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Play has been defined as apparently functionless behaviour, yet since play is
costly, models of adaptive evolution predict that it should have some beneficial
function (or functions) that outweigh its costs. We provide strong evidence for
a long-standing, but poorly supported hypothesis: that early social play is
practice for later dominance relationships. We calculated the relative dominance rank by observing the directional outcome of playful interactions in
juvenile and yearling yellow-bellied marmots (Marmota flaviventris) and
found that these rank relationships were correlated with later dominance
ranks calculated from agonistic interactions, however, the strength of this
relationship attenuated over time. While play may have multiple functions,
one of them may be to establish later dominance relationships in a minimally
costly way.
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Play is defined as apparently purposeless behaviour [1], but because it takes
time and consumes energy [2,3] and exposes animals to various risks—including the risk of predation [4,5], it must have substantial benefits [6]. However,
despite over a century of study, the functional significance of play behaviour
is not readily known even though many non-mutually exclusive hypotheses
persist in the literature [6 –9]. Indeed, not only are hypotheses non-mutually
exclusive, play may have different functions at different parts of an animal’s
life [8]. A fundamental and ethical challenge in studying play is that it is difficult to deprive animals only of play (but see [10,11]) and that deprivation of
play typically impedes normal development [12,13]. Thus, we must often
accept correlative support for hypotheses.
One widely suggested functional hypothesis was suggested over a century
ago. The ‘practice hypothesis’ suggests that play provides an opportunity to
practice and refine skills that will be needed later in adulthood [14]. Object
play improves motor skills, enhances cerebellar synaptogenesis and modifies
muscle fibres [15,16] important for survival [8], but animals may also play
socially [1,6,17]. Can social play also be practice for later dominance?
There have been relatively few studies that have asked whether play is practice for later dominance, defined here based on outcomes of pairwise agonistic
interactions in which the dominant individual ‘beats’ its opponent if the
opponent signals submission [18]. Support for the practice hypothesis is equivocal and often requires evaluating patterns, rather than outcomes [16]. Studies
with captive gelada baboons (Theropithecus gelada, [19]; 21 subjects observed for
513 h) and captive wolves (Canis lupus, [20]; nine subjects observed for 1 year)
found no support for the hypothesis. The degree of asymmetry in adolescent
chimpanzee play was associated with dominance rank [21], but this study
was based on only four subjects studied for 633 h over 30 months. Sexual differences in play fighting in dogs (Canis familiaris) were used to support the play as
practice for dominance hypothesis ([22]; 24 subjects, 819 h of observation over
13 weeks). Notably, these (sometimes detailed studies) were conducted over a
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2. Material and methods
(a) Subjects and data collection
From 2002 to 2011, we monitored wild yellow-bellied marmots
located around the Rocky Mountain Biological Laboratory (RMBL)
in Gunnison County, Colorado (388570 2900 N, 1068590 0600 W, elevation approx. 2890 m). All subjects were individually recognized
and part of a long-term study initiated in 1962 [32]. During the
active season, we regularly trapped marmots in Tomahawk live
traps set around burrow entrances on a bi-weekly schedule with
minimal disturbance to the animals [35]. Upon capture, we transferred each marmot into a canvas, handling bag where we
weighed, sexed and collected samples (faeces and blood). Marmots
were individually marked with uniquely numbered ear tags and
Nyanzol cattle dye at first capture. Marmots were classified into
three discrete life-history stages, each separated by annual periods
of hibernation: pups, yearlings and adults (sexually mature animals,
more than or equal to 2 years old).
From April to September, observers monitored each colony
site during times of peak activity in the mornings (07.00–
10.00 h) and afternoons (16.00–19.00 h) on most days using
binoculars and spotting scopes from distances (20– 150 m) that
did not obviously influence subject behaviour. At each observation
session, we recorded all individuals that were present and the duration of that sampling period. We used all-occurrence sampling to
record the initiator and the recipient of each social exchange [36].
Affiliative play behaviour included all accounts of play biting,
boxing, chasing, grabbing, slapping, pushing, pouncing, mounting and wrestling (ethogram and details about data collection
are in the electronic supplementary material). Directionality of
affiliative play was determined by whom was displaced at the
end of an interaction. Agonistic interactions were all observations
of aggression and displacements for which the initiator directed
aggression towards, or actively displaced, its recipient. Quantified
both ways, pairwise matrices of ‘wins and losses’ were subsequently used to generate two separate measures of dominance.
We calculated the rate of play by summing all observed playful
interactions (regardless of outcome) and divided this by the
number of days that animal was seen above ground.

(b) Rank assignments
We calculated ranks based on outcomes from play or agonistic
interactions using the Clutton–Brock index, a method that is particularly tolerant of missing pairwise interactions and weights
wins highly [37–39]. For each marmot in a colony-year, this
index is based on the number of marmots that the focal marmot
beat (B) plus the total number of marmots which they beat, excluding the subject (Sb), as well as the number of marmots which it lost
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condition (by calculating a standardized body mass; see
below) when studying the relationship between early play
and later dominance. Second, because the rate of play could
conceivably have both immediate and delayed consequences,
we statistically controlled for the rate of play when examining
the relationship between play ranks and later dominance
ranks. Finally, because the stability of pairwise agonistic and
affiliative relationships across ontogeny has been extensively
investigated elsewhere, and because kinship fails to protect
marmots of any life-history stage from losing fights [30,32],
we focus here on the precise effect of play on an individual’s
later relative social rank, rather than on characterizing the patterning of ontogenetic shifts between pairs of marmots based
on kinship; an individual’s relative social rank in its group
has important fitness consequences for individuals in this
species [31].

rspb.royalsocietypublishing.org

relatively short time period, or they were studies that
employed relatively few subjects.
However, even longer-term studies with more individuals have revealed equivocal or weakly correlative support.
Ring-tailed lemur (Lemur catta) play becomes less symmetrical
with age; a finding that was used to support the practice
hypothesis ([23]; 25 subjects, 14 months of observation).
Based on 10 year of observations of 44 subjects, play-mounting
in spotted hyenas (Crocuta crocuta), but not social play (the
most common and persistent form of play in this species)
was positively associated with the maternal rank of immature
individuals [24]. Yet by contrast, another long-term study of
the practice hypothesis, which lasted 6 years and focused
on 76 meerkats (Suricata suricata), found that play fighting
successes were not associated with later dominance rank [25].
In the light of the equivocal support for the practice hypothesis, we studied the relationship between early play behaviour
and later dominance in a free-living population of yellowbellied marmots (Marmota flaviventris). Yellow-bellied marmots
are particularly well suited for a study of the relationship
between early play and later dominance for the following
reasons. First, they are facultatively social rodents that live in
a variety of group sizes; some with overlapping generations
[26]. Second, they play during the first 2 years of their lives
(as pups—animals less than a year old and as yearlings—
animals 1 year old [27,28]), and this creates an opportunity to
test two complementary hypotheses (see below). Third, our
population has been studied since 1962, which enables us to
draw upon a wealth of information about their long-term
social interactions [29,30] and the function of dominance
[31], as well as an extensive observational dataset [32].
Fourth, a previous study of yellow-bellied marmot play [28]
found that playing marmots failed to self-handicap themselves
(which means that larger and potentially more dominant individuals who were actively holding down or chasing another
individual did not suddenly reverse roles), suggesting that
play might enhance competitive skills and is probably involved
in dominance. Importantly, the relationships between early
play and later dominance were not evaluated in this previous
short-term study.
If the practice hypothesis explains one potential function
of marmot play, we predicted that dominance ranks calculated from winners and losers of playful interactions early
in life should be associated with an individual’s subsequent dominance rank calculated from agonistic behaviour
outcomes in adulthood. We tested this hypothesis in two
ways. First, we asked whether dominance ranks calculated
from affiliative play behaviour as pups predicted relative
dominance ranks based on agonistic outcomes as yearlings.
If so, this would be good support for a delayed function of
play. Second, we asked whether dominance ranks calculated from all observed play (as both pups and yearlings),
predicted relative dominance rank later in life.
We acknowledge that play in yearlings might be a means
of negotiating immediate dominance relationships and might
therefore have an immediate function [33]. Nevertheless,
because play is restricted to only pups and yearlings, it is
worth looking for potential future effects of play.
A number of additional factors that influence dominance
must be acknowledged. First, because play may be influenced
by body condition [3,34], and because body condition is
associated with dominance rank in yellow-bellied marmots
[31], we statistically controlled for the effects of body
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(c) Statistical analyses

3. Results
We recorded a total of 27 493 social interactions involving
803 marmots (n ¼ 429 males and 374 females). Of these, 4020
and 8556 events were positively identified as agonistic or
playful, respectively. On average, each individual was
observed in 67 + 4 (mean + s.e.) social interactions across
this study, including 17 + 2 agonistic (n ¼ 250 male and
212 females) and 28 + 2 playful interactions (n ¼ 344 males
and 274 females). Assignments of clear winners and losses
were possible for 4910 interactions (n ¼ 2817 play and 2093
agonistic outcomes) involving a total of 509 individuals
(n ¼ 282 males and 227 females). On average, each individual
was involved in 19.3 + 1.1 social interactions with clear
outcomes (n ¼ 13.0 + 0.9 play and 10.8 + 0.8 agonistic outcomes). These outcomes were used to generate a total of 110
colony-year matrices, of which 64 matrices contained data on
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We fitted linear mixed models (LMM) in R [40] to ask whether
an individual’s relative rank based on play outcomes as a pup
predicted its relative rank based on agonistic outcomes as a yearling, and we also asked whether the rank calculated from all
observed play (both as pups and yearlings) predicted its relative
rank based on agonistic outcomes as an adult in subsequent
years. In all models, we included ‘marmot identity’ as a
random effect to account for repeated measures on the same
individuals and used likelihood ratio tests to determine whether
random effects improved the fit of each model. We calculated the
‘repeatability’ of individual effects as the percentage of residual
variance in the LMM attributed to each of these random effects
[41]. Random effects of ‘colony’ and ‘year’ were added as necessary to control for variation in behaviours attributed to site
and annual variation, respectively. We study marmots along an
elevational gradient and our higher-elevation colonies have
a shorter growing season than our lower-elevation colonies
[42,43]. This phenological difference has a variety of life-history
consequences so we included ‘valley location’ as another independent variable. Males are generally dominant to females
[31], so we also included sex as an independent variable. Because
marmots do not engage in compensatory growth [44], following
the methods reported in [45], we estimated August body mass
and used this measure as a covariate in all analyses. The rate
of early play was included as a covariate to permit us to isolate
the effect of play dominance on later dominance. Finally, because
the effects of early experiences are expected to attenuate over
time, we included a final variable, the difference in years between
ranks based on early play and later agonistic interaction, as an
independent variable. We tested for all two-way interactions
and only included these terms when doing so increased the fit
of our model (smallest Akaike information criterion; see the electronic supplementary material, table 2a – c for excluded terms).
p-values were calculated from t-statistics after interactions were
excluded. Values for excluded terms are based on adding each
term to our final models. We set our alpha to 0.05 and report
the results of two-tailed tests. Data are archived at www.eeb.
ucla.edu/Faculty/Blumstein/MarmotsOfRMBL/data.html.

play, and 56 matrices contained data on agonistic interactions.
Matrices were limited by sufficient observational data for
each year of the study for each social group. Ultimately, relative ranks for each colony-year therefore totalled 971 rank
assignments based on play (2002–2010, n ¼ 222 males and
179 females) and 803 rank assignments based on agonistic
interactions (2003–2011, n ¼ 217 males and 190 females). The
specific data reported here were collected during 9157 h of
observation at seven main colony sites (lower valley: Bench,
River and Gothic townsite; upper valley: Boulder; Marmot
Meadow; Picnic). A total of 775 matched relative ranks based
on play early in life and agonistic outcomes later in life
involved 279 participants (n ¼ 152 male and 127 females).
Overall, the relative agonistic dominance rank of an individual marmot (n ¼ 152 males and 127 females) based on fight
outcomes later in life was predicted by that individual’s relative
rank based on the outcomes of play interactions early in life
(relative rank based on play: estimate + s.e. ¼ 0.136 + 0.048,
t ¼ 2.819, p ¼ 0.005; table 1a). This was the case after controlling
for the significant effects of sex—males were generally socially
dominant to females (sex: 0.064 + 0.029, t ¼ 2.195, p ¼ 0.028).
Relative dominance ranks based on agonistic interactions
increased as the difference in years between ranks based
on early play and later agonistic interactions passed (years
between measures: 0.037 + 0.008, t ¼ 4.976, p , 0.00001).
Moreover, because adults were socially dominant to yearlings,
agonistic ranks measured for yearlings were lower than
those of adults (yearling stage: 20.137 + 0.028, t ¼ 24.965,
p , 0.00001). Finally, the individuals with high late season
body masses as immature individuals at the time play was
recorded were generally of higher agonistic rank later in life
than were those individuals of low body masses, although
this finding was not statistically significant (mass: 0.00002 +
0.00001, t ¼ 1.955, p ¼ 0.051). The random effect of the individual improved the fit of the model (likelihood ratio test:
x 21 ¼ 30.7, p , 0.00001), explaining 33.3 per cent of the variation
in the relative dominance rank of yearling or adult marmots.
However, random effects of year, colony and valley location
failed to improve the fit of this or any other model tested
(likelihood ratio tests: d.f. ¼ 1 for each, p ¼ 1.000).
Given our findings that relative dominance measures
change over the life course, we next investigated these patterns to understand the precise nature of these ontogenetic
shifts and to assess the extent to which the effects of early
ranks based on play outcomes persisted into adulthood.
Specifically, two subsequent analyses focused on subsets of
the data for which agonistic dominance was measured
for: (i) yearlings (n ¼ 148 males and 122 females), and
(ii) adults (n ¼ 36 males and 72 females).
First, as was the case for the full dataset, the model explaining agonistic ranks for yearlings revealed that the relative rank
of pups based on the outcome of play positively predicted the
relative dominance rank based on agonistic interactions
of yearlings ( play rank: 0.179 + 0.053, t ¼ 3.371, p ¼ 0.0009)
after accounting for yearling males generally being socially
dominant to yearling females in agonistic interactions
(0.334 + 0.142, t ¼ 2.354, p ¼ 0.019; figure 1a and table 1b).
Importantly, late season body mass for pups failed to predict
relative dominance ranks of yearlings (0.000009 + 0.00008,
t ¼ 1.202, p ¼ 0.230; table 1b) nor was an interaction between
sex and body mass significant (–0.0002 + 0.0001, t ¼ 21.757,
p ¼ 0.080). Finally, there was no effect of the rate of early
play on later dominance (0.048 + 0.059, t ¼ 0.828, p ¼ 0.408).
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to (L) plus the total number which they lost to, excluding the
subject (Sl ). Our index was therefore: (B þ Sb þ 1)/(L þ Sl þ 1);
ones were added to reduce the chances of an anomalous result
for individuals never observed to beat others or to be beaten.
To account for variation in group size, we transformed absolute
ranks to relative ranks, where the lowest-ranking individual within
a colony-year was 0, and the highest-ranking individual was 1 [31].
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Table 1. Independent variables predicting the relative dominance rank of yellow-bellied marmots based on agonistic interactions.
p-value

0.336 + 0.047
20.137 + 0.028

7.216
24.966

,0
,0.00001

0.038 + 0.008
0.136 + 0.048

4.986
2.819

,0.00001
0.005

sex (male)
body mass for season in which play recorded

0.064 + 0.029
0.00002 + 0.00001

2.208
1.955

0.028
0.051

rate of early play

20.014 + 0.035

20.403

0.567

(b) reduced dataset: play outcomes for pups predicts relative dominance rank of yearlings
(intercept)
0.103 + 0.108

0.950

0.343

0.179 + 0.053
0.334 + 0.142

3.371
2.354

0.0009
0.019

0.00009 + 0.00008

1.202

0.230

0.828
21.757

0.408
0.080

(a) full dataset: early play of pups and yearlings predicts dominance in subsequent yearsa
(intercept)
life-history stage when dominance recorded (yearling)
no. of years between play and agonistic measures of rank
relative rank based on outcomes of play

b

relative rank based on outcomes of play
sex (male)
body mass for season in which play recorded
rate of early play
sex  body mass

0.048 + 0.059
20.0002 + 0.0001

(c) reduced dataset: limited effects of early play on relative dominance of adultsc
(intercept)
0.335 + 0.073

4.667

,0.000001

0.040 + 0.008
20.087 + 0.072

5.280
21.210

,0.000001
0.227

0.073 + 0.078

0.934

0.351

body mass for season in which play recorded
sex (male)

0.00005 + 0.00004
0.023 + 0.052

1.272
0.418

0.204
0.676

rate of early play

20.022 + 0.039

age as an adult when dominance measured
life-history stage for which play recorded (yearling)
relative rank based on outcomes of play

20.570

0.569

a

Data on early play of pups and yearlings (2002– 2010) and later dominance (2003 – 2011) ranks based on n ¼ 281 and 494 measures, respectively, on 152
males and 127 females at seven colony sites.
b
Data on pup play (2002 – 2010) and yearling dominance (2003 – 2011) ranks are based on n ¼ 148 males and 122 females, respectively, at seven colony sites.
c
Data on early play of pups and yearlings (2002 – 2010) and later dominance (2003 – 2011) ranks of adults based on n ¼ 133 and 372 measures on 36 males
and 72 females, respectively, at seven colony sites.
Interestingly, the effects of early ranks based on play attenuated over time such that they failed to significantly predict
the relative agonistic rank for adults, although this relationship remained positive ( play rank of immature individuals:
0.073 + 0.078, t ¼ 0.934, p ¼ 0.351; figure 1b and table 1c).
Sex was no longer a significant predictor of adult dominance
rank (sex: 0.023 + 0.052, t ¼ 0.418, p ¼ 0.676; table 1c).
Instead, the absolute age of individuals predicted agonistic
dominance, with older adults being socially dominant to
younger ones (age: 0.040 + 0.008, t ¼ 5.280, p , 0.000001).
This effect of age as the main determinant of dominance
rank in adults persisted after accounting for the effects of
the life-history stage at which play was recorded, with
trends remaining for yearlings generally being socially subordinate to adults (20.087 + 0.072, t ¼ 21.200, p ¼ 0.227), and
the tendency for heavier immature animals to be more
socially dominant as adults than were lighter immature animals (0.00005 + 0.00004, t ¼ 1.272, p ¼ 0.204). Finally, the
rate of early play had no effect on later dominance rank
(20.022 + 0.039, t ¼ 20.570, p ¼ 0.569). As in the full dataset,
individual identity was important above and beyond the
effects of play, improving the fit of the model and explaining
51.6 per cent of the variation in the relative dominance rank
of adults (likelihood ratio test: x 21 ¼ 91.3, p , 0.00001).

4. Discussion
We have presented, what we believe is, the strongest correlative evidence showing that early social play behaviour has
functional consequences on later dominance rank. We
acknowledge that correlative evidence for functions of play
have critics [25,46], but also note that we are unaware of
other studies that have attempted to statistically control for
as many potentially important variables as we have.
We know from the previous studies, and saw in our
results here, that marmots vary in consistent ways—they
have personalities [47]—which may have both an endocrine
[35] and a genetic [48] basis. Thus, it was essential to statistically control for individual effects so as to isolate the
relationship between play and later rank. Our use of linear
mixed effect models permitted us to control for individuality
and other potentially important factors that could influence
rank in a novel way not previously done in other studies
on play. These newly available statistical methods therefore
offer new opportunities to advance our understanding of
the functional significance of play in free-ranging animals.
There are at least two other proximate hypotheses that
might explain the relationship between early play and later
dominance. First, the amount of early play (independent of
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t-value
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estimate + s.e.
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0.7
0.6
0.5
0.4
0.3

0.1

relative dominance rank of adults

(b) 0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0.2
0.4
0.6
0.8
1.0
relative rank based on play of immatures

Figure 1. Relationships between the mean + s.e. relative ranks based on the
outcomes of (a) play as pups and later agonistic (dominance) interactions
as yearlings (n ¼ 148 males, shown as filled-in circles and 122 females,
shown as open circles) and (b) play as immature ( pups or yearlings) and agonistic interactions for those same individuals as 2 year old adults (n ¼ 32 males
and 67 females as pups and yearlings. Ranks for adults are pooled because
we detected no sex difference (see text). Relative ranks based on play are
shown separately for pups (open circles, n ¼ 97) and yearlings (filled-in
circles, n ¼ 102) to account for differences between life-history stages.
Because dominance ranks increased as during between as age of adults
increased, data shown here are limited to the first year of adulthood.

rank) could have an immediate benefit in terms of increased
survival (as has been reported in brown bears (Ursus arctos)
[49]) or may be a mechanism that influences later dominance.
We statistically controlled for the effect of the rate of early
play on dominance and were able to reject this potential
mechanism accounting for later rank. Second, boldness (independent of rank) could be another proximate driver of
dominance in adults. For instance, in rats, neurochemical
brain differences influence boldness, and boldness is associated
with dominance in adults [50]. Formal path analysis on a novel
dataset would be required to identify this proximate pathway
but this analysis was beyond the scope of our study. Thus,
while we have identified a functional relationship between
play and its consequences and have rejected one putative
mechanistic hypothesis, the precise mechanism underlying
this relationship is not fully identified.
Nonetheless, marmots that were socially dominant as pups
within the context of play held higher dominance ranks in the
context of agonistic dominance as yearlings than yearlings that
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0.2

previously held relatively lower ranks during play. This is
strong support for a delayed function of play [35]. We also
found that the outcomes of pup and yearling play were positively associated with adult rank, although we acknowledge
that yearling play may also have an immediate function. However, the effect attenuated with the number of years between
when play occurred and when dominance was measured.
Importantly, the strong effect of pup play on social rank as
yearlings was not influenced by body condition, a finding
that clarifies the importance of play and suggests that it has
functional consequences.
Dominance ranks for yearlings and 2-year olds are probably
of particular importance for marmots. Almost all yearling
males disperse as do about 50 per cent of yearling females [51]
and, as in other taxa [52], social cohesion plays an important
role in explaining philopatry in marmots [53,54]. Two-year old
female marmots are likely to be reproductively suppressed if
they are in a group with older females [55], and we expect,
but have not formally evaluated the hypothesis, that dominance
rank is likely to explain some variation in suppression. During
the years of our study, the population was growing [56] and
almost all females reproduced annually; thus our dataset was
not sufficiently variable to permit us to study the effects of
social dominance on reproductive dominance. Nonetheless,
our paper has demonstrated a link between play and later
social dominance, and this finding suggests that early play behaviour appears to represent a particularly low-cost method
to establish dominance in later life.
Because wounding or mortality resulting from direct combat
can be costly, natural selection is expected to favour the ability of
individuals to assess the dominance status of group-mates outside the context of direct fighting [57]. Indeed, meerkats have
been observed being injured during fights [25], and we
have some evidence that marmots can harm each other while
fighting (D. T. Blumstein 2012, personal observation). However,
in neither of these species has wounding or mortality been
observed as direct consequence of play. Play, however, is not
without costs if individuals are injured while playing, as has
been reported in Siberian ibex (Capra ibex sibrica) kids [58], if
it reduces an individual’s ability to attend to predators, as
has been reported in South American fur seals (Arctocephalus
australis) and golden marmots (Marmota caudata aurea) [4,5] or
if it is energetically costly, as has been reported in Belding’s
ground squirrels (Urocitellus beldingi) [34].
An experimental study of the effects of early testosterone
exposure on play fighting and later dominance in rats found
that neonatal exposure to testosterone enhanced play behaviour, but there were no effects detected on later dominance
[59]. This finding suggests that in rats, the two systems
( play and dominance) are, in a proximate sense, independent.
While we currently lack data on the relationship between circulating testosterone and play in marmots, androgenized
females in this population initiate the most social interactions
(which include play) [60]. Thus, perhaps organizational
effects [61] of testosterone are required to functionally link
play outcomes with later dominance outcomes. Rank-related
maternal androgens indeed have crucial organizational
effects for wild spotted hyenas, explaining both rates of
play-mounting and aggression in immature individuals [62].
While we have provided correlative evidence of one
demonstrable function of play, we acknowledge that play is
multi-faceted and the nature and function of play is likely
to vary among species [6,8], and indeed even through
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(a) 0.8
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Marmots were studied under animal research protocols approved by
UCLA and the Rocky Mountain Biological Laboratory.
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