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Abstract

Social play consists of reciprocal physical interactions between conspecifics with many features
conserved across species, including the propensity for males to engage in play more frequently
and with higher physical intensity. Animal models, such as the laboratory rat, reveal that the
underlying neural circuitry of play is subject to sexual differentiation during a critical period early
in life. In this review, we discuss the developmental processes that produce distinct neural nodes
which modulate both shared and sex-specific aspects of play with a focus on the medial amygdala,
lateral septum, and prefrontal cortex. While the cellular mechanisms determining sex differences
in play are beginning to be uncovered, the ultimate advantages of play continue to be debated.
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Introduction

The playfulness of young animals, including children, is a fundamental and unique behavior
filled with paradox. Largely limited to the narrow slice of life between weaning and
reproductive maturity, play serves no obvious purpose, yet there are clear rules of
engagement, patterns of reciprocity, and elements of reward. The consensus is that play is
essential to the development of adult social behavior, as well as cognition and reproductive
success (Blake & McCoy, 2015; Pellis et al., 2019; see also Stark & Pellis in this Special
Issue), but why this is so remains a mystery. There are 3 recognized types of play: 1)
locomotor play (also known as solitary play) by a lone individual involving jumps, kicks,
etc., 2) object play such as carrying, flipping or flinging an inanimate object, and 3) social
play between two or more similar-aged conspecifics, which includes chasing, wrestling, and
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play fighting, and sometimes called “rough and tumble” play or “play fighting” (Bekhoff &
Byers, 1981; Martin & Caro, 1985). Each form of play is often presumed to have its roots in
some other more “adaptive” behavior. Locomotor play can be considered rehearsal for
escaping predators, while object play is the same for hunting. Rough and tumble play is akin
to conspecific aggression or, conversely, to mating (Fagen, 1981; Wilson & Kleiman, 1974).
But establishing the connections between play and later-life behavior—beyond the simple
fact that preventing play impairs normal development—has as yet been elusive.

One fascinating feature of rough and tumble play is the presence of a reliable sex difference:
males play more frequently and more intensely than females. This is interesting for several
reasons. First, the sex difference is observable in many mammalian species ranging from
rats, cats, and dogs, to humans, indicating that this sex difference in play (and play itself) is
highly evolutionarily conserved, speaking to its importance (see Table 1). Second, the sex
difference in behavior manifests during the stage of life when sexual differentiation of the
brain is complete, but before the pubertal increase in circulating steroid hormones. This
timing allows for targeted study of how early-life developmental processes establish sex
differences in brain architecture which then manifest as differences in social behavior,
without the confounds of sex-specific hormones later in life. Finally, the sex difference is
manipulatable, providing an experimental wedge for mechanistic discovery. By altering the
natural processes of brain sexual differentiation, basic researchers can determine how the
development of specific brain regions contributes to later-life behavior.

Why is there a sex difference in rough and tumble play behavior? In this review, we address
this question at both the proximate and ultimate level. Beginning with the proximate, we
discuss our current understanding of the sexual differentiation of play at the cellular and
molecular level. We then integrate this information into what is known about play’s ultimate
causation, which may have its origins in a common reward circuitry and impart a lasting
impact on sex-specific endpoints. Throughout this review, we emphasize research findings in
the laboratory rat due to its robust and reliable play repertoire and the extensive and rich
literature on play in this species.

Quantifying playfulness in rats

A variety of different approaches can be used to study rats at play. The testing environment
may differ, ranging from random observation of animals and their cage mates in their home
environment to social isolation-induced observation of animals paired with unfamiliar play
partners in a play arena. The former can be thought of as spontaneous play, where the
animals are being observed in a setting that is as unperturbed as possible. Under these
conditions, any observed play is likely reflective of the animal’s spontaneous or natural
desire to play. In contrast, the latter can be thought of as motivated play, defined primarily
by the use of social isolation to increase the animal’s homeostatic drive for social interaction
and increase the propensity for the isolated animal to engage in play. Both of these
paradigms are useful and can be used to examine play from different perspectives. It is worth
noting that sex differences in play are most robustly detected in spontaneous play paradigms
(see discussion below).
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Additionally, the number and the sex of the animals being observed may differ. Most
commonly animals are studied as same-sex pairs, which is particularly important for
observing sex differences in play as mixed-sex pairs will play at an intermediate frequency
(i.e. more frequently than female-female pairs but less frequent than male-male pairs)
(Argue & McCarthy, 2015a). Far less common is the use of same or mixed-sex groups, as
there is potential for “contagious” play which confounds the experimenter’s ability to isolate
factors that may regulate behavioral sex differences (Pellis & McKenna, 1992). Lastly, the
age at which the animals are tested can vary substantially. Play is most robustly expressed
during the juvenile period, which in rats corresponds to postnatal days 26-40 (Panksepp,
1981). However, once the animal reaches puberty, playfulness dramatically decreases.

The components of play are generally well agreed upon and consist of several stereotypical
behaviors. Locomotor play is characterized by high-energy behaviors like /opsand darts
(Pellis & Pellis, 1983). Rough and tumble play is comprised of pounces, pins, wrestling,
chasing, and boxing (Thor & Holloway, 1984). Each of these behaviors represents an
important aspect of social play. For example, a pounce occurs when one animal launches
itself at the nape of the other—the target and goal of play fighting—in a highly rewarding
attempt to gain a physical advantage (Pellis & Pellis, 1987). The intent of a pounce is clear:
the pouncing animal is initiating a play event by engaging in this pseudo-attack behavior. In
response, the animal being pounced on may adopt one of many defensive strategies. The
animal may choose to evade by swerving or running away, or they may choose to rotate onto
their side or back. In juvenile rats, the most common defense strategy is to rotate completely
to a supine position, which typically results in the defensive animal becoming “pinned by
the pouncer (Pellis & Pellis, 1998). This is thought to signal the intent of the animal to
defend themselves from the pounce and prepare for a counter-attack of their own. Similarly,
the animal may perform a partial rotation, an adult-like pattern of defense exhibited more
frequently by juvenile males, but not females, around the onset of puberty (Pellis & Pellis,
1997). By rolling onto their side in this manner, the animal retains contact with the ground
via its hindpaws and thus is able to rear into a defensive upright posture.

As a play bout continues, animals may trade pounces and pins while trying to gain an
advantage over the other. If play becomes quite vigorous, the pair of animals may begin
wrestling, which is characterized by the pair rolling and tumbling around the arena as they
seamlessly exchange attack and counter-attack. Less common are boxing and chasing
behaviors. Boxing occurs often during wrestling bouts or after a pin, in which both animals
turn to face each other and rear up on their hind legs to bat at each other with their forepaws
(Vanderschuren et al., 1995). Chasing occurs when one animal attempts to run away and the
other quickly pursues, presumably in an attempt to continue the play bout. By analyzing
which animal performs which behaviors, and identifying the sequence in which behaviors
occur, investigators can gain more insight into the dynamic and reciprocal interactions of
this complex social behavior.

Juvenile male rats are more playful

The greater playfulness of male rats is limited to rough and tumble play; no sex differences
are observed in locomotor play (e.g. running, jumping, and leaping) or in object play (Pellis
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& Pellis, 1983). These types of play are more commonly observed in predatory species like
cats and dogs (Burghardt, 1999), while social play is the most common type of play seen in
rats (Poole & Fish, 1975). The male bias in play is largely attributed to increased rates of
play initiation compared to females, which suggests an underlying difference in motivation
(Meaney & Stewart, 1981; Thor & Holloway, 1986). Males are also more likely to
counterattack, engage in boxing, and pin more frequently, all of which may reflect the initial
difference in the rate of play initiation (Pellis & Pellis, 1990). There are also qualitative
differences in the structure of male and female-typical play. After a pin, females are more
likely to evade while males tend to rotate into wrestling. The tendency to evade is likely
because females respond sooner to the approach of the attacker and therefore are able to
execute this response more effectively (Pellis & Pellis, 1990, 1997).

Sex differences in play are reliably observed in experimental conditions that favor
spontaneous play (VanRyzin et al., 2020). For example, animals may be group-housed and
recorded undisturbed (Poole & Fish, 1976; Meaney & Stewart, 1981b), or paired as same-
sex play partners and provided a “play date” each day (Krebs-Kraft et al., 2010; Argue &
McCarthy, 2015a; VanRyzin et al., 2019). In these cases, the animals do not experience any
form of social isolation to artificially increase their social motivation. In these paradigms,
the sex difference in play behavior is remarkably consistent across the juvenile period. Male
pairs consistently pin and box more frequently then female pairs and overall spend more
time playing with one another (Argue & McCarthy, 2015b). When a male and female are
partnered, the time spent playing is an intermediate of that of same-sex pairs (Argue &
McCarthy, 2015b). Interestingly, when a new partner is introduced to same-sex pairs
(meaning one member of the pair is replaced), males continue to engage in more frequent
play, while in females play drops off considerably (Argue & McCarthy, 2015b).

When play is highly motivated, as is the case following periods of social isolation, and the
play bout is short, there are no consistent sex differences in the structure of or time spent
engaged in play (Panksepp & Beatty, 1980; Panksepp, 1981; Thor & Holloway, 1984). This
appears to be because juvenile females increase to the same level of play as males if isolated
long enough (Pellis, Field, Smith, & Pellis, 1997). This appears to be strictly a juvenile
phenomenon, however, as the same isolation-induced changes in play are not observed in
adult rats. Moreover, the neurochemical underpinnings of motivated play appear to be
distinct in each sex (Bredewold & Veenema, 2018), which is discussed further below.

Sex differences in play are programmed during early life

How do sex differences in play behavior arise? As noted above, play is most robustly
observed during the juvenile period (i.e. prior to the onset of puberty) which means that
differences in behavior cannot be attributed to differences in circulating gonadal hormones
(estrogens in females, androgens in males). The timing of this behavior makes it unique
compared to most other sex differences in behavior, which are observed only in the adult
animal (e.g. mating, parental behavior, aggression, etc.), and suggests that sex differences in
play must have their origins in perinatal development.

Early in life, the brain undergoes the process of sexual differentiation, a process by which
the brain develops to match the animal’s gonadal sex (McCarthy et al., 2017). In males, the
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maturation of the testes triggers the production of high levels of testosterone which will
circulate throughout the body and reach the brain. It is this surge in steroid hormones that
initiates the process of masculinization. In females, the gonads develop into ovaries and do
not produce steroid hormones during this developmental period. In the absence of elevated
hormone exposure, the brain is feminized. Ultimately, masculinization and feminization
ensure that the brain (and later-life behavior) develops to match the animal’s reproductive
physiology in order to ensure reproductive success.

In rodents, these processes occur during a critical period of life beginning just days prior to
birth and ending shortly after parturition (McCarthy et al., 2018). For females, this time
represents a “sensitive period” during which masculinization can be induced as a result of
exposure to high levels of steroids, either naturally or experimentally (McCarthy, 2010).
Once the sensitive period closes, by the end of the first week of the rodent’s life, females
become impervious to the masculinizing impact of steroids. The existence of this sensitive
period provides an excellent experimental tool to investigate the mechanisms underlying
sexual differentiation of the brain (Figure 1).

The masculinizing effects of steroids are region-specific and quite diverse, ranging from
epigenetic modifications to cell genesis, cell death, synaptogenesis, synaptic pruning, axonal
and dendritic growth and branching, myelination, and neurochemical phenotype (McCarthy
& Arnold, 2011). Early in the study of steroid-induced sexual differentiation, it was
discovered that masculinization—initially attributed entirely to the effects of androgens—
actually occurred through many estrogen-dependent mechanisms. Neurons in some regions
of the brain express high levels of the enzyme aromatase, which converts testosterone into
estradiol (Naftolin et al., 1975; McEwen et al., 1977). Together, the coordinated actions of
both androgens and estrogens are necessary for complete masculinization of the brain and
behavior in rodents (McCarthy, 2008; Zuloaga et al., 2008). However, this does not appear to
be true in primates, where androgens mediate most, if not all, of the masculinization of the
brain (Thornton et al., 2009).

Initial studies investigating the sexual differentiation of play discovered that the development
of male-typical play is actually largely androgen-dependent. Treating female rat pups with
testosterone or 5a-dihydrotestosterone (a testosterone analog that cannot be converted into
estradiol) during the sensitive period in development increases their play to male-typical
levels. Similarly, treating male rat pups with the androgen receptor antagonist flutamide to
block the actions of testosterone during the critical period prevents the development of male-
typical play. As a result, these males play at the same level as females (Meaney et al., 1983).

While the preponderance of evidence indicates androgens are central to sexual
differentiation of playfulness, a role for estrogens cannot be discounted. Supporting this
idea, male rats with nonfunctional androgen receptors, so-called “Tfm males”, engage in
some aspects of play at male-typical levels (Meaney et al., 1983; Field et al., 2006). The
Auger laboratory has consistently found a role for estrogens in the differentiation of play,
including a convergence of dopamine signaling and the estrogen receptor (Olesen et al.,
2005). Perinatal exposure to bisphenol A, an environmental estrogen, or diethylstilbestrol
dipropionate, a synthetic estrogen, also increases play in female rats and rhesus macaques,
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respectively (Dessi-Fulgheri et al., 2002; Goy & Deputte, 1996). Lastly, we have found that
disruption of estrogen synthesis within the developing cerebellum during a later sensitive
period, the second postnatal week, reduces play by juvenile males (Dean et al., 2012).

One interpretation of the duality of steroid action is that play behavior could be a two-factor
system in which androgens and estrogens impact the same circuit, but androgens are both
necessary and sufficient while estrogens are necessary but not sufficient. In this sense, both
androgens and estrogens are required for full masculinization of the entire underlying
circuitry. Alternatively, the two classes of steroids may be modulating distinct processes or
only parts of the circuit, but our level of understanding is not yet developed enough to
discern precisely how. Furthermore, estrogens may have evolved to decrease rather than
increase sex differences in play. For example, reducing the expression of a negative regulator
of estrogen receptor alpha during sexual differentiation actually increases later playfulness
of males but has no effect on females (Jessen et al., 2010). These data suggest that estrogen
signaling might regulate a “ceiling” for male-typical levels of play.

The neural circuitry of play includes sexually differentiated modulatory nodes

The neural circuitry of play is ill-defined and diffusely embedded within the well-
characterized social behavior and reward networks. Attempts to map the circuitry have thus
far relied on lesions, site-specific pharmacology, and immediate early gene (IEG)
expression. While advanced circuit mapping tools have recently been effective at identifying
specific nodes critical for sex-specific behaviors like mating, parenting, and aggression
(Hong et al., 2014; Wu et al., 2009), many of these techniques rely on the use of transgenic
mice, which, in contrast to rats, do not engage in tertiary social play.

Complicating matters, many components of play are also components of other complex
behaviors. The challenge of disentangling a given brain region’s contribution to play from
other behaviors is highlighted by lesion studies. Rats with lesions to the medial prefrontal
cortex (mPFC) initiate play more frequently but have a decreased likelihood of responding
to play initiation from a partner (Bell et al., 2009). The same lesions, however, broadly
impair social cognition and thus may not be specific to play (Bell et al., 2010). Following
this trend, lesions of other play-associated brain regions also impair locomotor behavior,
sensory processing, etc. (Neill et al., 1974; Sheehan et al., 2004; DiBenedictis et al., 2013)
making it difficult to parse out the specific impact of each region on play itself.

In contrast to lesion studies, which results in the ablation of a particular brain region, the
neural circuitry of play can be studied by examining IEG expression. IEGs are expressed
following neuron activation; thus, the brains of rats can by analyzed shortly after a playful
experience and any neurons that were active during the play bout will highly express IEGs.
Using this methodology, two leading play research groups demonstrated that play activates
several distinct brain regions, including those involved in motivation, reward, sensory, and
motor processing (Gordon et al., 2002; van Kerkhof et al., 2014). The activation patterns in
many of these regions correlated with one another, suggesting that the coordinated activity,
rather than individual activation, of specific brain circuits is necessary for proper play
behavior.
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The lesson learned from lesion studies, pharmacological manipulations, and network
analyses is that play engages large and diverse regions of the brain, all of which engage in a
variety of behaviors and physiological functions. Thus, attempting to distinguish neurons as
“play” or “not-play” is confounded. However, the sex difference in frequency and intensity
of play provides a contrast agent for visualizing differences within the circuit that are
specific to play, whether they are differences in brain activation, connectivity and/or
neurochemical phenotype. Importantly, the sex difference in play is not a distributed
property of the play circuit but instead is determined by sex differences in specific nodes.
Two nodes in particular, the medial amygdala (MeA) and lateral septum (LS), have been
well characterized and are distinct in their influence on play. A third node, the prefrontal
cortex (PFC), does not regulate sex differences but instead contributes generally to play
(Bell, et al., 2009) (Figure 2). The PFC likely regulates play in a multifactorial manner,
contributing to expression of the behavior through its roles in suppressing aggression,
monitoring approach/avoid conflict, and modulating the stress response via its projections to
the MeA and other stress-modulatory nodes (Aupperle & Paulus, 2010; McEwen &
Morrison, 2013; Takahashi et al., 2014).

Medial Amygdala—The MeA is a region responsible for processing social information in
a sex-specific manner (Bergan et al., 2014; Lischinsky et al., 2017), and has long been
implicated as necessary for the sex differences in social play. Indeed, MeA lesions do not
eliminate play but instead eliminate the sex difference via selectively lowering male play
levels to that of females (Meaney et al., 1981). Conversely, implanting androgens directly
into the MeA of developing females increases the frequency of their play to that of males
(Meaney & McEwen, 1986).

How do sex differences in the MeA develop? And how does the MeA regulate the sex
difference in play? Until recently, exactly how sexual differentiation of the MeA produced
sex differences in play behavior was unknown. We discovered that during the critical period
for sexual differentiation, males and females differ in the number of newborn cells in this
region, suggesting differences in the developmental trajectory of the MeA. The sex
difference in newborn cells is driven by a sex difference in a class of signaling molecules
that are essential to brain development: endocannabinoids (Krebs-Kraft et al., 2010). The
two primary endocannabinoids, anandamide (AEA) and 2-arachidonoylglycerol (2-AG),
activate CB1 and CB2 receptors to affect numerous neurodevelopmental processes including
cell proliferation, differentiation, connectivity, and synaptic transmission (Maccarrone et al.,
2014).

Males have higher levels of endocannabinoids in the developing amygdala than females, and
correspondingly produce fewer newborn cells during the critical period. These differences
are due to the actions of testosterone; treating female rat pups with exogenous testosterone
increases the endocannabinoid levels and decreases newborn cell number in the amygdala.
Similarly, blocking testosterone by using an androgen receptor antagonist in females treated
with testosterone completely prevents these effects (VanRyzin et al., 2019). If females are
treated with CB1 and CB2 receptor agonists to “mimic” the higher endocannabinoid levels,
their newborn cell number and eventual play behavior is masculinized, even in the absence
of testosterone (Argue et al., 2017; VanRyzin et al., 2019).
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The mechanism by which endocannabinoids regulate cell number in the developing
amygdala was unexpected, as it involves the immune system. We found that in the
developing amygdala, microglia, the innate immune cells of the brain, engulf and kill other
brain cells which would otherwise survive. This microglial phagocytosis, primarily of
newborn cells, is driven by the higher endocannabinoid levels, thereby leading to more
engulfment of newborn astrocytes in males. Astrocytes, the primary non-neuronal cell of the
brain, regulate neural communication (Chung et al., 2015) and the process by which
microglia control astrocyte number is crucial to later playfulness. Lower astrocyte density in
the MeA is correlated for male-typical levels of play (VanRyzin et al., 2019).

We hypothesize that by altering the astrocyte density in the MeA, the process of sexual
differentiation changes the responsiveness of MeA neurons to social cues during play. In
support of this idea, the lower astrocyte density in the MeA of juvenile males is associated
with higher IEG expression following a play bout than females. Thus, by “tuning” the
sensitivity of the MeA to social information, a common circuitry in males and females may
produce behavioral sex differences. Such “tuning” may occur in other brain regions in the
play circuitry as well, allowing behavioral differences to arise despite commonalities in the
broader play network. Given the great diversity of neurons in the MeA (Cocas et al., 2009;
Hirata et al., 2009), a better understanding of what cell types are active during play is needed
in order to understand how their activity may modulate other nodes in the play circuit.

Lateral Septum—The LS is another sexually dimorphic region that is critical for sex-
specific modulation of social behavior. It receives vasopressinergic inputs directly from the
MeA (Caffe et al., 1987) and the bed nucleus of the stria terminalis (BNST) (De Vries &
Buijs, 1983). The density of these inputs is substantially higher in males, as there are
significantly more vasopressin-expressing neurons in the male MeA (De Vries et al., 1984;
De Vries & Panzica, 2006). The boundaries of the LS are characterized by high expression
of the vasopressin 1a (V1a) receptor (Allaman-Exertier et al., 2007), and pharmacological
manipulation of the V1a receptor elicits a sex-dependent effect on social play. Infusions of
V1a receptor antagonists directly into the LS reduce play in males, while increasing it in
females (Veenema et al., 2013). The play-modulating effects of VV1a receptor antagonism
depends on social context and likely cannot be attributed to any effects on social recognition
(Bredewold et al., 2014), demonstrating the specificity of this node in the play circuit in light
of the profound role for vasopressin in social behavior and social memory in adults (Albers,
2012).

Given that the majority of LS neurons are GABAergic, it is likely that agonsim of V1a
receptors on inhibitory neurons disinhibits projection neurons to downstream effectors of the
social behavior network. Notably, there is little to no effect of manipulating oxytocin on play
despite its widespread involvement in a myriad of social behaviors (Bredewold, et al., 2014;
Bredewold & Veenema, 2018), implicating a sex-specific and region-specific role for
vasopressin in promaoting play.

Sex differences in the vasopressin system also have their origins in development and are
androgen-dependent (De Vries & Panzica, 2006; Dumais & Veenema, 2016). Treating
female or castrated male rat pups with testosterone increases the density of vasopressinergic
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inputs to the LS (De Vries et al., 1983), and these sex differences are maintained in
adulthood by the actions of circulating gonadal hormones (Van Leeuwen et al., 1985; Miller
et al., 1992). Despite our understanding of whichhormones are responsible, very little is
known about #ow hormones establish these sex differences. As such, elucidating these
mechanisms remains a subject for future research.

Prefrontal Cortex—As noted previously, neonatal lesions of the mPFC impair play in a
variety of ways, largely resulting in a disruption the animal’s play structure and ability to
respond to play initiations (Panksepp et al., 1994; Bell et al., 2009). Moreover,
pharmacological inactivation of the PFC, achieved by infusing GABA receptor agonists at
the time of play, reduces the frequency and duration of play behavior (van Kerkhof et al.,
2013). These data suggest that the PFC likely has a regulatory role and modulates the
animal’s behavior in response to cues from a conspecific.

In support of this idea, play-induced activation patterns within many PFC regions correlate
with activity in other connected regions within the striatum and amygdala (van Kerkhof et
al., 2014). Corticostriatal circuitry is essential to processing reward, cognition, and
movement (Haber, 2016) and dopamine depletion in the striatum produces alterations in play
behavior sequence (Pellis et al., 1993). The amygdala, in addition to regulating the sex
difference in play, contributes to processing the rewarding aspects of play (Trezza et al.,
2012). The mPFC is also changed in response to play experience. The dendritic complexity
of cortical pyramidal neurons is reduced in animals given multiple play partners over an
extended period of time compared to those either socially deprived or given only limited
access to the same partner (Bell et al., 2010). Thus, the PFC likely integrates information
from several brain regions during play and modifies behavior accordingly.

Conclusions

Our understanding of the nature and origin of sex differences in play behavior has greatly
advanced in the past few decades. However, many questions remain unanswered. First, what
are the mechanisms by which sex differences in social behavior circuit nodes arise? How
does coordinated activity of these nodes contribute to sex differences in play behavior?
Finally, and perhaps most intriguingly, what ultimate purpose do sex differences in play
serve in affecting the development of an animal as a whole?

Ultimate mechanisms mediating sexual differentiation of play

One hypothesis as to the purpose of play is that play functions to shape and refine neural
circuitry facilitating expression of adult social behavior. This idea is supported by play
deprivation studies, in which animals prevented from playing during the juvenile age exhibit
reduced social behavior and inappropriate response to social challenge (Hol et al., 1999; van
den Berg et al., 1999; Von Frijtag et al,. 2002; Stark & Pellis in this Special Issue). Notably,
the two brain regions implicated in generating sex differences in play, the MeA and LS, are
also fundamental to expression of adult social behaviors that also exhibit sex differences,
such as parenting, sex behavior, and aggression (Chen et al., 2019; Gammie & Nelson, 1999;
Gogate et al., 1995; Tsukahara et al., 2014; Wong et al., 2016). Thus, while play may
facilitate the development of adult cognitive and social behaviors similarly in both sexes, the
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ultimate function of the sex difference in play may be to enable appropriate expression of
sex-typical adult social behaviors. In this view, play is not purposeless; play broadly shapes
circuitry common to both sexes, while refining the sex-specific nodes in the social behavior
circuitry to optimally express sex-specific adult behaviors.

An additional component of play that may have an ultimate impact on its differential
expression in males and females is the rewarding aspect of the behavior. Play is clearly
rewarding to both participants (Vanderschuren et al., 2016), and animals readily seek out and
engage in a variety of behaviors they find rewarding, including those we consider
detrimental such as drug and alcohol ingestion to the point of addiction or dependency.
Female rodents become addicted faster than males and this is believed to be due to a greater
activation of the reward circuit (Becker & Koob, 2016). But if play is rewarding, and
females have greater activation of the reward circuit, why would they play less than males?
One explanation is that what starts as rewarding becomes aversive with repeated exposure,
an inverted U-shaped curve of reward. This hypothesis has been empirically tested in
hamsters with the incorporation of the social behavior-enhancing effects of oxytocin and
supports the conclusion that females are more sensitive to the rewarding components and
thereby more quickly find socialness aversive than males (Borland et al., 2019; Borland et
al., 2019). The same may be true for play. Alternatively, play may be inherently less
rewarding for females due to neurophysiological or intrinsic circuitry differences that cause
the behavior to extinguish earlier than it does in males. Certainly, future research will need
to directly test these hypotheses so that we may better understand the commonalities and
differences in play behavior and circuitry in males and females.
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Figure 1: Sexual Differentiation of Social Play.
During the perinatal critical period for sexual differentiation of the brain (shaded region), the

brain will undergo either the process of masculinization (dark blue line) or feminization
(dark red line). Masculinization occurs in males as a result of fetal gonadal hormone
production from the developing testes. Feminization occurs in females in the absence of
gonadal hormone exposure. During this critical period, masculinization of brain and
behavior can be experimentally blocked by preventing hormone signaling or their
downstream effectors (light red line), resulting in a biological male with female-typical
behavior. Similarly, females can be masculinized via exposure to high levels of gonadal
hormones or their downstream effectors (light blue line). After the critical period closes,
brain differentiation is largely permanent and results in the expression of sex-typical
behaviors later in life.
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Figure 2. Distinct Nodesin the Neural Circuitry of Play.
The sex-specific neural control of play is embedded within the larger neural circuitry of

social behavior. Each node provides specific forms of regulatory control. The amygdala
(purple) is critical for the control of the sex difference in play, whereas the lateral septum
(green) exhibits sex differences in signaling pathways involved in play. The prefrontal cortex
(orange) regulates the cognitive components of play, such as initiation and reciprocation, and
seems to do so equally between the sexes. Other regions shown to be involved in social
behavior are shown in grey. Hypothesized connectivity between social play nodes and
individual brain regions is shown in grey and colored dotted lines. Abbreviations: Amyg,
amygdala; BNST, bed nucleus of the stria terminalis; DRN, dorsal raphe nucleus; Hipp,
hippocampus; Hypo, hypothalamus; LHb, lateral habenula; LS, lateral septum; MC, motor
cortex; NAc, nucleus accumbens; OB, olfactory bulb; PAG, periaqueductal gray; PFC,
prefrontal cortex; VTA, ventral tegmental area.
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Table 1.

Sex differences in the frequency and type of play across multiple mammalian species

Species Studied Sex with References Additional Notes
Higher Play
Frequency
Humans Males Whiting & Edwards, 1973;
DiPietro, 1981; Humphreys &
Smith, 1987
Rats Males Poole & Fish, 1976; Olioff & The sex difference is most robust in same-sex dyads and least
Stewart, 1978; Meaney & robust when highly motivated, i.e. preceded by a period of
Stewart, 1981b social isolation
Cats (domestic) Males Caro, 1981 Males from all-male groups play at higher frequency than

females from all-female groups; male play frequency was not
influenced by the number of opposite-sex playmates while
female play is affected by the number of male playmates

Dogs (domestic)  Males Pal, 2008; Ward et al., 2008 In mixed-sex dyads, males also engaged in offensive behaviors
and self-handicapped more than females (Ward et al., 2008)
Horses (domestic)  Males Crowell-Davis et al., 1987
Pigs (domestic) Males Dobao et al., 1987; Brown et al.,
2018; Weller et al., 2019
Cattle (domestic) Males Reinhardt et al., 1978 Additionally, both sexes prefer to direct play behavior toward
male calves
Sheep (domestic)  Males Sachs & Harris, 1978
Sheep (wild)  Males Hass & Jenni, 1993 Male lambs also exhibit a larger repertoire of play behaviors
than females
Siberian ibex  Males Byers, 1980
Sealions Males Gentry, 1974 Male pups also exhibit a larger repertoire of play behaviors than
females
Yellow-bellied  Males Jamieson & Armitage, 1987; Females with larger anogenital distances (i.e. masculinized
marmots Monclus et al, 2011 females) engaged in play more frequently than females with
smaller anogenital distances (Monclus et al., 2011)
Belding squirrels  Males Holekamp et al., 1984
Rhesusmonkeys  Males Goy & Deputte, 1996 Sex difference in frequency is based on a sex difference in play
initiations (males > females)
Squirrel monkeys  Males Biben, 2010 Male play bouts are also longer than female play bouts
Lowland gorillas  Males Meder, 1990
Baboons Males Owens, 1975
Spotted hyenas  Females Pedersen et al., 1990 Females of this species are dominant to males, are larger than

males, and have external genitalia. Speaking to these
observations, adult females also have higher levels of
circulating testosterone relative to males than is typically seen
in female mammals.
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