 1974; Archer 1987; Kemp
and Wiklund 2004). The probability of an escalated contest is
generally predicted to increase between individuals with
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similar RHP (Parker 1974), and it is often observed that when
the asymmetry in RHP between two contestants is very large,
the individual with the lowest RHP (the probable loser) will
retreat without escalating a fight in the first place (e.g., Smith
et al. 1994). There are, however, an increasing number of
examples where smaller individuals choose a risky tactic and
initiate fights they are most likely to lose (e.g., Smith et al.
1994; Moretz 2003; Jenssen et al. 2005; Callander et al. 2012;
Svensson et al. 2012), a puzzling behavior referred to as the
“Napoleon complex” (Just and Morris 2003). For instance, in
the lizard Anolis carolinensis, smaller males did not try to
avoid conflict with bigger opponents, but rather invaded their
habitats, showed high levels of aggressive signaling and en-
gaged in fights despite losing 90 % of these encounters
(Jenssen et al. 2005).

There are several explanations why smaller individuals
could behave aggressively, even with a small chance to win.
They might be unable to assess their own RHP relative to
that of the opponent prior to an interaction (Smith et al.
1994) or could misperceive their own RHP as higher than it
is and initiate an escalation by mistake (Bradbury and
Vehrenkamp 1998). Being the one who attacks first has also
been shown to increase the chance of winning (e.g., Taylor
et al. 2001), possibly giving smaller individuals an advan-
tage by initiating the fight. Asymmetries in fighting moti-
vation is another important factor in determining contest
behaviors and outcomes (Parker 1984; Bergman et al.
2010), and a high motivation to fight might help in over-
coming inferior RHP (e.g., Barnard and Brown 1984; Haley
1994). One scenario where a high level of motivation by an
intruder could be expected is when territory ownership is a
prerequisite for reproductive success, and vacant territories
are rare. If the smaller individual is not able to reproduce
without access to a territory, it is expected to be an aggres-
sive opponent, as it will have little to lose (“the desperado
effect,” Grafen 1987).

In some territorial mammals, subordinates do not breed
while living with their natal family unit but often disperse to
find a territory and a mate (e.g., Sun et al. 2000). During
dispersal, they are bound to encounter unfamiliar adults with
established territories (delBarco-trillo et al. 2011). If
established territory owners are able distinguish between other
territory owners and subordinates that are bound to acquire a
territory, it might be beneficial to invest more aggression
towards the latter. However, interactions between young dis-
persers and established adults have received little theoretical
or experimental attention (delBarco-trillo et al. 2011), and to
our knowledge, no other studies have investigated the re-
sponses of territorial residents towards males of dispersing
age versus other established territorial males.

Beavers (Castor spp.) are long-lived, highly territorial,
socially monogamous rodents (Schulte 1993; Campbell et
al. 2005), and the basic family unit consists of a dominant

pair in a long-term relationship and their subordinate off-
spring living in a stable territory (Wilsson 1971). All family
members, except from kits of the year, defend their territory
by scent marking (Wilsson 1971; Buech 1995). Offspring
will not be sexually active while living with their parents
(Wilsson 1971; Svendsen 1980; Campbell et al. 2005) and
normally disperse as 2-year-olds (e.g., Hartman 1997; Sun
et al. 2000). However, delayed dispersal is common in high-
density populations, and in low-density populations, year-
lings may also disperse (Hartman 1997). Secondary dispers-
al by established (dominant) adults is rare in stable
populations, but dominant individuals can make exploratory
trips outside their own territory (Campbell et al. 2005). The
main dispersal period is in spring and early summer (nor-
mally April–June) (Svendsen 1980; Rosell et al. 1998; Sun
et al. 2000; DeStefano et al. 2006) and coincides with the
peak in resident beavers’ territorial behavior (Svendsen
1980; Rosell et al. 1998). Aggressive encounters between
conspecifics are common during this period (Piechocki
1977; Svendsen 1989; Nolet and Rosell 1994), and injuries
inflicted by other beavers, and resulting infections, can be a
major cause of death, especially in dispersing subadults
(Piechocki 1977; Nolet et al. 1997).

Chemical signals play an important role in intraspecific
communication and territorial behavior in beavers
(Campbell-Palmer and Rosell 2010), and both the North
American (C. canadensis) and Eurasian beaver (C. fiber) use
anal gland secretion (AGS) for scent marking (Rosell and
Bergan 1998; Rosell and Sundsdal 2001). Previous studies
have shown that AGS of beavers codes for a variety of
information, like species (Rosell and Sun 1999; Rosell
2002), subspecies (Rosell and Steifetten 2004; but see
Peterson et al. 2005), gender (Grønneberg and Lie 1984;
Sun 1996, Rosell and Sundsdal 2001), individuality (Sun
1996), and kinship (Sun and Müller-Schwarze 1997; Sun
and Müller-Schwarze 1998).

The aim of this study was to investigate the hypothesis that
information about social status (i.e., territory ownership) and
age/body size is coded in the AGS of male Eurasian beavers
and that the information will be used by conspecific residents
to determine the level of the eventual future aggressive re-
sponses towards the signaler. In a free-living population, we
simulated simultaneous territorial intrusions by an established
dominant territory owner (TO) and his subordinate son (i.e.,
son that had not yet dispersed and still lived with his father),
with the son being either (1) between 2 and 7 years old (old
son—OS), or (2) a yearling (young son—YS).We specifically
tested two alternative predictions:

1. Residents would show a stronger territorial response to-
wards scent from OS despite their lower RHP based on
the fact that they, in contrast to TO, should be highly
motivated to acquire a territory. We did not predict a
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stronger response towards YS, as yearlings are much
smaller in body size and still below the common dispersal
age of two.

2. Residents would show a stronger territorial response
towards scent from TO, as they have a higher RHP than
their sons and could constitute a bigger physical threat
in the case of a fight.

Chemical analyses of the secretions used in chemical
communication can provide useful information about differ-
ences in the chemical profiles between groups. To support
any findings of behavioral discrimination, we therefore an-
alyzed the AGS samples used in the field experiment with
gas chromatography–mass spectrometry (GC-MS) and mul-
tivariate data analyses.

Materials and methods

Study area and study animals

The field experiment was conducted in 2008 (10 April–17
July) and 2009 (15 April–20 July) using a population of
free-ranging Eurasian beavers in the rivers Straumen (59°
29′N, 09°153′E), Gvarv (59°386′N, 09°179′E), and Saua
(59°444′N, 09°307′E) in Telemark County, southern
Norway. All three rivers form part of the catchment of
Lake Nordsjø (Campbell et al. 2005). The study area has
been inhabited by beavers since the 1920s (Olstad 1937),
and hunting pressure is either low or nonexistent (Parker
and Rosell 2003; Campbell et al. 2012). The population is
stable and appears to be at carrying capacity (Rosell and
Hovde 2001; Campbell et al. 2012). All territories are adja-
cent to each other with no unoccupied stretches of river in
between, and territory overlap is small to nonexistent (Herr
and Rosell 2004).

The beavers in the study area have been monitored be-
tween March and November every year since 1997 through
an extensive live-trapping program, using landing nets from
a motor boat (Campbell et al. 2012). The trapping records,
radio tracking, and observational data collected include
information about territorial borders, family composition,
family member replacements, and lengths of pair bonds, as
well as breeding and dispersal events. Dominance status is
determined by previous trapping and sighting history, body
mass, and incidences of lactation in females (see Campbell
2010; Campbell et al. 2012 for details). As beavers live in
discrete family groups, individuals that are seen and/or
trapped inside the territory of a known dominant pair on
more than one occasion are assumed to be their subordinate
offspring (Campbell et al. 2005, 2012).

Captured individuals were physically restrained in cloth
sacks while measurements and samples were collected. We

assigned all captured individuals to an age-class (0 years =
kit, 1 years = yearling, 2 years = subadult, and ≥3 years =
adult) based on their body weight (Rosell et al. 2010) and
trapping record, determined sex based on the color of their
AGS (Rosell and Sun 1999), tagged them with a microchip
(Avid® or Trovan®), and marked them with unique color
combinations of plastic (Dalton) and metal (National Band
and Tag Co.) ear tags for individual recognition (Rosell and
Hovde 2001; Campbell et al. 2005, 2012). To obtain AGS
samples, we lifted the beaver’s tail (at the open end of the
cloth sack) and evacuated the rectum. We rinsed the cloaca
area with distilled water and then separately pushed out each
of the two papillae of the anal gland and squeezed out the
AGS (Rosell and Bjørkøyli 2002). All samples were col-
lected in glass vials with Teflon-lined lids and stored at
−20 °C. The beavers were released after 20–30 min.

Scent donors

As relatedness is coded in the AGS of North American
beavers (Sun and Müller-Schwarze 1997), we used father–
son pairs as scent donors to minimize potential effects of
genetic factors, as well as habitat and food differences on the
chemical composition of AGS within each pair. We used
AGS samples obtained during the main dispersal period
(April–June) from 1999–2009 in the field experiment and
chemical analyses. AGS is very stable over time (Sun 1996),
and preliminary multivariate analyses did not reveal any
significant differences between samples based on the time
they had been stored in the freezer (results not shown).
Samples in a father–son pair were taken either within the
same year or 1 year apart, and all pairs were living in the
same family unit at the time samples were obtained. Each
sample was only used once.

Design of field experiment

In the field experiment, we used AGS from a TO (age, 6.5±
2.5 years; weight, 21.3±2.5 kg; N=12) and his OS (age, 3.3±
1.8 years; weight, 17.6±2.5 kg; N=12), or from a TO (age,
4.2±1.9 years; weight, 21.5±1.6 kg; N=10) and his YS (age,
1 year; weight, 10.3±1.7 kg; N=10). To minimize the proba-
bility that responding residents and scent donors had previous
contact and/or were genetically related, we used AGS from
scent donors caught in a different watershed >15 km away,
which is greater than the average dispersal distance for males
(e.g., Sun et al. 2000).

We constructed two adjacent experimental scent mounds
(ESM) inside each residents territory with AGS from a TO
and either OS or YS. This simultaneous presentation con-
trols for temporal variation in motivation of the resident and
thus provides a more sensitive test of discriminatory abilities
(e.g., Sun and Müller-Schwarze 1997; Rosell and Bjørkøyli
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2002; White et al. 2003). A blank control was not included
in the experimental design because other studies have
shown that beavers do not respond to untreated mounds
(Schulte et al. 1995; Rosell et al. 2000).

We placed 0.25 g of AGS into a white plastic bottle cap
(2.5 cm top diameter, 1.5 cm high) to hold the sample and
control the evaporation surface area (4.9 cm2) (Rosell and
Bjørkøyli 2002; Rosell and Steifetten 2004). This presentation
has been previously shown to be sufficient to trigger a re-
sponse (e.g. Rosell and Bjørkøyli 2002; Rosell and Steifetten
2004). Bottle caps were pushed into the center of each ESM,
so they were leveled with the surface of the mound.

We constructed ESMs in the center of the territory within
50 m from the active lodge (i.e., the lodge the residents used
most frequently during the study period), in a location where
the beavers could easily walk onto land. As beavers make
distinct tracks where they use to go onto the shore, the ESMs
were constructed on each side of a track so that the beaver
would come up in the middle of the two AGS samples. If the
terrain on either side of the lodge was not suitable for con-
struction of ESMs (e.g., too steep), a location on the opposite
river bank was used. We constructed ESMs with a handful of
mud and debris from the river bottom. We used clean latex
gloves to avoid transmission of human odor when handling
the material. Each ESM was approximately 10 cm high and
15 cm wide and made as identical as possible regarding size
and the material used. The centers of a pair of ESMs were
40 cm apart and within 50 cm from the edge of the water (Herr
et al. 2006). The chosen distance within a pair of ESMs
ensured that once a beaver responded to one of them, it could
also respond to the other; hence, between-treatment effect
could be compared (Sun and Müller-Schwarze 1997).

To control for side preferences, left and right placement of
the samples were chosen at random and the position in relation
to the lodge was chosen according to the terrain. Scent was
placed out ∼60 min before the beavers emerged from the lodge
in the evening (1800–2000 hours) (Rosell and Bjørkøyli 2002).
Observations ended between 2100 and 2300 hours due to
insufficient daylight. After a response was recorded, we re-
moved the ESMs. Each trial lasted until the responding beaver
decided to leave. If a beaver was disturbed during a response
(e.g., by a conspecific or a boat), the response was not included
in the analysis. If no response was recorded during a trial,
ESMs were removed, and we returned another evening.
Responses were recorded with a tripod-mounted digital camera
(Sony DCR-SR35E) set to record continuously. The camera
was placed ∼10 m from the ESMs and was always handled
with latex gloves to avoid human odor.

Response measures

Video recordings were analyzed with Microsoft Windows
Media Player (Microsoft®). The observer was blind to

treatment assignments. We recorded the duration of two
response patterns to ESMs in seconds: (1) sniffing response,
defined as when the beaver’s nose was within 5 cm of the
ESM), and (2) the physical response, defined as the beaver
standing with its hind feet on the ESM, or pawing and/or
over-marking an ESM with castoreum and/or AGS, with
longer responses leading to more destruction of the ESM
(Rosell and Bjørkøyli 2002). Duration of sniffing was used
as a measure of the time a beaver needed to identify the
scent, as well as an indication of the level of interest,
whereas the duration of the physical response was used to
describe how strong an aggressive behavior a scent on the
ESM triggered; the longer the response, the more agonistic.
Interpreting the duration of the physical behavior and de-
struction of ESMs as an indication of an agonistic response
in beavers can be justified based on previous experimental
and observational evidence. Beavers are highly territorial
and have been shown to exhibit a longer physical response
towards scent from, e.g., strangers than neighbors (Rosell
and Bjørkøyli 2002) or non-kin than kin (Sun and Müller-
Schwarze 1997). The length of the response is therefore
perceived to reflect the aggression level of the responder.

Only the first response by the first resident beaver to
investigate ESMs was included into the analysis because
physical damage to ESMs might lead to carry-over biases in
subsequent responses (Sun and Müller-Schwarze 1997).
Only responses from residents >2 years old were included
in the analyses (Rosell and Steifetten 2004). We also includ-
ed subordinate responding residents as long as they were
>2 years old, since they are fully grown physically (Rosell et
al. 2010). Three residents responded in both a TO–OS and a
TO–YS trial. The ID of a responding resident was therefore
included as a factor in the statistical analyses. We attempted
to identify all responders based on data recorded during
captures, such as ear tags, tail scars, and body size.

Chemical sample preparation

Chemical analyses were performed in December 2008. We
used toluene–methanol 3:1 as the solvent to extract com-
pounds from AGS (Rosell and Sundsdal 2001). We trans-
ferred 0.10 g of AGS into a clean glass vial and added
2.5 ml of solvent. The solutions were left for 2 h at room
temperature, then filtrated through a filter paper (Schleicher
and Schuell no. 595 ½), and transferred to a gas chroma-
tography (GC) vial. To avoid loss of volatile compounds,
samples were covered with aluminum foil during extraction.

Chemical analyses

We used an auto-injection system (Agilent 7683 Series
Injector) to inject 1 μl of the AGS solution into a Hewlett-
Packard (HP) 6890 Series II gas chromatograph. The gas
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chromatograph was equipped with a non-polar HP-5 MS
5 % phenyl-methyl-siloxane column (30.0 m long×
0.25 mm ID×0.25 μm film thickness) and connected to a
HP 5973 Series mass spectrometer detector with a
split/splitless inlet used in the splitless mode. Helium was
used as the carrier gas at a constant flow of 0.7 ml/min. The
initial oven temperature was set at 130 °C and then in-
creased 4 °C/min to 310 °C. The temperature was then kept
constant at 310 °C for 15 min. A delay of 2 min was set for
every run to prevent the solvent from damaging the detector.
Samples were analyzed in random order. After every nine
samples, a blank sample was run to ensure that the column
was clean. AGS samples from three adult male beavers were
run repeatedly through the analyses to control for shifts in
retention time. Two father–son pairs used in the field exper-
iment were obtained in 2009 after the chemical analyses
were conducted; thus, they were not included in the chem-
ical analyses. Therefore, a total of 40 samples were analyzed
(NTO=20, NOS=10, NYS=10).

Statistical analysis

We evaluated the reaction time of a sniffing response and a
physical response (in seconds) of a resident territorial beaver
towards AGS from intruding beavers with generalized linear
mixed effects models with a Poisson error structure. The
model evaluating the reaction time of a sniffing response of
a resident territorial beaver included the variables class of the
intruding beaver (as factor, with the levels TO, OS, and YS),
sex of the resident territorial beaver (as factor, with the levels
male and female), body mass of the intruding beaver (in kilo-
grams), and the interaction between class of the intruding
beaver × sex of the resident territorial beaver. We included
sex of the responding resident beaver into the analysis because
resident males and females may react differently towards
intruding males. We included body mass of the intruding
beaver into the analysis because some intruding OS were as
large as intruding TO, and the response of a resident beaver
may also be related to the size and not just the social status of
the intruding beaver. We included the interaction between
class of the intruding beaver × sex of the resident territorial
beaver into the analysis to better understand the intersexual
variation in the response of the residents in relation to the
social status of the intruding individual.

A physical reaction seemed to be dependent upon the
presence of a preceding sniffing reaction, i.e., six trials
where a resident beaver showed a 0-s sniffing response
resulted also in a 0-s physical response. The model evaluat-
ing the reaction time of a physical response of a resident
territorial beaver therefore included the variables class of the
intruding beaver (as factor, with the levels TO, OS, and YS)
and sex of the resident territorial beaver (as factor, with the
levels male and female), as well as the duration (in seconds)

of a sniffing response preceding a physical response. The
variables mass of the intruding beaver and the interaction
sex of the resident beaver × age category of the intruding
beaver were not included into this analysis to avoid
overparameterization of the model due to the reduced sam-
ple size and because they were not significant in explaining
sniffing response. Due to the pairwise presentation of the
AGS samples to residents, and because three residents
responded in two trials, we nested the random effects of
the resident ID within the random effects of the trial ID in all
explanatory models (Bates 2010). We used a backward
procedure to select the best models, based on p values with
a significance level of α=0.05, starting with a full model of
all covariates and relevant second-order interactions
(Crawley 2007). The “lme4” package in R 2.12.0
(www.R-project.org) was used to fit mixed effects models.

In order to investigate the difference between chemical
profiles, the total ion current for each time unit on the
retention scale (165 time units/min) was used, forming a
GC matrix of X-variables (40 samples × 9,561 time mea-
surements). The data were square-root transformed to re-
duce the influence of the most abundant peaks (Clarke and
Warwick 2001). We calculated Euclidean distances between
every pair of samples to produce a resemblance matrix that
formed the basis of the analyses. We used principal coordi-
nate (PCO) analysis based on the Euclidean resemblance
matrix (Gower 1966) to visualize the patterns of differences
in the multivariate chemical profiles among samples. The
AGS profiles from the three groups were then compared
with a single-factor PERMANOVA (Anderson 2001;
McArdle and Anderson 2001) using 9,999 permutations.
Differences between groups were investigated further using
canonical analysis of principal coordinates (CAP; Anderson
and Willis 2003). The software PRIMER V6.1.13 (Clarke
and Gorley 2006) with the PERMANOVA+V1.0.3 add-on
package (Anderson et al. 2008) was used to investigate
differences between chemical profiles.

Results

Behavioral bioassays

In total, 22 responses were recorded, but in three cases we
were not able to individually identify the responder. Four
responses were by subordinate offspring in the territory
(NMale=2, NFemale=2), and the remaining 15 were by domi-
nant residents (NMale=6, NFemale=6; i.e., 2 males and 1 female
were used in 2 trials, respectively). In 92 % of the trials
(N=12) evaluating the difference in sniffing response towards
intruding OS and TO, the resident beavers responded first to
OS. In 70 % of the trials (N=10) evaluating the sniffing
response of residents towards intruding YS and TO, the
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residents responded first to YS. Beavers were never observed
in proximity (filming range, approximately 10–15 m) to the
marks without going onto the shore and responding to at least
one ESM. No yearlings were observed to respond, and all the
identified subordinate responders were >2 years old.

There was no significant sex difference in bodymass or age
of resident beavers that responded in the field experiment
(body mass: two sample t test, t=−0.062, df=2.161,
P=0.956; age: Mann–Whitney test, W=26.5, P=0.135). TO
were significantly heavier than OS (Mann–Whitney test,
W=20.5, P=0.003).

Resident beavers spend significantly more time sniffing
AGS from intruding OS and intruding YS than of intruding
TO (Fig. 1a, b; Table 1). The variables sex of the resident
beaver, body mass of the intruding beaver, and the interac-
tion sex of the resident beaver × age class of the intruding
beaver were not significant and removed from the analysis.

The physical response time of a resident beaver towards
AGS increased significantly with the duration of the preceding
sniffing response and was significantly higher for AGS of
intruding OS than of intruding TO (Fig. 1a; Table 1). The
variable sex of the resident beaver was not significant and
therefore excluded from the analysis. There was no significant
difference in the physical response time towards AGS of
intruding YS and of intruding TO (Fig. 1b; Table 1).

GC comparisons

An unconstrained 2D PCO explained 60.5 % of the varia-
tion in the data (Fig. 2a), and the third axis explained further

13.3 %, but there was no clear separation between groups.
However, the PERMANOVA comparing the three groups
was statistically highly significant (pseudo F=3.47, P≤
0.001). The CAP analysis classified 92.5 % of the chemical
profiles into the correct group using leave one out cross-
validation and m=22 axes (δ1

2=0.94, P=0.0001, Fig. 2b).
The number of axes is chosen to minimize the probability of
misclassifying a new point to the wrong group, and a high
number of axes needed to separate the classes suggest that
the difference between groups is complex.

Discussion

The results from the behavioral bioassay combined with the
chemical analyses supported our hypotheses of a chemical
difference between AGS from dominant Eurasian beaver
territory owners and their subordinate sons, as well as be-
tween sons in different age classes. The results of the field
experiment showed that conspecifics can use this informa-
tion for behavioral discrimination.

Sniffing response from residents

Resident beavers spent significantly more time investigating
(sniffing) AGS from yearling sons and older sons than their
fathers. This suggests that residents were able to discriminate
between dominant and subordinate individuals based on the
difference in chemical cues alone, consistent with results in
several other species, such as Iberian rock lizards (Lacerta

Fig. 1 Responses of beavers in seconds to experimental scent mounds
with anal gland secretion from a a territory owner (TO) and his old son
(OS) and b a TO and his young son (YS). The line in the boxplot
indicates the median; the lower and upper ends indicate the 25 and
75 % values, respectively; and the two whiskers indicate the distance

from the end of the boxplot to the largest and smallest observed values
that are less than 1.5 box lengths from either end of the box, diamond
outliers (1.5–3 box lengths from the end of the box); circle extreme
values (>3 box lengths from the end of the box); N=number of re-
sponses, *P<0.05

900 Behav Ecol Sociobiol (2013) 67:895–904



monticola; Martín et al. 2007), house mice (Mus domesticus;
Drickamer 1992), and bank voles (Clethrionomys glareolus;
Rozenfeld and Rasmont 1991; Kruczek 1997). The fact that
residents spent more time sniffing AGS from YS and OS than
from TO also suggests that scent from subordinates might be

consideredmore interesting, or takes more time to identify, but
not necessarily more threatening than scent from territory
owners, as sniffing alone normally is not considered an ago-
nistic response (e.g., Raynaud and Dobson 2011).

Physical response from residents

There was no significant difference in the time residents
spent responding physically to AGS from yearling sons
and their fathers. We interpret physical responses to scent
on ESMs as agonistic because beavers are highly territorial
and scent mounds containing odor from a stranger are
typically destroyed by residents (e.g., Sun and Müller-
Schwarze 1997; Rosell and Bjørkøyli 2002). This suggests
that yearlings are not considered to pose a greater territorial
threat than their fathers. The lack of observable discrimina-
tion most likely has a true biological basis. First, the body
size of yearlings is very small compared to older individuals
(Rosell et al. 2010), and there is little chance that yearlings
will be able to compete physically with older conspecifics.
In territorial or dominance-based social systems, scent
marks should convey honest information about the sig-
naler’s competitive ability, whether superior or inferior,
and honest signals can minimize the potential costs of ago-
nistic encounters (Gosling and Roberts 2001).

Yearling beavers will probably also differ in dispersal
behavior and motivation compared to older individuals be-
cause of a less pronounced dispersal instinct (Hartman 1997).
Wilsson (1971) observed that beaver yearlings in captivity
only showed some uneasiness in the dispersal season, while
2-year-olds became very restless and tried to leave their en-
closures, indicating that 2-year-olds might be more “desper-
ate” to leave their natal site than yearlings. The phenomenon
of yearling dispersal in beavers is indeed considered to be a

Table 1 Generalized linear mixed models explaining the time of the
sniffing response (in seconds) of resident territorial Eurasian beavers
(Castor fiber) to anal gland secretions used in the field experiment
simulating simultaneous intrusions by an established dominant male
TO as well as the intruders’ YS and by a TO as well as the TO’s older
son (i.e., son >1 year of age that had not yet dispersed and still lived
with his father; OS) and the time of the physical response (in seconds)
of resident territorial beavers to anal gland secretions used in the field
experiment simulating simultaneous intrusions by a TO as well as a YS
and by a TO as well as an OS

Variables β SE Z P

Time of sniffing response

Intercept 1.781 0.204 8.721 <0.001

Intruder TO 0 0 0

YS 0.909 0.111 8.166 <0.001

OS 1.153 0.130 8.866 <0.001

Time of physical response

Intercept 0.912 0.211 4.322 <0.001

Sniffing time 0.026 0.008 3.240 0.001

Intruder TO 0 0 0

YS −0.206 0.290 −0.712 0.477

OS 0.749 0.235 3.182 <0.001

For the time of snipping response, number of observations=44, num-
ber of trials=22, number of resident beavers used in trials=19 (i.e., 3
individuals were used in 2 trials, respectively); for the time of physical
response, number of observations=33, number of trials=19, number of
resident beavers used in trials=16 (i.e., 3 individuals were used in 2
trials, respectively)

β estimated coefficient, SE standard error, Z z value, P p value

Fig. 2 Bidimensional PCO ordination (a) and CAP analyses showing
92.5 % correct discrimination (b) of anal gland secretion profiles from
Eurasian beavers (Castor fiber) used in behavioral bioassay and chem-
ical analyses. Note that b displays only 2 CAP axes of the 22 axes

produced by the model. Each point corresponds to one chemical
profile, being either a territory owner (triangle TO, N=20), an old
son (inverted triangle OS, N=10), or a young son (square YS, N=10)
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result of the availability of vacant habitat and rather the
exception than the rule (Hartman 1997). This supports that
yearlings are not able to compete for resources and therefore
do not constitute a serious threat to residents. Male beavers do
not reach sexual maturity until the age of about 21 months
(Wilsson 1971); thus, the yearlings in this study were not yet
sexually mature. The old son scent donors, on the other hand,
could be sexually mature but sexually suppressed by their
father; this will probably be reflected in the AGS profile. For
instance, Caspers et al. (2011) found in male greater sac-
winged bats (Saccopteryx bilineata) that the wing sac odorant
of males encoded information about age and/or sexual matu-
rity. In male Syrian hamsters (Mesocricetus auratus),
established adult territorial males only showed aggression
towards unfamiliar young males above an age threshold
(50 days or older), coinciding with their sexual maturity.
Youngmales below this age threshold did not elicit aggression
from residents (delBarco-Trillo et al. 2011). The authors
suggested that one reason might be that young males display
more aggressive and less submissive behaviors as their age
increases and also that the odors influencing aggression
changes at this time.

Residents did however show a significantly stronger
physical response towards scent from old sons than from
their fathers, supporting our first prediction that these sub-
ordinates are perceived to constitute a greater threat than
established territory owners despite their lower age and
body weight. This result indicates that sexually mature male
beavers without a territory could be more likely to involve in
a physical confrontation with established residents than
other territory owners. Aggression from lower RHP individ-
uals is expected particularly when resources are scarce and
valuable and the difference in RHP is not very large (Eshel
and Sansone 2001; Morrell et al. 2005). As subordinate
beavers do not reproduce while living with their parents
(e.g., Campbell et al. 2005), and all territories in the study
area are adjacent to each other with no unoccupied stretches
of river in between (Herr and Rosell 2004), a scenario where
dispersers take the risk of a physical conflict might be
expected. Unfortunately, no observational data exist on di-
rect interactions between dispersers and residents in the
study population, but dispersers are often trapped in spring
and summer with severe biting injuries, showing that they
have been involved in physical conflicts with conspecifics.
Few studies have investigated the behavior of young dis-
persing males and their interactions with territorial residents,
but in banded mongooses (Mungo mungo), dispersing
groups (i.e., groups of subordinates that were either evicted
or left voluntarily) were in more than four times as many
fights with rival packs compared to established groups (Cant
et al. 2001). In a study of dispersal in young tigers
(Panthera tigris), Smith (1993) observed several aggressive
interactions between dispersing males and resident males. In

both examples, the risk of injury or death was high for the
dispersers, who still took the risk of fighting residents.

The effect of motivation on willingness to fight has been
demonstrated in, e.g., hermit crabs (Pagurus longicarpus),
where individuals in lower quality shells were more willing
to initiate and escalate fights than those with higher quality
shells, as an attempt to overtake and occupy a higher quality
shell (Gherardi 2006). We argue that old sons should be
more motivated to engage in a physical conflict than their
fathers and that this difference was perceived by residents.

Chemical analyses

Scent can communicate information through a mixed com-
position of chemicals, and the high number of compounds in
beaver AGS (Sun 1996; Rosell and Sundsdal 2001) allows
the potential coding of a wealth of information. The com-
position of glandular secretions are partly controlled by
hormones (Ebling 1977), and there are often hormonal
correlates with age (Bales et al. 2006), dominance (Creel
2001; Bales et al. 2006), and dispersal status (Holekamp and
Smale 1998; Young and Montfort 2009). It was not the goal
of this study to identify the compounds involved in infor-
mation coding, but merely whether the chemical profiles
differed between groups. The results from our chemical
analyses support our hypothesis that GC profiles differ
significantly between dominant and subordinate beavers as
well as between old and young subordinates.

In conclusion, resident territorial beavers showed the
strongest territorial response towards older subordinate
sons, suggesting that they are considered a bigger territorial
threat. These results indicate that territory owners can be
identified by scent. Further chemical studies should be
conducted to provide better insight about the exact informa-
tion coded in the AGS and identify the chemical differences
between the different age classes.
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