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Abstract We described the relationship between relatedness
as full or maternal half siblings and expression of social play
and other social behaviors in juvenile Belding’s ground squir-
rel (Urocitellus beldingi) litters and evaluated the possible role
of play in establishing social bonds between juvenile females.
We used microsatellite analysis to determine relatedness.
Juvenile females did not interact preferentially with full over
half siblings, suggesting that they may form bonds equally
with full and half sisters. The probability that females will
have a surviving full sister beyond the juvenile period may be
low inU. beldingi, and establishing a cooperative relationship
with a half sister may sometimes be the best available option
in adulthood. As the proportion of females within litters
increased, rates of play decreased, suggesting that low social
play may be adequate for social bonding among females.
Among juvenile male U. beldingi, play bouts lasted longer
between full than half brothers; however, juvenile males did
not interact preferentially with full brothers in play or other
social interactions. Body mass differences were smaller be-
tween full than half brothers, and in both full and half brother
pairings, play bouts lasted longest when body mass differ-
ences were small. Because male U. beldingi do not ordinarily
interact with littermate siblings after emigrating from the natal
area, it is unlikely that play behavior functions to establish
long-term social bonds between full brothers. Rather, young
males may favor play interactions with phenotypically similar
partners who can provide optimal challenges in interactions
that promote motor development.

Keywords Ground squirrel . Microsatellite . Partner
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Introduction

Play is a characteristic behavior of mammals, occurring in
young of nearly all mammalian species. Play behavior can be
categorized as social, involving interaction with other individ-
uals, or nonsocial, typically involving locomotor activity or
interaction with objects (Fagen 1981; Burghardt 2005).
Several hypotheses have been proposed suggesting adaptive
functions of play behavior in young animals, including pro-
motion of motor, cognitive, and social development, and
development of versatility in coping with unfamiliar or un-
predictable situations (Bekoff 1972, 1988; Poirier and Smith
1974; Caro 1988; Bekoff and Byers 1998; Lewis 2000;
Špinka et al. 2001; Pellis et al. 2010). The expression of play
behavior varies widely across mammalian species, and com-
parative studies indicate that specific functions of play also
differ among species, including those that are closely related
(Bekoff and Byers 1998; Burghardt 2005; Pellis and Pellis
2009). Functions of play behavior can include short- or long-
term benefits to individuals (Held and Špinka 2011;
Blumstein et al. 2013). Moreover, the forms of play behavior
in which young animals engage can change as they progress
through development (Gomendio 1988; Govindarajulu et al.
1993), and the mechanics and functions of play can be sexu-
ally dimorphic within species (Pellis et al. 1997; Paukner and
Suomi 2008). The overall importance of play behavior for
young animals during early development is suggested by its
association with enhanced survival of young in some species
(Fagen and Fagen 2004, 2009; Cameron et al. 2008).

A variety of adaptive explanations relating social play to
social development have been proposed. For example, in
common seals (Phoca vitulina), play behavior introduces
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young seals to unfamiliar individuals and helps integrate them
into their social group (Wilson 1974). In gelada baboons
(Theropithecus gelada), social play fosters relationships in
which individuals support each other in agonistic interactions
with other baboons (Mancini and Palagi 2009). In yellow-
bellied marmots (Marmota flaviventris), social play helps
young animals develop dominance relationships that persist
into adulthood (Blumstein et al. 2013). In dogs (Canis lupus
familiaris), play may contribute to social bonding, as prefer-
ences for specific play partners develop early and become
more pronounced over time (Ward et al. 2008). In this work,
we assessed social play and other social behaviors in juvenile
Belding’s ground squirrels (Urocitellus beldingi; formerly
Spermophilus beldingi, Helgen et al. 2009) and evaluated
the possible role of social play behavior in promoting bonding
between sisters.

Formation of social bonds with female relatives is impor-
tant in many female mammals (Sterck et al. 1997; Wolff and
Sherman 2007). Female philopatry is prevalent in mammals,
with females typically remaining in their natal areas or natal
groups throughout their lives and males emigrating to a new
home area or social group prior to reproducing (Greenwood
1980; Lawson Hadley and Perrin 2007). Female philopatry
typically results in clustering of related females. Cooperative
interactions among females in kin clusters can be favored by
kin selection, with contributions to indirect fitness increasing
as the relatedness between cooperating individuals increases
(Sherman 1977; Nunes 2007; Clutton-Brock and Lukas
2012). For example, sisters or mothers and daughters can
share portions of their territories and cooperate in evicting
intruders from the territories (Sherman 1977). Sisters and
mothers and daughters can also help each other establish and
maintain rank in social hierarchies (Holekamp and Smale
1991), and closely related females can cooperate in the care
and rearing of young (Jennions and Macdonald 1994; König
1997; Solomon and French 1997).

Multiple paternity has been observed in U. beldingi, and
juveniles typically have options for interacting with either full
or half siblings (Hanken and Sherman 1981). Multiple pater-
nity has also been observed in a wide range of litter- and twin-
bearing mammals, including those characterized by social
monogamy (e.g., Hanken and Sherman 1981; Goossens
et al. 1998; Baker et al. 1999; Say et al. 1999; DeYoung
et al. 2002; Kraaijeveld-Smit et al. 2002; Carling et al. 2003;
Haynie et al. 2003; Glen et al. 2009; Sale et al. 2013). Various
ideas have been proposed to explain the adaptive benefit
multiple paternity. For example, greater phenotypic diversity
among offspring might increase the likelihood that at least
some offspring will be able to resist disease or successfully
cope with environmental challenges or changes (Lacy 1997;
Yasui 1998). Greater representation of males as fathers within
litters might also decrease the probability of infanticide by
males (Coulon et al. 1995). Multiple paternity may also serve

as “bet hedging” to reduce inbreeding when females have
unreliable access to outbred males as potential mates (Yasui
2001; Waser and De Woody 2006). Although multiple pater-
nity increases genetic diversity within litters, it also reduces
relatedness among littermates, thus potentially reducing op-
portunities for social interactions most strongly favored by kin
selection.

In this work, we described the relationship between sibling
relatedness within U. beldingi litters and the expression of
social play and other social behaviors and evaluated the hy-
pothesis that social play promotes social bonding between
sisters. We defined social bonding in the context of our study
as the establishment or reinforcement of preferences for part-
ners in nonagonistic social interactions and focused on pref-
erences for classes of partners (e.g., full sibling vs maternal
half sibling) rather than preferences for individual partners.
Play behavior in U. beldingi has been shown to promote
motor development and improve motor coordination; howev-
er, whether play has a role in establishing social bonds be-
tween individuals is not known (Nunes et al. 2004a, b).
Female U. beldingi are philopatric and act cooperatively with
close female relatives as adults in mutual defense of territories
and alarm calling to alert each other to potential danger
(Sherman 1977). By contrast, all surviving male U. beldingi
emigrate from the natal area before mating and do not ordi-
narily interact with close relatives in adulthood (Holekamp
1984, 1986). Thus, it may be especially important for young
females to establish social bonds with sisters early in life in
support of cooperative interactions later in life.

Cooperation among kin requires the ability to recognize
related individuals, and robust kin recognition abilities have
been observed in U. beldingi (Sherman 1980; Holmes and
Sherman 1982; Holmes 1994; Mateo and Johnston 2000;
Mateo 2003, 2010). In U. beldingi, littermate full sisters
engage in fewer aggressive and more cooperative interactions
as yearlings than do maternal half sisters raised in the same
litter, suggesting that kinship importantly influences social
relationships in female U. beldingi (Holmes and Sherman
1982). Unrelated U. beldingi raised in the same litter prior to
weaning are less aggressive toward each other than are unre-
lated juveniles raised apart, suggesting that social rearing
environment also influences social relationships between
young squirrels (Holmes and Sherman 1982). Kin recognition
in U. beldingi is mediated by self-referent phenotype
matching involving odors, using one’s own cues to determine
the relatedness of conspecifics (Mateo 2010). Phenotype
matching has also been observed in other species such as
spotted hyenas (Crocuta crocuta), and young hyenas express
preferences in social interactions for full over half sibling
littermates (Wahaj et al. 2004).

We predicted that if play promotes social bonding among
juvenile female U. beldingi, then rates of play and other
affinitive interactions should be highest in litters in which
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the proportion of females in the litter and the degree of
relatedness among female littermates are highest. Moreover,
females should play and engage in other affinitive interactions
preferentially with full sisters over maternal half sisters (Smith
et al. 2013). All other things being equal, kin selection should
favor cooperative behavior later in life more between full than
half sisters, and it should thus be important for juveniles to
forge stronger relationships with full sisters. Finally, we pre-
dicted that if play behavior functions to establish social rela-
tionships important in adulthood, then there should be no
preferences for full over maternal half siblings in play or other
affinitive interactions between brothers or brothers and sisters
because these sibling combinations do not ordinarily interact
in adulthood (Holekamp 1984, 1986). Body mass can affect
preferences for partners in play interactions between juvenile
male U. beldingi, with young males expressing preferences
for other males evenly matched in body mass (Nunes et al.
2004b); so, when data analyses suggested specific partner
preferences among males, we further evaluated the possible
role of body mass in the preferences.

Methods

From May through July 2012–2013, we studied a population
of U. beldingi in a 50-ha meadow near Tioga Pass in Mono
County, California, USA (37° 55′ N, 119° 15′ W). This
species is diurnal, inhabits alpine and subalpine meadows in
the western USA, and hibernates 8–9 months each year from
late summer through spring (Jenkens and Eshelman 1984).
Females typically enter estrus within a week after emerging
from hibernation and mate on only 1 day per year, thus
bearing at most 1 l per year (Morton and Gallup 1975).
Gestation lasts 24–25 days. Young remain underground in
natal burrows during lactation and first emerge from the natal
burrow when they are about 25–28 days old, near the time of
weaning (Holekamp et al. 1984; Nunes et al. 1999). Juveniles
engage in play behavior during their first 2 weeks above
ground, after which rates of play decline substantially as
juvenile roam farther from the natal burrow. Most play inter-
actions (>97%) occur between littermates (Nunes et al. 1999).

Squirrels were captured in live traps (Tomahawk Live-Trap
Company, Hazelhurst, Wisconsin, USA) baited with peanut
butter. Traps were checked every 30 min or less during trap-
ping sessions. At their first capture, squirrels were fitted with
monel metal ear tags (National Band and Tag Co., Newport,
Kentucky, USA) for permanent identification. Ear tags of
juveniles were painted different colors with nail polish prior
to application to aid in identification of individuals during
behavioral observations. We used six different colors of ear
tags (orange, blue, green, yellow, pink, and purple). When a
litter consisted of more than six juveniles, more than one
juvenile in the litter was fitted with pink or orange ear tags.

Thus, 17 different color combinations of ear tags were possible
overall in dyadic pairings of juveniles. Also, at squirrels’ first
capture, a 1–2-mm sliver of skin tissue was collected from the
outer rim of the ear with surgical scissors for genetic analysis.
Tissue samples were kept temporarily on ice until they could be
transferred to −20° for storage. Collection of tissue samples
caused only momentary discomfort and did not result in bleed-
ing. The fur of squirrels wasmarkedwith unique symbols using
Nice ‘n Easy blue black #124 hair dye (Clairol, Stamford,
Connecticut, USA) to aid in visual identification of individuals
during behavioral observations. Body mass of squirrels was
measured with spring balance scales (Avinet, Dryden, New
York, USA). The maternal burrows of lactating females were
observed daily from elevated posts such as rocks or hilltops to
determine the date on which their young first emerged from the
natal burrow. Young were trapped within 2 days of their first
appearance above ground during which time they remain close
to the natal burrow and can be unambiguously assigned to
mothers (Holekamp 1984). Distances between burrows from
which juveniles emerged were calculated using scaled maps
obtained from the US Geological Survey. All work with
U. beldingi in this study followed humane guidelines published
for mammals (Sikes et al. 2011).

Observation of behavior

We observed the behavior of 198 free-living juvenile
U. beldingi from a total of 34 litters in which there were at
least three juveniles and squirrels thus had a choice of partners
in social interactions.We used dyadic pairings of littermates as
the basic unit of interest in behavioral observations.
Specifically, we were interested in whether some dyadic
pairings in social interactions were more likely or engaged
in longer interactions than others based on the sex and relat-
edness of juveniles in the pairing. Moreover, we did not
evaluate the direction of interaction in dyads. That is, we were
not interested in which juvenile in a dyad initiated an interac-
tion, but rather in whether behavioral interactions were more
frequent or lasted longer among specific classes of dyads. We
observed the behavior of a total of 493 dyadic pairings of
littermates. Observations included a total of 1868 play, 1823
affiliative, and 637 investigative interactions (see below) be-
tween littermates, and also 45 play, 25 affiliative, and 27
investigative interactions among 40 nonlittermate dyads.
Analyses of behavior focused on interactions between
littermates.

Behavioral observations were conducted throughout the
day between 0700 and 1800 h from elevated posts such as
boulders or hilltops. We observed juveniles during the 2-week
period following their first emergence from the natal burrow.
During this 2-week span, juveniles within a litter tended to
emerge synchronously from the natal burrow at the beginning
of periods of activity. To ensure that all littermates were
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available as social partners during observations, we conducted
behavioral observations for a litter only when all juveniles in
the litter were above ground and within view. Litters were
observed for an average of 10.3±0.8 (SEM) total hours on an
average of 8.1±0.3 (SEM) different days. During observa-
tions, we recorded all occurrences of specific behaviors
(Altmann 1974; Martin and Bateson 2007), focusing on social
play behaviors and affinitive behaviors potentially associated
with promoting cohesiveness between individuals, such as
affiliation and social investigation. Start and stop times of
behavioral interactions were noted so that their durations
could be calculated. Specific behaviors recorded during ob-
servations are described below.

Social play behavior:

Wrestling—The juvenile faces a partner, in a ventrum to
ventrum clench or embrace, and pecks at the partner’s
neck, throat, cheeks, or abdomen without inflicting bite
wounds.
Tackling—The juvenile jumps or pounces on a partner,
either from a stationary or running start.
Boxing—The juvenile bats with the forepaws at a partner,
who may reciprocate.
Chasing—The juvenile follows and pursues a partner
while both juveniles are running.
Mounting and play copulation—The juvenile climbs on
the back of a partner and places the forepaws around the
partner’s chest or abdomen, grasping in the mouth the
skin of the partner’s neck, cheek, or back, and aligning
the pelvis with the partner’s pelvis; the juvenile and
partner may both lie on their sides on the ground; no
intromission occurs.

Affinitive behavior:

Affiliation—The juvenile remains within 0.5 m of another
juvenile for >10 s without engaging in other social
interactions.
Investigation—The juvenile engages in olfactory exami-
nation of the partner with the head extended and nose
within 2 cm of the partner, or walks around the partner
with the head oriented toward the partner.

For littermate dyads, we determined the number of play,
affiliative, and investigative interactions that would be expect-
ed if juveniles were randomly partnering with littermates in
these interactions. Expected frequencies of interactions for
dyads were calculated by dividing the total number of inter-
actions observed in a litter by the number of dyadic pairings
possible in the litter. Observed values of interactions for each
possible dyadic pairing in a litter were divided by expected
values to create a measure of preferences for specific partners.
We calculated rates of play, affiliative, and investigative

behavior for each dyad in a litter as the number of interactions
between juveniles in the dyad divided by the total number of
hours the juveniles were observed. Observations were record-
ed only when all juveniles in a litter were active; so, each
juvenile was observed the same amount of time as its
littermates.

Paternity analysis

DNA was isolated from tissue samples using DNeasy kits
(Qiagen, Valencia, California, USA). Microsatellites were
identified and developed by Genetic Identification Services
(GIS, Chatsworth, California, USA) specifically for
U. Beldingi. Primers were designed by GIS for 67 loci iden-
tified using Designer PCR 1.03. To create the library, DNA
fragments from U. beldingi were ligated into the HindIII site
of the pUC19 plasmid, which was then transformed into
Escherichia coli. Of the 67 loci, 17 were clearly polymorphic,
and seven of the polymorphic loci amplified reliably and
could be used for genotyping (Table 1). Both multiplex and
singleplex polymerase chain reaction (PCR) parameters were
optimized for these seven microsatellites.

The 5′ end of forward primers used in PCRwas taggedwith
the fluorescent markers HEX or 6FAM to facilitate differenti-
ation of fragments in later analyses. Type-it PCR kits (Qiagen,
Valencia, California, USA) were used to perform multiplex
PCR. Markers B108 and D106 were paired for multiplexing,
and markers C4 and D4 were paired. Markers B12 and D108
had the same annealing temperature but could not be paired
for multiplexing due to overlap in specific fragment lengths.
The mix for each sample included 1 μl of isolated DNA,
forward and reverse primers both in 0.2 μM concentrations,
12.5 μl of the supplied master mix, and water to bring total
volume to 25 μl. The protocol for multiplex PCR involved (1)
a 5-min 95 °C hot start, (2) 35 cycles of [30 s at 95 °C for
melting, 60 s at the appropriate annealing temperature
(Table 1), and a 30-s extension at 72 °C], and (3) a 30-min
final extension at 60 °C. Taq Polymerase PCR kits (TaKaRa,
Otsu, Japan) were used for singleplex PCR. The singleplex
PCR protocol also involved a 25-μl reaction; however,
0.5 μM concentrations of the primers were used for B6,
B108, C4, D4, and D108, and 0.2 μM concentrations were
used for B12 and D106. The mix for each sample included
1 μl of isolated DNA, 2.5 μl of the buffer provided in kits, 2 μl
of dNTPs, 0.125 μl of Ex Taq polymerase, and water to bring
the total volume to 25 μl. The protocol for singleplex PCR
involved (1) a 5-min 94 °C hot start, (2) 35 cycles of [40 s at
94 °C, 40 s at the appropriate annealing temperature (Table 1),
and a 30-s 72 °C extension], and (3) a 3-min 72 °C final
extension. PCR products were analyzed via capillary electro-
phoresis on the ABI 3730xl DNA Analyzer, with the 400HD
ROX size standard at the University of California at San
Francisco. Output was given in the form of fragment lengths
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of eachmicrosatellite allele. A total of 356 individual squirrels
were genotyped using the seven loci, including all juveniles,
yearlings, and adults captured in the study area. Numbers of
alleles present, heterozygosity, and Fis statistics were calcu-
lated for the 356 squirrels using Genepop 4.2 software
(Rousset 2008).

We extensively trapped adult males in our study site and in
areas adjacent to the study site throughout the summer to
consider as potential fathers. Adult males trapped in the same
summer that juveniles were born were included as potential
fathers in determination of paternity. Assignments of paternity
for juveniles were made manually by comparing the alleles of
juveniles at each of the seven microsatellite markers with the
alleles of their mothers and alleles of potential fathers. A
paternal allele in a juvenile was identified as an allele not
present in the mother, an allele homozygous in the juvenile, or
either of the two heterozygous alleles in a juvenile identical to
the mother’s alleles at that locus (Baker et al. 1999). Candidate
fathers for a juvenile were eliminated if they lacked any
paternal alleles. Determinations of paternity made manually
were verified with determinations using Cervus software
(Field Genetics, London, UK), which uses full likelihood
and exclusion to assign parentage. The overall exclusionary
power of Cervus in determining paternity with the mother
known was 0.989 for all seven microsatellite loci combined.
Confidence intervals for Cervus were set at 0.95 for identify-
ing the most likely father. All manual determinations of pa-
ternity corresponded to those made by Cervus. Paternity was
established for all juveniles included in the study. Full siblings
within a litter were defined as having the same father and
maternal half siblings as having different fathers. Unless oth-
erwise specified, we use “full sibling” and “half sibling” to
denote littermate full sibling and maternal half sibling

U. beldingi. We also used Cervus to analyze Hardy-
Weinberg equilibrium with a Χ2 goodness of fit method.

Statistical analysis

We used a mixed linear model to evaluate whether the pro-
portion of females or degree of relatedness among juveniles in
a litter were associated with rates of play, affiliative, or inves-
tigative interactions among dyadic pairings of littermates.
Multiple paternity within litters was used as a measure of
relatedness. To account for differences in the number of juve-
niles within litters, the mean number of young per father
represented within a litter was used to gaugemultiple paternity
rather than the mean number of males who sired young in a
litter. The proportion of females in a litter was not correlated
with the mean number of juveniles per sire represented in the
litter (Pearson’s r=−0.051, P=0.260). Litters and dyads
nested within litters were included in the model as random
effects.

As an index of partner preferences in social interactions, we
evaluated ratios of observed numbers of play, affiliative, and
investigative interactions among dyadic pairings of juveniles
to numbers that would be expected if littermates randomly
paired with each other. We used a mixed linear model to
evaluate these data. Sibling status (full, half) and sexes of
juveniles in dyadic pairings (female-female, female-male,
and male-male) were included as fixed effects in the model.
The combination of ear tag colors in dyads was also
included as a fixed effect to assess the possible influence
of ear tag color on partner preferences. Dyadic pairing and
litter were included as random effects in the model, with
dyads nested within litters.

Table 1 Characterization of microsatellite loci for U. beldingi

Locus Primer sequence No. of
alleles

Fragment length
(base pairs)

Annealing
temperature (°C)

PE D HO HE FIS

B6 F: 6FAM-CACCCTCCACCTTTTAGAAG
R: TCCAATGAACTTTTCCATCTC

4 129–147 55.0 0.217 0.44 0.44 0.44 −0.018

B12 F: HEX-CCAGCCTACTTTGTTGTTCC
R: CACCAGGACAGCACACATAC

5 213–225 57.0 0.395 0.62 0.64 0.62 −0.031

B108 F: HEX-GGAGCGTCAATGGAGAGG
R: GGCAGAAGGCAGAACTGG

7 279–298 58.5 0.266 0.51 0.50 0.50 −0.001

C4 F: 6FAM-ACTTGCATCCTTCTAGCTCTG
R: TCCCATTCTTTGTAAACTACCC

18 225–281 56.0 0.727 0.88 0.90 0.88 −0.025

D4 F: HEX-AGCAAGACCCTAAGCAAC
R: AGCACCCTGTTACAAAGG

14 271–316 56.0 0.651 0.85 0.85 0.82 −0.043

D106 F: 6FAM-GGACCAGAGTGGTACTTCTGTG
R: AGCACCCAGAGACTGTGACTTA

4 164–176 58.5 0.489 0.60 0.60 0.60 0.003

D108 F: HEX-CACCAACTGTAAACCTGTTCTG
R: CAACGTCAGTGAGACTGTGTC

7 199–223 57.0 0.337 0.70 0.67 0.71 0.051

The power of exclusion analysis for determining paternity with the mother known (PE), gene diversity (D), observed heterozygosity (HO), expected
heterozygosity (HE), and fixation indices (FIS) at seven loci are indicated for a single population of U. beldingi in Mono County, California, USA
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To further assess partner preferences in social interactions,
we evaluated the duration of play and affiliative interactions
among dyadic pairings of littermates using a mixed linear
model. Individual interactions were used as the unit of obser-
vation in the model. Investigative interactions typically lasted
only 1–2 s and so were not included in this analysis. Sibling
status and sexes in dyads were included as fixed effects in the
models, and litter and dyad nested within litter were included
as random effects.

To assess the possible influence of body mass on partner
preferences among brothers, we evaluated body mass differ-
ences within dyadic pairings of littermates using a mixed
linear model. Sibling status and sexes in dyads were included
as fixed effects in the models, and litter and dyad nestedwithin
litter were included as random effects.

We also used a mixed linear model to further evaluate the
duration of play interactions between brothers. In this analy-
sis, status as full or half brothers and categories of magnitude
in dyadic mass differences, expressed as a percentage of the
smaller juvenile’s body mass, were included as fixed effects.
Litter and dyad nested within litter were included as random
effects. Individual interactions were used as the unit of
observation.

Post hoc comparisons between full and half siblings within
dyadic groupings based on sex were performed using a mixed
linear model in which sibling status was included as a fixed
effect, and litter and dyad nested within litter were included as
random effects. Significance thresholds for multiple pairwise
comparisons were adjusted using the sequential Bonferroni
method (Rice 1989). Post hoc comparisons within other cat-
egorical variables were performed with Tukey’s HSD tests.
When analyses indicated a significant association between
continuous variables, linear regression was used to evaluate
the magnitude of the association.

Statistical tests were conducted with Systat 13 (Systat
Software, Inc., Chicago, Illinois, USA). For ease of interpre-
tation, values of variables prior to transformation are

presented in figures. Mean values are presented ±1 SEM.
Probabilities were considered significant when P≤0.05.

Results

The seven microsatellite loci characterized in our study ranged
from 2 to 4 base pairs in size of repeating subunits and 129 to
316 base pairs in overall fragment length. None of the loci
deviated significantly from Hardy-Weinberg equilibrium at
the P<0.05 level, both before and after Bonferroni correction
(Marshall et al. 1998; Kalinowski et al. 2007). The number of
different alleles present at each locus are summarized in
Table 1. A total of 59 alleles across all ground squirrels in
the population were detected in the seven markers, with a
range of 4 (B6, D106) to 18 (C4) alleles per locus. Tests for
heterozygote excess and deficiency within the population
were not significant (Table 1). The estimated level of inbreed-
ing (FIS) within the population over all loci produced a value
of −0.0111, indicating that the population is panmictic with a
low level of inbreeding.

Most behavioral interactions observed among juvenile
U. beldingi occurred between littermates. Only 2.3 % (45/
1916) of play interactions, 1.4 % (25/1849) of affiliative
interactions, and 4.1 % (27/664) of investigative interactions
occurred between juveniles from different litters. Most
nonlittermate interactions occurred between juveniles with
different fathers. Among nonlittermates, only 13.3 % (6/45)
of play interactions, 16.0 % (4/25) of affiliative interactions,
and 18.5 % (5/27) of investigative interactions occurred be-
tween juveniles with the same father. Due to the very small
sample of social interactions involving paternal half siblings,
we focused behavioral analyses on full sibling and maternal
half sibling littermates.

We assessed whether rates of social interaction varied with
the degree of relatedness among juveniles in a litter or with the

Table 2 Analysis of rates of play, affiliative, and investigative interactions among juvenile U. beldingi littermates in a mixed linear model

Play behavior Affiliative behavior Investigative behavior

Fixed effects F P F P F P

Proportion of females F1, 423=4.97 0.026 F1, 423=4.57 0.033 F1, 423=5.77 0.017

No. of young per sire F1, 423=1.82 0.178 F1, 423=0.98 0.322 F1, 423=1.37 0.242

Proportion * no. young F1, 423=2.10 0.148 F1, 423=1.17 0.280 F1, 423=1.88 0.171

Random effects Variance Variance Variance

Litter <0.001 0.1 <0.001

Dyad nested w/in litter <0.001 <0.001 <0.001

Error 0.1 0.07 0.02

Rates were calculated for a total of 493 different dyadic pairings of juveniles within litters. Fixed effects in the model included the proportion of females
in the litter to which a dyad belonged and the mean number of young per sire represented in the litter to which a dyad belonged. Random effects included
litter and dyad nested within litter
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relative proportion of sexes in the litter. The number of juve-
niles per sire represented in the litter was used as a gauge of
relatedness among juveniles. Rates of neither play, affiliative,
nor investigative behavior varied significantly with the num-
ber of young per father in a juvenile’s litter (Table 2).
However, rates of play, affiliative, and investigative interac-
tions each varied as a function of the proportion of females in a
litter (Table 2). We used linear regression to evaluate the
magnitude of association between the ratio of females in a
litter and measures of social interaction. The slope of the
regression line between the ratio of females and rates of
interaction was −0.15 for play behavior (F1, 491=4.0, P=
0.045), was 0.54 for affiliative behavior (F1, 491=35.8,
P<0.001), and was 0.22 for investigative behavior (F1, 491=
15.0, P<0.001). We further evaluated the relationship be-
tween rates of behavior and the proportion of females in a
litter, classifying juveniles as being from a female-biased litter
(proportion of females 0.67–1.00), unbiased litter (proportion
of females 0.34–0.66), or male-biased litter (proportion of
females 0–0.33). As litters became more female biased, rates
of play decreased significantly (Fig. 1a, F2, 425=3.56, P=
0.029), but rates of affiliative (Fig. 1b, F2, 425=5.28, P=
0.005) and investigative (Fig. 1c, F2, 425=5.01, P=0.007)
increased.

We evaluated preferences among juveniles for partners in
play, affiliative, and investigative interactions, as measured by
the ratio of observed numbers of interactions to numbers
expected by random association of juveniles within litters.
Partner preferences in play behavior did not vary with the
status of juveniles as full or half siblings or with ear tag color
(Table 3). However, play interactions tended to occur more
frequently between brothers and less frequently between sis-
ters than would be expected by random pairing of juveniles in
litters (Table 3, Fig. 2). Partner preferences in affiliative and
investigative interactions did not vary with sibling status,
sexes in dyads, or ear tag colors, and there were no significant
interactions between fixed variables in any of the above
analyses (Table 3).

To further assess social partner preferences, we evaluated
the duration of play and affiliative interactions between juve-
niles. The duration of affiliative interactions did not vary
overall with the status of a juvenile’s partner as a full or half
sibling or with the sexes of juveniles in dyadic pairings, and
there was no interaction between these variables (Table 4).
The duration of play interactions did not vary significantly
with status as full or half siblings but did vary with the sex of
juveniles in interactions (Table 4). Moreover, there was a
significant interaction between these variables (Table 4), sug-
gesting that differences in the duration of play bouts with full
versus half siblings were not uniform across dyadic parings
based on sex. In particular, play bouts lasted longer between
full brothers than half brothers (Fig. 3, F1, 366=6.93, P=
0.009), but there was no difference in the duration of play

bouts between full versus half sibling pairings of sisters
(Fig. 3, F1, 450=0.038, P=0.845) or sisters and brothers
(Fig. 3, F1, 868=0.47, P=0.492). For post hoc comparisons
among pairing of juveniles based on sex, samples of full and
half siblings were collapsed within categories. Play bouts
varied in duration as a function of the sexes in dyadic inter-
actions (Fig. 3, F2, 1794=4.1, P=0.017), and in particular
lasted significantly longer in male-male pairings of juveniles
than in female-female pairings (Fig. 3, 49.0±3.5 s, n=417 vs
39.6±1.8 s, n=512, respectively, t=2.64, P=0.023) or female-
male pairings (Fig. 3, 49.9+3.5 s, n=417 vs 41.1+1.6 s, n=
939, respectively, t=2.57, P=0.028), primarily due to longer
duration of play interactions between full brothers (Fig. 3).
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We evaluated the possibility that differences in the duration
of play interactions between full and half brothers that we
observed might be related to differences in body mass be-
tween full and half siblings rather than relatedness. A total of
493 dyadic pairings of littermates was included in this analy-
sis. Body mass differences between littermates tended to be
smaller among full siblings than half siblings (Fig. 4, 4.3±
0.3 g, n=163 vs 5.5±0.2 g, n=330, respectively, F1, 420=7.79,
P=0.005) but did not vary with the sex of juveniles in dyadic
pairings (Fig. 4, F2, 420=2.34, P=0.097), and there was no
interaction between these variables (Fig. 4, F2, 420=0.47,

P=0.624). Estimates of variance for random effects in this
analysis were as follows: litter 3.9, dyad <0.001, error
13.4. Mass differences were significantly smaller in full
sibling pairings than half sibling pairings in sister-brother
dyads (Fig. 4, F1, 188=5.94, P=0.016) and brother dyads
(Fig. 4, F1, 44=5.82, P=0.017), but not in sister dyads
(Fig. 4, F1, 78=0.71, P=0.403).

We further evaluated the duration of play interactions be-
tween brothers, factoring in body mass differences between
play partners. This analysis included 434 play interactions
among male U. beldingi. The duration of play bouts decreased
as the magnitude of difference in body mass between partners
increased (Fig. 5, F5, 371=6.69, P<0.001). The duration of play

Table 3 Analysis of partner preferences in dyadic play, affiliative, and investigative social interactions between juvenile U. beldingi littermates in a
mixed linear model

Play behavior Affiliative behavior Investigative behavior

Fixed effects F P F P F P

Sexes within dyads F2, 333=4.13 0.017 F2, 333=0.33 0.723 F2, 333=0.47 0.627

Sibling status F1, 333=0.72 0.397 F1, 333=0.64 0.424 F1, 333=0.003 0.956

Ear tag color F16, 333=1.01 0.444 F16, 333=1.13 0.327 F16, 333=0.40 0.982

Sexes * sibling status F2, 333=0.09 0.914 F2, 333=0.69 0.500 F2, 333=72.0 0.489

Sexes * color F30, 333=0.78 0.792 F30, 333=0.42 0.997 F30, 333=1.01 0.461

Sibling status * color F14, 333=1.30 0.204 F14, 333=0.73 0.745 F14, 333=0.69 0.786

Sex * sib status *color F27, 333=1.38 0.101 F27, 333=0.50 0.985 F27, 333=1.40 0.095

Random effects Variance Variance Variance

Litter <0.001 <0.001 <0.001

Dyad nested within litter <0.001 <0.001 <0.001

Error 0.8 0.8 1.4

Fixed effects in the model included the sex of juveniles in dyadic pairings, the status of littermates as full or half siblings, and the ear tag colors of
juveniles in dyads. Random effects included the litter to which juveniles in a dyad belonged and dyad nested within litter. A total of 493 different dyadic
pairings of littermates were included in the analysis
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Table 4 Analysis of the duration of dyadic play and affiliative
interactions in juvenile U. beldingi in a mixed linear model

Play behavior Affiliative behavior

Fixed effects F P F P

Sexes within litters F2, 1791=6.21 0.002 F2, 1750=2.34 0.096

Sibling status F1, 1791=3.27 0.071 F1, 1750=1.02 0.312

Sexes * sibling status F2, 1791=7.97 <0.001 F2, 1750=0.06 0.939

Randome Variance Variance

Litter <0.001 0.002

Dyad nested w/in litter <0.001 <0.001

Error 2,585.8 6,520.7

The analysis included a total of 1868 play interactions and 1823 affiliative
interactions between littermates. Fixed effects in the model included the
sex of juveniles in a dyad and the status of littermates as full or half
siblings. Random effects included the litter to which juveniles in a dyad
belonged and dyad nested within litter
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bouts, however, did not vary significantly overall with the status
of a play partner as a full or half brother (Fig. 5, F1, 371=0.21,
P=0.644), and there was not a significant interaction between
independent variables in the analysis (Fig. 5, F5, 371=0.55, P=
0.735). Estimates of variance for random effects in this analysis
were as follows: litter 0.001, dyad <0.001, error 3,524.8. For
post hoc comparisons between categories of mass difference,
samples of full and half brothers were collapsed within catego-
ries. Play interactions lasted significantly longer in pairings of
males whose body mass differed by ≤5 % than in pairings with
larger mass differences (Fig. 5). The slope of the regression for
mass differences versus duration of play bouts was −1.2
(F1, 432=5.4, P=0.020).

To assess the likelihood that sisters would interact beyond
the juvenile summer, we evaluated overwinter survival of
females. In the second year of the study, we recovered
19.7 % (13/66) of females trapped as juveniles in the first year
of the study. These included nine females who did not have a
surviving littermate sister and two pairs of sisters. Sisters in
one of the pairs were full siblings and in the other pair were
half siblings. Thus, 15.4 % (2/13) of yearling females in the
second year of the study had a surviving full sister, which
represents a decline from the 57.6 % (38/66) of juvenile
females in the first year of the study who had at least one full
sister. All four females in the yearling sister pairs in the second
year of the study weaned a litter, and 33.3 % (3/9) of yearling
females without a surviving littermate sister weaned a litter.
The half sisters had maternal burrows separated by 18 m, and
their mother was present in the study area during the second
year of the study. The maternal burrows of the full sisters were
separated by approximately 50 m due to a range shift by one
of the sisters away from her natal area, and their mother was
not present in the second year of the study. Among the nine
yearling females without a surviving littermate sister, 66.7 %
(2/3) of those who weaned a litter had their mother present in
the second year of the study, but only 16.7 % (1/6) of those
who did not wean a litter had their mother present.

Discussion

Juvenile U. beldingi in our study did not engage in play or
other social interactions preferentially with full siblings over
maternal half siblings. Moreover, play bouts and affilliative
interactions between juvenile females and full siblings did not
last any longer than those with half siblings. Nunes et al.
(2004b) observed that juvenile U. beldingi have preferences
among siblings for partners in play interactions. However,
results of our study suggest that among juvenile females, these
preferences are not based on sibling relatedness. We note that
although kinship may influence social relationships in ani-
mals, a variety of other factors are important in maintaining
amicable sociality (Hare and Murie 2007).

The lack of preference by juvenile female U. beldingi for
full over maternal half sisters in play interactions may reflect
an importance for young females to establish social bonds
with both full and half sisters. Mortality tends to be high in
juvenile U. beldingi during their first summer and overwinter
period, with 29 % of juveniles on average surviving to the
yearling summer (Sherman and Morton 1984). Low survival
may make it unlikely that a female will have both full and half
sisters available for interaction beyond the juvenile summer.
In the second year of our study, only 15 % of yearling females
had a surviving full sister, only 15 % had a surviving half
sister, and no yearling females had both. High degrees of
multiple paternity in U. beldingi (Hanken and Sherman
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1981) might further reduce the likelihood that females will
have full sisters available for cooperative relationships during
their reproductive lifespan. In forming cooperative relation-
ships with sisters, such as sharing in the defense of overlap-
ping maternal territories (Sherman 1977), females might typ-
ically not have a choice between a full and half sister.
However, even if females establish social bonds with both full
and half sisters early in life, the nature of interactions between
full and half sisters may still differ in adulthood with cooper-
ative relationships beingmore extensive between full than half
siblings (Holmes and Sherman 1982). Although we observed
no preferences among juvenile females for full over half
siblings in the frequency of play interactions, it remains pos-
sible that nuanced details in the expression of play behavior
may vary with the degree of relatedness between young
females and their siblings.

We note that among yearling female U. beldingi, coopera-
tive relationships between females and their mothers may be
more important for improving reproductive success than rela-
tionships between females and their littermate sisters. Yearling
femaleU. beldingi express lower intensities of aggressive and
vigilant behaviors in defending maternal territories than do
older and more experienced females (Nunes 2014a), and
yearling females have greater success in weaning a litter when
they have a surviving mother with a maternal territory nearby
who assists in evicting intruders from the daughter’s territory
(Nunes 2014b).

We observed an association between the proportion of
females in litters and overall rates of social interactions within
litters. As the proportion of females within litters increased,
rates of social play tended to decrease. Moreover, play inter-
actions between sisters tended to occur at lower frequencies
than would be expected by random pairing of juveniles within
litters, but play interactions between brothers tended to occur
at higher than expected frequencies. Young males in various

species, including U. beldingi, exhibit greater motivation to
initiate play interactions than do young females (Pellis et al.
1997; Pasztor et al. 2001; Nunes et al. 2004b; Cameron et al.
2008). Moreover, play can be contagious. In rats (Rattus
norvegicus), juveniles may respond to other juveniles who
initiate social play behavior at high rates by initiating social
play at higher rates themselves (Pellis and McKenna 1992).
Thus, greater male motivation to play and the contagion effect
might cause rates of play to be higher than average in male-
biased litters in some species. We also observed that as the
proportion of females within litters increased in our study,
rates of affiliative and investigative interactions among litter-
mates increased. These increases in nonplay social interac-
tions may be a by-product of lower rates of play in female-
biased litters, with social contact being more likely to result in
nonplay interactions in female- than male-biased litters.
Nonplay social interactions may also have a role in forming
social bonds between young female U. beldingi. Nonplay
social interactions have been suggested to contribute to devel-
opment of long-term social bonds in yellow-bellied marmots
(Smith et al. 2013) and ponies (Equus caballus; Rho et al.
2007).

Lower rates of social play in female- than male-biased
litters in our study raise the possibility that lower rates of play
behavior may be sufficient to establish social bonds between
young female U. beldingi. Higher rates of social play among
juvenile male U. beldingi may be necessary for functions that
might be especially important for young males, such as im-
proving motor skill and coordination (Nunes et al. 2004a, b).
Natural selection may favor young animals who engage in
social play at optimal levels that balance the benefits of play
with potential risks and priorities for available energy.
Engaging in play behavior can increase the risk of physical
injury, make individuals conspicuous and more vulnerable to
predation, or increase transmission of disease and mortality,
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and in some cases, young animals may alter their play behav-
ior to minimize these risks (Fagen 1981; Biben et al. 1989;
Harcourt 1991; de Olivera et al. 2003; Kuehl et al. 2008).
Moreover, play requires energy, and engaging in play behav-
ior may direct energy away from growth processes important
in young animals (Miller and Byers 1991). Although play
typically comprises only a small portion of a young animal’s
energy budget, play behavior can fluctuate with the overall
amount of energy available to individuals (Bekoff and Byers
1992; Caro 1995; Nunes et al. 1999; Sharpe et al. 2002).

Among juvenileU. beldingi in our study, play bouts tended
to last longer between brothers than between sisters or be-
tween brothers and sisters. Moreover, among brothers, play
bouts lasted significantly longer in full than half brother
pairings. This difference between pairings of full compared
to half brothers may reflect strengthening of social bonds
between full brothers via play interactions; however, we be-
lieve this unlikely. Juvenile males in our study did not have
preferences for full over half brothers in play or other social
interactions, as might be expected if young males sought to
strengthen social ties with full brothers. Moreover,U. beldingi
littermate brothers do not have overlapping home ranges after
emigrating from the natal area, and thus, interactions among
these brothers in adulthood are likely to be very rare
(Holekamp 1984, 1986).

Another possibility is that longer play bouts between full
than maternal half brothers are related to greater phenotypic
similarity between full brothers. Body mass differences be-
tween full brothers in our study were significantly smaller than
between half brothers, whichmay indicate greater similarity in
phenotype among full brothers. Phenotypically similar males
may be evenly matched and provide the greatest challenge in
competitive play interactions such as wrestling (Thompson
1996; Nunes et al. 2004b), prompting males to favor play
interactions with full brothers and to engage in longer play
bouts with full brothers. The duration of play bouts between
male U. beldingi in our study in fact decreased as the
magnitude of differences in body mass increased in both full
and half brother pairings, supporting the idea that males have
preferences for partners with similar body mass in play
interactions. Nunes et al. (2004a, b) observed that play im-
proved motor skill and coordination in juvenile U. beldingi.
Motor skill improved most when juveniles played with a
variety of partners and were presumably exposed to a range
of motor challenges. However, juveniles also tended to initiate
play bouts preferentially with some partners more than others,
and among males, the most preferred partner tended to be
another male evenly matched in body mass. Improved motor
skill and coordination accompanying play behavior might be
especially important for juvenile male U. beldingi to help
them prepare for potential challenges associated with emigrat-
ing from the natal area during the juvenile summer (Nunes
et al. 2004a).

Our results failed to show an association between play
partner preferences and sibling relatedness in juvenile
U. beldingi; however, we cannot rule out the possibility that
play behavior contributes to the shaping of social relationships
between females in this species. Future studies examining
nuanced details of play interactions might further elucidate
the role of play behavior in social bonding and social devel-
opment. However, results of our study suggest that if social
bonding is an important function of play behavior in
U. beldingi, it is likely not the main adaptive benefit individ-
uals gain from play. Rather, establishment of social relation-
ships might be part of a suite of benefits that includes advan-
tages such as improved motor coordination and motor devel-
opment (Nunes et al. 2004a, b).
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