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Afﬁliative interactions have important ﬁtness consequences for individuals. Yet, precisely how social roles
emerge across ontogeny outside of the context of agonistic interactions is largely unknown, particularly in
free-living species of nonprimates. Here we used longitudinal data on yellow-bellied marmots, Marmota
ﬂaviventris, residing around the Rocky Mountain Biology Laboratory in Colorado, U.S.A., to investigate the
development of social partner choice in free-living rodents. We ﬁrst characterized the symmetry of afﬁliative
interactions between mothereoffspring pairs and within cohorts of individuals as they developed across
discrete life history stages. Afﬁliative behaviours generally increased in symmetry such that exchanges
became more reciprocal as individuals matured. We then evaluated the extent to which individuals biased
their afﬁliative behaviour towards, and agonistic behaviour away from, genetic relatives. As predicted by kin
selection theory, rates of afﬁliation increased with the degree of relatedness among individuals at all three
life history stages. Thus, nepotism emerged within cohorts of newly weaned pups and persisted into
adulthood despite prolonged annual separations due to hibernation. Surprisingly, close relatives also
exchanged the highest rates of agonistic behaviour. After accounting for the degree of relatedness, rates of
afﬁliative behaviours given and agonistic behaviours received remained positively correlated, suggesting
that close afﬁliates are each other’s closest competitors. Thus, although reciprocity of afﬁliative exchanges
within cohorts increased as individuals matured, competition among genetic relatives emerged early in
ontogeny and persisted into adulthood. Taken together, these results highlight changes in social roles shown
by individuals across ontogeny and shed light on theories of life history and social evolution.
Ó 2013 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

A growing body of empirical work on free-living mammals suggests that afﬁliative social interactions have important ﬁtness consequences for individuals (Silk et al. 2003, 2010; Weidt et al. 2008;
Cameron et al. 2009; Frere et al. 2010; Wey & Blumstein 2012). In
particular, we are now starting to understand that the early social
environment may have long-lasting effects on behaviours that persist into adulthood (e.g. Maestripieri & Mateo 2009; Champagne
2010). Moreover, balanced relationships characterized by reciprocal exchanges of afﬁliative behaviours importantly enhance the
health and life span of mammals, ranging from humans (House et al.
1998) to rock hyraxes, Procavia capensis (Barocas et al. 2011), and
laborataory rats, Rattus norvegicus (Yee et al. 2008). Nevertheless,
precisely how free-living animals make decisions with respect to
initiating afﬁliative behaviours and how symmetric exchanges
develop across ontogeny remains elusive. For example, the vast
* Correspondence: J. E. Smith, Department of Biology, Mills College, 5000 MacArthur Blvd, Oakland, CA 94613, U.S.A.
E-mail address: jesmith@mills.edu (J. E. Smith).

majority of studies focusing on the ontogeny of social roles concentrate on the establishment of dominance relationships based on
the outcomes of agonistic interactions (e.g. Walters 1980; Holekamp
& Smale 1993; Pereira 1995; Archie et al. 2006; Cafazzo et al. 2010;
Huang et al. 2011). Those studies that do focus on the ontogeny of
nonaggressive behaviours have traditionally focused on domestic
(e.g. Ward et al. 2008; Val-Laillet et al. 2009; Pal 2010) or captive
animals (e.g. Ralls et al. 1987; Maestripieri 1994; Terranova et al.
1998; Weidt et al. 2008; Toth et al. 2009a). As such, we lack an understanding of the fundamental processes involved in establishing
patterns of afﬁliation among group-mates, especially among freeliving species of nonprimates.
Here we investigated the development of afﬁliative behaviour in
the free-living yellow-bellied marmot, Marmota ﬂaviventris, a facultatively social rodent for which a complete pedigree and longterm data on behavioural interactions across three discrete life
history stages (pups, yearlings and adults) are available. We ﬁrst
describe the development of social roles between mothers and
their offspring and then ask whether genetic relationships predict
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the degree to which afﬁliative and agonistic behaviours are
exchanged within groups of individuals occupying the same life
history stage. Recent studies on this species revealed that 1-yearolds (yearlings) are generally involved in more afﬁliative interactions than are adults (Wey & Blumstein 2010). None the less,
how these patterns emerge at early stages of development (at the
pup stage), the extent to which mothers and other genetic relatives
shape these patterns and the relationships between afﬁliative and
agonistic interactions across a lifetime remain unclear.
Hypotheses Predicting Asymmetry of Social Roles across Ontogeny
Mothereoffspring interactions
We tested predictions derived from parental investment theory to
understand the degree to which parenteoffspring conﬂict arises
between mothers and their developing offspring (Trivers 1974; Mock
& Forbes 1992). Because mothers trade off between current and
future reproduction, we expected mothers to ‘disagree’ with offspring about the duration of the period of maternal investment. In
mammals, such conﬂict is expected to emerge around the time of
weaning, such that pups are expected to seek nourishment or protection from mothers, and hence initiate a greater proportion of
afﬁliative interactions with mothers than vice versa. As offspring
forage independently and approach the start of their own reproductive ‘careers’, theory predicts that they should play a less active
role in maintaining afﬁliative relationships with their mothers than
do immature pups. We therefore expected afﬁliative behaviours
between mothers and offspring to become more balanced (increase
in symmetry) as developing offspring matured. Because virtually all
males but only about half of females disperse as yearlings in yellowbellied marmots (Blumstein et al. 2009; Armitage et al. 2011), we also
predicted mothers to play a more active role in maintaining afﬁliative
interactions with female yearlings than with male yearlings.
Interactions within cohorts
Because sociality enhances ﬁtness in yellow-bellied marmots
(Armitage & Schwartz 2000), we next investigated the development of
social relationships within cohorts (age-mates) of marmots across
each successive life history stage. We focused on the ontogeny of
afﬁliative interactions because age-structured dominance has already
been demonstrated for this species; older individuals are socially
dominant to younger ones (Huang et al. 2011). If selective partner
choice is adaptive (Noë & Hammerstein 1994; Dugatkin & Sih 1995),
then we expected newly emerged pups to become more selective in
their social choices as they matured. Speciﬁcally, we expected the
symmetry of afﬁliative interactions to decline across successive stages
as individuals come to understand the relative value of each potential
social partner in their group. The overall symmetry of afﬁliative behaviours might decline if individuals compete for access to the most
valuable social partners. Alternatively, if social interactions by immature animals are primarily limited by spatial constraints facing pups
that are primarily found at burrows (Armitage 1991), then afﬁliative
exchanges should become more balanced within cohorts after newly
recruited animals have ‘introduced’ themselves to their group-mates
and become integrated within their group’s social network.
Hypotheses Predicting Relationships between Afﬁliative and
Agonistic Interactions

relatives. However, the protective value of kinship with respect to
curtailing aggression in mammals has recently been called into
question (reviewed by Widdig 2007). Alternatively, natural selection might favour selﬁsh behaviours in circumstances during which
individuals compete with close relatives through forces such as
sibling rivalry (Mock & Parker 1997) or reproductive suppression/
competition (Wasser & Barash 1983; Stockley & Bro-Jorgensen
2011). Such competition may give rise to reproductive skew,
deﬁned here as the extent to which breeding is monopolized by
dominant individuals (Johnstone 2000; Cant 2006). Because there
is some evidence of reproductive skew in yellow-bellied marmots
(Allainé 2000), individuals might direct aggression towards their
close associates, many of whom are also their close genetic relatives, if doing so enhances their own survival and/or reproduction.
Although these hypotheses have been tested extensively in
nonhuman primates and social insects, and to a lesser extent in
social carnivores (reviewed by Widdig 2007; Hager & Jones 2009;
Smith et al. 2010), explicit tests of how afﬁliative behaviours
emerge across discrete life history stages in free-living rodents are
generally lacking, with data on eusocial naked mole-rats, Heterocephalus glaber, being a notable exception (Jarvis 1981). Moreover,
previous rodent studies focused on the frequency of agonistic acts
without considering variation in the number of opportunities to
attack individuals of various degrees of relatedness (e.g. Kareem &
Barnard 1982; Wey & Blumstein 2010, 2012). Previous approaches
could potentially yield biased conclusions because close kin (e.g.
mothereoffspring pairs, siblings) typically spend the most time in
close proximity to each other. Additional study is therefore
warranted.
METHODS
Study Subjects and Field Site
Yellow-bellied marmots are ground squirrels that occupy geographically distinct areas, called colony sites (Armitage 1991).
Colonies of marmots vary in size and may include one or more adult
males as well as one to several matrilines of adult females and their
immature offspring. Residents therefore vary in their degree of
genetic relatedness to each other (Olson et al. 2012). From 2002 to
2011, we monitored individually recognized free-living marmots at
colony sites located around the Rocky Mountain Biological Laboratory (RMBL) in Gunnison County, Colorado, U.S.A. The current
study was part of a long-term study initiated in 1962 (Armitage
2010). We regularly trapped known individuals in Tomahawk
traps set around burrow entrances on a biweekly schedule during
the active season. Upon capture, we transferred each marmot into
a canvas handling bag to weigh it, sex it and determine its age. We
marked individual marmots with eartags and Nyanzol cattle dye
and collected a hair sample for DNA analysis at ﬁrst capture. Marmots were classiﬁed into three discrete life history stages, each
separated by annual periods of hibernation: pups (<1 year old),
yearlings (1 year old) and adults (sexually mature animals, 2 years
old). Because pups were ﬁrst observed above ground after weaning
(w25 days after birth; Armitage 2003a), recording behavioural
development prior to the cessation of nursing was beyond the
scope of this ﬁeld study.
Behavioural Data Collection

Kin selection theory predicts that individuals should generally
gain inclusive ﬁtness beneﬁts from biasing afﬁliative behaviours
towards and harmful behaviours away from close genetic relatives
(Hamilton 1964). This theory should explain maternal behaviour
directed towards offspring as well as behaviour directed by individuals of both sexes towards their maternal and paternal

From April to September, observers monitored each colony site
during times of peak activity in the mornings (0700e1000 hours)
and afternoons (1600e1900 hours) on most days using spotting
scopes from a distance (20e150 m) to avoid inﬂuencing the
behaviour of the subjects. At each observation session for a given
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colony site, we recorded all individuals that were present and the
duration of that sampling period. We recorded the initiator and
recipient of each social exchange observed within the group (for
our full ethogram, see Nowicki & Armitage 1979). Brieﬂy, afﬁliative
interactions included greetings, allogrooming, proximity maintenance and playing. Agonistic interactions were all accounts of
aggression and displacements for which the initiator directed
aggression towards or actively displaced its recipient. Because we
were interested in the ontogeny of social (rather than sexual)
partner choice, mounting in the context of mating was excluded
from our current analyses.
Data reported here were collected during 9025 h of observation
at six main colony sites: (1) Bench, (2) Horse mound, (3) Marmot
meadow, (4) Picnic, (5) River and (6) Town. We recorded a total of
23 981 social interactions involving 741 participants, including 394
males and 347 females. Afﬁliative interactions (N ¼ 20 318) consisted of play (N ¼ 7880), greetings (N ¼ 3907), allogrooming
(N ¼ 1198) and proximity maintenance (e.g. sitting in body contact
(N ¼ 1325), sitting within 1 m (N ¼ 4402), foraging together
(N ¼ 1191) or following each other (N ¼ 415)). Of the 3663 agonistic
interactions that were observed, 2827 (77.2%) were acts of directed
aggression and 836 were characterized by one individual displacing
the recipient.
Kinship Assignment
We updated our previously published pedigree for this current
study by assigning parentage for newly emerged pups based on
DNA from hair samples and 12 microsatellite loci (for details, see
Olson et al. 2012). Because of the high degree of inbreeding in this
species, we considered all pairwise relationships in our pedigree
simultaneously when assigning pairwise coefﬁcients of relatedness
(r values, ranging from 0 to 1 reﬂecting the degree of kinship). For
example, in cases where a marmot sired a pup with his adult
daughter, the sireepup pair has an r value of 0.75 (rather than the r
value of 0.5 that might expected for parenteoffspring pairs in the
absence of inbreeding). We therefore used the package Kinship2
v.1.3.3 (Therneau et al. 2011; R v.2.12.2, R Foundation for Statistical
Computing, Vienna, Austria) to generate a matrix of pairwise coefﬁcients of relatedness from the updated pedigree. The calculated
kinship matrix provided us with continuous measures of genetic
similarity. We limited our current data set to those pairs of individuals for which both parents were known.
Directional Consistency (DC) of Afﬁliative Interactions
We ﬁrst examined the tendency for the mother to be the initiator in social interactions with her offspring based on her offspring’s current sex and life history stage. Then, we asked whether
individual marmots become more or less selective in their partner
choices across ontogeny. Speciﬁcally, we created distinct ‘cohorts’
for each of the three discrete life history stages (pups, yearlings and
adults) occupied by individual marmots born between 2002 and
2010 at each of the six colony sites. We followed each cohort of
individuals within the same life history stage for a given colony
across a transition from one life history stage to the next (e.g. pups
in 2010 to yearlings in 2011). Interactions among adults were followed until adults in each cohort were no longer observed at the
study site (due to mortality or dispersal) or the end of this study
period, whichever occurred ﬁrst.
To quantify variation in the symmetry of social exchanges, we
calculated the directional consistency (DC) index (van Hooff &
Wensing 1987) as: DC ¼ (H  L)/(H þ L) for each cohort of individuals. DC is a group-level measure based on the number of
times behaviours were performed in the direction of higher
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frequency within each dyad (H) minus the number of times they
occurred in the direction of lower frequency within each dyad (L),
divided by the number of times it was performed by all individuals.
DC ranges from 0 for completely symmetric (bilateral) exchanges
to 1 for completely asymmetric (unidirectional) exchanges within
a group of individuals. Since DC is a proportion, it allows for
meaningful comparisons between matrices that contain unequal
numbers of interactions (Isbell & Young 2002; Archie et al. 2006;
Smith et al. 2011). For a detailed example of this calculation, see
Appendix A in de Vries et al. (1993).
We applied this formula to calculate all DCs for matrices of
afﬁliative interactions constructed for each (1) cohort for pups that
matured into yearlings and (2) cohort for yearlings that matured
into adults. Each cohort was limited to individuals that all had the
opportunity to interact with each other within each year and colony
site of interest. Although some individuals may share spatial
proximity with group-mates occupying the same burrow during
hibernation (Blumstein et al. 2004), active exchanges of social
behaviour were annually interrupted by long periods of hibernation over the winter months (Armitage et al. 2003).
Relationships between Afﬁliative and Agonistic Interactions
We used partial matrix correlations to test the null hypothesis of
no correspondence between afﬁliative behaviour given (matrix X)
and agonistic behaviour received (matrix Y) among marmots. This
method accounts for nonindependence among dyads while partialling out (controlling for) the effects of a third variable (e.g. sex or
degree of genetic relatedness; matrix Y; Hemelrijk 1990a, b; de
Vries 1993). Colony-year was the unit of analysis because colony
composition changed dynamically across years due to births,
mortality and dispersal.
The fossorial nature of this species made recording the precise
amount of time each pair of marmots was simultaneously above
ground challenging. We therefore calculated daily rates of behavioural exchanges to adjust counts of behaviours based on the
number of daily co-occurrences for each pair of marmots, a measure that was consistently recorded throughout the duration of this
10-year study. Daily rates of behaviours directed by one individual
towards the other individual within each dyad were calculated as
follows: (number of behavioural interactions directed by a focal
individual towards the other member of that dyad/number of days
that both members of that dyad were observed above ground
together). To correct for potential biases, rates were only based on
those days for which each pair was observed together. We investigated the relationships between kinship and rates of behaviour
across and within each life history stage.
Statistical Analyses
We built generalized linear mixed models (GLMM) using lme4
(Bates & Maechler 2010) in R v.2.6.2 (R Foundation for Statistical
Computing, Vienna, Austria) with a binomial response variable to
examine the tendency for the mother to be the initiator within
social interactions involving mothers and offspring based on the
sex and life history stage of her offspring. In all of our models, we
included the random effect of each mothereoffspring pair to account for repeated measures on the same individuals. We also
included ‘colony’ and ‘year’ as random effects and used likelihood
ratio tests to determine whether each term signiﬁcantly improved
the ﬁt of each model. We calculated the ‘repeatability’ of individual
and year effects as the percentage of residual variance in the LMM
attributed to each of these random effects (Lessells & Boag 1987).
Matrix analyses were conducted in MatMan 1.1 (Noldus Information Technology, Wageningen, The Netherlands; de Vries et al. 1993).
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Following Hemelrijk (1990a), we required that all animals within any
given behavioural matrix were observed together during the colonyyear(s) of interest. This ensured that each pair had the opportunity to
engage in either afﬁliative or agonistic interactions with all other individuals included in that matrix. We also limited all matrix analyses
to those colony-years in which at least four individuals were observed
in at least one afﬁliative or agonistic exchange with each other
(Hemelrijk 1990a). We calculated 95% conﬁdence intervals (CI) for DCs
characterizing groups belonging to each life history stage. Rows and
columns of matrices were permutated simultaneously for 10 000
times to assess the signiﬁcance of each Kr statistic (de Vries 1993).
Kendall’s tau (s) reﬂects the strength and direction of each row-wise
correlation (s values range from 1 to 1).
We used Statistica v.6.1 (StatSoft, Inc., Tulsa, OK, U.S.A.) to
analyse data failing to meet assumptions of normality and/or homoscedasticity of variances. We compared means for more than
two independent groups using KruskaleWallis tests. We also
compared means for two independent groups using Manne
Whitney U tests and compared means from dependent groups
using Wilcoxon signed-ranks tests. We set our alpha to 0.05 for
main effects; all two-way interaction terms with alphas of less than
0.25 were retained in our ﬁnal models.
Ethical Note
All procedures were approved under a UCLA research protocol
ARC 2001-191-01 (approved on 13 May 2002 and renewed annually) and under permits issued by the Colorado Division of Wildlife.
Live trapping and release of the subjects imposed minimal disturbance to these animals (Smith et al. 2012).
RESULTS
MothereOffspring Interactions across Ontogeny
Overall, offspring initiated the majority of afﬁliative mothere
offspring interactions. Agonistic interactions between mothers
and their offspring (N ¼ 9 interactions with pups; 183 interactions
with yearlings) were less frequent than afﬁliative behaviours
(N ¼ 428 interactions with pups; 940 interactions with yearlings;
see Table 1 for sample sizes). Motherepup aggression was
extremely rare, but mothers initiated the majority of agonistic interactions when offspring were yearlings (Fig. 1). The full statistical
model revealed these nonadditive effects of interaction type
(afﬁliative or agonistic), offspring sex and offspring life history
stage on the extent to which mothers were the participant
responsible for initiating interactions with offspring. That is, the
type of social interaction in which the mothereoffspring pair was
involved interacted at least to some degree with both the sex
(interaction type*sex: P ¼ 0.027) and life history stage (interaction
type*life history stage: P ¼ 0.057) of their offspring (Table 1, Fig. 1).
The random effect of the identity of the mother also explained
a signiﬁcant portion of the overall variance (26.6%) in the tendency
for the mother to be the individual responsible for initiating
mothereoffspring interactions (Table 1); suggesting that interindividual differences in maternal style might exist among
mothers.
To further investigate these nonadditive effects and the random
effect of maternal identity (Table 1), we next modelled the effects of
offspring sex and life history stage on maternal behaviour separately within the contexts of afﬁliative and agonistic interactions.
Both models included maternal identity as a random effect. As
before, mothers were responsible for initiating social interactions
to a greater extent when offspring were yearlings than when offspring were pups in separate models predicting either afﬁliative

Table 1
Independent variables predicting the tendency for yellow-bellied marmot mothers
to be the initiator in social interactions with their immature offspring
EstimateSE

Z

P

Full model: afﬁliative and agonistic social interactions*
(Intercept)
1.0390.210
4.937
Offspring sex (male)
0.0350.245
0.143
Offspring life history stage (yearling)
0.7780.226
3.444
Interaction type (afﬁliative)
1.5610.842
1.854
Sex  stage
0.1770.303
0.584
Interaction type  sex
1.2040.545
2.206
Interaction type  stage
1.4670.772
1.901

<0.0001
0.8859
0.0006
0.0637
0.5594
0.0274
0.0573

Afﬁliative interactions onlyy
(Intercept)
Offspring life history stage (yearling)
Offspring sex (male)

-0.9430.180
0.6430.168
-0.1310.162

5.236
3.820
0.809

<0.0001
0.0001
0.4185

Agonistic interactions onlyz
(Intercept)
Offspring life history stage (yearling)
Offspring sex (male)

1.2312.871
7.5802.662
1.6972.147

0.429
2.848
0.791

0.6682
0.0044
0.4292

* Including the random effect of individuals involved improved the ﬁt of the
model (likelihood ratio test: c21 ¼ 34:4, N ¼ 293 mothereoffspring pairs, P < 0.001),
explaining 26.6% of the variation in maternal behaviour. Data are based on interactions between mothers and their offspring: N ¼ 1560 interactions involving 61
mothers with 182 pups (N ¼ 85 females and 97 males) and 158 yearlings (N ¼ 78
females and 80 males). The random effect of year (c21 ¼ 10:4, P ¼ 0.001) and colony
(c21 ¼ 5:7, P ¼ 0.017) also improved the ﬁt of the model, accounting for 3.9% and
1.7% of variation, respectively. P values < 0.05 are shown in bold.
y
Including the random effect of individuals involved improved the ﬁt of the
model (likelihood ratio test: c21 ¼ 27:6, N ¼ 279 mothereoffspring pairs, P < 0.001),
explaining 23.8% of the variation in maternal behaviour. The random effect of year
(c21 ¼ 9:9, P ¼ 0.002) also improved the ﬁt of the model, accounting for 3.8% of the
variation, while the random effect of colony did not (c21 ¼ 3:8, P ¼ 0.052). Data are
based on 1368 afﬁliative interactions involving 60 mothers with 180 pups (N ¼ 85
females and 95 males) and 138 yearlings (N ¼ 70 females and 68 males). The effects
of life history stage and sex of offspring on mothers was additive in the context of
afﬁliative interactions (interaction: 0.220  0.303, Z ¼ -0.728, P ¼ 0.467). Signiﬁcant values (P < 0.05) are shown in bold.
z
Including the random effect of individuals involved signiﬁcantly improved the
ﬁt of the model (likelihood ratio test: c21 ¼ 11:1, N ¼ 83 mothereoffspring pairs,
P < 0.001), explaining 21.3% of the variation in maternal behaviour. However, neither the random effect of year (c21 ¼ 0:803, P ¼ 0.370) nor that of colony
(c21 ¼ 1:86, P ¼ 0.173) improved the ﬁt of the model explaining agonistic interactions. Data are based on 192 aggressive interaction involving 31 mothers with 8
pups (N ¼ 2 females and 6 males) and 74 yearlings (N ¼ 36 females and 38 males).
The model was generated from 192 mothereoffspring interactions involving 9
aggressive interactions with pups and 183 aggressive interactions with yearlings.
The effects of life history stage and sex of offspring on mothers was additive in the
context of aggression (interaction: 0.120  5.438, Z ¼ -0.022, P ¼ 0.982). Signiﬁcant values (P < 0.05) are shown in bold.

(P < 0.001) or agonistic (P ¼ 0.004) interactions. Sex failed to predict patterns of afﬁliative exchanges because mothers initiated
similar proportions of afﬁliative interactions with male (32%) and
female (38%) offspring (Table 1). Although mothers initiated
a greater of proportion of agonistic interactions towards female
offspring (93%) than towards male offspring (75%), neither the main
effects of offspring sex, nor its interaction with life history stage,
were statistically signiﬁcant predictors of agonistic interactions
(Table 1). Thus, overall, life history stage was more important than
offspring sex in explaining maternal behaviour. That is, mothers
rarely fought with pups, but mothers were typically the party
responsible for initiating attacks towards yearlings regardless of
offspring sex. In contrast, yearlings initiated a greater proportion of
afﬁliative interactions with mothers than did pups.
Symmetry of Afﬁliative Interactions across Ontogeny
Overall, two lines of evidence suggest that the symmetry of
afﬁliative behaviour exchanged within cohorts generally increased
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test: Z ¼ 2.86, N ¼ 14 colony-years, P ¼ 0.004). Figure 3 provides an
illustrative example of this ontogenetic shift. Symmetry increased
within this single cohort of individuals observed at the Horse
mound colony ﬁrst as pups (in 2006) and later as yearlings (in
2007; Fig. 3). Similarly, DCs for matrices containing afﬁliative interactions involving pups were signiﬁcantly higher than matrices
based on interactions among adults (ManneWhitney U test:
U ¼ 19.5, N ¼ 14 and 7 colony-years, respectively, P ¼ 0.028; Fig. 2).
However, DCs of afﬁliative interactions in matched cohorts of
yearlings and adults were statistically indistinguishable (Wilcoxon
signed-ranks test: Z ¼ 0.34, N ¼ 12 colony-years, P ¼ 0.74). Taken
together, these results indicate that symmetry in afﬁliative exchanges increased across ontogeny, with adults having the most
reciprocal exchanges of afﬁliative behaviour.

20
Degree of Relatedness, Not Sex, Predicts Rates of Behavioural
Exchanges

10
0

Affiliative
pup

Agonistic
pup

Affiliative
yearling

Agonistic
yearling

Figure 1. Percentage of social interactions initiated by yellow-bellied marmot mothers
involving offspring that were either pups or yearlings. Dashed line represents expected
null hypothesis that mothers and offspring were equally responsible for initiating
social interactions. Letters above bars indicate statistically signiﬁcant differences between categories.

Less symmetric

as individuals matured. First, DCs of afﬁliative interactions generally decreased across successive life history stages. Conﬁdence
intervals of DCs overlapped with 1 (completely asymmetric) for
pups (95% CI ¼ 0.30e1.00, median ¼ 0.66), overlapped with neither
0 or 1 for yearlings (95% CI ¼ 0.16e0.76, median ¼ 0.47), and
overlapped with 0 (completely symmetric) for adults (95%
CI ¼ 0.00e0.91, median ¼ 0.38). DCs also signiﬁcantly differed
among cohorts of individuals occupying different life history stages
(KruskaleWallis test: H2,42 ¼ 12.22, P ¼ 0.002; Fig. 2). DCs of
afﬁliative interactions signiﬁcantly decreased as pups matured into
yearlings, suggesting an ontogenetic shift towards more reciprocal
exchanges as pups matured into yearlings (Wilcoxon signed-ranks

1

0.8

0.6
More symmetric

Directional consistency

719

0.4

0.2
Pup

Yearling

Adult

Life history stage
Figure 2. Directional consistency within cohorts of individuals across ontogeny. Dark
horizontal lines in box plots represent medians, with boxes spanning the middle 50%
of the data for each life history stage. Whiskers stretch to any values that were outside
boxes but within the 1.5 interquartile range (IQR) from the median. Circles are outliers,
representing values greater than 1.5 IQR away from the median. Values overlapping
with 1 were completely asymmetric whereas those overlapping with 0 were completely symmetric.

Overall, across all colony-years, the degree of relatedness, but
not the sex composition, of social partners involved was positively
associated with rates of afﬁliative and agonistic behaviours
exchanged (Table 2; see Supplementary Material, Tables S1 and S2
for the full set of statistical tests). Sex composition of social partners
failed to consistently predict rates of interactions for the majority
(92%) of the matrices tested (Table S1). Given the weak effects of
sex, we focused on the effects of genetic relationships rather than
sex in subsequent analyses.
For each colony-year, signiﬁcant positive relationships emerged
between genetic relatedness and the rates at which pairs
exchanged either afﬁliative (N ¼ 42 matrices) or agonistic (N ¼ 42
matrices) behaviours (Table 2). Similar patterns emerged within
each of the three life history stages. As before, close genetic relatives exchanged signiﬁcantly higher rates of afﬁliative and agonistic
behaviours than did less related pairs within each of the life history
stages (Table 3).
Positive Relationships between Afﬁliative and Agonistic Exchanges
Results at the colony-level indicate that pairs that exchanged the
highest daily rates of afﬁliative behaviours towards colony-mates
were most likely to also exchange the highest daily rates of agonistic interactions with each other even after controlling for the
effects of genetic relatedness (Table 4; see Supplementary Table S3
for full set of statistical tests). In fact, afﬁliative behaviours given
were signiﬁcantly associated with the rates at which agonisms
were exchanged for all of the colony-years for which sufﬁcient data
were available.
We next investigated relationships among genetic relatedness,
afﬁliative behaviours and agonistic behaviours within each of the
three life history stages. As before, we detected positive relationships between afﬁliative behaviours given and agonistic behaviours received within each of the three life history stages, after
accounting for relatedness (Table 5). Interestingly, the proportion
of matrix simulations that were statistically signiﬁcant increased
at each successive life history stage. Speciﬁcally, only 50% of matrix simulations involving pupepup interactions were statistically
signiﬁcant (2 out of the 4 colony-years; Table 5). Within yearling
cohorts, 68% of matrix simulations involving yearlingeyearling
interactions were statistically signiﬁcant (12 out of 18 colonyyears, Table 5). Among adults, virtually all (96%) relationships
were statistically signiﬁcant (23 out of 24 colony-years, Table 5).
Thus, patterns emerging at the colony level were generally consistent with those found within cohorts at each life history stage,
but relationships were most consistent as cohorts matured into
adults.
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(a) DC = 0.55 in 2006
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(b) DC = 0.38 in 2007

Initiators of affiliative
behaviour

Recipients of affiliative behaviour within a single cohort of yearlings
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0
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Figure 3. Sample matrices exemplifying the shift in the directionality of afﬁliative exchanges within a single cohort representing the same six marmots as (a) pups (DC ¼ 0.55) and
(b) yearlings (DC ¼ 0.38) at the Horse mound colony in 2006 and 2007, respectively. The rows of the matrix represent the initiator of the interaction and the columns represent
those same individuals as recipient of interactions. The identity of each marmot is represented by eight numbers. The intersection of each row and column represent the number of
times afﬁliative interactions were exchanged for each pair. Black squares indicate that one member of the dyad received more interactions than it initiated and white squares
indicate dyads for which there were equal numbers of interactions or no interactions (blank) observed. For pups, more dyads exchanged one-way (47%, N ¼ 7 dyads) than two-way
behaviours (27%, N ¼ 4 dyads). For yearlings, fewer dyads engaged in one-way exchanges (33%, N ¼ 5 dyads) than in two-way exchanges (40%, N ¼ 6 dyads). The same percentages
of behavioural exchanges (27%, N ¼ 4 dyads) were unknown at both developmental stages.

DISCUSSION
Afﬁliative Exchanges Increase in Symmetry across Ontogeny
Our results on mothereoffspring interactions are generally
consistent with the main predictions of parental investment theory
Table 2
Relationships between coefﬁcients of relatedness and afﬁliative or agonistic interactions in yellow-bellied marmots (N ¼ 42 colony-years, including a total of
N ¼ 583 and N ¼ 616 marmots, respectively)
Kr statistic

Kendall’s s

Years (N)

P

Afﬁliative relationships
Bench
Horse mound
Marmot meadow
Picnic
River
Town

9321
302
392117
1043324
452114
8913

0.3940.071
0.5600.039
0.4080.016
0.5080.043
0.3710.036
0.5710.041

5 years
2 years
9 year
10 years
10 years
6 years

0.013
0.008
<0.001
0.008
0.032
<0.001

Agonistic relationships
Bench
Horse mound
Marmot meadow
Picnic
River
Town

9422
264
25772
601155
33882
8412

0.4490.052
0.6210.041
0.4120.033
0.4350.039
0.3570.056
0.6120.043

5 years
2 years
9 years
10 years
10 years
6 years

<0.001
0.009
<0.001
0.001
0.005
<0.001

Kr: coefﬁcient of relatedness. Kendall’s tau (s) reﬂects the strength and direction of
each row-wise correlation (s values range from 1 to 1). Because all correlations
between genetic relationships and both types of behaviours were statistically signiﬁcant, summary statistics across years are given as means  SE for each colony
tested (see Supplementary Material, Table S2 for full summary of tests performed for
each colony-year).

(Trivers 1974; Mock & Forbes 1992). That is, afﬁliative behaviours
between mothers and offspring became more balanced as developing offspring matured; this was true regardless of the sex of the
offspring. As expected, agonistic interactions were especially rare
between mothers and their pups, but mothers were virtually always the party responsible for initiating attacks (w85% of attacks)
directed towards yearling offspring. Also as predicted, offspring
initiated a smaller proportion of afﬁliative interactions with their
mothers as they matured from pups into yearlings. Interestingly,
individual differences in maternal behaviour were repeatable in
both agonistic and afﬁliative contexts. This suggests that mothers
possess different maternal styles. This extends similar reports in
another free-living rodent, the North American red squirrel,
Tamiasciurus hudsonicus (Dantzer et al. 2011). Overall, these ﬁndings are consistent with the interpretation that dependency of
offspring on mothers decreases as offspring mature and that
parenteoffspring conﬂict promotes maternal aggression towards
yearling offspring just prior to yearlings initiating reproductive
‘careers’ of their own.
Our ﬁnding that afﬁliative behaviours within cohorts of marmots increased in symmetry across successive life history stages is
inconsistent with the selective partner choice hypothesis. Finegrained analyses in the future, such as those tracking patterning
of partner choice for each speciﬁc pair of marmots, are still needed
to fully evaluate this notion. Nevertheless, our current ﬁnding
instead suggests that social interactions by immature animals
appear to be primarily limited by spatial constraints facing pups.
Newborn pups are virtually always found at their natal burrows
(Armitage 1991). Here we show increasingly more balanced afﬁliative exchanges within cohorts as each member of the cohort
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Table 3
Relationships between coefﬁcients of relatedness and either afﬁliative or agonistic interactions within cohorts of yellow-bellied marmots for which all individuals belonged to
one of three life history stages: pups, yearlings or adults (N ¼ 42 colony-years, including a total of N ¼ 583 and N ¼ 616 marmots, respectively)
Life history stage

Colony

Year(s)

Afﬁliative interactions

Agonistic interactions
Kendall’s s

P

Pups
(100% of tests statistically signiﬁcant)

Picnic
River
Town

2002
2009
2 years

318
46
16±4

0.299
0.302
0.67±0.04

<0.001
0.006
£0.042

262
58
16±4

0.361
0.477
0.76±0.03

<0.001
<0.001
£0.039

Yearlings
(92% of tests statistically signiﬁcant)

Bench
Bench
Bench
Bench
Marmot meadow
Picnic
Picnic
Picnic
River
River
River
River
Town

2004
2005
2007
2010
5 years
2003
2006
2007
2003
2004
2005
2010
2 years

38
3
28
65
212±77
320
354
363
355
43
9
274
43±13

0.492
0.181
0.244
0.227
0.60±0.07
0.376
0.280
0.330
0.535
0.371
0.030
0.621
0.70±0.12

<0.001
0.248
0.035
0.012
£0.008
<0.001
<0.001
<0.001
<0.001
0.006
0.451
<0.001
£0.001

42
12
37
73
129±45
203
253
252
327
34
70
138
37±7

0.584
0.722
0.426
0.344
0.58±0.09
0.433
0.403
0.000
0.499
0.427
0.419
0.520
0.68±0.07

<0.001
0.042
0.003
<0.001
£0.008
<0.001
<0.001
0.368
<0.001
0.003
<0.001
<0.001
£0.001

Adults
(100% of tests statistically signiﬁcant)

Bench
Marmot meadow
Picnic
River
Town

3
5
7
7
2

26±6
57±20
351±80
145±45
64±4

0.58±0.06
0.57±0.05
0.40±0.05
0.05±0.07
0.53±0.05

£0.029
£0.012
<0.001
£0.035
£0.001

29±3
56±19
280±67
130±39
63±1

0.73±0.05
0.61±0.04
0.37±0.06
0.52±0.08
0.54±0.05

£0.003
£0.013
<0.001
£0.026
<0.001

years
years
years
years
years

Kr

Kendall’s s

P

Kr

Kr: coefﬁcient of relatedness. Kendall’s tau (s) reﬂects the strength and direction of each row-wise correlation (s values range from 1 to 1). For brevity, when all tests for
individuals from a single life history stage within a given colony indicated signiﬁcant positive correlations, we present associated summary statistics as means  SE and report
the number of years tested. Otherwise, we report the raw results. Bolded rows indicate statistically signiﬁcant row-wise correlations.

increased its total number of social partners and became more integrated within the overall colony’s social network. This ﬁnding
resembles that found for adult female baboons; social partner
stability decreases as the number of potential social partners within
the social group increases (Silk et al. 2012). Because marmots may
have more opportunities within each day to interact with burrowmates than with members of their colony that occupy different
burrows, future studies are therefore needed to understand the
degree to which shared microhabitat preferences within each colony site explain social patterns investigated here. Nevertheless, our
current study extends earlier research documenting ontogenetic
shifts as yearlings mature into adults (Wey & Blumstein 2010).
Evaluating daily rates (rather than absolute counts) of behavioural
interactions starting at the pup (rather than yearling) stage allowed
us to capture early transitions as individuals matured from pups to
adulthood. These ﬁndings suggest that immature animals play an
active, and often underappreciated, role in establishing themselves
within their afﬁliative social networks.
Afﬁliative interactions became increasingly more symmetric or
reciprocal as pups matured into adults; afﬁliative interactions were

asymmetric among pups, moderately symmetric among yearlings,
and highly symmetric among adults. These ﬁndings are particularly
interesting given that outcomes based on wins and losses during
play for marmot pups predict their later dominance status as
yearlings (Blumstein et al., in press). Increased symmetry across
ontogeny for marmots living in colonies structured by nonlinear
dominance hierarchies differs from patterns for many species
with strict dominance hierarchies. Afﬁliative behaviours generally
become less symmetric as stable dominance relationships emerge
(e.g. play in dogs, Canis lupus familiaris: Bauer & Smuts 2007; Ward
et al. 2008; greetings in spotted hyaenas, Crocuta crocuta: East et al.
1993; Smith et al. 2011; agonistic aiding in common ravens, Corvus
corax: Loretto et al. 2012). Moreover, female macaques (Macaca
spp.) are more selective in choosing grooming partners as they
mature from infants into adults; macaques form kin-biased networks that resemble, but are differentiated from, those of their
mothers (Berman 1982; de Waal 1996; Mondragón-Ceballos et al.
2010). However, ontogenetic shifts in marmots do resemble those
of chimpanzees, Pan troglodytes. As in marmots, chimpanzee
play increases in symmetry as infants mature into juveniles

Table 4
Results of partial row-wise matrix correlations within each colony-year between daily rates of afﬁliative (matrix X) behaviours given and agonistic (matrix Y) behaviours
received by yellow-bellied marmots, after controlling for the effects of genetic relatedness (matrix Z; N ¼ 42 colony-years, including a total of N ¼ 583 marmots)
Colony

Bench
Horse mound
Marmot meadow
Picnic
River
Town

Years (N)

5
2
9
10
10
6

Kendall’s s row-wise correlation

P

Afﬁliative (X) vs agonistic (Y)

Afﬁliative (X) vs kin (Z)

Agonistic (Y) vs kin (Z)

Afﬁliative (X) vs agonistic (Y)
(controlled for kin ¼ Z)

0.530.07
0.620.09
0.550.05
0.460.03
0.600.04
0.680.04

0.390.07
0.410.02
0.510.04
0.370.04
0.380.03
0.570.04

0.450.05
0.410.03
0.440.04
0.360.06
0.390.03
0.610.04

0.430.07
0.550.11
0.420.04
0.370.01
0.520.05
0.510.05

0.002
0.007
0.007
0.048
0.002
<0.001

Kendall’s tau (s) reﬂects the strength and direction of each row-wise correlation (s values range from 1 to 1). Because all matrix correlations were statistically signiﬁcant,
summary statistics are represented as means  SE across years for each colony tested (see Supplementary Material, Table S3 for full summary of tests performed for each
colony-year).
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Table 5
Results of partial row-wise matrix correlations within each colony-year between daily rates of afﬁliative behaviours given (matrix X) and agonistic behaviours received (matrix
Y) by yellow-bellied marmots, after controlling for the effects of genetic relatedness (matrix Z; N ¼ 46 colony-years, including a total of N ¼ 452 marmots) within cohorts for
which all individuals belonged to one of three life history stages: pups, yearlings or adults
Life history stage

Colony

Year(s)

Kendall’s s row-wise correlation

P

Afﬁliative (X) vs
agonistic (Y)

Afﬁliative (X)
vs kin (Z)

Agonistic (Y)
vs kin (Z)

Afﬁliative (X)
vs agonistic (Y)
(controlled for kin ¼ Z)

Pups
(50% of tests statistically
signiﬁcant)

Picnic
River
Town
Town

2002
2009
2003
2004

0.50
0.66
0.60
0.52

0.30
0.30
0.63
0.71

0.36
0.48
0.79
0.74

0.44
0.61
0.21
0.00

<0.001
<0.001
0.147
0.481

Yearlings
(68% of tests statistically
signiﬁcant)

Bench
Bench
Bench
Bench
Marmot meadow
Marmot meadow
Marmot meadow
Marmot meadow
Marmot meadow
Picnic
River
Town
Town

2004
2005
2007
2010
2003
2004
2007
2007
2011
3 years
4 years
2004
2005

0.43
0.26
0.16
0.48
0.69
0.60
0.44
0.37
0.66
0.48±0.02
0.55±0.05
0.51
0.67

0.49
0.18
0.24
0.23
0.75
0.61
0.40
0.51
0.75
0.33±0.03
0.44±0.09
0.59
0.82

0.58
0.72
0.43
0.34
0.80
0.41
0.43
0.49
0.78
0.40±0.02
0.47±0.03
0.62
0.75

0.20
0.19
0.07
0.44
0.23
0.48
0.33
0.17
0.18
0.40±0.03
0.42±0.08
0.23
0.16

0.049
0.202
0.318
<0.001
0.154
<0.001
<0.001
0.024
0.133
<0.001
£0.004
0.071
0.165

Adults
(96% of tests statistically
signiﬁcant)

Bench
Marmot meadow
Picnic
River
River
River
River
River
River
River
Town

3 years
5 years
7 years
2002
2003
2004
2005
2006
2007
2011
2 years

0.71±0.07
0.71±0.03
0.50±0.05
0.73
0.66
0.61
0.66
0.62
0.77
0.93
0.83±0.04

0.58±0.06
0.57±0.05
0.40±0.05
0.72
0.80
0.47
0.39
0.31
0.40
0.38
0.54±0.04

0.73±0.05
0.61±0.04
0.37±0.06
0.78
0.87
0.47
0.42
0.28
0.40
0.44
0.54±0.04

0.54±0.08
0.55±0.06
0.42±0.03
0.38
-0.09
0.50
0.59
0.58
0.72
0.92
0.76±0.07

£0.029
£0.027
<0.001
0.021
0.348
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Kendall’s tau (s) reﬂects the strength and direction of each row-wise correlation (s values range from 1 to 1). Bold values indicate statistically signiﬁcant results. For brevity,
when all tests for individuals from a single life history stage within a given colony indicted signiﬁcant positive correlations, we present associated summary statistics as
means  SE and report the number of years tested. Otherwise, we report the raw statistical results for each colony-year tested.

(Cordoni & Palagi 2011) and social ranks increase with age (Gilby
et al. 2013).
Although comparative data on the DC measure are generally
lacking for immature animals, DC values for marmots occupying
each of the three discrete life history stages investigated here fall
within the ranges reported for adult female mammals. The median
DC (0.68) for marmot pups was generally higher than, or similar to,
those values for allogrooming in domestic cows, Bos taurus
(DC ¼ 0.68; Val-Laillet et al. 2009), greetings initiated by spotted
hyaenas (DC ¼ 0.65; Smith et al. 2011) and black and white colobus,
Colobus guereza (DC ¼ 0.60; Kutsukake et al. 2006) as well as those
for tail-wagging in wolves, Canis lupus (DC ¼ 0.66; van Hooff &
Wensing 1987) and friendly approaches in chimpanzees
(DC ¼ 0.57; Murray 2007). Median DCs of yearling (0.38) and adult
(0.47) marmots most closely resembled those reported for allogrooming in adult female spider monkeys, Ateles belzebuth hybridus
(DC ¼ 0.51; Leiva et al. 2008), wedge-capped capuchins, Cebus olivaceus (DC ¼ 0.43; O’Brien 1993), vervet monkeys, Cercopithecus
aethiops (DC ¼ 0.33; Seyfarth 1980), and black and white colobus
(DC ¼ 0.26; Kutsukake et al. 2006).
Adult exchanges of afﬁliative behaviours among free-ranging
marmots here were more reciprocal and included a wider range
of social partners than did immature ones. Social preferences
among adults are known to promote stable and equitable social
relationships in numerous species of nonhuman primates. For
example, balanced exchanges among adult female partners persist
over extended periods in baboons (Papio spp.: Silk et al. 2006, 2012;
Frank & Silk 2009), chimpanzees (Gomes et al. 2009) and tufted

capuchins, Cebus paella (Schino et al. 2009). Future studies are
needed to investigate the extent to which balanced interactions
among free-ranging species of nonprimates endure across years.
Nepotism towards Group-mates Persists across a Lifetime
As predicted by kin selection theory, the degree to which pairs of
marmots exchanged afﬁliative behaviours increased with the degree of genetic relatedness. Speciﬁcally, our results extend earlier
ﬁndings suggesting that yearling and adult marmots display a large
degree of homophily (Wey & Blumstein 2010), interacting to the
greatest extent with age-mates in their social networks with whom
they are genetically similar. We additionally reveal here that genetic relationships shape the behaviour of newly weaned pups.
Whether yellow-bellied marmots base kin discrimination on past
interactions (familiarity), phenotypic matching, or both mechanisms remains unknown. For example, nepotism in Beldings’
ground squirrels, Urocitellus beldingi, depends upon both forms of
information (Holmes 1994; Mateo & Johnston 2000; Mateo 2010).
Here we demonstrate a bias in behaviours directed by pups towards
their closest relatives and that this nepotism by pups persists into
adulthood despite prolonged annual interruptions in social
behaviour due to hibernation.
Facultatively social yellow-bellied marmots living in kinstructured matrilines have few unrelated adults with which to
interact (Olson et al. 2012). This species therefore differs from many
obligately social mammals, which often belong to groups with large
numbers of nonkin (e.g. less-related than ﬁrst-cousins; r
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value < 0.125) as potential social partners. In species such as
spotted hyeanas (Smith et al. 2007, 2008), bottlenose dolphins
(Tursiops sp.: Moller et al. 2001; Gibson & Mann 2008), vervet
monkeys (Seyfarth 1980) and chacma baboons, Papio hamadryas
(Silk et al. 2006, 2012) individuals instead become increasingly
selective in their choices of a social partner, fostering individualized
social bonds with a relatively small number of group members as
they mature into adults.
Costs of Kinship and Afﬁliating with Group-mates
Although individuals were most likely to direct afﬁliative behaviours towards their closest genetic relatives, close kin also
fought with each other at the highest rates across all three life
history stages. These ﬁndings fail to support the prediction of kin
selection theory that marmots derive net inclusive ﬁtness beneﬁts
from withholding aggression from kin belonging to all life history
stages. Instead, these patterns are consistent with bodies of theory
predicting reproductive competition/suppression among relatives
in the forms of sibling rivalry and parenteoffspring conﬂict. Our
results are consistent with the notion that close kin are each other’s
closest competitors; a ﬁnding that was particularly striking as
marmots matured into adults. Marmots therefore appear to
enhance their direct ﬁtness by competing with their closest
relatives.
Whereas rates of aggression are inversely related to genetic
relatedness in some species of gregarious wasps (Giron et al. 2004;
Lize et al. 2012), competition among genetic relatives is apparently
proliﬁc. Even though kinship often promotes afﬁliative behaviours,
it provides surprisingly little protection from aggression in zebraﬁsh, Danio rerio (Gerlach et al. 2007), house sparrows, Passer
domesticus (Toth et al. 2009b), meerkats, Suricata suricatta (Sharpe
& Cherry 2003), European badgers, Meles meles (Hewitt et al. 2009),
ring-tailed coatis, Nasua nasua (Hirsch et al. 2012), and spotted
hyaenas (Wahaj et al. 2004; Smith et al. 2010). Similar patterns also
persist in numerous nonhuman primates (reviewed by Silk 2002)
including ring-tailed lemurs, Lemur catta (Kappeler 1993) as well as
bonnet macaques, Macaca radiata, and rhesus macaques, Macaca
mulatta (Silk et al. 1981; Bernstein & Ehardt 1986; Widdig et al.
2002). Because intensity rather than the rate of aggression decreases with genetic relatedness in several species including killiﬁsh, Kryptolebias marmoratus (Edenbrow & Croft 2012), spotted
hyaenas (Van Horn et al. 2004) and ringtailed lemurs (Sbeglia et al.
2010), additional data are needed to rule out this possibility for
marmots. Nevertheless, our results are particularly interesting
because they suggest that close genetic relatives actually direct the
highest rates of agonistic behaviour towards kin despite their
preferences for these social partners.
Our results also suggest that positive relationships between
rates of afﬁliative and agonistic behaviours existed even after we
controlled for the positive effects of kinship on each form of
behaviour. Similarly, rhesus macaques direct the highest rates of
aggression towards those unrelated social partners with which
they associate most often (de Waal 1991, 1986). Such disruptive
effects of aggression on relationships within social groups might be
limited by the tendency for close associates to reconcile with each
other by directing afﬁliative behaviours towards former opponents
(de Waal & van Roosmalen 1979; Aureli et al. 2002). The positive
relationship between agonistic and afﬁliative behaviours found
here might be attributed to some extent by reconciliation among
valuable social partners. That is, marmots that ﬁght or displace each
other most often might also direct afﬁliative behaviours towards
their former opponents as a form of postconﬂict resolution. Future
studies are needed to quantify the precise temporal patterning of
agonistic and afﬁliative exchanges to evaluate this hypothesis.
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More generally, our ﬁnding that individuals compete at the
highest rates with their closest associates is consistent with data on
the ﬁtness correlates of sociality in yellow-bellied marmots.
Although living in small groups enhances an individual’s reproductive success (Armitage & Schwartz 2000), marmots that are
least afﬁliative and most aggressive have the greatest annual
reproductive success (Lea et al. 2010; Wey & Blumstein 2010).
Reproductive competition might explain these costs; marmots
compete for limited burrows to rear young and delay their age of
ﬁrst reproduction beyond that of sexual maturity in the presence of
older, dominant females (Wasser & Barash 1983; Armitage 1987,
2003b). Increased risk of attacks by their closest relatives might
generate these patterns of reproductive skew. Although mothers
virtually never attacked pups in our study, mothers were most
likely to be the individuals responsible for initiating agonistic interactions with their young as offspring matured. Maternal
aggression could potentially reduce sibling rivalry if mothers
intervene on behalf of pups being harassed by their older siblings.
Taken together, these results suggest that despite the maintenance
of balanced afﬁliative partnerships among adults, unpredictable
aggression directed towards closely related colony-mates might
trigger physiological responses that constrain reproduction. Future
research is needed to examine this hypothesis in light of viable
alternative ones.
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