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ABSTRACT 

In this review, we present a new conceptualframeworkfor the study ofplay behavior, a hitherto 
puzzling array of seemingly purposeless and unrelated behavioral elements that are recognizable 
as play throughout the mammalian lineage. Our major new functional hypothesis is that play 
enables animals to develop flexible kinematic and emotional responses to unexpected events in 
which they experience a sudden loss of control. Specifically, we propose that play functions to increase 
the versatility of movements used to recoverfrom sudden shocks such as loss of balance andfalling 
over, and to enhance the ability of animals to cope emotionally with unexpected stressful situations. 
To obtain this "training for the unexpected, " we suggest that animals actively seek and create 
unexpected situations in play through self-handicapping; that is, deliberately relaxing control 
over their movements or actively putting themselves into disadvantageous positions and situations. 
Thus, play is comprised of sequences in which the players switch rapidly between well-controlled move- 
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142 THE QUARTERLY REVIEW OF BIOLOGY VOLUME 76 

ments similar to those used in "serious" behavior and self-handicapping movements that result 
in temporary loss of control. We propose that this playful switching between in-control and out- 
of-control elements is cognitively demanding, setting phylogenetic and ontogenetic constraints on 
play, and is underlain by neuroendocrinological responses that produce a complex emotional state 
known as "havingfun. "Furthermore, we propose that play is often prompted by relatively novel 
or unpredictable stimuli, and is thus related to, although distinct from, exploration. We present 
24 predictions that arise from our new theoreticalframework, examining the extent to which they 
are supported by the existing empirical evidence and contrasting them with the predictions offour 
major alternative hypotheses about play. We argue that our "trainingfor the unexpected " hypothe- 
sis can account for some previously puzzling kinematic, structural, motivational, emotional, 
cognitive, social, ontogenetic, and phylogenetic aspects ofplay. It may also accountfor a diversity 
of individual methods for coping with unexpected misfortunes. 

A MAJOR AREA of interest for those who 
study "play behavior" centers on the 

questions: Why and how has play behavior 
evolved, and how has it been maintained in 
populations of different species by natural se- 
lection (Bekoff and Byers 1998; Power 2000)? 
There has been little success in achieving a 
generally valid and empirically supported an- 
swer to these questions. The extensive variabil- 
ity of play patterns suggests to some research- 
ers that play may serve different functions in 
animals of different species, and in individuals 
of different ages and sex within the same spe- 
cies (Gomendio 1988; Bekoff and Byers 1998; 
Pellegrini and Smith 1998). Some authors even 
think that attempts to find a single function 
for all play behavior are doomed to failure. 
For instance, Burghardt (1998a) regards play 
as almost certainly a "heterogeneous category 
linked together by characteristics that may be 
superficially similar, but have separate origins, 
causes, functions, and ontogenies" (p 22). 

While a pluralistic approach may be the 
most appropriate way to tackle questions about 
the specific functions of different modes of 
play, the implication that no comprehensive 
understanding of play is possible is discourag- 
ing. If play is a heterogeneous category with 
neither a traceable phylogenetic root nor a 
common function, then why study it as a gen- 
eral phenomenon? Would it not be better to 
try to split it into smaller homogeneous cate- 
gories? Should we, in the end, treat play just 
on a case-by-case basis? 

There are two reasons to reject this position. 
First, play behavior patterns, as diverse as they 
might be, do have features in common (Fagen 
1981; Burghardt 1984; Bekoff and Byers 1998). 
In most cases, both novice and professional 

ethologists agree in their classification of be- 
havior as either play or nonplay (e.g., Rasa 
1984). It is easier to see the unity of play than 
to find any clear natural borders within the 
richness of play that could be used to split it 
into more manageable categories. Second, 
play is nearly ubiquitous in all mammalian or- 
ders. This suggests either a common ancestry 
or a similar set of selection pressures that acted 
in all diverging mammalian orders in the Ce- 
nozoic (Byers 1984). In our view, it is more 
parsimonious to assume that there is a basic 
phylogenetic and functional unity underlying 
mammalian play than to assume that the "su- 
perficially similar" play patterns widely distrib- 
uted in mammals evolved independendy many 
times during mammalian phylogeny. Hence 
the search for a major function of play seems 
to be justified and important, as it is for other 
widely distributed mammalian characteristics 
such as sleep (Tobler 1995). 

In this paper, we propose a major new hy- 
pothesis about the adaptive value of play be- 
havior, with related structural, psychological, 
and cognitive constituents. We follow with a 
set of testable predictions that arise from this 
theoretical framework. We then examine some 
previous hypotheses about the function (s) of 
play, contrasting their performance against 
that of our new hypothesis, based on how par- 
simoniously and consistently each hypothesis 
accounts for the available empirical informa- 
tion on mammalian play. We argue that our 
hypothesis can account for some well-docu- 
mented kinematic, structural, motivational, 
emotional, cognitive, social, ontogenetic, and 
phylogenetic aspects of play. 
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JUNE 2001 MAMMALIAN PLAY 143 

THE "TRAINING FOR THE UNEXPECTED" 
HYPOTHESIS OF PLAY 

THE ADAPTIVE VALUE OF PLAY 

We hypothesize that a major ancestral func- 
tion of play is to rehearse behavioral sequences 
in which animals lose full control over their 
locomotion, position, or sensory/spatial input 
and need to regain these faculties quickly. Ani- 
mals learn how to improvise their behavior by 
chaining conventional movements with atypi- 
cal movements to get themselves back into a 
standard position. Sequences that link highly 
efficient species-typical motor patterns and 
standard body positions with atypical move- 
ments necessary for recovery from awkward 
positions often occur in biologically signifi- 
cant situations. For example, when fleeing a 
predator, an animal tries to use the most effi- 
cient pattern of flight, but may be disoriented 
or interrupted unpredictably by rapid changes 
in visual input, actions of the predator, or col- 
lisions with other herd members or inanimate 
obstacles. The ability of the animal to recover 
rapidly using atypical movements could mean 
the difference between life and death in a 
predator attack. Similar mishaps may occur 
during intraspecific interactions and during 
pursuit of prey. The opponent (or the prey) 
adds significant unpredictability to the envi- 
ronment. Skilled movements often cannot be 
completed or properly sequenced because of 
interruption by the other animal. 

Besides the development of locomotor ver- 
satility in unanticipated situations, we hypoth- 
esize that animals in play learn how to deal 
with the emotional aspect of being surprised 
or temporarily disoriented or disabled. Loss 
of control in a serious situation, despite active 
attempts to cope, will normally result in activa- 
tion of both sympathetico-adrenomedullary and 
pituitary-adrenocortical systems (von Holst 
1998). These systems prepare the animal for 
immediate action, but can have long-term 
costs, especially in suppressed immunocom- 
petence (Apanius 1998). In adverse social situ- 
ations, emotional overreaction may lead to un- 
due escalation of conflicts. In the presence of 
a predator, emotional overreaction leading to 
aimless panic will decrease an animal's chance 
of survival. In general, adaptive responses in 
serious situations depend upon the animal's 

ability to avoid incapacitation via negative 
emotions. We propose that the experience of 
"self-induced" mishaps during play helps ani- 
mals to avoid emotional overreaction during 
unexpected stressful situations. 

The ultimate benefits obtained from play 
are probably low, judging from the fact that 
play is dropped from the behavioral time bud- 
get under harsh conditions (Baldwin and Bal- 
dwin 1974; Berger 1980; Barrett et al. 1992). 
However, it may be that individual differences 
in retaining play during harsh times were ben- 
eficial during evolution. All in all, play could 
probably be counted among "opportunity be- 
haviors" (a term coined by Fraser and Duncan 
1998); that is, those behaviors that bring low 
ultimate benefit and are therefore actuated at 
moments when the cost of performing them 
drops to an even lower level. 

In short, we propose that play: (i) results 
in increased versatility of movements used to 
recover from sudden "gravitational," "kine- 
matic," or "positional" shocks such as losing 
ground underfoot, falling over, being knocked 
over, being pinned down, or being shaken vig- 
orously; and (ii) enhances the ability of ani- 
mals to cope emotionally with unexpected sit- 
uations. These may include both "locomotor" 
shocks as described above, and "psychologi- 
cal" shocks such as suddenly being faced with 
frightening or dangerous stimuli, unexpect- 
edly meeting a stranger, or experiencing a 
sudden reversal in dominance. 

SELF-HANDICAPPING-SEEKING AND 
CREATING THE UNEXPECTED IN PLAY 

If play has the function of training for the 
unexpected, then unforeseen situations should 
occur frequendy in play. We suggest that mam- 
mals actively seek and create unexpected situa- 
tions in play. Specifically, we propose that 
mammalian play is a sequential mixture of: (a) 
well-controlled vigorous locomotor move- 
ments similar to those used in "serious" behav- 
ior that load heavily on fitness traits such as 
escape from predators, intraspecific agonism, 
or hunting fast or dangerous prey; and (b) 
movements during which postural control is 
compromised, or the chance for random fac- 
tors to influence movement is increased so 
that the animal is more likely to be knocked 
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off balance, fall over, lose control of a play ob 
ject, or fail to counter the actions of another 
animal. 

Animals can actively seek and create unex- 
pected events in play through self-handicap- 
ping; that is, deliberately relaxing control over 
their movements or actively putting them- 
selves into disadvantageous positions and situ- 
ations. For example, animals may self-handi- 
cap by moving in a way that is less than fully 
stable or efficient, or by performing object ma- 
nipulation while positioned in a way not best 
suited for full control over the object. They 
may also impair their sensory and spatial ori- 
entation through high-speed angular and ro- 
tatory movements of the head, putting their 
head into unusual positions in relation to grav- 
ity or horizon, or twisting their body in an un- 
usual way. By using physical properties of the 
environment such as deep soft snow, a slippery 
slope, or gravity-attenuating water, animals 
can enhance the probability that they will be 
thrown off balance into unusual positions. 
They can also increase the probability of expe- 
riencing unexpected events by playing with or 
among relatively novel environmental features 
or among features that are moving in unpre- 
dictable ways (e.g., due to wind). In social in- 
teractions, animals can self-handicap by using 
positions and movements that impair their 
competitive ability and enable their playmates 
to gain the "attack" position. For example, 
they may inhibit the force of their bites and 
pushes, and allow themselves to be pushed 
over and chased, even when they have the abil- 
ity to harm or dominate a playmate. They may 
also put themselves at a self-induced disadvan- 
tage by playing with larger, stronger, or more 
experienced play partners, or even with ani- 
mals of a different species. Because play is only 
performed when its costs remain low, how- 
ever, there is an upper limit of unpredictabil- 
ity and loss of control above which animals will 
not play. 

THE RELATIONSHIP BETWEEN 

EXPLORATION AND PLAY 

Exploration can be viewed as a serious coun- 
terpart to play. During an initial encounter 
with a novel environmental feature, animals 
first investigate it through "serious" explora- 
tion, examining whether it is dangerous and 

whether it has any resource value to them. If 
they find the novel feature to be relatively non- 
threatening, play may follow. Through their 
playful behavior the animals seem to address 
the question, "What if it really were danger- 
ous?" Although exploration is often tempo- 
rally associated with play, it differs from play 
in three important aspects. First, a function 
of exploration may be to learn how to avoid 
getting into trouble (by gathering informa- 
tion), whereas we propose that an important 
aim of play is to learn how to get out of trouble 
(through enhanced improvisation skills). Sec- 
ond, there is no deliberate self-handicapping 
in exploration. Third, whereas play is associ- 
ated with a relatively relaxed and secure state, 
exploration is more closely associated with 
fear and perceived danger. If an animal loses 
control in play and has too much difficulty re- 
gaining it, or the situation becomes danger- 
ous, the animal should withdraw and reassess 
the situation through further exploration. 

HAVING FUN-THE UNDERLYING 
EMOTION IN PLAY 

According to our hypothesis, play enables ani- 
mals to develop emotional flexibility by rehears- 
ing the emotional aspect of being surprised or 
temporarily disorientated or disabled. Although 
unexpected events that occur in a dangerous 
situation would likelymagnifyfear in inexperi- 
enced animals, we suggest that fear is modu- 
lated in play by the relatively safe context in 
which play occurs and the improbability that 
losing control will have serious consequences. 
In addition, regaining control following an 
unexpected challenge is likely to be rewarding, 
and the positive nature of this experience may 
be intensified by the rapid repetition of in- 
control and out-of-control elements that oc- 
cur in play. Thus, we hypothesize that play is 
emotionally exciting (perhaps even thrilling, 
though not intensely frightening) and reward- 
ing, maybe even pleasurable, while at the same 
time being relaxed. We suggest that this combi- 
nation of affective attributes is unique to play, 
producing the complex emotional state that 
is referred to as "having fun" in human folk 
psychology. We propose that the three phe- 
nomenological aspects of this "having fun" 
feeling are directly reflected in the kinematic, 
structural, and motivational character of play 
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behavior. The excitement is revealed in the 
vigor and speed of play movements and se- 
quences, the pleasurable aspect in the fact that 
animals actively seek out and work for oppor- 
tunities to play, and the relaxation by the will- 
ingness of animals to self-handicap in play and 
play only when they are relatively safe or un- 
stressed. It may also be that play behavior is 
supported by a unique pattern of neurobio- 
logical response in the brain centers associ- 
ated with complex somatosensation, motor 
pattern control, emotionality, and reward. 

RICH COGNITIVE CONTENT OF PLAY 

During play, rapid alternation between con- 
trolled and uncontrolled actions requires fre- 
quent and rapid assessment and reassessment 
of qualitatively different situations that do not 
normally follow each other. This implies that 
play is, even when a solitary locomotor activity, 
a cognitively demanding activity (Allen and Be- 
koff 1997; Bekoff and Allen 1998). When (un- 
predictable) social interaction is involved, the 
movements, their sequencing, and, presum- 
ably, the accompanying mental states become 
even more complicated because the playmates 
change the situation with their every action. 
Moreover, the ability to experience the com- 
plex feeling of "having fun" may require a 
richly developed cognitive system. Hence, our 
functional hypothesis about play as training 
for the unexpected implies that, though such 
training might be advantageous for many ani- 
mals, play evolved only in those with the requi- 
site cognitive capacity. Also, the level of cogni- 
tive function needed for play may set a lower 
limit on the stage of ontogenetic development 
at which play first appears. 

PREDICTIONS 

FUNCTIONAL CONSEQUENCES OF PLAY 

Prediction 1: The amount of play experi- 
ence obtained affects the ability to physically 
and emotionally handle unexpected events 
and temporary handicaps. Animals deprived 
of play, be it by natural circumstances or artifi- 
cial manipulation, will be less able to deal with 
such situations. Conversely, animals stimu- 
lated into higher-than-usual amounts of play 
will surpass others in their ability to cope with 
such situations. Evidence of improved coping 
may include one or more of the following: in 

locomotion, increased speed of balance recov- 
ery and heightened ability to regain full orien- 
tation after a collision or fall; in agonistic be- 
havior, knowledge to avoid undue escalation, 
faster conflict resolution, and fewer injuries 
sustained; in predator-prey interactions, more 
effective evasive movements in response to 
movements of the predator, decreased chance 
of panic and collision with obstacles, and in- 
creased chances of escape; in response to 
novel physical features in the environment, a 
shorter latency to shift from freezing to explo- 
ration and then to play (exploiting or ignor- 
ing the feature); and when encountering un- 
expected situations in a serious context, a less 
pronounced physiological stress response- 
especially in relation to the chronic elevation 
of adrenal glucocorticoids and compromised 
immunocompetence. 

Prediction 2: The benefit from play towards 
increased locomotor versatility when handling 
unexpected events is most pronounced within 
the current phase of ontogeny, whereas the im- 
proved ability to cope emotionally with unex- 
pected misfortunes can be both immediate and 
long lasting. With ongoing development, body 
proportions and locomotor abilities change 
and the body movement strategies that have 
been rehearsed earlier may no longer be ap- 
plicable. By contrast, there is no obvious rea- 
son why increased emotional flexibility resulting 
from play would disappear with increasing age. 

KINEMATICS AND STRUCTURE OF PLAY 

Prediction 3: Self-handicapping actions are 
ubiquitous elements of play that frequently re- 
sult in temporary loss of control. That is, play 
sequences in which an apparently self-handi- 
capping action is followed immediately by 
being knocked off balance, slipping, falling, 
sliding, rolling over, losing control of a play 
object, or losing the "attack" orientation to- 
ward another animal are frequent. This pre- 
diction follows from our hypothesis that ani- 
mals benefit from play by learning how to cope 
with sudden losses of control. 

Prediction 4: Play is sequentially variable. 
Play movements that closely resemble those 
used in "serious" behavior such as predation, 
aggression, or escape are interspersed with 
other movements that are seemingly counter- 
productive towards achieving the proximate 
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goal of the "serious" behavior. In addition, ele- 
ments usually performed in different motiva- 
tional contexts may follow each other in rapid 
succession during a play bout. This predicted 
variability is derived from our hypothesis that 
play enables animals to rehearse how to regain 
control after unexpected interruptions of nor- 
mal behavioral sequences. 

Prediction 5: Under favorable conditions, 
mammals of different species are able to play 
with each other, or at least stimulate each 
other to play. This prediction arises because 
certain common features of play, like per- 
forming vigorous rotational movements, mov- 
ing body parts in the frontal plane, assuming 
asymmetrical positions, and switching be- 
tween highly skilled and deliberately awkward 
movements, are universal and should be rec- 
ognized by individuals of different species. 

SOCIAL ASPECTS OF PLAY 

Prediction 6: Animals prefer to play with fa- 
miliar conspecifics over unfamiliar conspecif- 
ics, even if the latter are better matched in 
terms of body size. This is because play in- 
volves self-handicapping, which is vulnerable 
to cheating in animals that do not interact re- 
peatedly with each other. 

Prediction 7: Among pairs of familiar con- 
specifics that differwidely in body size or expe- 
rience, play is more often initiated by the 
smaller or less experienced partner. This pre- 
diction is derived from the hypothesis that the 
much smaller or less experienced individual 
will gain a benefit from the experience of cop- 
ing with being at a disadvantage in the interac- 
tion. However, if the much larger or more ex- 
perienced animal is unable to self-handicap 
sufficiently-to lose some control and experi- 
ence something unexpected from the move- 
ments of the playmate-it should terminate 
the interaction or fail to respond to attempts 
by the other individual to initiate play. 

Prediction 8: When the strength or domi- 
nance status of two play partners changes, the 
relative degree of self-handicapping by the 
two individuals changes. The stronger individ- 
ual will usually perform the most self-handi- 
capping. This is because the main function of 
play is to train for the unexpected, not to 
achieve dominance over, or predate, the play- 
mate. 

Prediction 9: Play is contagious and more 
than two animals often interact simultane- 
ously with each other in play. There are two 
reasons for this prediction. First, conspecifics 
at play bring much unpredictability into the 
environment, increasing the number of op- 
portunities to respond to unexpected situa- 
tions. Second, an animal's assessment that the 
current environment is sufficiently safe to en- 
gage in play is strengthened by the fact that 
other animals have already started to play. 

Prediction 10: Play signals-elements that 
promote the initiation or continuation of play 
interaction between two. or more animals- 
are often derived from self-handicapping ac- 
tions used in play. This prediction arises from 
our functional hypothesis that play involving 
conspecifics originally served as a lesson in 
how to regain control in social and predator- 
prey interactions; thus play necessarily in- 
cluded vigorous species-typical actions that, 
when performed in a serious manner, would 
pose a serious threat or even immediate dan- 
ger to the recipient. Hence, for play to be re- 
ciprocated, it would have been necessary to 
inform the recipient that these actions would 
be performed in a nonharmful manner. The 
self-handicapping movements and positions 
used to practice for awkward situations were 
good precursors for signals of an individual's 
playful intention. When an animal perceives 
another animal in a compromised position or 
performing a self-handicapping movement, 
the information that this animal cannot attack 
immediately is intiinsically available. An animal 
on its back or side cannot charge immediately, 
and an animal shaking its head vigorously can- 
not leap precisely, because itsjudgment of dis- 
tance and direction is momentarily blurred. 
Play signals may also be derived from expres- 
sions, sounds, and odors associated with "hav- 
ing fun." 

NEUROPSYCHOLOGICAL MECHANISMS 

INVOLVED IN PLAY 

Prediction 11: Severe or prolonged negative 
emotions, such as fear, pain, anger, hunger, 
frustration, or malaise, suppress play behav- 
ior. This prediction arises from our hypothesis 
that play allows animals to develop adaptive 
responses to unexpected events without being 
overwhelmed by negative emotions. Clearly, 
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the preexistence of overwhelming negative 
emotions, or their arousal during play, would 
be counterproductive to this process. Nega- 
tive emotions are also incompatible with the 
"having fun" affect that is integral to play. 

Prediction 12: Vigilance decreases during 
play. This relationship is predicted because 
some play movements impair the acuity of sen- 
sory input. Also, because the rapid switch be- 
tween in-control and out-of-control move- 
ments and positions makes play a cognitively 
demanding activity, there is, presumably, little 
cognitive capacity left for other mental pro- 
cesses to occur simultaneously. 

Prediction 13: There is a similarity in the 
neuroendocrinological basis that underlies 
play behavior across mammalian taxa. We pre- 
dict this based on the hypothesis that the spe- 
cific neurobiological processes that produce 
the "having fun" emotion are constitutive an- 
cestral elements of play. 

Prediction 14: Play results in measurable 
changes and enhancements in the brain struc- 
tures that receive and integrate complex so- 
matic sensations, control complex motor pat- 
terns, and modulate emotional reactions, 
whereas exploratory behavior leads, primar- 
ily, to changes in associative centers of the 
brain. We suggest this because, in play, the 
brain must deal with situations that cannot be 
subsumed under reliable rules but must be 
solved by kinematic improvisation and emo- 
tional flexibility. By contrast, exploration en- 
ables animals to gather information about reg- 
ularly occurring contingencies between events. 

ENVIRONMENTAL CONDITIONS FOR PLAY 

Prediction 15: Members of species that typi- 
cally live in stable physical habitats perform 
less locomotory play than members of species 
that typically live in more changeable physical 
habitats or those that move between different 
habitat types. This is predicted because the lat- 
ter are exposed to greater environmental un- 
predictability, and should therefore gain a 
greater benefit from experience in coping 
with sudden environmental changes that af- 
fect locomotion. By contrast, the former 
should benefit more from rehearsing the spe- 
cific locomotor skills needed to negotiate es- 
tablished routes through their territory by per- 
forming them repeatedly in a nonplayful 

manner (i.e., through motor learning, as de- 
scribed by Stamps 1995). 

Prediction 16: Play increases in frequency 
after animals move between habitats, experi- 
ence substantial changes in habitat that affect 
locomotion, or encounter mildly frightening 
or novel stimuli. Through play, animals gain 
experience in coping with the novel situation 
(e.g., snowfall in temperate and arctic regions). 

Prediction 17: Play occurs only under rela- 
tively safe environmental conditions and is 
strongly suppressed when predators or other 
dangers are detected. Because play appears to 
produce only modest benefits, it should only 
occur when the costs remain low. Self-handi- 
capping during play increases the risk of injury 
and predation; however, when the risk of pre- 
dation is reduced by the close presence of a 
vigilant parent or caregiver, a large group of 
similar conspecifics, or a safe refuge, the prob- 
ability of play should increase. 

ONTOGENETIC DISTRIBUTION OF PLAY 

Prediction 18: In each species of mammal, 
play occurs at those ages when there is the 
greatest danger of fitness loss if the animal is 
caught in an awkward situation. Older animals 
should play less with the physical environment 
because they are more familiar with it. As a result 
of their previous experience, the environment 
is more predictable and there is less need for 
training for the unexpected. However, play 
that involves social and predator-prey scenar- 
ios should continue in adults of relatively intel- 
ligent species (i.e., with high encephalization 
quotients:Jerison 1973; Eisenberg 1981) that 
adjust their strategies in response to the un- 
predictable behavior of intelligent conspecif- 
ics, predators, or prey. 

Prediction 19: Play is most frequent and/ 
or intense during periods of rapid allometric 
growth. Rapid changes in body proportions 
make the control of movements less precise, 
resulting in more frequent misjudged actions. 
Hence, there should be greater benefits from 
playing at this time to gain practice in recov- 
ering from misjudged actions. 

Prediction 20: Neonatal mammals play less 
than juveniles. Neonates, especially those of 
altricial species, lack the physical and neuro- 
logical development for vigorous alternation 
between in-control and out-of-control posi- 
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tions. Play should become more common as 
the animals become more capable of inten- 
tional self-handicapping. 

Prediction 21: Different modes of play peak 
at different phases of ontogeny and, typically, 
a peak in locomotory play precedes a peak in 
social play. Mammalian conspecifics learn and 
adapt their behavior in response to the behav- 
ior of others; therefore the unpredictability of 
play interactions with conspecifics is likely to 
persist longer during ontogeny than the un- 
predictability that occurs in play stimulated by 
elements of the physical environment. Also, 
the relatively high cognitive demands of play 
with conspecifics may delay the peak in social 
play versus locomotory play. 

Prediction 22: Within a population, play is 
expected in all juveniles of a particular age 
class. All juvenile mammals can gain a benefit 
from experience in coping with unexpected 
situations-not just males or the most domi- 
nant or strongest individuals. 

Prediction 23: Sexual dimorphism in a par- 
ticular mode of play is found in species in 
which the two sexes differ in how important it 
is to be able to cope with the types of unex- 
pected situations that arise in that mode of 
play. For instance, if males engage more often 
in forceful agonistic interactions than fe- 
males, this should be reflected in higher levels 
of play that enable males to train for unex- 
pected mishaps in these interactions. In slowly 
maturing species, however, dimorphism in 
play should be related not only to behavioral 
dimorphism in adult life, but also (and per- 
haps mainly) to dimorphism in serious behav- 
ior that occurs in the current ontogenetic 
stage (e.g., "teasing" or showing-off behavior 
in juvenile or adolescent males that remain in 
natal herds, adolescent striving for domi- 
nance in bachelor herds). We predict that 
training for movement versatility has primar- 
ily immediate benefits, although benefits in 
terms of emotional coping can be longer last- 
ing. It follows that, in most species, sexual di- 
morphism in play increases with age. 

PHYLOGENETIC DISTRIBUTION OF PLAY 

Prediction 24: The occurrence of play is pos- 
itively correlated with the encephalization 
quotient (Jerison 1973; Eisenberg 1981) 
rather than with body mass or metabolic rate 

within broad taxonomic groups. This is pre- 
dicted due to the cognitively demanding na- 
ture of play. 

ALTERNATIVE HYPOTHESES ABOUT PLAY 

A wealth of explicit or implicit hypotheses 
about the adaptive value of play has been pro- 
posed (Bekoff and Byers 1998; Burghardt 
1998b; Power 2000). Traditionally, emphasis 
has been placed on the development of play, 
because animals are usually more playful 
when young than as adults (but for examples 
of adult play, see Breuggeman 1978; Biben 
1979; Fagen 1981; Zucker et al. 1986; Pellis et 
al. 1993; Hall 1998). Consequently, functional 
explanations have usually focused on ways in 
which play during early development could 
benefit animals as adults. Hypothesized func- 
tions of play have included motor training, 
and social and cognitive development. How- 
ever, examination of these hypotheses through 
play deprivation (Miller-Schwartze 1968; Caro 
1980), natural suppression of play under harsh 
environmental conditions (Baldwin and Bald- 
win 1974, 1976; Bekoff 1976; Sommer and 
Mendoza-Granados 1995), or correlations be- 
tween results of play fights and later domi- 
nance (Adams and Boice 1989; Araba and 
Crowell-Davis 1994) has revealed surprisingly 
little evidence for long-term effects of play; 
therefore, attention has also been paid to more 
immediate benefits of play in young animals. 
For example, play may provide opportunities 
for self-assessment (Thompson 1996, 1998), 
learning routes through the natal area (Stamps 
1995), gaining dominance (Pellegrini and 
Smith 1998), modulatingjuvenile aggression 
(Drea et al. 1996), mastering immediate food- 
related or spatial cognition skills (Chalmers 
and Locke-Haydon 1984; Bjorklund and Brown 
1998), or achieving heat/energy dispersal (Bar- 
ber 1991). We briefly outline the four most 
clearly delimited and frequently promoted 
general hypotheses about play (Bekoff and By- 
ers 1998; Burghardt 1998b). 

A simple explanation for the apparent unity 
of mammalian play is that play is a side effect 
of other specific features of mammalian life 
history and physiology. According to the "sur- 
plus resource model" (Burghardt 1988, 1999) 
and its modification by Coppinger and Smith 
(1989), young mammals, in contrast to rep- 
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tiles, can afford to play because they possess 
an aerobic metabolism that enables prolonged 
vigorous activity, and because they receive pa- 
rental care, which includes the provisioning 
of milk and a degree of protection from preda- 
tors. Play, according to this model, is a way in 
whichjuvenile mammalian behavior is remod- 
eled into adult behavior; this "metamorphic" 
character of play explains its variability. The 
surplus resource model is not an hypothesis 
about the adaptive value of play. On the con- 
trary, it proposes that the primary processes 
that lead to the phylogenetic appearance of 
play are merely side effects of other typically 
mammalian adaptations. Adaptive modifica- 
tions of play evolved later and contributed to 
the diversification of play in various taxa. 
Hence, this hypothesis does not propose a 
general function of play, but rather delineates 
the aggregate of proximate, phylogenetic, and 
ontogenetic factors that make up the singular- 
ity of play. 

The "surplus energy hypothesis," as originally 
put forth by Friedrich Schiller and later by 
Herbert Spencer (1898), noted that "higher 
animals" obtain better nutrition than "inferior 
species" during early ontogeny, and therefore 
have to let off the excess energy in play. Barber 
(1991) made the hypothesis more specific by 
arguing that young mammals are often not 
limited in energy. They benefit from play be- 
cause the vigorous, 3-dimensional movements 
and the associated emotional arousal activate 
the sympathetic nervous system. Resultant acute 
and chronic increases in metabolic rate, and 
especially in brown adipose tissue thermogen- 
esis, may produce a defense against cold and 
obesity, and enhance resistance to pathogens. 
According to the surplus energy hypothesis, 
play provides immediate benefits that are not 
directly related to the specific form of play. 

Perhaps the most intuitive and widely ac- 
cepted theory about the benefits of play is the 
practice theory of Groos (1898). According to 
this theory, play in early ontogeny prepares the 
animal for later life by perfecting critical behav- 
ioral patterns. Among numerous offshoots of 
this theory, the motor training hypothesis of 
Byers is the best developed. Originally, Byers 
(1984) suggested that the ancestral form of 
play was locomotory play and its function was 
motor training to avoid predators. During fur- 

ther evolution, play was modified, specialized, 
and diversified in different taxa according to 
selective pressures acting on the respective 
populations. For instance, in highly gregari- 
ous and polygynous large-bodied ungulates, 
social play evolved which closely mimics ago- 
nistic competition, especially among males. 
Later, Byers and Walker (1995) refined the 
hypothesis. They argued that performance- 
dependent muscle fiber differentiation and 
cerebellar synaptogenesis are the probable 
long-term effects of the specific movements 
performed during play. Byers (1998) labels 
this proposal the "sensitive period hypothesis." 
The sensitive period hypothesis propounds 
very specific and permanent (neuro) physio- 
logical effects of play which lead to enhanced 
skill, an optimal speed/force ratio, and greater 
economy of important species-typical move- 
ment patterns. 

Thompson (1998:192) recently suggested 
another general function of play, namely that 
it provides developing individuals with imme- 
diate feedback on their physical abilities; in 
other words, play is an efficient method for 
"self-assessment." According to this hypothesis, 
young animals test themselves by repeatedly 
performing a challenging locomotor or social 
action, or object manipulation. If they repeat- 
edly succeed in performing a task, they switch 
to a more challenging task; if they fail, they 
may switch to an easier task. The self-assess- 
ment hypothesis suggests that benefits of play 
are immediate and mostly in the cognitive do- 
main. 

In Table 1, we have attempted to identify 
how the predictions derived from our hypoth- 
esis differ from those of the four alternate 
hypotheses. To do this we first considered pre- 
dictions listed explicitly by Burghardt (1988) 
and Barber (1991), and some predictions sug- 
gested by Byers (1998) and Thompson (1998). 
Next we considered predictions which, ac- 
cording to ourjudgement, are clearly implied 
by the hypothesis in question. For each of our 
predictions, we decided whether each of the 
other four hypotheses leads to: (a) an identi- 
cal or similar prediction (Agreement), (b) a 
different but not opposite prediction (Alter- 
native), (c) an opposite prediction (Contrast), 
or (d) no prediction. 

In the next section, we examine our new 
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play hypothesis against the above four hypoth- 
eses. We discuss the existing empirical support 
for our predictions, and suggest future research 
needed to investigate the validity of each hy- 
pothesis. 

SUPPORT FOR THE "TRAINING FOR 
THE UNEXPECTED" HYPOTHESIS 

AND ITS ALTERNATIVES 

FUNCTIONAL CONSEQUENCES OF PLAY 

In this section, we refer to correlational 
studies that have investigated within-species 
natural variation in play and laboratory studies 
that have examined the effects of play directly 
through experimental manipulation of the 
amount of play. There is some correlational 
support for Prediction 1 of the "training for 
the unexpected" hypothesis in human studies. 
Pellegrini (1995) found that the ability of 
young boys to switch activities during rough- 
and-tumble play is correlated with their later 
scores on a test of social problem-solving abil- 
ity. Thus, experience gained from switching 
between activities in play may be associated 
with greater behavioral plasticity in unexpected 
or novel circumstances. Similarly, Saunders et 
al. (1999) found a correlation between play- 
fulness and coping skills in preschoolers. 

To our knowledge, our prediction that play 
experience increases movement flexibility 
when recovering from awkward positions has 
not been tested. On the other hand, there are 
experimental data that support our predic- 
tion that the ability to cope emotionally with 
challenging situations is compromised by play 
deprivation in the juvenile period. Most of 
these data stem from laboratory rats (Rattus 
norvegicus) deprived of social play via isolation 
during the fourth and fifth week of life and 
tested later (between 85 and 120 days of age) 
in a variety of social and nonsocial challenge 
tests. Potegal and Einon (1989) showed that 
these rats were more prone to attack and in- 
jure another rat after receiving an electric 
shock from the floor grid. This result can be 
interpreted as showing that social play depri- 
vation produced a stronger reaction to an un- 
expected and unidentifiable aversive situa- 
tion. Van den Berg et al. (1999a) found that 
rats previously isolated as juveniles unduly es- 
calated conflicts when confronted with a resi- 
dent rat in their territory, and had higher 

plasma corticosterone and epinephrine con- 
centrations, compared with nonisolated con- 
trols. Rats isolated as juveniles also had a re- 
duced motivation for social contact with an 
alien rat during the first 10 minutes after be- 
ing placed in a neutral arena, although this 
trend tended to reverse in the second 10 min- 
utes (Hol et al. 1999). In other studies, rats 
isolated asjuveniles have displayed behavioral 
hyperactivity in open novel environments 
(Gentsch et al. 1988), slower habituation rates 
in an open field (Einon et al. 1978), and 
greater avoidance of open spaces in a prefer- 
ence test (da Silva et al. 1996). 

The disadvantage of these studies is that iso- 
lation deprives the juvenile not only of play 
but also of other forms of contact and sensory 
stimulation from companions. However, the 
finding that the daily provision of a drugged 
(nonplayful) partner during the isolation pe- 
riod did not prevent the effects of isolation, 
whereas providing a normal play partner did 
prevent these effects (Einon et al. 1978; Po- 
tegal and Einon 1989), suggests that the con- 
sequences of social isolation may indeed be 
due largely to play deprivation. As a whole, 
these results suggest that play deprivation re- 
sults in increased fear and uncertainty in novel 
environments, and more escalated aggressive 
behavior towards conspecifics in serious con- 
flicts, as predicted from our functional hy- 
pothesis. 

By contrast, there is little direct evidence for 
the adaptive effects of play predicted by Bar- 
ber's surplus energy hypothesis. The preven- 
tion of obesity through heat production does 
not seem plausible, given that energy expendi- 
ture in play is generally low. Even playful 
young kittens (Felis catus) allocate only 4% of 
their energy expenditure to play (Martin 1984). 
Furthermore, there are examples of intense 
play in situations when the prevention of obe- 
sity was not an adaptive goal. Kittens whose 
milk supply was experimentally limited showed 
more play than normal (Martin and Bateson 
1985), and young harbor seals (Phoca vitulina) 
were observed to play most at the time of fat 
accumulation (Renouf 1993). 

The motor training/sensitive period hy- 
pothesis in its strong form (play during a sensi- 
tive period is necessary for normal behavioral 
development) is rebutted by the fact that, de- 
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spite suppression of play due to very harsh nat- 
ural conditions or laboratory manipulation, 
animals display qualitatively normal prey-catch- 
ing and social behavior (Baldwin and Baldwin 
1974, 1976; Bekoff 1976; Caro 1988; Sommer 
and Mendoza-Granados 1995). Even in its less 
strong form (play experience during a sensi- 
tive period affects the form and efficiency of 
species-typical movements), there is contra- 
dictory evidence. Caro (1980) found that the 
stimulation of extra object play in kittens 
through provision of suitable objects did not 
alter subsequent predatory behavior. Play depri- 
vation in rat isolation studies has generally re- 
sulted in differences in the quantity, rather 
than quality, of adult social behavior. For ex- 
ample, prior isolation of rats increased the la- 
tency and decreased the frequency of social 
behavior elements, but did not alter their ba- 
sic form and sequential patterning (van den 
Berg et al. 1999b). Given the similarity of cer- 
tain play movements and elements of sexual 
behavior in male rats (Pellis 1993), adult male 
sexual behavior motor patterns should be af- 
fected byjuvenile play deprivation, according 
to the motor training/sensitive period hy- 
pothesis. However, van den Berg et al. (1999a) 
found that the capacity to perform sexual mo- 
tor acts was intact in rats isolated as juveniles. 
Also, their intromission/mount ratio, which is 
reduced in exhausted or inexperienced male 
rats, was unaffected; thus their copulating skill 
was comparable to controls. 

Thompson's (1998) self-assessment hypoth- 
esis predicts that reduced play experience re- 
sults in an impaired ability to assess risk, costs, 
and benefits. The effects of social isolation on 
emotional coping ability in rats are compati- 
ble with this prediction as well as our own. 

In regard to the timing of beneficial effects 
of play (Prediction 2), Byers (1998) argued 
that play has nonnegligible energy and sur- 
vival costs forjuveniles, but no benefits forju- 
venile survival have been documented; there- 
fore the adaptive benefits of play must occur 
later in life. However, studies that investigate 
the impact of play experience on short and 
long-term rates of mortality from different 
causes are lacking. As to the permanency of 
play effects, rodent play deprivation studies 
show that many effects on behavior can be re- 
versed or alleviated by later social experience 

(Gentsch et al. 1988; Potegal and Einon 1989). 
These results suggest that, contrary to the mo- 
tor training/sensitive period hypothesis, the 
behavioral effects of play deprivation are not 
(solely) mediated by permanent effects on 
cerebellar synaptogenesis and muscle fiber 
differentiation. 

KINEMATICS AND STRUCTURE OF PLAY 

The ubiquitous presence of self-handicap- 
ping positions and movements in play se- 
quences is the major prediction of our hypothe- 
sis about the form of play behavior (Prediction 
3). Self-handicapping elements need not re- 
semble any "serious" adult or juvenile motor 
pattern, as they can mimic movements that oc- 
cur without an animal's active contribution. 
On the contrary, the motor training/sensitive 
period hypothesis implies that play move- 
ments are similar to "serious" adult move- 
ments because optimal permanent tuning of 
muscle types and cerebellar synapses can only 
be achieved if the "right" movements are per- 
formed during the sensitive period. The self- 
assessment hypothesis is also at variance with 
the occurrence of self-handicapping move- 
ments because animals should "play to win" 
(Thompson 1998:197); that is, they should try 
to achieve success in a play bout with maximal 
effort because, otherwise, their self-assessment 
will be inaccurate. According to the surplus 
resource model, "imperfect" elements are 
possible in play. They should still bear some 
resemblance to adult "serious" behavior ele- 
ments, however, because play is, according to 
that model, a behavioral bridge between the 
periods ofjuvenile dependence and adult re- 
sponsibilities (Burghardt 1988:130). 

In support of our hypothesis, there is ample 
evidence that self-handicapping-in the sense 
that animals deliberately do not exert full con- 
trol over their movements or actively put them- 
selves into disadvantageous positions-is om- 
nipresent in play. First, a prominent feature 
of play behavior elements is that they are exag- 
gerated (Bekoff and Byers 1981; Fagen 1981; 
Burghardt 1984). Playful running and ap- 
proaches have been described as "bouncy" in 
domestic dogs (Canis familiaris), wild canids, 
and piglets (Sus scrofa) (Bekoff 1974; Biben 
1983; Newberry et al. 1988); playful social in- 
teractions as "capriciously exaggerated" in 
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chimpanzees (Pan troglodytes) (Spijkerman et 
al. 1996); hops as "frisky" in punares (Thricho- 
mys apereoides) (Wilson and Kleiman 1974; 
Thompson 1998) and "frantic" in rats (Pank- 
sepp 1998); torso movements as 'jerky" in big- 
horn sheep (Ovis canadensis) (Berger 1980); 
manipulation of objects as "boisterous" in cats 
(Felis catus) (Hall 1998); and water play as 
"ebullient" in harbor seals (Phoca vitulina) 
(Renouf 1993). These adjectives are shortcuts 
for saying that the play elements are too dis- 
proportional, too distorted, too fast, too un- 
controlled, or too quickly repeated in compar- 
ison with their "serious" counterparts and, 
hence, are less suited to achieving the appar- 
ent proximate goal of those movements, such 
as escape, effective object handling, or over- 
powering an opponent. 

Second, vigorous rotational elements are 
among the most frequent elements in play and 
are prominently featured in the play descrip- 
tions of many species. These movements in- 
clude head shakes, tosses and jerks, neck and 
torso twists, heel kicking with lateral rotation, 
high speed turns, somersaults, and pirouettes 
(Mutller-Schwartze 1968; Gentry 1974; Wilson 
and Kleiman 1974; Byers 1977; Fagen and 
George 1977; Berger 1980; Biben 1983; Pellis 
and Pellis 1983; Byers 1984; Rasa 1984; Go- 
mendio 1988; Rothstein and Griswold 1991; 
Renouf 1993; Miller and Byers 1998; Byers 
1999). In a systematic study, Byers (1984) ob- 
served head shakes, head jerks, or neck twists 
in the play of all 12 ungulate families investi- 
gated; they were the second most widely oc- 
curring type of behavior found in play after 
running. Most rotatory actions involve high- 
speed angular movement of the head and, 
hence, impair sensory and spatial orientation. 

Third, play movements have more degrees 
of freedom than other types of behavior (Go- 
lani 1992; Fontaine 1994). For instance, mam- 
mals usually do not use rotation in the frontal 
plane in their "serious" behavior but often add 
this degree of freedom to their movements in 
play. Primates use head tilts to communicate 
playful motivation (Sade 1973), and ungulates 
often kick their heels to one side during loco- 
motory play. Baldwin and Baldwin (1974) re- 
ported that squirrel monkeys (Saimiri sciureus) 
signal play intent by looking between their 
legs. We may speak about deliberate kine- 

matic plasticity in play that mimics the "en- 
forced kinematic plasticity" that might be in- 
flicted by an external force. These positions 
are self-handicapping because the animal sees 
the environment from unusual angles and is 
placed in bilaterally asymmetric positions that 
limit kinematic options in the next move. 

Fourth, animals in play often perform ob- 
ject manipulation or social interactions in dis- 
advantageous positions. Different species of 
primates exhibit play behavior while hanging 
by their hands, feet, or tails (Baldwin and Bald- 
win 1974; Aldis 1975), or they replace the 
usual quadrupedal walking with unstable bi- 
pedal locomotion during play (Fontaine 1994). 
Young animals of many predatory mammalian 
species exhibit play behaviors (socially or with 
objects) while lying on their side on the 
ground (Fagen 1981). 

Fifth, use of self-handicapping actions by 
larger or stronger animals that engage weaker 
partners in play has been reported in, for ex- 
ample, five species of macropodoids (Mac- 
ropus parryi, M. robustus, M. rufogriseus, M. ru- 
fus, Thylogale billardierii) (Watson and Croft 
1996; Watson 1998), African elephants (Loxo- 
donta africana) (Moss 1988:163), coyotes (Canis 
latrans) (Bekoff, unpublished observations), 
squirrel monkeys (S. sciureus) (Biben 1989), 
hamadryas baboons (Papio hamadryas) (Per- 
eira and Preisser 1998), and chimpanzees (P. 
troglodytes) (Mendoza-Granados and Sommer 
1995). 

Our second structural prediction is that play 
is sequentially variable (Prediction 4). High 
sequential variability of play has been docu- 
mented in several species. Bekoff and Byers 
(1981) reported that sequences of play in in- 
fant canids were significantly more variable 
than sequences of agonistic behavior. New- 
berry et al. (1988), observing piglets (S. scrofa) 
in a seminatural enclosure, identified six play 
markers (elements occurring only in play) 
and found that all 22 remaining behavioral 
elements in the ethogram occurred at least 
once just before or just after one or more of 
the play markers. Rasa (1984) observed that 
dwarf mongooses (Helogale undulata) switch 
very frequently between behavior representa- 
tive of prey capture, social interaction, enemy 
avoidance, and exploration during play, and 
Gentry (1974) reported similar variability in 
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the play of Stellar sea lions (Eumetopias juba- 
tus). Where locomotory, social, and object 
play occur in the repertoire of a species, the 
relative frequencies of these different modes 
of play may change during ontogeny (New- 
berry et al. 1988), during the course of a day 
(Byers 1977), or even within a play session 
(MfXller-Schwartze 1968; Rasa 1984). Never- 
theless, elements of these three modes of play 
(or at least those of locomotory and social play) 
are often intermixed within a single bout of 
play (Inhelder 1955; Muller-Schwartze 1968; 
Gentry 1974; Aldis 1975; Biben 1983; Pellis 
and Pellis 1983; Newberry et al. 1988; Ped- 
ersen et al. 1990; Mendoza-Granados and 
Sommer 1995; Vanderschuren et al. 1997; 
Thompson 1998). 

Interestingly, the presence of self-handicap- 
ping elements in play is implied by the most 
widely used definition of play: "play is all mo- 
tor activity that appears purposeless" (Bekoff 
and Byers 1981; Bekoff 1984; Pellegrini and 
Smith 1998; Byers 1999). This definition is in- 
tuitively appealing despite the inclusion of a 
subjective judgment. Play does appear pur- 
poseless, but not because it has no function. 
The "purposelessness" of play is striking be- 
cause some movements are inconsistent with 
the apparent purpose of the behavior that im- 
mediately precedes or follows the playful be- 
havioral elements. For example, if playful run- 
ning by piglets is viewed as training for escape 
from danger, it seems pointless to perform a 
deliberate flop-over after a few meters of scam- 
pering. However, this behavior does make 
sense if the animals are preparing themselves 
for the possibility of a fall while making a rapid 
directional change -during flight. 

SOCIAL ASPECTS OF PLAY 

Of the evaluated hypotheses, three (those 
of Burghardt, Barber, and Byers) do not give 
specific predictions about the choice of part- 
ners in play or related social aspects. The self- 
assessment and "training for the unexpected" 
hypotheses do offer predictions about social 
play, but these predictions are opposing. Ac- 
cording to our hypothesis, familiarity is an im- 
portant criterion for choice of play partners 
(Prediction 6), whereas the self-assessment hy- 
pothesis suggests that playmates are selected 
strictly according to their physical match. In 

polycotous species, young often prefer sib- 
lings as playmates (Dobao et al. 1985; Holmes 
1994). Several studies also document the ten- 
dency of young mammals to play preferen- 
tially with youngsters of their age (e.g., Berger 
1980; Byers 1980; Rothstein and Griswold 
1991; Mendoza-Granados and Sommer 1995; 
Thompson 1996). However, it is often unclear 
whether this preference is due to familiarity 
or a match in body size. 

Studies that explicitly identify the role of re- 
latedness/familiarity versus body size match 
give conflicting results. For example, in sable 
antelope (Hippotragus niger), related individuals 
were not preferred if they were not matched 
in size (Thompson 1996), whereas in bighorn 
sheep (Ovis canadensis) and chimpanzees (P. 
troglodytes), familiarity affected the choice of 
playmates more than age (Berger 1980; Mar- 
kus and Croft 1995). Differences between 
studies may be related to the degree of differ- 
ence in body size, age, and familiarity between 
available play partners, and methodological 
differences in quantifying choice of play part- 
ners. More long-term studies are needed to 
identify the prevalent pattern over an array of 
species. Such observations should also demon- 
strate what happens when the strength of two 
previously matched partners diversifies. Ac- 
cording to the self-assessment hypothesis, the 
animals will switch their preference to better- 
matched partners, whereas we predict that 
they will continue to play with each other and 
use self-handicapping to compensate for the 
difference (Prediction 8). 

The "training for the unexpected" and self- 
assessment hypotheses give two additional 
contrasting predictions about social aspects of 
play. Regarding play initiation (Prediction 7), 
the available evidence tends to support the 
self-assessment hypothesis in that the larger 
partner more often initiates play or there is 
no effect of body size (Owens 1975; Pellis and 
Pellis 1991; Mendoza-Granados and Sommer 
1995; Biben 1998; Thompson 1998). In some 
species, however, younger animals are more 
often the initiators (Gomendio 1988) or 
weaker individuals initiate more escalated 
forms of contact play (Watson 1998). Regard- 
ing the contagious nature of play (Prediction 
9), social play often involves more than two 
animals (Gentry 1974; Pedersen et al. 1990; 

This content downloaded from 169.237.90.178 on Mon, 14 Sep 2015 20:39:51 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


JUNE 2001 MAMMALIAN PLAY 159 

Loranca et al. 1999), supporting our predic- 
tion over Thompson's prediction that play 
should be dyadic. In domestic piglets, triadic 
play amounted to about 20% of all interac- 
tions (M Spinka, unpublished observations). 

Our prediction that play signals are often 
derived from self-handicapping behavior (Pre- 
diction 10) is supported by many examples. 
Self-handicapping postures, such as lying on 
side or looking between the legs, and move- 
ments such as play bows, roll-overs, pivots, and 
head tosses, are used especially often immedi- 
ately before vigorous locomotory and social 
play actions (Geist 1963; Miller-Schwartze 
1968; Baldwin and Baldwin 1974; Wilson and 
Kleiman 1974; Pellis and Pellis 1983; Gomen- 
dio 1988; Newberry et al. 1988; Rothstein and 
Griswold 1991; Bekoff 1995; Watson and Croft 
1996; Miller and Byers 1998); thus they have a 
specific metacommunicative function (Bekoff 
1975, 1995). They affect the behavior of the 
receiving animal in such a way that the sender 
is able to sustain the playful interaction de- 
spite the vigorous action that follows. 

There is a dramatic difference between the 
movements and postures used to signal intent 
to attack and those used to signal intent to 
play. Threatening animals display their broad 
side, use frontally symmetric positions, and 
perform symmetrical movements. Given that 
body size and symmetry are reliable indicators 
of physical fitness (M0ller 1998), these dis- 
plays express signaler condition. In contrast, 
the self-handicapping movements and postures 
used to signal playful intent have elements simi- 
lar to those used by weak, tired, subordinate, or 
even sick, injured, or developmentally handi- 
capped animals-lowering down, decreasing 
apparent body size, gaping, shaking the head, 
and twisting asymmetrically. Compare the 
standing-tall threat stance of dogs (C.familiaris) 
with the "play bow" signal in which the front 
part of the body is lowered (Bekoff 1977). 

NEUROPSYCHOLOGICAL MECHANISMS 
INVOLVED IN PLAY 

We predict that play is strongly suppressed 
by negative emotional states (Prediction 11), 
whereas the self-assessment hypothesis pre- 
dicts that animals should "play to win," im- 
plying that they should be prepared to over- 
come negative emotions in play. Although it 

is a conventional wisdom that sick, injured, 
frightened, frustrated, depressed, or angry an- 
imals do not play, little direct evidence is avail- 
able. Quantitative studies could be used to as- 
sess whether animals are willing to expend 
more time or energy for an opportunity to play 
in relation to their level of well-being (e.g., 
through demand curve methodology; Daw- 
kins 1990). 

The "training for the unexpected" hypothe- 
sis predicts that there is a specific neuroendo- 
crinological basis of play that is similar across 
different play modes and across various mam- 
malian species (Prediction 13). On the con- 
trary, Burghardt's surplus resource model, with 
its claim about disparate origin and lack of a 
general function for play, implies that differ- 
ent neuroendocrinological substrates and pro- 
cesses underlie different play patterns. Thus 
far, the evidence collected on laboratory rats 
suggests that play may specifically tap brain 
mechanisms involved in somatosensory per- 
ception, emotional experience, and arousal 
control. 

First, there is evidence that regions of brain 
that process certain types of somatosensory in- 
formation are particularly relevant for normal 
play to occur (Siviy 1998:233-234). Cells in the 
parafascicular nucleus of the thalamus (PF), 
having large receptive fields and high thresh- 
olds for excitation, receive somatosensory in- 
formation of a very diffuse nature, whereas 
cells in the ventrobasal thalamic complex 
(VTC), having small receptive fields and low 
thresholds, receive somatosensory informa- 
tion of a very detailed nature. Lesions to the 
PF substantially reduce "pinning," an element 
used in quantifying rat social play, while hav- 
ing minimal effects on other behavior. By con- 
trast, lesions to the VTC have a minimal effect 
on play. PF activity also increases substantially 
during play episodes, as measured by the c-fos 
technique. Interestingly, Panksepp (1998:288) 
reports that full body tickling was more effec- 
tive in inducing 50 kHz chirping vocalizations 
in rats (presumably connected to play mood) 
than tickling of individual parts of the rat 
body. Taken together, these findings suggest 
that nonspecific reticular nuclei involved in 
the perception of high-intensity whole-body 
sensations, like those in the PF, specifically 
mediate play urges. This is in agreement with 
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our hypothesis that play trains animals for cop- 
ing with unexpected movements and posi- 
tions rather than perfecting specific skilled 
movements. 

Second, in the reward domain, opioids ap- 
pear to be involved in play in a specific way. 
For instance, low doses of morphine increase 
play and opiate antagonists reduce it, although 
the same manipulations have opposite effects 
on the desire for general social interaction 
(Panksepp 1998:293). Ligands of ,-opioid re- 
ceptors influence social behavior elements 
that occur in play but not those unrelated to 
play (Vanderschuren et al. 1995b). Also, neo- 
natal cocaine exposure affects subsequent 
learning based on a play reward in a different 
way than learning based on a food reward 
(Willford et al. 1999). 

Third, play is dependent on monoaminer- 
gic systems in a distinct way (reviewed by Siviy 
1998). In the anticipatory and warm-up phases 
of a play bout, the ventrotegmental dopamin- 
ergic system is involved. Once a play bout is in 
full stride, high noradrenergic activity en- 
hances play. On the other hand, serotonergic 
activity must be low for play to occur. 

Thus, for rats, evidence is accumulating that 
play might, indeed, employ the brain in a spe- 
cific way. However, we do not know yet whether 
similar mechanisms are active during play in 
other mammals because almost no studies fo- 
cused on brain mechanisms underlying play 
have been conducted in other species. 

The "training for the unexpected" hypothe- 
sis predicts that play activity results in measur- 
able changes in somatosensory, motor, and 
emotional brain centers (Prediction 14). The 
motor training/sensitive period hypothesis im- 
plies that changes should be in motor control 
areas, especially in the cerebellum, rather than 
in emotional centers. The opposite prediction 
follows from the self-assessment hypothesis. 
Depriving young rats of social play through 
isolation during the age when play is most fre- 
quent resulted in long-term changes in p-opi- 
oid receptors in basolateral amygdala and bed 
nucleus of stria terminals, and in K-opioid re- 
ceptors in several cortical areas (van den Berg 
et al. 1999c). Rats reared in isolation also have 
permanently altered levels of dopamine, nor- 
epinephrine, and serotonin (reviewed by Siviy 
1998:235). These monoamines are important 

for coordinating an organism's response to 
stress. Thus, it appears thatjuvenile play does 
alter the neurochemistry of brain emotional 
centers. More evidence is needed, however, 
that should include species other than the rat 
and should more precisely distinguish whether 
the effects are specifically due to play depriva- 
tion or some more general aspects of the social 
isolation procedure. Although the specific ef- 
fects of play on motor centers have not been 
tested, it is known that in cerebellar Purkinje 
cell axons, the selection of which synapses will 
be retained is experience dependent and oc- 
curs at about the age when rats play most (Byers 
1998). In sum, the limited available evidence 
suggests that somatosensory, emotional, and 
motor centers of the brain are affected by play 
experience. 

ENVIRONMENTAL CONDITIONS FOR PLAY 

The "training for the unexpected" hypothe- 
sis predicts more locomotory play in species 
that live in very variable or changing environ- 
ments (Prediction 15). The surplus resource 
model suggests that animals living in more en- 
ergy efficient environments should play more. 
The surplus energy hypothesis predicts more 
play in species that live in habitats with surplus 
food. Examples can be found of species that 
fit each of these predictions. Thus, bighorn 
sheep (0. canadensis) living in variable hilly 
terrain, harbor seals (P. vitulina) living in an 
energy-efficient water environment, and Han- 
uman langurs (Presbytis entellus) living in a 
food-rich habitat are all highly playful (Berger 
1980; Renouf 1993; Sommer and Mendoza- 
Granados 1995). Systematic studies across nu- 
merous, taxonomically closely related species 
living in different habitats are needed to deter- 
mine which of these predictions holds true. 

Our hypothesis predicts that a change in 
habitat or in a significant environmental fea- 
ture should stimulate play (Prediction 16). On 
the contrary, Burghardt's surplus resource 
model predicts more play in an unstimulating 
environment. There is evidence that animals 
tend to play in new, rare, or more demanding 
local habitats. The stimulatory effect of fresh 
snow or shallow water on play in dogs and hu- 
mans is well known. Berger (1980) found that 
bighorn sheep (0. canadensis) living in British 
Columbia's Chilcotin hills spent about one 
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fourth of their total play time in small sand 
bowls at the base of the hills. Byers (1977) re- 
ported that Siberian ibex kids (Capra siberica) 
preferred to play on sloped rather than flat 
ground. De Waal (1996:47) described rhesus 
monkeys (Macaca mulatta) as beingverypreoc- 
cupied by a giantvertical wheel that they could 
spin rapidly, release, and thus catapult them- 
selves meters high. It is well known that captive 
animals can be induced to play by the intro- 
duction of fresh bedding into their accommo- 
dation or by moving them temporarily into an 
alternative environment (e.g., Pedersen et al. 
1990; Wood-Gush and Vestergaard 1991; de 
Passille et al. 1995;Jensen et al. 1998). Mildly 
dangerous prey, sudden noise, or windy 
weather can stimulate play as well (Muller- 
Schwartze 1968; Biben 1979; Prescott 1985; 
Newberry et al. 1988). 

Only our hypothesis makes a specific predic- 
tion in regards to the safety of the play environ- 
ment (Prediction 17). Interestingly, if labora- 
tory rats are kept in dim light (which is natural 
for them), exposure to intense light sup- 
presses play but not other social behaviors 
(Vanderschuren et al. 1995a; Knutson et al. 
1998). This makes sense when viewed from an 
evolutionary perspective, given that play activ- 
ity by wild rats during periods of high visibility 
would probably increase their risk of preda- 
tion. Our prediction that animals should play 
only when the environment is relatively safe 
ties in with our prediction that vigilance is re- 
duced during play (Prediction 12), and with 
the observation of Biben et al. (1989) that 
squirrel monkey mothers (S. sciureus) increased 
their level of vigilance when their offspring 
were at play. 

ONTOGENETIC DISTRIBUTION OF PLAY 

Thompson (1998:192, 200) hypothesized 
that the information gained through self- 
assessment in play facilitates normal develop- 
ment in differing environments, thereby im- 
plying that play should decline when animals 
reach adulthood. We predict, more specifi- 
cally, that play should start at low levels in neo- 
nates, peak during the juvenile period, and 
decline later (Predictions 18 and 20). This 
prediction holds true for the vast majority of 
species examined (e.g., Biben 1983; Prescott 
1985; Gomendio 1988; Newberry and Wood- 
Gush 1988; Renouf 1993; Byers 1998). 

Burghardt's surplus resource model and By- 
ers's sensitive period hypothesis imply that 
there should be no play (or very limited play) 
in adult mammals. Yet it is now well docu- 
mented that adults of many species do play 
(Breuggeman 1978; Biben 1979; Berger 1980; 
Fagen 1981; Byers 1984; Rasa 1984; Zucker et 
al. 1986; Coppinger and Smith 1989; Eno- 
moto 1990; Pedersen et al. 1990; Barber 1991; 
Pellis et al. 1993; Renouf 1993; Hall 1998; 
Miller and Byers 1998; Watson 1998). Barber's 
surplus energy hypothesis predicts adult play 
in species that use brown adipose tissue for 
thermoregulation, such as hibernators, but 
this prediction does not explain why play oc- 
curs in, for example, adult kangaroos, rats, pri- 
mates, and pinnipeds, and why no adult play 
has been documented in hedgehogs (Erina- 
ceus europaeus) (Fagen 1981). We expect to 
find adult play, especially in more intelligent 
species faced with the unpredictable behavior 
of conspecifics and, possibly, with relatively in- 
telligent predators or prey. More data are 
needed to assess whether this is a robust mam- 
malian trend. 

Two of the alternative hypotheses differ 
from the "training for the unexpected" hy- 
pothesis in their predictions about when, dur- 
ing the juvenile period, play should occur. 
Where we predict that play will be most fre- 
quent during the period of rapid allometric 
growth (Prediction 19), Barber's surplus en- 
ergy hypothesis predicts that play will peak 
when the consummation of solid food be- 
comes prevalent. The sensitive period hypoth- 
esis of Byers predicts ontogenetic parallelism 
between play, on the one hand, and cerebellar 
synaptogenesis and muscle fiber differentia- 
tion on the other. This has been found in mice 
(Mus musculus), rats, and cats (F. catus) (Byers 
and Walker 1995). However, further analysis 
of the literature is needed to assess the level 
of support for the different predictions about 
the precise timing of the peak in play during 
the juvenile period. 

We predict that different modes of play wax 
and wane at different ages within the same spe- 
cies (Prediction 21), whereas the surplus en- 
ergy and sensitive period hypotheses imply an 
ontogenetically parallel course for all forms of 
play. Available evidence appears to favor the 
former prediction (Gentry 1974; Burghardt 
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1998b). Our more specific prediction that lo- 
comotory play will precede social and sexual 
play during ontogeny also appears to be sup- 
ported (Berger 1980; Berry and Signoret 
1984; Prescott 1985; Gomendio 1988; New- 
berry and Wood-Gush 1988; Newberry et al. 
1988; Haynes 1997). In spotted hyenas (Cro- 
cuta crocuta), by contrast, social play precedes 
locomotory play (Drea et al. 1996). This ex- 
ception is in accord with our prediction that 
play has immediate benefits, given thatwithin- 
den aggression among hyena siblings pre- 
cedes locomotion outside the den. Similar de- 
velopmental patterns are observed in coyotes 
(Canis latrans) and red foxes (Vulpes vulpes) 
(Bekoff 1974). 

With respect to predictions about sex differ- 
ences in play, Barber's surplus energy hypoth- 
esis predicts none; the optimal form for adap- 
tive energy loss should be the same for both 
sexes. The sensitive period hypothesis implies 
that sexual dimorphism of play, where pres- 
ent, will occur throughout the sensitive pe- 
riod. We predict that the sexual dimorphism 
in play will increase with age (Prediction 23) 
because, presumably, the serious situations 
for which play provides training become in- 
creasingly disparate in the two sexes and be- 
cause the benefits of play are partially immedi- 
ate. Examples of pronounced, moderate, and 
nonexistent sex differences in play can be 
found in the literature (e.g., Byers 1977; Biben 
1983; Prescott 1985; Caro 1988; Pedersen et al. 
1990; Renouf 1993; Watson 1998). However, 
a majority of the available data supports the 
prediction of increasing sexual dimorphism 
in play with increasing age (Gentry 1974; 
Meaney et al. 1985; Newberry and Wood-Gush 
1988; Newberry et al. 1988; Spijkerman et al. 
1996; Haynes 1997; Smith et al. 1998). Avail- 
able data also suggest that this difference is 
not dependent on concurrently diverging sex 
steroid levels (Meaney et al. 1985). 

PHYLOGENETIC DISTRIBUTION OF PLAY 

Where we predict more play in species with 
highly developed cognitive abilities and, hence, 
a high encephalization quotient (Prediction 
24), Burghardt's surplus resource model pre- 
dicts that moderately sized species with high 
metabolic rates should play the most. Barber's 
surplus energy hypothesis suggests that spe- 

cies with moderate body size and thermogen- 
ically active brown adipose tissue should be 
the most playful. In the only systematic study 
published so far, Byers (1999) found that play 
in Australian marsupials is associated with rel- 
ative brain size but not with body size or meta- 
bolic rate; Ortega and Bekoff (1987) reported 
similar trends in birds. 

DIRECTIONS FOR FUTURE RESEARCH 
On the whole, our hypothesis appears to 

fare better than the four alternatives that we 
have evaluated. This assessment must be con- 
sidered preliminary, however, because: (i) the 
evidence is fragmentary, (ii) there may be 
other relevant papers that we have not re- 
viewed, and (iii) it was difficult to assess data 
from different sources using uniform criteria 
because of variations in methodology and em- 
phasis. Consequently, further efforts are needed 
to elucidate which of the many predictions dis- 
cussed above are generally supported across 
mammalian taxa. 

The most direct evidence for any of the pu- 
tative functional hypotheses of play could 
come from controlled experiments in which 
the amount of play experience is manipulated 
and the predicted effects on behavior, physiol- 
ogy, adult skill and/or coping, survival, and 
reproduction are recorded. The difficulty 
with these studies is that play deprivation usu- 
ally removes other sources of stimulation as 
well, as, for example, when animals are socially 
isolated during the period when they would 
play the most. Thus, it is unclear whether the 
resulting effects are due specifically to the lack 
of play. More refined methods, such as the use 
of drugged play partners, employing short 
daily periods of play in isolates (Potegal and 
Einon 1989), or using a housing environment 
that inhibits play are promising, although typi- 
cally restricted to species amenable to study in 
laboratory settings. 

Exciting progress has been achieved in as- 
sessing the neurophysiological and neuro- 
chemical basis of play (Vanderschuren et al. 
1997; van den Berg et al. 1999c), and promis- 
ing investigations have been made into the 
emotional processes associated with play (Pank- 
sepp 1998). However, for a more complete un- 
derstanding of the relationship between play 
behavior, the associated cognitive, emotional, 
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and motivational processes, and the underly- 
ing brain machinery, considerable conceptual 
and experimental difficulties must be sur- 
mounted. 

Given these difficulties, we suggest that sub- 
stantial progress in understanding the func- 
tion of mammalian play can be achieved by 
focusing on the ontogenetic, phylogenetic, 
and ecological distribution of play, and on sex 
differences in play. Widely scattered data can 
be drawn together, combined with available 
information on life-history strategies, and sib- 
mitted to detailed analyses to verify quantita- 
tively which of the trends predicted by the dif- 
ferent hypotheses are supported within and 
across mammalian taxa. 

FINAL REMARKS 

THE" ONE FUNCTION-MANY FUNCTIONS 
PROBLEM REVISITED 

While the core of our hypothesis is that play 
in mammals has one original function, namely 
to train for unexpected situations, clearly play 
behavior in its extant variety can fulfill various 
other functions in individual species and ani- 
mals that differ in age and sex. To illustrate 
this "one ancestral-many derived functions" 
possibility, Byers (1984:44-45) compared the 
diversification of mammalian play to the evo- 
lution of the pentadactyl forelimb. Although 
the quantitative modifications of the mamma- 
lian manus are impressive (e.g., the prolonga- 
tion of fingers in bats), the basic five-digit de- 
sign is retained. Yet the ancestral function of 
walking has been complemented, or even re- 
placed, by diverse new functions such as dig- 
ging in anteaters and swimming in dolphins. 
Similarly, once play was established in mam- 
malian behavioral design, it diversified in indi- 
vidual taxa to fulfill various specific functions. 

A perhaps closer phylogenetic parallel can 
be drawn between mammalian play and mam- 
malian rapid eye movement (REM) sleep, 
which is also omnipresent in mammals but ab- 
sent in ectothermic vertebrates. Its modifica- 
tions, including specializations such as uni- 
hemispheric sleep in dolphins (Tobler 1995), 
are impressive. Its amount and distribution 
vary substantially across mammalian taxa and 
it is correlated with such ecological variables 
as a safe sleeping place, life-history parameters 
such as precociality/altriciality, and niche 

types like herbivory/carnivory (Siegel 1995). 
Highly diverse functions for REM sleep have 
been proposed, including the maintenance of 
a high, stable brain temperature (Wehr 1992), 
ensuring recovery from sleep (Vertes 1986), 
memory and/or sensorimotor experience 
processing (Winson 1993; Ribeiro et al. 1999), 
compensation for brain processes that take 
place during non-REM sleep (Benington and 
Heller 1994), promoting brain development 
(Mirmiran 1995), and reinforcing psychologi- 
cal individuation (Jouvet 1998). Despite this 
diversity offorms and possible functions, REM 
sleep is considered a homologous trait that 
originated very early in mammalian history or 
even in reptilian ancestors of mammals 
(Siegel et al. 1998), probably to fulfill a sub- 
stantial, although not yet fully elucidated, 
originalfunction. In ourview, there are strong 
indications that mammalian play may have a 
similar phylogenetic history. 

Our hypothesis provides a plausible expla- 
nation about why play, specifically, could have 
diversified into such a rich array of forms with 
various derived functions. According to the 
constituents of play presented in this review, 
play should result in flexible reactions to un- 
expected situations. Play may thus result in 
more diverse behavior both within and be- 
tween individuals. In other words, individuals 
may, through play, find and develop their own 
personal methods for coping with different 
kinds of unexpected misfortunes. Indeed, quali- 
tative differences between individuals and be- 
tween litters arise duringjuvenile play (Wilson 
and Kleiman 1974; Lund and Vestergaard 
1998). Thus, play may increase phenotypic be- 
havioral variability within populations, which, 
in turn, may open the door to the Baldwin Ef- 
fect, a process by which novel variations be- 
come genetically fixed (Baldwin 1896; Parisi 
and Nolfi 1996). In this way, play may have 
acquired novel kinematic forms, causal links, 
developmental pathways, and beneficial func- 
tions in various lineages while still retaining its 
basic nature. 

A MULTIFACETED APPROACH TO PLAY: 
THE PUZZLES OF PLAY 

From our major hypothesis about the func- 
tion of play, we have derived another four spe- 
cific hypotheses: that self-handicapping is in- 
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tegral to play, that play is stimulated by novelty 
and unpredictability, that play is associated 
with a specific emotional state, and that play 
presupposes high cognitive capacity. Our hy- 
pothesis about function (i.e., ultimate causa- 
tion) is complemented by hypotheses about 
how this function is achieved (i.e., proximate 
causation in terms of both physical and mental 
processes involved in play), and why play is 
more predominant in some animals than in 
others (i.e., due to phylogenetic constraints). 

Strictly speaking, none of the four derived 
hypotheses is a logical necessity for our core 
functional hypothesis to be true. On one hand, 
it may seem that presenting these hypotheses 
independently would be a more appropriate 
approach; on the other hand, function, proxi- 
mate mechanisms, and phylogenetic constraints 
are intertwined in numerous ways, and knowl- 
edge of these interactions is essential for a full 

understanding of behavior (Curio 1994). This 
is especially true for play. Play is a robust be- 
havioral phenomenon with several puzzling 
features, such as its kinematic and sequential 
structure, and ontogenetic and phylogenetic 
distribution. Any functional hypothesis about 
play must be comprehensive enough to encom- 
pass these features, and most previously pub- 
lished hypotheses about play have attempted to 
do so. For instance, Burghardt's surplus re- 
source model attempts to incorporate physio- 
logical, life-history, and ecological conditions 
that support the evolution of play, and the sen- 
sitive period hypothesis of Byers about a neu- 
rodevelopmental mechanism is closely linked 
to the motor training functional hypothesis. 
This is why our proposal, although centered 
on function, is a complex theory about the na- 
ture of play. We hope that our new conceptual 
framework will lead to enhanced understand- 
ing of this fascinating behavior. 
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