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Adaptive Significance of Play: Are 
We Getting Closer? play as a means of social bonding 

and acquisition of social and corn, 
munication skills; and those thal 
view play as a way of increasing 
individuals’ cognitive and innova. 
tive abilitiesl. Most empirical stud. 
ies have focused on the first - 
motor training - set of hypotheses 
partly because the other hypoth, 
eses are more vaguely formulated 
social and cognitive skills are diffi, 
cult to measure precisely, and be, 
cause such skills are now regardec 
as only incidental benefits of pla) 
by those who have weighed the 
evidencez. 

T.M. Caro 

Life history theory predicts that animals 
whose activities impose time, energy or 
survivorship costs at one stage of their lives 
will su6sequen tly suffer incremen td de- 
creuses in fitness unless there ure com- 
pensatory benefits. Play, a widespread 
activity among juvenile mammals and 
several orders of Girds’ appears costly, yet 
its adaptive significance is poorly under- 
stood despite over I5 years of detailed 
study2.3. Four issues have plagued under- 
standing of the function of pIuy: lath of a 
consensus on its definition, difficulties in 
selectively depriving animals of play 
opportunities and in meeting the challenge 
of interpreting negative results, paucity of 
empirical data on the costs of play, and 
failure to pay sufficient attention to field 
and naturalistic studies. Despite these 
problems, sex differences in play and part- 
ner preferences of participants now suggest 
that play serves to improve future adult 
motor shills in a num6er of species. 

Since Karl Groos4 attempted to 
link the biology of play to human 
artistic activity, play has occupied 
the attention of observers of animal 
behaviour for 90 years. In the last 
15, research has crystallized over 
the issue of the adaptive signifi- 
cance of this widespread and con- 
spicuous juvenile activity, yet 
several important problems have 
impeded significant advances in 
understanding. Here I review these 
issues and indicate promising 
avenues for future research. 

Definitions 
As every species plays somewhat 

differently, defining play by its 
structural qualities is a laborious 
procedure, and although some be- 
haviour patterns are specific to play 
alone, this is not the case for every 
species, nor even every play bout. 
To tackle the problem of definition, 
Loizos5 suggested that play pat- 
terns had certain structural criteria 
common to all species, such as the 
use of motor patterns from several 
functional contexts, exaggeration 
and repetition of motor acts, and 
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reordering of behavioural se- 
quences. Nevertheless, subse- 
quent critical examination of these 
criteria showed some to be absent 
from the play of certain species 
such as American black bears 
(Ursus americanusP and coyotes 
(Canis /atransj7. 

Defining play by its function is 
also difficult at present; but be- 
cause most people can informally 
agree as to whether an animal 
(or child8) is playing, and inter- 
observer reliability in experimental 
situations is high9, play is now de- 
fined either by the context in which 
it occurs’“, or by working definitions 
which will be replaced once its 
functions are uncovered’ I. One 
such definition is: ‘Play is all loco- 
motor activity performed postnatal- 
ly that uppears to an observer to 
have no obvious immediate ber#- 
efits for the player, in which motor 
patterns resembling those used in 
serious functional contexts may be 
used in modified forms. The motor 
acts constituting play have some or 
all of the following structural fea- 
tures: exaggeration of movements, 
repetition of motor acts, and frag 
mentation or disordering of se- 
quences of motor acts.‘3 

Careful choice of study animal, 
however, could circumvent the 
problem of definition: both harp 
seals (fhoca groenlandical i 2 and 
dwarf mongooses (Helogale par- 
vula)13 make specific and easily 
recognizable vocalizations while 
playing, possibly reflecting the 
different neuroendocrine pathways 
involved in the production of play 
behaviour14. Though troublesome, 
lack of precision in defining play is 
now viewed as insignificant com- 
pared to the problems of determin- 
ing its function. 

Experimental and correlational studies 
Numerous hypotheses have 

been proposed for the adaptive 
significance of play’5 but they can 
be divided into three major cat- 
egories: those that suggest that 
play serves as a mechanism to de- 
velop adult fighting and predatory 
skills as well as physical strength 
and endurance; those that regard 

Three approaches have beer 
used to determine the function o 
play: ( I ) experimental manipula. 
tion of early play experience, i.e 
giving lesser or greater opportuni. 
ties for particular types of play; (2 
searching for correlations betweer 
play and other types of behaviour 
usually exploiting natural variatior 
within populations; and (3) using 
the indirect ‘argument from design 
approach, in which the observec 
structure of play is matched againsl 
the requirements of its suggested 
function. 

Possibly the earliest experi. 
mental test of a play hypothesis 
was that of Thomas and Schaller” 
who raised kittens (Fe/is catus) in i; 
visually barren enclosure, or with 
translucent goggles, and compared 
their predatory behaviour to that 01 
control kittens at I I weeks of age 
Results showed that the ‘Kaspar- 
Hauser’ experimental cats exhib- 
ited typical prey-catching move- 
ments in the same way as theil 
normally reared siblings, providing 
one of the first key findings con- 
cerning play: that play experience 
is not necessary for the develop- 
ment of many of the serious be- 
haviour patterns seen in an anim- 
al’s repertoire. Similarly, differ- 
ences in the amount of play shown 
by free-living squirrel monkeys 
(Saimiri spp.1 in different habitats 
were not associated with differ- 
ences in social organization or adult 
behaviourb7. 

Deprivation studies that limit the 
opportunities animals have for play 
often result in animals living in im- 
poverished environments, without 
companions, and can cause con- 
siderable stress. To circumvent 
some of the confounding variables, 
Einon and colleaguesi raised rats 
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in isolation but allowed them to 
interact with drugged partners, that 
played little, for an hour a day. 
Previously they had shown that rats 
raised in isolation differed in many 
respects from those reared 
normally19 but if they were allowed 
an hour of social contact per day 
they showed behaviour in open 
field tests intermediate between 
the two groups. Rats that played 
with drugged partners, however, 
subsequently behaved more like 
complete isolates - suggesting that 
the quality of social interaction was 
indeed important for later differ- 
en ces in behaviour, although 
whether this behaviour was play per 
se was unknown. 

,In alternative to selective play 
deprivation is to increase oppor- 
tunities for play. To determine 
whether play improves adult skills, 
rather than being necessary for 
their appearance, Caro20 compared 
the predatory skills of two groups of 
cats, one of which had been raised 
normally with siblings, the other of 
which had additionally been given 
obiects to play with as kittens. A 
fine-grained analysis of the cats’ 
subsequent predatory behaviour 
was used, but of the 25 frequency 
and latency measures of different 
categories of predatory behaviour 
used on four different types of 
prey, only 5 out of 100 showed 
significant differences - no more 
than would be expected by chance! 

Lack of consistent positive re- 
sults in play deprivation studies as 
well as difficulties involved in the 
execution and interpretation of 
these experiments has forced ex- 
amination of the correlation be- 
tween play and behavioural skills. 
Yet here again, results are equivo- 
cal. In a study of young coyotes, no 
correlation was found between the 
frequency of play behaviour and 
subsequent predation, but the 
number of animals tested was small 
and measures of predatory skills 
crcdezr. Similarly, no relationship 
was found between any measure of 
predatory behaviour in grasshop- 
per mice (Onychomys leucogaster) 
presented with crickets and earlier 
differences in play behaviour when 
the mice lived in social group+. 
Recently, social play in marmoset 
(Cd?/Iithrix jacchus) infants was 
correlated with the infants’ ability 
to gain access to food in a number 

of different ways including those 
involving social interactions23. 
Although only a few correlations 
were found, these were between 
play and manipulatory skills at 1 I 
and 14 weeks of age, suggesting 
that certain benefits of play may 
have been short term in nature. In 
general, correlational studies only 
reinforce the finding that play may 
not be necessary for predatory 
skills to develop in many species. 

How can the lack of positive re- 
sults be explained in these and 
other studies? Most theories about 
the functions of play assume that 
play has immediate costs and de- 
layed benefits. In Fig. la the out- 
come variable (a measure of the 
‘serious’ behaviour presumed to be 
practised by playing, e.g. predatory 
behaviour) is shown as a function of 
age for two hypothetical indi- 
viduals: one with play experience 
and one without such experience. 
(Adult behaviour is assumed to de- 
velop in the complete absence of 
play since most practice hypoth- 
eses now postulate that play only 
improves skills.) If experimental 
studies measured the outcome 
variable at age 2 in Fig. I then 
no differences between ‘play’ and 
‘no-play’ groups would emerge. 
However, there are no strong 
theoretical reasons for assuming 
that benefits of play would neces- 
sarily be delayed in ontogeny, par- 
ticularly since earlier benefits 
would have a greater selective 
advantage given that mortality is 
occurring. Figure lb shows play 
having immediate benefits, as has 
been found in some child studies24; 
if the outcome variable was meas- 
ured at points 3 or 4, no differences 
would be found, although some re- 
productive consequences might 
emerge at point 4. Last, if play 
accelerates development (Fig. Ic), 
again no differences would be de- 
tected in the outcome variable at 
point 4. In short, lack of positive 
results in studies of play may have 
resulted from measuring play’s 
putative effects at the wrong age, 
and no study has yet compared the 
reproductive success of individuals 
with the extent of their play. 

Further reasons why it has 
proved difficult to detect possible 
consequences of play later in 
ontogeny could be because many 
factors normally influence the way 

I I (b) 
I I 
II I 

1-I 
Play 

AGE 

Fig. I. Postulated differences in a behavioural out- 
come variable la measure of the ‘serious’ behaviourl 
between playing (dotted line1 and non-playing 
(continuous line) subjects as a function of age. (al 
Conventional practice model: long-term benefits. 
fbl Immediate benefits only. Icl Acceleration of nor- 
mal development: short-term benefits. Reproduced, 
with permission, from Ref 3. 

that behaviour develops25. For ex- 
ample, predatory competence in 
adult cats is enhanced by manipu- 
lating prey as a kitten, by the pre- 
datory behaviour of the kitten’s 
mother in the presence of prey, and 
by exposure to prey when the cats 
are adult3. If the opportunity for 
one of these factors to act was not 
present during ontogeny (e.g. play 
with prey), other influences, such as 
increased attention paid to prey, 
might compensate instead so that 
incompetent predatory skills might 
never be detected in individuals 
with reduced opportunities for 
play. 

Second, if play improved the 
efficiency and stamina of skeletal 
muscles and cardiovascular system, 
individual effects might be ex- 
tremely difficult to measure, 
although the summed effects of 
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The social play patterns becoming increasingly 
dissociated from 

and associated with 

PAW 

patterns of predatory behaviour during kitten development 

Fig. 2. Patterns of social play that become increasingly associated with or dissociated from predatory 
behaviour as kittens grow older. 

many small improvements would 
constitute a selective advantage. 
Third, play might only exert effects 
on behaviour if the animal has 
already reached a certain level of 
competence. Thus, studies should 
provide animals with opportunities 
to practise, say, predatory skills 
when they are young, as well as 
opportunities to play, in order to 
detect later differences in preda- 
tory behaviour between playing 
and non-playing groups. 

Last, some sorts of play might 
serve as practice for structurally 
dissimilar forms of behaviour that 
are not normally examined in 
empirical studies. Indeed, corre- 
lational evidence shows that cer- 
tain motor patterns in the social 
play of kittens (approach, paw, 
bite) become increasingly associ- 
ated with a variety of structurally 
different predatory behaviour pat- 
terns, while others (arch, rear, 
chase) become dissociated from 
predation and may be increasingly 
influenced by those factors that 
control agonistic behaviour26 (Fig. 
2). These conclusions suggest that 
future studies are going to have 
to use a number of fine-grained, 
sensitive measures of different out- 
come variables and vary the oppor- 
tunities for play in more subtle 
ways. 
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costs 
The tentative results from 

empirical studies of the adaptive 
significance of play have focused 
attention on its costs: if costs are 
small, it is conceivable that play 
might have only marginal benefits 
and so account for the frequently 
observed negative results. Using 
both time-lapse photography and 
time sampling techniques, Martin27 
showed that under ideal conditions 
ten-week old domestic kittens, 
known to be particularly playful, 
played for only 9% of the day. By 
defining the energy cost of play as 
the net daily energy expenditure 
(in excess of resting metabolism) 
expressed as a percentage of the 
total energy budget, he estimated 
the energy cost to be only 2.5-15% 
for a variety of mammals28. Calcula- 
tions were given added weight by 
measurements on kittens using in- 
direct calorimetry, which showed 
that play accounted for between 
4 and 9% of daily energy 
expenditure27. 

h-t contrast, several field studies 
indicate that animals fail to play in 
times of nutritional stress, suggest- 
ing that play is energetically costly. 
Lee*9 found that play in juvenile 
vervet monkeys (Cercopithecus 
aethiops) in Kenya drops sharply 
with declining food quality in the 
dry season (Fig. 3); squirrel monk- 
eys fail to play when their preferred 
foods are unavailabler7; young 
voles (Microtus agrestis) born in 
autumn seldom play, in contrast to 

those born in spring and summer? 
and play is extremely infrequent in 
harp seals, which grow very rapidly 
during a short period of lactationl*. 
At present, conclusions about 
the energy costs of play remain 
equivocal. 

Data on the survivorship costs of 
play are more consistent though 
less quantitative. As studies of wild 
and captive animals accumulate, it 
is apparent that play has diverse 
detrimental effects on juveniles 
across a wide array of mammals 
(Table I I, including humans (Fig. 41, 
but the extent of such incidents 
during individual ontogenies and 
across populations is unknown. 
Quantification of survivorship costs 
will only be possible with new field 
studies that concentrate on the be- 
haviour of young animals. For ex- 
ample, cheetah fAcirronyx jubatusf 
cubs caused 1.5% of their mothers’ 
hunts to fail because their play 
alerted the prey to the cheetahs’ 
presences’. This represented 5% of 
the time these afflicted mothers 
spent hunting and had the effect of 
causing all family members to ex- 
perience longer intervals between 
meals and a lower rate of food 
intake, aside from the energy costs 
of playing per se. 

In summary, the low costs of play 
found in Martin’s laboratory study 
need to be reconciled with field 
and naturalistic studies showing 
that play drops out of the reper- 
toire in periods of nutritional 
stress; and survival and time costs 
of play require further investiga- 
tion. It is no longer possible, 
however, to argue that the benefits 
of play must be great simply on the 
assumption that its costs are great. 

What is play ‘designed’ for? 
The most promising line of re- 

search into the adaptive signifi- 
cance of play has consisted of 
observational studies of young 
animals. Four related pieces of evi- 
dence support the proposition that 
play serves as practice for adult 
motor skills. 

( II Across species, differences in 
play reflect differences in adult 
behaviour: crab-eating fox cubs 
(Cerdocyon thous) engage in exten- 
sive solitary object play and hunt 
individually as adults, whereas 
bush dog pups (Speothus venati- 
cus) share rather than compete for 
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ob ects and as adults hunt in social 
grc LIPS~~. Again, two sympatric spe- 
cies of hyrax, frocavia johnstoni 
and Heterohyrax brucei, play at 
difi’erent rates when young, reflect- 
ing different rates of adult interac- 
tio i involving structurally similar 
be laviour patternsT5. These data 
show that qualitative and quantita- 
tive differences in species’ play 
miwor differences in species’ adult 
bellaviour. 

12) Numerous studies show that 
male mammals play at higher rates, 
exhibit different sorts of play and 

play more roughly than do 
females14. For instance, in scimi- 
tar,,horned oryx calves (Oryx 
dammah136 and domestic cats37, 
males in all-male groups play for 
longer and at higher rates, respec- 
tively, than females in all-female 
groups; young male ferrets (Muste- 
la furo) perform more neck-bites 
during play than do females3*; and 
female yearling marmots (Marmota 
flaviventris) are more likely to be 
found on the bottom in wrestling 
bouts and terminate bouts more 
often than maIes39. All these data 
have been interpreted as being 
consistent with the hypothesis that 
males should play more frequently 
so as to develop the physical 
strength, endurance and fighting 

“able 1. Examples of survival costs of play 

CItegory Examples 

Ijeduction of Cheetah3’ 
lood intake 

!Geparation Chimpanzee, 
lrom mother Japanese 

macaque, bighorn 
sheep’; cheetah 
(pers. ohs.) 

Movement Australian sea lion, 
into hamadryas baboon, 
hazardous African elephant’; 
r;ituation Siberian ibex32; 

domestic caP 

Increased Vervet monkey’; 
proximity to Thomson’s gazelle 
predators (pers. ohs.) 

Provocation Japanese macaque, 
of severe black-tailed deer’ 
aggression 

!3elf injury Ring-tailed lemur, 
vicuna, bighorn 
sheep’; cheetah 
(pers. ohs.) 

- 

skills necessary for intrasexual com- 
bat as adults. 

(3) Males also play more with 
males than they do with females. 
Both yearling male marmots and 
male Siberian ibex kids (Capra 
ibex)40 initiate more play bouts 
with other males than would be 
expected by chance, and males of 
the latter species also play with 
yearling females, ignoring younger 
females. It is argued that play with 
an equal-sized or slightly larger 
partner, as between males in a 
dimorphic species, provides better 
motor training than play with an 
individual of very different size, 
and that this has more important 
consequences for males, who re- 
alize reproductive success through 
contests with other males. The fact 
that partner preferences exist in 
the contact play of bighorn lambs 
(Ovis canadensis), but not during 
locomotor or running play which 
could rehearse antipredator behav- 
iouti’, tends to support this argu- 
ment. 

Lack of partner preferences 
among female marmots has been 
used as evidence against play 
being a mechanism to strengthen 
social bonds and delay dispersal, 
as might be expected in species 
such as this, in which females form 
matrilineal social groups and year- 
ling females are philopatric39 (but 
see Ref. 42). 

(4) Last Byers43 showed that cap- 
tive ibex kids played more on slop- 
ing terrain than on flat surfaces, and 
this was most apparent during loco- 
motor play, suggesting that play 
serves as physical training for an 
adult life moving over precipitous 
areas. 

Taken together, the data pre- 
sented above suggest that at least 
one of play’s functions is to im- 
prove in some way the fighting 
skills necessary for males in poly- 
gynous mammals. 

Arguments based on the design 
of play are difficult to interpret be- 
cause they only show that play has 
the structural properties necessary 
for performing a particular function, 
not that it does perform that func- 
tion. Moreover, they do not easily 
distinguish hypotheses from each 
other. Males might play together to 
practise motor skills more effec- 
tively; or to thicken growing bone, 
physically train muscles and in- 
crease cardiopulmonary capacity 

1 
Group B 

4 

? 
30 

f oL-l--T1, 

-02 

-0.1 

Dl D2 WI w2 63 64 - 
Season 

Fig. 3. Mean number of play bouts per hour plotted 
with measures of dietary quality against three-month 
seasonal periods, for three groups of vervet monkeys 
lW=wet, D=dry season). Dietary quality was measured 
as the ratio of protein (g) over gross calories per wet 
weight intake for each of the foods composing the top 
ten in all seasonal periods, multiplied by the percen- 
tage of those foods in the diet in six separate seasonal 
periods. Weighted ratios were then summed to derive 
a seasonal estimate of dietary quality. Reproduced, 
with permission, from Ref. 29. 

more efficiently; or to enhance 
competency in social dealings with 
other males; or any combination of 
these. In addition, lack of an asso- 
ciation between the design of play 

Fig. 4. Societies in the western world assume that play 
in children is costly; this road sign warns drivers that 
playing children may not notice vehicles. 
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and adult skills cannot refute a 
hypothesis conclusively: although 
Symons44 has argued that absence 
of agonistic signals from the social 
play of rhesus monkeys (Macaca 
mulatta), and the presence of play 
signals that are not seen in fighting, 
make aggressive social play an ‘un- 
promising candidate’ as a means of 
practising communication skills, 
such deft reasoning requires further 
empirical work to give it necessary 
added weight. 

Information on the adaptive sig- 
nificance of play is tentative at 
best. Nevertheless, attempts are 
now being made to measure the 
costs of play across different spe- 
cies. An increasing number of stud- 
ies are using observational data in 
a sophisticated way to argue that 
play is designed to practise motor 
skills and to train young animals 
physiologically. Observations on 
free-living animals can do much to 
guide experimental studies be- 
cause they can indicate those be- 
haviour patterns for which direct 
practice is difficult or dangerous 
and thus might be rehearsed 
through play. Furthermore, future 
experimental and correlational 
studies necessary to support the 
positive findings based on ‘argu- 
ments from design’ are in a good 
position to learn from the pitfalls 
encountered in previous empirical 
work on play, and now have a num- 
ber of strong leads to follow. 
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=Letters to the Editor 

Spatial Scale and Plant Species 
Richness 

I enjoyed reading the recent paper in 
TREE by Auerbach and Shmida’, and 
liked their conceptually useful Figure 
1, which showed a species-area 
curve from 10-l to 1015 m*, and their 
choice of factors contributing to spe- 
cies richness at each scale. What 
puzzled me was their choice of 
trophic equivalency as the dominant 
factor for areas greater than IO9 m*. 
Their argument for its dominance at 
regional to continental scales (IO9 
1013 m*) required topographic and 
geographic barriers to dispersal at 
these scales. Studies of vegetation 
changes during the past 18 000 
years*,3 show that such features are 
not barriers over this time span at 
scales up to 1013 m* and that en- 
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vironmental heterogeneity must be a 
key factor in these large areas4. 

At scales of 10”IO’* m*, plant spe- 
cies sort out their location within 
their range limits. Individuals within 
a species survive in some habitats 
but not in others, and Auerbach and 
Shmida are correct in noting the im- 
portance of habitat heterogeneity at 
these micro- and meso-scales. At 
scales of 10s-1015 m*, species range 
limits are crossed. Trophic equiv- 
alency does not explain why these 
range limits exist, but the presence 
of range limits is the reason that 
species richness increases at areas 
larger than 10s m*. Factors limiting 
species ranges must be considered if 
we are to explain species richness 

over areas greater than IO9 m2. 
Knowledge of how environmenta 

factors limit species distributions arc 
key to any understanding of specie: 
richness. A recent book b\ 
Woodward explores some of th< 
climatic factors controlling broad 
scale vegetational patterns. FOI 
spatial scales of 1011-1013 m* 
macroclimatic heterogeneity and the 
climatic limitations on specie: 
ranges are probably the dominan 
factors determining species rich 
ness. Only at intercontinental ant 
global scales are topographic ant 
geographic barriers sufficientI\ 
permanent that similar macroclima 
tic regions contain different group: 
of species (e.g. the Mediterranear 


