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Play fighting has been one of the most intensely studied forms of play and so has provided some of our deepest insights into the understanding of play in general. As the label implies, this behavior resembles serious fighting, in that the animals compete for an advantage over one another, but unlike true aggression, for play fighting to remain playful, it also incorporates a degree of cooperation and reciprocity – restrained competition seems to be its hallmark. Despite these common features, it should be noted that both the advantage competed over and the mechanisms by which restraint is achieved varies across species. Such variation mitigates simple generalities. For example, how empirical support for a proposed adaptive function in one species not being replicated in another, is to be interpreted. What has emerged over the past few decades is that play fighting is diverse, varying across several dimensions, some superficial, some fundamental, making choosing species to compare a challenge. In this paper, we explore various design features that constitute play fighting and the ways these can be modified across different species and lineages of species. Given that a major pillar of ethology is that description precedes explanation, having a good grasp of the behavioral diversity of play fighting is an essential starting point for detailed analyses of the mechanisms and functions of play. We show that commonalities across species likely involve different mechanisms than do species idiosyncrasies, and that different styles of play fighting likely afford different adaptive opportunities.
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Introduction

By tradition, play in non-human animals has been divided into three categories: (a) play with others (“social play”), (b) play with objects (“object play”), and (c) solitary play involving the animal moving its body in peculiar ways (e.g., rapid runs, jumps, body twists and rotations) (“locomotor-rotational play”) (Fagen, 1981; Burghardt, 1998; Burghardt, 2005). Sometimes, components of two or more of the three can be combined (e.g., Biben, 1982; Pellis, 1991; Donaldson et al., 2002; Shimada, 2012; Burghardt et al., 2016; Manitzas Hill et al., 2023). Even in their pure forms, the content of each category can be diverse, for example, social play can involve behavior typically associated with sex, maternal activities, predation, or conspecific aggression (Pellis, 1988; Pellis and Pellis, 2009). The form of social play that appears to simulate conspecific aggression, often referred to as play fighting, is one of the most often reported and most intensely studied forms of play (Pellis and Pellis, 1998a; Pellis and Pellis, 2017a), and has provided some of our deepest insights into the mechanisms and functions of play (for extensive reviews, see Pellis et al., 2010a; Pellis et al, 2014; Vanderschuren and Trezza, 2014; Siviy, 2016; Vanderschuren et al., 2016; Palagi, 2018; Sharpe, 2019; VanRyzin et al., 2020; Achterberg and Vanderschuren, 2023; Cooper et al., 2023; Nunes and Montemayor, 2023; Palagi, 2023; Pellis et al., 2023a). To gain a feel for the phenomenon, consider Mbundi and Ntondo, two captive, three-year-old male lowland gorillas (Gorilla gorilla gorilla) charging, grappling, and wrestling each other (Pellis and Pellis, 2016a). Such a scene has been reported for many mammals, several birds, and even some invertebrates (e.g., Fagen, 1981; Pellis, 1981; Pozis-Francois et al., 2004; Burghardt, 2005; Dapporto et al., 2006; Pruitt et al., 2012). What distinguishes such playful wrestling from serious fighting, including that exhibited by Mbundi and Notondo, is that no resource is gained or lost, injuries are not incurred, the wrestling often leads to further affiliation, and they reverse roles (Smith, 1997). Moreover, the playful version of fighting is often accompanied by gestures that function as “play signals” marking the interactions as playful (Bekoff, 1975; Fagen, 1981; Smith, 1997). In the case of the gorillas, facial gestures are used during play to facilitate further contact (Waller and Cherry, 2012; Palagi et al., 2019).

As the name implies, play fighting resembles serious fighting, although given its differences with serious fighting, some authors prefer to call this behavior rough-and-tumble play as it emphasizes the cooperative, pleasurable side of the behavior (e.g., Palagi, Pellegrini, 2002; Scott and Panksepp, 2003; Burghardt et al., 2016; Smith and StGeorge, 2022), especially when presenting the phenomenon to audiences that may be hostile to any hint of aggression or violence (Pellis et al., 2022a). Nonetheless, a central feature of play fighting is competition, which is what makes it resemble serious fighting, but competition for what? A breakthrough was provided by Owen Aldis (1975), who collected film of play fighting in a range of mammals, including human children. What he found was that animals do not just aimlessly grapple and push one another when play fighting, but rather, most of that grappling and pushing occurs as the partners compete to gain an advantage over one another. For many of the species he had in his sample, that advantage involved biting the competitor, and not just anywhere, but on the same body locations that are bitten during serious fighting. In species in which serious fighting does not involve biting, such as many ungulates, the play fighting also mimics what happens in serious fighting, with the same body locations being head butted or kicked. And in humans, the contestants compete to push and hold each other on the ground, one of the advantages sought during serious fighting (Aldis, 1975).

By noting the similarity of the targets over which the animals struggle for contact between serious and playful fighting, Aldis made it clear that play fighting is a competitive activity. This insight has had a significant impact on the subsequent decades of research on play fighting. First, the image of play fighting as a simulation of serious fighting reinforced the view that the function of play is to practice adult-typical behavior (Groos, 1898), in this case, the behavior patterns used in combat (Smith, 1982). This view continues to guide some current research (e.g., Barrett et al., 2021; Cordoni et al., 2021; Cordoni et al, 2022) and certainly holds sway in the lay media (see most natural history documentaries that discuss play). As will be discussed later, this “practice” view of play fighting is either wrong or incomplete at best (Pellis and Pellis, 1998b; Pellis and Pellis, 2017a). Nonetheless, by identifying that play fighting does not involve aimless grappling and wrestling, but competition for a specific advantage, such as contacting particular body targets, Aldis’ insight provided a framework that could be used to gain deeper understanding of the of the actions performed, and so revolutionized how we think about play.





The design features of play fighting




Competition

What animals compete over, and how this may influence what is or is not classified as play fighting is illustrated by the study of this behavior in rats (Rattus norvegicus). Juvenile rats engage in competitive interactions that resemble fighting. Some early observers referred to some of these interactions as play fighting (e.g., Bolles and Woods, 1964; Poole and Fish, 1975), whereas others considered such behavior immature aggression (e.g., Silverman, 1978; Taylor, 1980). The problem is that the rats use similar behavior patterns in both presumptive types of fighting, including mutual uprights, supine postures, lateral displays and fleeing and chasing, so what distinguishes one of them as play? Using Smith (1997) criteria gets us partially there, but the counterargument would be “of course, no resource is gained, or injury incurred, as the behavior is being performed by immature animals in which the aggression system is not fully formed.” There are many examples of incomplete use of behavior patterns in immature animals that do not achieve a utilitarian end-point and yet would not be considered as play, such as early stages of dust bathing in chickens (Vestergaard et al., 1990), face grooming in infant mice (Golani and Fentress, 1985), and righting in perinatal mammals (Pellis et al., 1991; Pellis et al, 1992b). Although, labeling the interactions of immature rats as play became increasingly popular (e.g., Panksepp and Beatty, 1980; Meaney and Stewart, 1981; Panksepp, 1981; Pellis and Pellis, 1983; but see Hurst et al., 1996), a clear objective way of distinguishing playful from aggressive interactions was yet to emerge. Aldis’ insight that the competition present in play fighting is geared to gaining a species-typical advantage provides a solution.

During serious fighting, rats compete to deliver bites to the lower dorsum and flanks and to the front of the face (Blanchard et al., 1977; Pellis and Pellis, 1987), but during play fighting, rats compete to contact the partner’s nape of the neck, which is nuzzled with the tip of the snout if contacted (Pellis and Pellis, 1987). Indeed, if the snout or the nape is anesthetized, play is suppressed (Siviy and Panksepp, 1987). Moreover, if the receiving rat fails to defend its nape during play fighting, the attacker makes contact, briefly nuzzles it and leaps away (Figure 1), further supporting the view that contacting the nape is the advantage sought during play fighting in rats. Thus, while there is a rough similarity between the tactics used to defend the targets in both types of fighting, the difference in targets leads to them being different in detail. For example, while lateral threat occurs as an offensive tactic during serious fighting, it is used as a defensive tactic during play fighting (Pellis and Pellis, 1987; Pellis and Pellis, 2015). But why the nape?




Figure 1 | Interaction between two juvenile rats, about 35 days old, showing the animal on the left pouncing on its partner (A, B), contacting the neck and shoulders with its snout (C, D), then, in the absence of an active defense by the recipient, turning (E) and leaping away (F, G). Reprinted from Pellis (1988), with permission from Wiley.



Detailed comparisons of play fighting with serious fighting and sexual encounters of adults revealed that nuzzling the nape occurs during the precopulatory phase of sexual encounters whereby the male contacts the nape (Pellis and Iwaniuk, 2004) and then uses that as a pivot point to mount the female (Whishaw and Kolb, 1985). Reinforcing the sexual connection is the finding that many of the whole-body hops and darts that are inserted into play fighting sequences (Pellis and Pellis, 1983) resemble the solicitation behavior of sexually receptive females during sexual encounters (Thor and Flannelly, 1978; Thor and Holloway, 1983). Comparisons of the targets contacted in a range of murid rodents (members of the same family as rats) revealed that all species attack the same body targets during serious fighting as are attacked by rats (Pellis, 1997), but in each species in which play fighting occurs, the target corresponds to that which is contacted during courtship (Pellis, 1993). These targets can differ across species. For example, deer mice (Peromyscus maniculatus), like rats, compete to nuzzle the nape (Pellis et al., 1989), whereas Djungarian hamsters (Phodopus campbelli) compete to lick the mouth (Pellis and Pellis, 1989). Casting the net more widely across rodents from different familial groupings reveals that some species engage in competition for the same body targets as are bitten during serious fighting, whereas others compete for access to body targets typical of courtship. The latter can include mounting, the terminal phase of courtship. Finally, some species compete for both sexual and aggressive targets (Figure 2). Indeed, during play fighting, the grasshopper mouse (Onychomys leucogaster), which is an obligate carnivore that can catch and dispatch prey of similar size, either competes to lick and nuzzle the shoulders and neck, as in courtship, or bite the nape, as in predation (Pellis and Pellis, 1992a; Pasztor et al., 2001). That is, play fighting can involve competition to contact targets typical of conspecific aggression, amicable behavior, such as that associated with reproduction, or predation (Pellis, 1988). Even when the same targets are involved, play fighting can differ depending on what type of adult functional behavior is being simulated. For example, many felids, such as lions (Panthera leo), compete to bite the nape during play fighting, a target that could be borrowed from either conspecific aggression or predation, but with the latter distinguished by the racking with the hind paws that accompanies predation (Schaller, 1972; Leyhausen, 1979).




Figure 2 | A cladogram, a tree diagram which reveals the pattern of relatedness across a group of species, is shown for rodents, spanning three major divisions of the order in which play has been extensively studied. Note that the cladogram only shows the pattern of relatedness not the actual times of divergence, but to gain a sense of the timescale involved, rodents diverged from their common ancestor with lagomorphs (i.e., rabbits, pikas) about 100 Mya. Clade 1 shows species from the suborder Myomorpha, the mouse-like rodents, including the domestic rat (Rattus), the domestic mouse (Mus), the deer mouse (Peromyscus), the grasshopper mouse (Onychomys), the fat sand rat (Psammomys), the Syrian hamster (Mesocricetus), the Djungarian hamster (Phodopus), the montane vole (Microtus montanus), the prairie vole (M. ochrogaster), and the European vole (M. agrestis). Clade 2 shows species from the suborder Sciuromorpha, the squirrel-like rodents, including the North American ground squirrel (Spermophilus ńee: Utricellus) and the grey tree squirrel (Sciurus). Clade 3, the suborder Hystricomorpha, the guinea pig-like rodents, including the degu (Octodon). Whether the play fighting is mostly aggressive, mostly sexual, or some combination of both, is mapped onto the cladogram. Note that only species that are discussed in the text are named, as the main objective is to give readers a sense of the diversity of types of play fighting. Reprinted from Pellis and Iwaniuk (2004), with permission of the authors.



Comparative analyses of other taxa have revealed similar patterns. For example, primates can compete to bite body targets like those during conspecific aggression, targets that are groomed during affinitive or sexual encounters, or mounting as in sexual behavior, with species from some branches in the primate tree more likely to do one or the other (Pellis et al, 2023a). Moreover, the play fighting of some species can involve competing for all three (Pellis and Pellis, 2018). The same also appears to be the case for some cetaceans, which can compete for a sexual advantage or an agonistic advantage (Lilley et al., 2020; Ham et al., 2022; Ham et al, 2023b; Ham et al., 2023c). For play involving sexual contacts, it is those cases in which the recipient defends itself that look strikingly like play fighting and so resembles serious fighting. In cases in which the contact is not contested, the play does not resemble fighting and these are typically referred to as sexual play, not play fighting (e.g., Orgeur and Signoret, 1984; Gomendio, 1988). The same distinction applies even for play involving mounting. When mounting by one animal is not contested by its partner, it is not typically referred to as play fighting (Harlow, 1969; Hanby and Brown, 1974). In contrast, when recipients, such as quick-moving ground squirrels (Utricellus spp) actively defend themselves from being mounted, the behavior is more likely to be labeled as play fighting (Nunes et al., 1999; Pasztor et al., 2001) compared to species which do the same thing at a slower pace. For example, when a beluga whale (Delphinapterus leucas) maneuvers to mount the partner playfully or contact it with its penis, and this coupled with the partner rotating to avoid the contact, the action occurs in what seems to human observers, to be in slow motion (Ham et al., 2022). The slower pace of action in the whales compared to the squirrels leads to controversy as to whether such behavior in whales should be labeled as play, much less play fighting.

For rats, play fighting neither simulates serious fighting nor does it represent immature aggression, as the targets are different, but given that the playful targets mimic adult sexual behavior, it could be labeled as immature sex. So, before we can conclude that play fighting is a convergent phenomenon that can involve behavior borrowed from aggression, predation, or sexual encounters, we need to explore how play fighting, whatever its origins, can be distinguished from immature versions of the behavior. Again, Aldis’ insight is crucial to this endeavor.





Cooperation

During serious fighting, an attack is countered by a defense and if the combatants are equally matched in skill, few, if any, attacks reach their target (Geist, 1978), so much so, that the seeming rarity of injury often leads to serious fights being labeled as “ritualized” contests (Archer and Huntingford, 1994). However, the presence of combat-induced injuries has likely been underestimated (e.g., Geist, 1986; Huntingford and Turner, 1987; Ham et al., 2021; Grimes et al., 2022), and detailed analyses of actual combat reveals that when the opponent’s defenses are breached, a combatant will not hesitate to deliver a potentially injurious attack (Geist, 1965, Geist, 1967; Geist, 1971; Pellis et al., 2013). Moreover, if the recipient of an attack successfully wards off the offensive maneuver, it can deliver an offensive attack of its own. That is, in serious fighting, the attacker must overcome the opponent’s defense and avoid a retaliatory attack (Geist, 1978; Blanchard and Blanchard, 1994; Pellis, 1997). Thus, the restraint that is often reported in serious fighting mostly arises from the risk of retaliation. Even though the competition present in play fighting resembles serious fighting – especially, so-called ritualized fighting (Fox, 1969) – it is not the same.

Unlike serious fighting, some of the turn-taking in play fighting results from the cooperative behavior of the partner (Aldis, 1975). So much so, that play fighting was deemed to follow the “50:50 rule” whereby both partners are equally likely to win contests (Altmann, 1962), a view supported by some game theory-based simulations (Dugatkin and Bekoff, 2003). Observations of actual turn-taking during playful encounters have shown that while completely one-sided play relationships are unstable (Suomi, 2005; Wilmer, 1991), the degree of reciprocity, or turn-taking, can deviate from 50:50, depending on the species, sex, and dominance relationships of the participants (e.g., Pellis et al., 1993; Biben, 1998; Bauer and Smuts, 2007; Cordoni and Palagi, 2011; Cordoni et al, 2016; Essler et al., 2016). Thus, some reciprocity, even if uneven, is needed to sustain playfulness (Bekoff, 2014; Palagi et al, 2016b). We are far from a comprehensive comparative evaluation, but based on current evidence, there are at least three ways to incorporate cooperation into play fights to ensure an appropriate degree of reciprocity (Pellis and Pellis, 2017a).

The first option is to launch a playful attack in a manner that leaves the attacker unprotected from a potential counterattack by the partner. This is in marked contrast with serious fighting in which an attack is typically coupled with a defensive maneuver to reduce the risk of retaliation. By not coupling defense with attack during play fighting, it is easier for the defender to launch a successful counterattack. Similarly, unlike serious fighting the defending partner is slower to protect itself, making it easier for its partner to successfully attack. This form of cooperation, in which there is restraint in the execution of combat tactics, has been observed in some rodents and primates, irrespective of differences in whether the targets competed for are borrowed from aggression or amicable behavior (Pellis and Pellis, 1998b). For species not showing such restraint during the execution of combat maneuvers (Thompson, 1998), two further options exist for inserting cooperation.

The second option for promoting cooperation is to avoid taking advantage of a temporary weakness, as illustrated by the play fighting of degus (Octodon degus), a South American rodent. Play fighting in degus involves both sociosexual and aggressive sequences. Sociosexual sequences involve one partner approaching another and then nuzzling and grooming its shoulders, neck, and side of the head. Aggressive sequences involve mutual rearing, boxing, and pushing with the front paws and kicking with the hind legs (Wilson and Kleiman, 1974). The aggressive target is one of the shoulders which is bitten if contacted (Pellis et al, 2010b). Sequences of play fighting involving competition to bite the shoulders look indistinguishable from sequences of serious fighting, with hindleg kicks delivered with such force that the recipient can be hurled to the ground (Figure 3). What distinguishes the two is what happens after a kick is delivered. In serious fighting, the successful kicker immediately runs toward its opponent to deliver a bite, unless the opponent regains balance and faces its attacker before the distance is closed. In contrast, during play fighting, the successful kicker rarely takes advantage of the off-balance partner, but rather, leaves or adopts a relaxed posture, allowing its partner to regain its posture and counterattack (Pellis et al, 2010b). In such cases, reciprocity is not gained by restraining how combat tactics are executed, but by adopting postures that allows the partner to successfully counterattack (Pellis and Pellis, 2017a).




Figure 3 | Two adult male degus, introduced as strangers, are shown engaged in combat in a neutral arena. Initially, they rear onto their hind feet and grapple with each other’s forelimbs (A). After maneuvering for several seconds, the degu on the right manages to gain the footing needed to launch a hind leg kick to its opponent’s ventrum (B, C). The kick is then successfully delivered, which sends the opponent flying backwards. The degu that delivered the kick then turns to land on all four of its paws (D). Such kicks are the same when present in play fighting among juveniles. Reprinted from Pellis et al (2010a), with permission from Cambridge University Press.



The third option is to halt the attack only if the partner signals defeat, as illustrated by play fighting in pigs (Suidae). The play fighting in pigs strongly resembles serious fighting, comprising attacking and slashing one another on their faces and shoulders (Fraüdrich, 1974; Barrette, 1986), and is so unrestrained that distinguishing between playful and serious fighting is difficult (Rushen, 1989; Estes, 1993). As the same targets and tactics involved in serious fighting are also used in play fighting, the reduced likelihood of combat injuries most likely arises from the immaturity of their weapon systems, not from the lack of vigor in their actions (e.g., Rushen and Pajor, 1987; Newberry et al, 1988; Silerova et al, 2010). In this way, the play of pigs most closely fits the “playing to win” scenario for play fighting posited by Thompson (1998). The fights of immature Visayan warty pigs (Sus cebifrons) that meet the criteria proposed by Smith (1997) to distinguish playful from serious fighting, were analyzed. As predicted, the combat actions by the piglets did not involve restraint, and if one partner gained the upper hand it pressed the attack, which only ceased if the defender broke free and ran away or if it adopted a submissive posture (Pellis and Pellis, 2016b). Importantly, following withdrawal or submission, in about 30% of cases, the “loser” attacked the “winner” allowing for some reciprocity. A similar pattern was subsequently found in two other species of pigs from two other genera, suggesting that this may be a common way for the extremely rough play of pigs to incorporate a degree of cooperation (Pellis and Pellis, 2017a).

By focusing on the target over which the animals are competing, whether in serious fighting (Geist, 1978; Blanchard and Blanchard, 1994) or in play fighting (Aldis, 1975), the actions performed can be assessed for their functional role as tactics of attack and defense (Pellis and Pellis, 2015; Pellis and Pellis, 2021). In so doing, the lack of coupling of defense with offense during play fighting was found in some animals (Pellis and Pellis, 1998b), and failure to follow up an advantage once gained, albeit in two different ways (Pellis et al, 2010a; Pellis and Pellis, 2016b), was found in other species. An extreme case illustrates the phenomenon and how a functional analysis can discern a deviation of play fighting from what is typical of combat. During both serious and playful fighting, rats rotate to supine placing the targeted body areas out of reach, from which position the defender can use its paws to block the attacker. In turn, the attacker stands over the supine defender, using its forepaws to push and restrain its supine opponent, while attempting to reach over to contact the respective body target (i.e., the lower flanks during serious fighting and the nape during play fighting) (Blanchard et al., 1977; Pellis and Pellis, 1987). But there is a difference beyond the targets involved in using this tactic between the two forms of fighting.

In play fighting, as wrestling so often leads to one partner lying on its back and the other standing on top (Panksepp, 1981; Himmler et al., 2016b), this “pinning” posture is widely used to measure the frequency of play in rats (Pellis et al., 2022b). It is also a common feature of serious fighting and is widely used as a measure of fighting (Adams, 1980; Boice and Adams, 1983). But, in neither playful nor serious fighting is this a static posture. During play the on-bottom rat attempts to make counterattacks against its partner’s nape, and the on-top rat uses its superior position to restrain its partner and make its own further attempts in contacting its partner’s nape (Pellis and Pellis, 1987). Similarly, in serious fighting, the on-top rat maneuvers to gain access to one of its partner’s exposed flanks and the on-bottom rat bites at its partner’s face (Blanchard et al., 1977). In all cases in serious fighting (Blanchard et al., 1977; Pellis and Pellis, 1987), and in most cases during play fighting, the on-top rat holds its partner down with its forepaws while standing firmly anchored on the ground with its hind paws (Figure 4A). However, on occasion during play fighting, the on-top rat stands on its partner’s ventrum with all four paws (Figure 4B). Given that the on bottom rat is squirming, standing on it with all four paws puts the on-top rat in an unstable position (Foroud and Pellis, 2003). Indeed, the chances of a counterattack by the on-bottom rat against an anchored on-top partner being successful is about 30%, but against an unanchored on-top partner, the proportion increases to over 70% (Pellis et al, 2005). By standing on its partner with all four paws, the rat in the on-top, more advantageous position, reduces that advantage, increasing the likelihood of a role reversal and so reciprocity.




Figure 4 | During play fighting rats, often adopt a pinning posture, in which one partner lies on the ground and the other stands on top. This posture typically involves the on-top partner standing on the ground with its hind paws (A) and sometimes standing on the on-bottom partner with all four of its paws (B). Reprinted from Foroud and Pellis (2003) with permission from Wiley.



During adult sexual encounters, if not fully receptive or in the process of selecting the preferred male suitor, female rats evade males by running away (McClintock, 1984; Whishaw and Whishaw, 1996). The female only turns to face the male if cornered and will rarely turn to supine when they do (Pellis and Iwaniuk, 2004). Moreover, once defensively facing the male, counterattacks to the nape do not occur. Thus, while play fighting simulates sexual encounters by competing to contact the nape, it is very different as turning to face the attacker is the most common defense, with rotating to supine as the most likely outcome (Himmler et al., 2016a), and counterattacks to the partner’s nape frequent (Himmler et al., 2016b). A comparative example further highlights that while play fighting can simulate sexual encounters, it shows the fundamental difference to serious fighting. Like rats, adult male prairie voles (Microtus ochrogaster) and montane voles (M. montanus) maneuver to contact and nuzzle the female’s nape during sexual encounters (Pierce et al., 1991), and during play fighting, both species of voles compete to nuzzle each other’s napes. As with rats, during play fighting voles are most likely to defend themselves by turning to face their attacker, rather than evade (Pellis et al., 1989). However, when they face the attacker, like their adult female counterparts, the prairie vole defender is more likely to turn to supine and the montane vole defender is more likely to remain standing on its hind feet. That is, the species differences between the voles more closely mimics the species difference in adult sexual encounters (Pellis and Pellis, 1998a), suggesting a closer motivational link to adult sexual behavior, so can be more plausibly viewed as immature sex. But even so, during play fighting, both species of voles incorporate counterattacks many of which lead to role reversals (Pellis et al., 1989), something not seen in adult sexual encounters (Pierce et al., 1991).

Whether play fighting involves simulation of amicable behavior, such as sexual encounters as in rats and voles, or aggressive behavior, as in pigs and gorillas, they incorporate cooperation in a way to ensure turn-taking and so achieve a degree of reciprocity (Pellis and Pellis, 2017a). That is, one way or another, cooperation is combined with competition for play fighting to remain playful (Palagi, Cordoni et al., 2016). The reciprocation present in play fighting thus makes it different to the behavior it simulates – irrespective of the advantage competed over – quite simply, play fighting in rats cannot be explained away as either immature aggression or immature sex. The competition/cooperation framework initiated by Aldis (1975), especially when applied comparatively, has implications for our understanding of its underlying mechanisms and its adaptive functions. Before exploring these, however, two important issues of potential confusion and misunderstanding need to be discussed.

The first issue concerns sex differences in play fighting, which historically has been thought of as a male-typical behavior. Many of the first detailed studies of play fighting were of species in which males engaged in more of this behavior than females. Researchers sought to identify the mechanisms producing this male-biased sex difference (e.g., Meaney, 1988) and it was a factor used in supporting certain adaptive hypotheses, such as play fighting practicing male combat skills (Smith, 1982). As more species from more lineages of mammals have been studied, however, it has become increasingly apparent that while play fighting may be more frequent in the males of many species, in a sizable minority there is no difference, and in some species, the pattern is reversed, with females playing more than males (Marley et al, 2022). Few studies on non-mammalian vertebrates have provided detailed comparisons between the sexes, but a study of kea (Nestor notabilis), a parrot from New Zealand, suggests that, at least at some ages, play fighting is equally frequent between the sexes, and some forms of this behavior is more frequent in females (Diamond and Bond, 1999). Given the current state of our comparative knowledge of the subject, when studying a new species, it would be a mistake to assume that play fighting is likely to be male-typical. Moreover, while the content of play fighting may differ between the sexes, at least at the same ages, generally, males and females engage in the same species-typical pattern of play (Pellis and Pellis, 2017a), and this is true whether the competition involves body targets typical of aggression, predation, or amicable behavior, including mounting (Pellis and Pellis, 2009). Indeed, where sex differences are found, it may not be in the direction that would seem most intuitive. For example, Richardson’s ground squirrels (U. richardsoni), compete to bite the shoulder, as in aggression, or to mount one another, as in sexual behavior, with about 80% of the interactions involving competition for mounting in both sexes. Whereas there is a sex difference for interactions involving biting, with males engaging in significantly more, there is no sex difference in competing for mounting, even though in adult sexual contexts, mounting is a male-typical behavior (Pasztor et al., 2001). That is, whatever behavior is being simulated during play fighting, including self-evidently male or female typical behavior, it is performed by both sexes. Therefore, as the present paper focuses on some of the general features of play fighting that pertain to both sexes, unless specifically relevant, sex differences will not be considered.

The second issue concerns the use of the term function. The discovery that the grasping, pulling, pushing and wrestling typical of play fighting occurs in the context of the animals competing to gain or avoid a species-typical advantage (Aldis, 1975) means that many of the actions performed during the interactions can be interpreted as tactics of attack and defense (for similar analyses of serious fighting see Geist, 1978; Blanchard and Blanchard, 1994; Pellis, 1997). Consequently, the act of rolling over onto its back by a rat when another rat lunges playfully toward its nape can be described by its function as a defensive tactic that prevents nape contact (Pellis and Pellis, 1987). This use of the word “function” is akin to how it is used in evolutionary morphology, in which “functions are the actions or uses of structures” (Lauder, 1986, p. 11). This is different to the typical use of the word function in most of the ethological literature in which what is inferred are the fitness benefits arising from the behavior (Tinbergen, 1963; Burghardt, 2005). As the immediate function of an action, may or may not have an evolutionary function (Michel and Moore, 1995, pp. 92–96), we use the word function to describe actions during play for their roles as tactics associated with achieving species-typical advantages (Pellis and Pellis, 2015). To distinguish between immediate functions and fitness enhancing functions, the latter are explicitly referred to as adaptive functions.






Implications of the common and idiosyncratic design features of play fighting

During play fighting, macaques (Macaca spp.), like many other cercopithecine monkeys (e.g., Pellis and Pellis, 1997a; Kraus et al., 2019), attack and defend the side of the face, neck, upper arms and shoulders, which are bitten if contacted as in serious fighting (Reinhart et al., 2010). Consequently, these monkeys engage in play fighting that simulates serious fighting. Intriguingly, two researchers who watched the play fighting of young rhesus macaques (M. mulatta) in the same population drew fundamentally different conclusions about why they played. One claimed that the monkeys were rehearsing skills they would need as adults to be effective in combat (Symons, 1978), and the other claimed that such play provided the participants with the opportunity to learn the skills necessary for social cohesion in their complex society (Levy, 1979). We will deal with the problems of inferring adaptive functions about play (Sharpe, 2019) below, but for now, what these divergent views highlight is that when watching the same animals engaged in the same play fighting, one observer focused on its competitive aspects whereas the other on its cooperative aspects, leading them to very different conclusions about the value of what they saw. We want to make our position clear: play fighting is a competitive form of interaction that is balanced by cooperation, so it is not strictly competitive, as is serious fighting. The mixing of competition and cooperation also makes it a different form of interaction to any of the adult functional behavior which it may simulate, and so is not an immature version of those behaviors. Two pieces of evidence strongly support this conclusion.

First, in some species, serious fighting developmentally predates, or co-occurs with, the onset of play fighting (Bekoff, 1977). For example, serious fighting in spotted hyenas (Crocuta crocuta), emerges at the same age as play fighting, and is sufficiently mature to cause serious bodily damage (Frank et al., 1991; Drea et al., 1996). Similarly, at its onset, early after fledging, play fighting in keas is so rigorous that it is difficult to distinguish from serious aggression, only becoming clearly more playful later in the juvenile phase (Diamond and Bond, 1999). Second, many species continue to engage in play fighting as adults, including with other adults (Pellis and Iwaniuk, 2000), and the same pattern of combining competition and cooperation is present (e.g., Pellis, 2002a; Cordoni, 2009; Palagi, 2011; Norscia et al., 2024). For adults, the relative proportion of cooperation to competition may be modified to accommodate more strongly established dominance relationships, but again for the play to remain playful and not escalate to aggression, cooperation still needs to be incorporated (Pellis and Pellis, 1992b; Pellis et al., 1993; Smith et al., 1999). Thus, whether simulating sexual behavior, grooming, predation or conspecific aggression, play fighting is not merely an immature version of those behaviors. Rather, play fighting is a distinct form of behavior with its own life history. But have different forms of play fighting involving different, adult functional behaviors, converged onto a common pattern, in which the idiosyncrasies of the specific behavioral systems are irrelevant, or do the origins of play build on different mechanisms and afford different functions?





The mechanisms underlying play fighting

Most of what we know about the neurobiology and endocrinology of play has come from studying the play fighting of laboratory rats (Achterberg and Vanderschuren, 2023; McCarthy, 2023). Beginning with crude lists of which brain areas and which neurotransmitters do and do not affect play (Panksepp et al., 1984; Thor and Holloway, 1984a; Vanderschuren et al., 1997), we now have a broad outline of the neural circuitry involved. Brain stem circuits provide the behavior patterns, mid-brain and lower forebrain circuits provide motivational and motor regulation, and the cortex provides emotional and cognitive regulation (Siviy, 2016; Vanderschuren et al., 2016). Moreover, new insights about the contribution of previously unsuspected neural structures are being steadily revealed (Gloveli et al., 2023; Zhao and Riters, 2023). However, while some have argued for the existence of a distinct play brain circuit (Panksepp, 1998; Siviy and Panksepp, 2011), the nodes and connections identified so far are common to those important for social behavior in general, especially affinitive social behavior (Chen and Hong, 2018; Luo, 2018; Achterberg and Vanderschuren, 2023). Even so, comparing these brain areas between the sexes and across rat strains indicate that some of those neural circuits influence specific aspects of play (Siviy, 2020; VanRyzin et al., 2020), suggesting that, with advances in mapping dynamic brain circuits showing patterns of activation and communication (Bermudez-Contreras et al., 2018), a distinctive “play circuit” may eventually be characterized in terms of how these widely used areas function together when producing play relative to other affinitive social behavior.

The same lack of comparative data leaves our knowledge of the endocrinological mechanisms and how they influence the development of play fighting at a primitive level. Again, most of what we know is derived from what has been gleaned from studying play fighting in rats (McCarthy, 2023), a species that exhibits a sex difference, with males playing more than females, at least in some rearing conditions (Himmler et al, 2016a; Thor and Holloway, 1984b). The general finding that as a male-typical trait, play fighting is masculinized by exposure to androgens emanating from the gonads and/or adrenal glands early in perinatal development (Meaney, 1988), may account for variations between and within species in which females may be more playful than males (Pederson et al., 1990; Berenbaum and Hines, 1992). Nonetheless, the story may be more complex. In Syrian hamsters (Mesocricetus auratus), steroidal stress hormones have been found to be involved in some age-related changes in play behavior (Taravosh-Lahn and Delville, 2004; Wommack and Delville, 2007b, Wommack and Delville, 2007a). In rats, while some age-related changes in play fighting may involve the masculinizing effects of androgens, some of the changes in females involve the active role of ovarian hormones (Pellis, 2002b). For the progress made to date in mapping the neural circuits involved in play and some of the endocrinological influences on the development of those circuits, we direct readers to some recent reviews (e.g., VanRyzin et al., 2020; Achterberg and Vanderschuren, 2023; McCarthy, 2023). While the comparative data are not yet available to be certain as to what may constitute the general mechanisms at the neurobiological level, they are sufficient to shed new light on two unresolved issues related to the motivational mechanisms that have been thought to regulate play behavior.




Is play a unitary phenomenon?

A major unresolved question about play fighting is whether the mechanisms involved are linked to its different origins or if the same underlying mechanisms are involved irrespective of its origins. To understand this issue, we need to broaden the scope to a commonly held view about play. A supposedly cardinal feature of play is that it mixes behavior patterns from many different adult functional contexts (Meyer-Holzapfel, 1956; Heymer, 1977). This view gains support from reports of play incorporating aspects of the three types of animal play generally recognized: locomotor-rotational play being intermixed with social play, or social play intermixed with object play (see Introduction). Such a view sees play as constituting one common motivational system which can recruit behavior from multiple sources, making play an avenue for producing novel combinations of behavior and so enhancing creativity (Bateson, 2014, Bateson, 2015).

A problem with this view is that different lineages of animals have given rise to species in which play involves only one of the three types to the exclusion of the others. For example, at least two species of octopus from one genus (Octopus spp.) have been reported to engage in object play (Mather and Anderson, 1999; Kuba et al., 2006) as has a species of bumblebee (Bombus terrestris audax) (Galpayage Dona et al., 2022), whereas two other invertebrates, a species of wasp (Polistes dominulus) (Dapporto et al., 2006) and a species of spider (Anelosimus studiosus) (Pruitt et al., 2012) have been reported to engage in social play. Given that some of these authors are experienced observers of play and have logged countless hours of observation of their subject species, it is significant, in our view, that they did not note anything that could be construed as one or other types of play in these species. Extending the comparison to vertebrates, especially the more playful taxa, such as birds and mammals, does not change the picture: some lineages have evolved one or two types of play to the exclusion of the others (Burghardt, 2005; Kaplan, 2020). Thus, it is the exception, not the rule, that all three types of play are present in the same species (Burghardt, 2005), and even then, it is rare that all three show a high degree of complexity (Pellis and Iwaniuk, 2004; Pellis and Pellis, 2017b). Therefore, contrary to the view that mixing types of play is common (Norscia and Palagi, 2016), by default, it must be rare because few lineages have evolved species having two or more types of play. The evolutionary heterogeneity of the emergence of different types of play leads to an alternative hypothesis about the motivational underpinnings of play. Different types of play have been independently evolved, with cases of mixing having arisen secondarily in species from lineages with the cognitive wherewithal to integrate these systems together (Pellis et al, 2019b). This alternative hypothesis fits what is known about play fighting quite well.

Again, Aldis (1975) insight, that play fighting involves competition for particular kinds of contact on specific body targets has proven to be valuable in comparing not only play fighting across species but also within species that engage in more than one type of play fighting. Among rodents, ground squirrels compete during play fighting either to bite the shoulders (aggressive play) or mount the partner (sexual play) (Nunes et al., 1999; Pasztor et al., 2001), Djungarian hamsters compete to lick the mouth (sexual play) or bite the rump (aggressive play) (Pellis and Pellis, 1989), and grasshopper mice compete to nuzzle the sides of the neck (sexual play) or bite the nape of the neck (predatory play) (Pellis et al., 2000). Among some primates, there are similar variations, with play fighting involving competition for biting (aggressive play), mounting or grooming, with the latter derived from sexual encounters as is typical of courtship or from general non-sexual affinitive behavior depending on the species (so sexual or amicable play) (Doyle, 1974; Epps, 1974; Vick and Conley, 1976; Hoffman and Foerg, 1983; Goonan, 1993; Winn, 1994; Pellis and Pellis, 2018). If mixing were the norm, then it would be expected that, during play fighting, species that compete for multiple targets should readily switch between them within the same bout of play. Opposite to this expectation, detailed analyses of the play in some of these species found that, if the competition started with one type of play, it continued and finished with competing for that target, before starting to compete for the target typical of the other type of play fighting (Pellis and Pellis, 1989; Pellis et al., 2000; Pasztor et al., 2001; Pellis and Pellis, 2018). That is, within a single bout of play fighting, there is no mixing, suggesting that each type of play fighting is independent.

If different types of play fighting evolved independently and have their own motivational control system, it would be predicted that cases of mixing types of play should be a derived, not an ancestral character state (Pellis et al., 2019a). This prediction was tested by comparing how different types of play fighting are combined among species of primates that have both aggressive and sexual (amicable) play (Pellis et al, 2023b). Whether sequences of both were mixed or not was scored by noting if a counterattack by the recipient was of the same type of play (e.g., amicable → amicable) or different (e.g., amicable → aggressive). Counterattacks that switch the type of play provide evidence for mixing types of play and these could be (1) absent or rare, (2) relatively common or (3) abundant. The distribution of character states was mapped onto a cladogram allowing the most likely ancestral state to be determined. Consistent with the prediction derived from the hypothesis that different types of play are independent, the most likely ancestral state was for little to no mixing to occur, with moderate to abundant mixing being the derived state.

It was only in one genus of New World monkey (Saimiri spp.) that the mixing could be multiple, switching back and forth several times within a bout of play (e.g., amicable → aggressive → amicable → aggressive and so on), indicating that unambiguous mixing of different types of play fighting within a single bout of playing is comparatively rare. A plausible conclusion is that play fighting is heterogeneous, being borrowed independently from different origins (aggression, sexual behavior, grooming, predation) and remains so in most species. If this is true, this would suggest that, if there is a brain circuit for play fighting, there are likely multiple circuits.

As noted earlier, however, even though it may be heterogeneous, play fighting, whatever its origins, has reciprocity in common. Decortication in rats does not change the proportion of play fights that lead to role reversals (Himmler et al., 2016b), suggesting that subcortical mechanisms are sufficient to not only produce play fighting (Pellis et al., 1992a; Panksepp et al., 1994), but also to regulate it to ensure that play fighting remains playful. Cortical mechanisms seem to be important to modulate the play, including bending the degree of reciprocity needed to accommodate partners of different levels of skill and social status (Pellis and Pellis, 2016a). Thus, play fighting likely taps into common mechanisms that make affinitive interactions fair and pleasurable to both partners (Luo, 2018). It is important to note that the neural nodes and circuits revealed to be important for play fighting in rats (Vanderschuren et al., 2016; VanRyzin et al., 2020) involve subcortical systems that are important for all motivational systems (Berridge and Kringelbach, 2013) and engage cortical systems that are important for higher level integration of behavior with changing contexts in general, not just during play, or even social encounters (Mohapatra and Wagner, 2023). Consequently, a full understanding of the neurobiology of play fighting will require teasing apart the circuitry that is unique to each type of play from the subcortical and cortical circuits that are common not only in play but to all (social) behavior.





Competing to touch or touching to compete?

Another unresolved problem concerning the mechanisms that underlie play fighting is that of what exactly animals find pleasurable about this behavior. Play fighting in rats involves competing for nuzzling the nape (Pellis and Pellis, 1987; Siviy and Panksepp, 1987). That the physical act of such touching is essential is illustrated by it being sufficient to satisfying the playful motivation of the players, as shown when the recipient does not defend itself, allowing the attacker unfettered access (Figure 1). Indeed, pharmacological manipulation of a partner so that it moves about but does not respond to playful attacks results in continued nape attacks by the untreated partner (e.g., Thor and Holloway, 1983; Field and Pellis, 1994; Deak and Panksepp, 2006). Perhaps this social touch relies on C-tactile nerve fibers, which are associated with carrying pleasurable interpersonal tactile signals to the brain (Croy et al., 2022; Schirmer et al., 2023). This is a promising facet of play fighting waiting to be explored. Irrespective of the mechanism involved, the importance of touching during play was interpreted by Panksepp (1998) as a core feature of the experience, explaining why the pinning configuration (see Figure 4) is so common during play fights – it enables extensive body contact between the partners, with that contact involving much rubbing and tickling. This inference led to an amazing discovery: rats love to be tickled by experimenters, which the rats reveal by apparently laughing with joy (Panksepp and Burgdorf, 2000). Unfortunately, this finding also led to some false leads. What is true is that rats do find being tickled by human caretakers pleasurable and this has the beneficial effect of making the animals, often the subjects of biomedical research, easier to handle (Cloutier et al., 2012; LaFollette et al., 2017). But there are also two incorrect conclusions that have been derived from it. First, is the conclusion that rats view being tickled by humans as equivalent to playing with a peer (for evidence against this view, see Bombail et al., 2021; Burke et al., 2022; Kisko et al., 2017). Second, is the conclusion that it is the tickling of the partner’s body that makes play with peers a rewarding experience, and that this has been generalized beyond rats (Panksepp and Burgdorf, 2000; Ishiyama Brecht, 2016; Gloveli et al., 2023). It is this second incorrect conclusion that we will focus on here. If bodily contact during play fighting is what is most rewarding for rats, then gaining the pinning configuration should be what animals compete to achieve when playing with peers; however, different strains of rats vary in the likelihood that play fights end in pins (Himmler et al., 2014), and for some, adopting the supine defense position is the tactic of last resort (Himmler et al., 2016b). That is, gaining a bodily position that is supposedly most advantageous for maximizing peer–peer body contact and “tickling” (Panksepp, 1998), is not what the animals stive for during play fighting – gaining and avoiding nape contact is! While contacting the nape still results in tactile sensation, which is rewarding (Siviy and Panksepp, 1987), it is much more limited than the kind offered by the pinning configuration.

Again, Aldis (1975) provides a clue as to how to interpret the touching present in play fighting. He noted that biting during play fighting in the species he examined may not always be directly related to the combat-typical body targets, but rather, the partners may mouth each other indiscriminately. Aldis’ observations suggest that there are two sources of competition during play fighting – one based on contesting access to the combat-typical body target and the other to gain the oral satisfaction of mouthing the partner’s body, with the latter being interpretable within the “tickling” perspective. This distinction resolves several paradoxes about play fighting when considered comparatively and developmentally. When two Asian small-clawed otters (Anonyx cinerea) engage in play fighting, they compete to bite one another on the cheeks. However, if a third partner joins in, it preferentially bites the member of the pair that is on the defensive. During defense, an otter typically lies on its back and the attacker stands over it (much like the pinning described for rats – see Figure 4). The on-top partner uses its forepaws to restrain its supine partner and lunges with its mouth toward an exposed cheek. In turn, the on-bottom otter uses its forepaws and mouth to ward off the attacks. As both interactants are focused on attack and defense of each other’s cheeks, the third otter could attack the on-top otter’s exposed cheeks, but it does not. Rather, it bites at the on-bottom otter’s exposed hind legs, which the bitten otter cannot defend without exposing its cheeks to the on-top attacker. From this position, the third otter mouths the lower portions of the defending otter with little interruption by defensive behavior of the recipient (Pellis, 1984). The same pattern has been documented for Australian magpies (Gymnorhina tibicen). The primary attacker pecks at the side of the head, while the secondary attacker pecks at the feet or tips of the wings of the bird in the defensive position (Pellis, 1981). Similarly, for Tonkean macaques (M. tonkeana), once more than three partners are engaged in a play fight, they stop competing to bite the sides of the face, neck and shoulders and simply mouth whatever body part of the nearest partner is available (Reinhart et al., 2010). That is, play fighting has two distinct forms of biting – one involving competition for specific body targets, with biting those targets being the reward, and more generalized mouthing, where the mouthing itself is what is rewarding and so can be directed at any location on the partner’s body. This distinction can also resolve a developmental puzzle.

For many species as social play first emerges, there is generalized mouthing of the partner’s body which only later becomes focused on the combat-typical body targets (Poole, 1966; Eibl-Eibesfeldt, 1970; Lazar and Beckhorn, 1974; Chalmers, 1984; Pellis and Pellis, 1997a; Pellis and Pellis, 2011). This progression has been interpreted as involving a maturation or learning process that narrows the mouthing to specific locations (Lazar and Beckhorn, 1974). However, if the two types of biting are independent, a different interpretation is possible: they undergo differential maturation, with generalized mouthing developing before target-centered biting. The findings from rats and other species of rodents support the view that targeted and generalized contact involve independent forms of play. First, when a third rat joins a playing pair, it attacks the on-top rat’s exposed nape, it does not nuzzle the unprotected exposed lower body of the defending member of the dyad (Pellis and Pellis, 1998a) Second, from the very first instances of play fighting in the third week after birth, infant rats compete to nuzzle the nape, not nuzzle the partner’s body indiscriminately (Pellis and Pellis, 1997b). Of course, nuzzling is not biting or mouthing. Yet Syrian hamsters which compete to gently nibble the cheeks, target the cheeks from the very first emergence of playful interactions (Pellis and Pellis, 1988). Generalized mouthing or body contact is not part of the play repertoire of rats, or any other murid rodent species so far studied (Pellis and Pellis, 1998a, Pellis and Pellis, 2009). Moreover, whereas the more egalitarian Tonkean macaques show generalized mouthing as well as targeted biting, the more despotic Japanese macaques (M. fuscata) mostly limit their play fighting to targeted biting (Reinhart et al., 2010). This supports Aldis (1975) insight that social play involves two distinct types of touching: generalized touching and targeted contact. Not all species that engage in play fighting have both types, and being independent, generalized and targeted touching have their own developmental trajectories. Moreover, some comparative evidence suggests that touch may not even be essential in targeted play fighting.

Fat sand jirds (Psammomys obesus) compete for access to the sides of the face during play fighting, which involves opposing the tip of the snout with the side of the partner’s face. The opposition can be close (Figure 5A) or more distant (Figure 5B), with actual contact being rare, and gentle when present (Pellis, 1988). Of course, at the distances at which the jirds oppose their faces, the animals are in contact with their vibrissae, which can provide considerable opportunities for social communication (Wolfe et al., 2011; Bobrov et al., 2014), but in this species there is no rubbing or nuzzling and certainly no close bodily contact during play fighting (Pellis, 1988). Among ungulates, play fighting can involve horn and antler clashing, with the contact restricted to these extensions of the body (Geist, 1978; Byers, 1984; Thompson, 1996), and even when teeth are used, the biting and slashing is restricted to the combat-typical body targets (Pellis and Pellis, 2016b). Even among primates in which bodily contact is commonly seen in play fighting (Loizos, 1967; Aldis, 1975), the degree of contact varies markedly from full body-on-body contact to contact at arm’s-length, and even no actual physical contact (Kraus et al., 2019). That is, while touching can be an integral part of play fighting in some species, it can be limited in others. Therefore, while competing for targeted contact may be a universal feature of play fighting, competing for touching itself is not, and when both are present, they likely are independently motivated.




Figure 5 | Playful competition in fat sand jirds involves attempting to oppose the snout to the partner’s side of the head. While the opposition may be a head length or more distant (A) or near (B), it rarely involves actual contact. Adapted from Pellis (1988) with permission from Wiley.



Touching for the sake of touching can explain the mutual body-on-body contact seen in some species, such in African elephants (Loxodonta africana), but is such touching sufficient to reinforce the head-to-head competitive play fighting also present in elephants (Lee and Moss, 2014)? In rats, as play fighting involves competing for access to the nape (Pellis and Pellis, 1987), and since anesthetizing the snout and nape suppresses play fighting (Siviy and Panksepp, 1987), touch experienced on these parts of the body must be an integral part of the reward arising from such play. Moreover, recall that rats injected with drugs that allow them to continue to be mobile but no longer playful, still attract playful attacks to their napes from undrugged partners (Thor and Holloway, 1983), supporting the view that contacting the partner’s nape is the goal of play fighting (see Figure 1). However, if undrugged partners are repeatedly exposed to drugged partners, the frequency with which they launch nape attacks decreases, with a completely unresponsive partner being outright aversive (Pellis and McKenna, 1995), suggesting that while contacting the nape is part of what makes play fighting rewarding, it is not enough (Vanderschuren et al., 2016). Some degree of resistance to the contact by the partner seems necessary (Pellis and Pellis, 2009).

Like Visayan warty pigs, warthogs (Phacochoerus africanus) compete with their play partner to strike and slash the sides of the face and shoulders, but in their case, the head is not slender, but broad with lumps and bumps that can catch the opponent’s face (Cumming, 1984). Consequently, warthogs engage in a lot of head-to-head wrestling to gain access to the shoulders, and you would conjecture that if the principal reward of play fighting is to contact the partner on its play target, the opportunity to contact readily available shoulders should be pounced on. Not so. In over 80% of cases when a warthog playfully attacked a partner that was sitting down, it did not directly target an exposed shoulder, but rather, oriented face-to-face and pushed until the partner stood up and engaged in a head-to-head wrestle. The attacker then maneuvered to contact its partner’s shoulders (Pellis and Pellis, 2017a). That is, while contacting the target is rewarding, competing to gain access to the target makes it more rewarding. It seems that part of what makes play rewarding is that it is challenging (Ham et al., 2023c; Rule et al., 2023).

Mouthing or generalized body contact may constitute one form of social play which can explain some phenomena, such as unidirectional play, non-target contact and gentle play (e.g., Lazar and Beckhorn, 1974; Pellis, 1981; Pellis, 1984; Cordoni and Palagi, 2011). But it is a mistake to conclude that touching is what motivates all play fighting. Rather, play fighting involves competing for a target/advantage, which can involve contact or not, and even when contact is involved, it is not a sufficient reward to sustain play fighting (Pellis and Pellis, 2017a). If touch-based play and competitive play are two independent types of social play, they likely involve different, if overlapping, neural control mechanisms, mechanisms that remain to be discerned.






The adaptive functions of play fighting

As we encountered earlier, in rhesus monkeys, play fighting was hypothesized to function as practice for serious fighting (Symons, 1978) or to promote social cohesion (Levy, 1979): the revolutionary insights by Aldis (1975) explain these divergent views. If the competition present in play fighting is emphasized, then practice makes sense, but if the cooperation present is emphasized, then social cohesion makes sense. Field-based tests have found evidence in support for both hypotheses in some species (Blumstein et al., 2009; Blumstein et al., 2013b) but not in others (Sharpe, 2005a, Sharpe, 2005b). There may be an objective reason for such discordant findings. Play fighting involves at least a minimum amount of both competition and cooperation being present, but then the relative proportion of each above that minimum can vary across species. The greater the competition relative to the cooperation present, the more closely the behavior patterns used resemble those from adult serious behavior, whereas the greater the cooperation relative to competition present, the less the similarity. That means that, for a species in which play fighting more closely resembles combat, the greater the opportunity for using that play as practice, but the less it resembles combat, the weaker that play is for use as practice, and the more likely it is suitable for use to promote social cohesion or some other prosocial benefit (Pellis and Pellis, 2009; Pellis et al, 2010b). But what evidence is compelling for any given hypothesis for the adaptive function of play?




When is a trait an adaptation?

Field observations have revealed positive correlations between the amount of social play engaged in as juveniles and several developmental benefits in Belding’s ground squirrels (U. beldingi). These include refinement of temperament, promoting less docile responses to threats, increasing cautious behavior, and fostering greater exploration and adaptability of responses in novel situations (Nunes and Montemayor, 2023). However, while a trait may have many benefits, not all benefits need be functions (Hinde, 1975). To qualify as an adaptive function, a trait must have the form that it does because of a history of natural selection for that function, a history that is revealed by design features present that make that trait suitable for the proposed function (Williams, 1966). Vague similarities, like “play fighting resembles serious fighting” (see above), are not sufficient. There needs to be detailed correspondence between the form of the play and the proposed function (Pellis and Pellis, 1998b; Leca, 2023). After all, a particular type of play may be a by-product of some other adaptive or non-adaptive trait, and so require no functional explanation of its own (Leca, 2021a; Leca, 2021b).

An example is shown in the variation in the targets competed over during play fighting across primate species, which can involve biting targets typical of agonistic behavior or targets typical of amicable behavior, with the latter involving either competing to groom one another or mount each other (Pellis and Pellis, 2018). Using the data collected in Pellis et al (2023b), the relative proportion of grooming and mounting was scored for those primate species that exhibited amicable play. Each species was given one of the following character states: (1) more grooming than mounting (≥70%), (2) approximately similar levels of grooming and mounting (>30<70%), or (3) more mounting than grooming (≥70%). The character states were then mapped on a cladogram, revealing that the most likely ancestral state was competing for grooming to be predominant. The lemurs and lorises (i.e., strepsirrhines, the wet-nosed primate species with more ancestral physical and behavioral traits, see Fleagle, 2013) on the left, except for one branch, retain the ancestral pattern whereas the New World monkeys on the right all make the switch to mounting (Figure 6).




Figure 6 | A cladogram representing the pattern of relatedness among primate species that engage in amicable play for which the relative amounts of grooming and mounting could be ascertained, is shown. The species span two major subgroups of primates, the strepsirrhines, a more primitive branch of the clade (see text), which includes the fat tailed dwarf lemur (Cheirogaleus), the gray mouse lemur (Microcebus), Coquerel’s sifaka (Propithecus), two species of ruffed lemur (Varecia), the brown lemur (Eulemur) the aye-aye (Daubentonia) and the pygmy loris (Nycticebus), and the New World monkeys, including the cotton top tamarin (Saguinus), the lion headed tamarin (Leontopithecus), the silver marmoset (Mico), Geoffroy’s marmosets (Callithrix), the brown capuchin (Sapajus) and two species of squirrel monkeys (Saimiri). The character states are: = mostly grooming (1); = equal amounts of both (2); = mostly mounting (3). The horizontal slashes and associated numbers indicate the position and type of evolutionary change. The most parsimonious ancestral state was mostly grooming (i.e., 1).



An adaptationist interpretation could conclude that playful competition over grooming and over mounting have distinct functions, with different lineages benefitting differentially from those functions. But then what about the gradations in-between, is each proportional difference adaptive? There may be a more parsimonious explanation. In strepsirrhines, grooming primarily involves the use of the teeth, whereas in monkeys, grooming is primarily performed with the hands (Bishop, 1962; Jolly, 1966). Indeed, the lower front incisors of strepsirrhines are packed together to form a toothcomb, specially designed for grooming (Szalay and Seligsohn, 1977). In most cases, when competitive grooming arose, one animal grasped and held its partner’s head and began to groom its face orally (Pellis and Pellis, 2018). Even in strepsirrhines in which competing for mounting is as common (e.g., blue-eyed black lemurs – Eulemur) or more common (e.g., ruffed lemurs – Varecia spp.) than competing for grooming, when competition for grooming did occur, it arose from orally grooming the partner’s face. Similarly, while in the monkeys most grooming involved using the hands, the only cases of playful competitive grooming observed was when one animal tried to groom its partner orally. Consequently, a switch in the manner of grooming could have indirectly altered the context that promotes competitive play fighting involving grooming. That is, the switch in emphasizing the type of amicable play is a by-product, not requiring a unique functional explanation (Leca, 2021a). While there are many other socio-ecological factors that need to be considered (see relevant chapters in Mitani et al., 2012) before this conclusion is confirmed, the example shows that differences in the content of play cannot be assumed to be present because of their adaptive value. Even so, this does not mean that natural selection may not be involved in ensuring the use of traits adaptively, however they are initially derived (Leca and Gunst, 2023).

Experimental studies with rats and hamsters have shown that play fighting experiences in the juvenile period facilitate the development of executive functions such as attention, behavioral inhibition, short-term memory, and decision making (Dalley et al., 2004) and do so by altering the neural wiring of the relevant areas of the prefrontal cortex (Pellis et al., 2023a). In turn, improved executive functions result in more effective socio-cognitive skills such as greater impulse control, longer retention of social memories, greater resistance to defeat stress and better inter-animal coordination (e.g., Pellis et al., 1999; Baarendse et al., 2013; Burleson et al., 2016; Schneider et al., 2016; Stark and Pellis, 2020; Marquardt et al., 2023). Critically, observations of rats have revealed that role reversals are among the critical experiences derived from play fighting that leads to improvements in socio-cognitive skills (Pellis et al., 2023a). As noted above, a key feature of play fighting is that it involves cooperation, which in turn, is necessary to produce role reversals (turn-taking), and the studies with rats increasingly point to these beneficial effects arising from partners being relatively balanced in instigating role reversals (Stark et al., 2021; Ham et al., 2024). Not surprisingly, then, in Belding’s ground squirrels, it is social play and not solitary locomotor play that is positively correlated with improved emotional responsivity and social competence (Marks et al., 2017).

As in the case for rats, it would be expected that the forms of social play that involve the most role reversals should be favored in ground squirrels to ensure these beneficial outcomes. However, in the ground squirrels, play fighting can involve either competition to bite the shoulders or competition to mount (Nunes et al., 1999), and a study of a congener, Richardson’s ground squirrels (U. richardsoni), found that counterattacks leading to role reversals were three times more likely during play fights involving biting than those involving mounting (Pasztor et al., 2001). Consequently, it may seem odd that only 20% of all play fighting involves competition over biting in both Belding’s and Richardson’s ground squirrels (Nunes et al., 1999; Pasztor et al., 2001). Perhaps even more perplexing is that in other species of this genus competing for biting constitutes 80% of play fighting (Pellis and Iwaniuk, 2004). Evidence from rats suggests that experience with role reversals can be below the typical level, but if they remain above a critical threshold, those experiences are sufficient to produce the beneficial effects (Pellis et al., 2019b). Thus, it is possible that there can be considerable drift in the relative proportion of types of play fighting across species, if the forms that have the highest rates of role reversals are maintained at above threshold levels. Comparisons across species and lineages so far suggest that play fighting involving competition for courtship, agonism, grooming and predation-based targets tend to involve more role reversals than those involving mounting (Pellis et al., 2000; Pasztor et al., 2001; Himmler et al., 2016a; Pellis and Pellis, 2018; Kraus et al., 2019). However, it may be hubris to conclude that no species have achieved high rates of role reversals when competing for mounting; for example, this possibility has yet to be tested in beluga whales in which mounting play is quite common (Lilley et al., 2020; Ham et al., 2022). Whatever further empirical findings are found, our current state of knowledge is sufficient to disabuse us of expecting that all variations in the content of play fighting require an adaptive explanation (Pellis and Iwaniuk, 2004; Pellis et al, 2023a; see also Figure 6 above).

There are comparative, developmental and neurobiological data amassing that show that there are design features of how, when and with whom rats play as juveniles that support the hypothesis that play fighting is an adaptation evolved to facilitate the development of socio-cognitive skills, not just an incidental by-product (Pellis and Pellis, 1998a; Cooper et al., 2023; Ham and Pellis, 2023; Ham et al., 2023a), and this is extended to other species, including humans (e.g., Nijhoff et al., 2018; Gibb et al., 2021; Paquette and StGeorge, 2023). There are also some other strong candidate functions for play fighting, including its use as an anti-stress mechanism in both juveniles and adults, and as a mechanism by which adults can assess and manage social relationships with other adults (for reviews see Pellis and Pellis, 2009; Pellis and Burghardt, 2017; Kohn, 2019; Palagi, 2023). Finally, an unexplored question is whether, given the positive affective states that are generated by interpersonal touch (von Mohr et al., 2017), more touch-based playful contact is better suited to some of these functions than more competitive-based forms.






Conclusion

The revolution inaugurated by Aldis (1975) produced new descriptive insights into what constitutes play fighting, how it arose and diversified leading species from different lineages converging on to similar patterns (Pellis and Pellis, 2009). In turn, this has led to new insights into both the mechanisms that produce and regulate play and the kinds of functions that it can most plausibly have evolved. Regarding the latter, the major lesson to be learned is that, while there may be many benefits associated with play fighting, discerning which are evolved functions and which are incidental by-products is no simple matter, nor is differentiating between beneficial and irrelevant features of play. Nonetheless, as these issues are becoming clearer, integrating mechanisms with functions is yielding new insights and charting new avenues for the study of play (Himmler et al, 2016b; Leca, 2023; Burghardt et al., 2024).
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