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“This book is uniquely important not just in giving play the space it so richly deserves, but in the extraordinarily comprehensive coverage that it offers, and the lucidity with which it gives us glimpses beneath the surface of something that has played such a formative role in each of our individual life stories.”


Robin Dunbar, Director of the Institute of Cognitive
& Evolutionary Anthropology, Oxford University


“A remarkable achievement! Through combining detailed behavioral observation with experimental neuroscience, the Pellises provide fascinating insights into the structure and functions of play. A must-read for all students of development.”


Thomas G. Power, Professor and Chair of the Department of Human
Development, Washington State University


“Sergio and Vivien Pellis’s adventure into the wonders of the ‘playful brain’ has fully legitimized play science as a mainstream discipline. Every page confirmed clinical hunches, evoked ‘aha’s and created fresh enthusiasm for the subject tinged with light-heartedness. A treat to read, it also motivated with urgency our need, as a play-ignorant culture, to move with boldness toward more play research and evidence-based play policies.”


Stuart Brown, Founder and President of The National Institute for Play


“In their new book, Sergio and Vivien Pellis show that play may be an important process in shaping lives that have meaning and are worth living.…Their descriptive and experimental studies on play in many species are inspirational, offering a blueprint on how to do science properly…they provide an impetus and direction for future researchers to follow… Whatever your area of research, The Playful Brain is likely to provide you with findings that will inform your own science, as well as appropriate ways in which to undertake that scientific study.”


Times Higher Educational Supplement


 


 




Professor Sergio Pellis and Adjunct Associate Professor Vivien Pellis work at the Canadian Centre for Behavioral Neuroscience at the University of Lethbridge, Alberta, Canada.


Together they have published over a hundred and fifty articles and book chapters on animal behavior and neuroscience, and have worked at the forefront of play research for over thirty years.








the Playful Brain


Venturing to the Limits of Neuroscience


Sergio Pellis and Vivien Pellis


[image: Image]




A Oneworld Book


First published in Great Britain by Oneworld Publications 2009


This paperback edition published by Oneworld Publications in 2010


This ebook edition published in 2013


Copyright © Sergio M. Pellis and Vivien C. Pellis 2009


The right of Sergio M. Pellis and Vivien C. Pellis to be identified as the Authors of this work has been asserted by them in accordance with the Copyright, Designs and Patents Act 1988


All rights reserved


Copyright under Berne Convention


A CIP record for this title is available
from the British Library


  ISBN 978–1–85168–760–2


eISBN 978–1–78074–462–9


Typeset by Jayvee, Trivandrum, India
Cover design by Mungo Designs


Oneworld Publications
10 Bloomsbury Road
London WC1B 3SR
England




Stay up to date with the latest books,
special offers, and exclusive content from
Oneworld with our monthly newsletter


 


Sign up on our website


www.oneworld-publications.com







To our parents





FOREWORD


Psychologists have recently realized that happiness, laughter, joy, affection, and related phenomena have been neglected and are now developing a new specialty termed “positive psychology.” For too long they were putting most of their efforts into dealing with psychological and behavioral disorders: grief, trauma, jealousy, anger, violence, fear, pain, suffering, and loss. There is also a growing focus on psychological well-being, pleasure, and even happiness in non-human animals in laboratories, zoos, and even in nature itself. Play, broadly conceived, may be a major process underlying lives worth living.


Serge and Vivien Pellis end their marvelous volume by asserting that play is still a mystery, and one to be enjoyed. Certainly a world without mysteries, let alone pleasure, would be a dull one. But solving mysteries is not only what gives scientists their kicks, but is really what science is all about. For scientists, solving one set of challenges inevitably raises further mysteries to contemplate and investigate. Procedurally, this situation is comparable to those early video games, where finding the location of one treasure brought on the next level and setting, which one had to puzzle out, typically for an even more valuable cache, all the while confronted with more dangerous pitfalls, traps, enemies, and competitors. This book raises the prospect of valuable treasures awaiting students of play, though not necessarily of the kind anticipated by those who pioneered the study of play in animals and children in the nineteenth and early twentieth centuries.


A careful reading of this book will show that social play, in particular, is far less of a mystery than it was even a decade ago. This advance is due in large part to the breadth and depth of the studies by Serge and Vivien Pellis, often in collaboration with many students and colleagues. Along with a comprehensive treatment of an often disparate and scattered literature, they have brought together in one compact volume the dozens of careful, insightful, elegant, even brilliant studies they and their colleagues have contributed over thirty years. In so doing the seminal nature of their contributions are made evident.


What are the treasures this book contains? Readers will need to uncover their own nuggets, sometimes scraping through the modest overlay in which Serge and Vivien embed them. These nuggets need to be amalgamated, however, to appreciate how these rich empirical data not only extend, but actually refocus, our understanding of how play evolves across species, develops in individuals, and functions in real life. They do this by carefully describing the details of play in many species and analyzing the neural, hormonal, and other physiological and sensory systems underlying play.


The book covers many topics, often rather technical, yet remains accessible for a broad readership. It is filled with subtle humor and obvious passion on a topic rarely accorded systematic scientific study, with the possible exception of play in children. Educators, therapists, anthropologists, sociologists, recreation supervisors, and psychologists studying play have ignored the vigorous rough-and-tumble play focused on here, while biologists and ethologists rarely connect their studies on play in non-human animals with the rich literature on children. On the other hand, neuroscientists and geneticists are beginning to tap into the tapestry of play to access processes of neural organization, genetics, affect and cognition, and sensory – motor integration.


In recent years more books are appearing on play of all kinds, especially in children, apes, and monkeys. While these contributions are important, this book mines deeper into the recesses of animal behavior to emerge with its treasures. The initial mother lode was gleaned from the behavior of laboratory rodents: cheap, small, short-lived, and the repository of the most advanced and detailed physiological, genetic, behavioral, and neurological information available for any mammal. It is no accident that comparisons of lab rats and lab mice dominate chapters 2 and 3 and reappear frequently. But the twists and turns taken as the other rodents, monkeys, apes, humans, dogs, dolphins, and other species appear, strut their stuff, and fade away is reminiscent of the process of play itself. Does it take a playful mind to effectively accomplish the integration of so many disparate elements? Play as a calibrating mechanism for emotions, motor control, stress reduction, role relationships, and other important functions is strongly documented, while the usual obvious suspects for why animals play have proven increasingly difficult to support. In some cases nature works in a more complex and variable fashion than anticipated by our love of parsimonious, even simple, mechanisms.


It has long been recognized that play involves positive emotions and feelings as well as intense behavioral performances. It is engaging to watch animals play because it is variable: the variations on a theme format is a major staple of composers for good reason. The Pellises show how and why this variability is generated and how it affects the performers, not just the spectators. Furthermore, they show how a playful brain could have evolved. Here mouse–rat and other rodent comparisons are key routes to insights applicable to other species, including humans. Their success is due to their detailed comparative study of many species, from birds to apes, rather than the extrapolation from rodents to human beings that was the hallmark of an earlier experimental psychology. Social play turns out to be a phenomenon with both a deep and shallow evolutionary history. That is, while play fighting may go back in evolutionary time to fish and amphibians, its manifestation in monkeys, rodents, canids, seals, ungulates, and other groups is highly variable. This can only mean that play has functions in animal lives that vary even among closely related species. What is most exciting, however, is that we now have good data on the details of the differences, some of the neural and adaptive mechanisms involved in them, and the power of modern methods of phylogenetic analysis to organize the findings and even make predictions and develop applications, even in our own species.


This book deserves serious consideration by scientists and educators from all areas of biological and social sciences, including evolutionary biologists. Fortunately this book is just an installment of what is to come in the study of play and related phenomena over the next decade. The Pellis lab will continue to produce seminal empirical studies, descriptive as well as experimental, on play in many other species. An equally important effect of this book is to challenge those studying play to refine their approaches and theories, devise better explanations for functions of play, and consider the need for an integrative approach. I also suspect that persons reading this book will be inspired to join in the study of this most fascinating topic.


Gordon M. Burghardt





PREFACE


Play is an endlessly interesting subject. Over time, those interested in explaining its occurrence have generated more opinions than solid evidence about what it is, how it arises, and what it does for those who play. Indeed, in the history of the Western world, play has vacillated between being seen as instrumental to the development of healthy individuals and as a childish waste of time. Similarly, cross-cultural studies show that play by children can be valued, merely tolerated, or actively discouraged.1 However, even when seen as valuable, it has not been treated as intrinsically so but as a means to an end – such as an educational tool, by which teachers, who cunningly use it as a medium, can manipulate students.2 Play, whether seen as a valuable developmental tool or as a worthless, childish endeavor, was readily absorbed into psychology as an object of study when that discipline arose in the late nineteenth and early twentieth centuries. Although there is still much debate among psychologists concerning the development and function of play in children,3 textbooks have been written explicitly for university courses on the subject.4 However, the study of play that extends beyond humans to wider swathes of the animal kingdom has had a more troubled history.


Although Charles Darwin was a big influence in legitimizing the study of behavior as a meaningful biological property of organisms, it was not until 1898, when Karl Groos published his treatise,5 that scientists turned their attention to the play of non-human animals. Unfortunately, because the field of animal behavior did not fully emerge as an independent, academic discipline until the middle of the twentieth century, much of the research on non-human animal play was sporadic, and many of the reports on the subject were buried in broader behavioral and ecological studies of animals. Despite this problem, research on non-human animal play began to pick up steam in the 1970s and became a legitimate problem worthy of broad attention in the early 1980s, as a result of the publication of two seminal works. The first, written by Bob Fagen, provided two services. By scouring the literature, and incorporating into his book studies written in both English and in other languages, he summarized what was known about the play of a wide range of species. Fagen then applied the theoretically rigorous methods of the evolutionary approach, which had, by then, become the dominant approach in animal behavior, to explore the functions that such play may serve during development. The second work was a review article by Peter Smith, which was not only a rigorous analysis of the function of play, but was also an attempt to integrate human and non-human play into a comprehensive, theoretical framework.6 These writings influenced a generation of researchers in how they approached the study of non-human animal play, especially those trying to understand this behavior in free-living animals.7


In seeming independence of these trends in seeking the evolutionary functions of play, other researchers, such as Dorothy Einon in the UK and Jaak Panksepp in the US, coming from different traditions in experimental psychology, comparative psychology, and the newly emerging behavioral neuro-science, began to use laboratory animals – especially rats – to study the development of play, its influences on the emergence of cognitive and sexual behavior, and its neural underpinnings.8 By the late twentieth and early twenty-first century, the number of scientific papers on the play of rats, especially on its development and its neural mechanisms, had greatly expanded.9 Unfortunately, few researchers attempted to bring together these two approaches to the study of non-human animal play – the former, which focuses on the consequences of playing that led to its evolution, and the latter, which delves into ever greater detail on the nuts and bolts mechanisms that generate it. The lack of success by the first approach in identifying an empirically, well-supported function for play and the accumulation of interesting, but disparate facts, by the second approach, led to the waxing and waning of interest by researchers in studying non-human animal play. Despite this, as many young animals have the annoying habit of making play a major part of their life experience, attention is always drawn back to the issue.10 Thus, play remains a problem that needs an explanation, and one way in which its study can progress is to combine the approaches that emphasize function with those that emphasize mechanism. What is needed is an overarching theoretical framework for play that can embrace them both.


One such approach is to look at play from the perspective of its origins. What were the conditions that led some animals to evolve play from ancestors that did not play? A champion of this historical perspective has been Gordon Burghardt, a researcher with a foot in both the experimental psychology and animal behavior traditions.11 The historical perspective involves two steps. First, it requires that one not only study the obvious cases of play – those clear-cut cases in which most observers would agree that what they are seeing is play – but also the borderline cases – those in which one scratches one’s head to wonder whether what one is observing is play or not. It is the incipient cases of play that enable the observer to identify the conditions that make play possible, since the difference between these cases and those species that do not play is small. Second, this perspective recognizes that when looking at species that do play, the behavior can differ in its degree of complexity, from rudimentary to elaborate. By examining the range of variation across species that do play, we can characterize the neural and behavioral elements that form its building blocks. This approach integrates knowledge about the mechanisms that generate play and the functions that play may serve, and does so by taking the diversity of play present in the animal kingdom seriously. We have utilized this integrative, historical approach, especially its second component, throughout most of our empirical work on non-human animal play and it is the unifying framework that we have adopted in this book.12


For whom have we written this book? After all, the organization of a book is usually structured according to its expected audience. But we have had several audiences in mind when writing this book: this has necessitated making compromises, and so we have run the risk that none of these potential audiences is satisfied. So let us explain who we think would find this book of interest.


The impetus for writing this book came when one of us, Sergio, gave a seminar to a rather eclectic audience – of anthropologists, educators, sociologists, psychiatrists, and developmental psychologists – on the lessons that we have learned about play from studies done on laboratory rats. The audience found that this research revealed much about play that was interesting and laden with potentially important implications for the study of humans and their psychological development. Our impression was confirmed by the response that we received from a short paper that we subsequently wrote on the topic for circulation to a wide audience that included educated lay readers.13 From these reactions, we concluded that there could be a wide audience of people, of professionals, who deal with issues related to human development, and of lay readers, who, as parents or simply interested individuals, wish to learn about what those of us, from the various fields of animal behavior, comparative psychology, and behavioral neuroscience, who are studying play, have to say about this fascinating subject. For these readers, we kept the narrative as simple and free of jargon as possible. Where technical concepts and facts cannot be avoided, we use examples either from the literature or fictional scenarios to help make them vivid and clear. To simplify the text, we provide extensive endnotes, to offer literature to which the interested reader can go if they wish to explore topics further, or to elaborate on some issue that may need further explanation, but would be tangential if incorporated into the main body of the text.


Readers should also be aware that this book is not just a summary of what is known. Rather, we utilize our own journey in empirical research on play as a guiding framework within which to incorporate and evaluate what has been uncovered by dozens, if not hundreds, of researchers around the world. Thus, we view this book as a synthesis of what we have learned personally, and have offered here many new insights about how play originated, evolved, and has come to have the properties it does in some marvelous players such as rats and humans. We also wrote this book with our colleagues in animal behavior, comparative psychology, and behavioral neuroscience in mind. We hope that we present sufficient detail of our insights and the logic and data supporting them, for these readers to have the information necessary to challenge the veracity and strength of our conclusions by conducting more research. Naturally, we hope that some of the novel insights offered in this book will stand up to vigorous testing, but many may not. If this book can spur further work in this field that in the future leaves us knowing more than we do now, then the effort will have been worthwhile.


Another important audience that we had in mind while writing this book was students, who may be confronted with similarly complex behavior and are wondering how to tackle it. For these readers, we hope that our multi-decade experience, which is reflected in this book, offers them a guide for how to decompose a complex behavior and then find the rules by which to re-synthesize it. Juxtaposing neural mechanisms with behavioral mechanisms and embedding these within transformations over time, be it in the individual’s lifetime or in transgenerational changes, provides a powerful working framework. We hope that this book will make these steps in the analysis clear to our successors, whether they are interested in play or in some other, complex behavior. Of course, we will always have a soft spot for students who decide that studying play is just too exciting to forego. If reading this book sparks such excitement, then again, we will be very satisfied with our efforts. Finally, we believe that play is fascinating, and we hope that most readers, whatever else they may gain from this book, will also simply enjoy the journey as it unfolds.
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ILLUSTRATIONS




1.1   Two juvenile male rats, at about 35 days old, are shown engaging in a play fight in which they compete for access to the nape of each other’s necks. (From Pellis, S. M. & Pellis, V. C. (1987). Play-fighting differs from serious fighting in both target of attack and tactics of fighting in the laboratory rat Rattus norvegicus. Aggressive Behavior, 13, 227–242. © 1987, Wiley; reprinted with permission of Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.)


1.2   Two juvenile male rats, at about 35 days old, are shown engaging in a simple play fight. The animal on the right is shown approaching another rat, then contacting it on the nape and leaping away. The recipient of the attack does not defend itself. (From Pellis, S. M. (1988). Agonistic versus amicable targets of attack and defense: Consequences for the origin, function and descriptive classification of play-fighting. Aggressive Behavior, 14, 85–104. © 1988, Wiley; reprinted with permission of Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.)


2.1   Three types of defense to a playful nape attack are shown in 61-day-old male rats (A–C). A. Evasion. Following the attacker’s lunge at the nape (a, b), the defender swerves away from the attacker (c). B. Complete rotation. A nape contact from behind (a) leads the defender to rotate (b, c) until lying supine and blocking the attacker with its outstretched paws (d). C. Partial rotation. A lunge to the nape from the side (a, b) is followed by a rotation of the head, neck and shoulders by the defender, withdrawing the nape from the attacker’s snout (c). (From Pellis, S. M., Pellis, V. C., & Whishaw, I. Q. (1992). The role of the cortex in play fighting by rats: Developmental and evolutionary implications. Brain, Behavior & Evolution, 39, 270–284. © 1992, Karger, reprinted with permission of S. Karger AG, Basel.)


2.2.  This is a form of facing defense in which the defender turns to face its attacker while pivoting on its hind legs (a, b). From this position, the defender can block access to its nape (c) and launch a counter attack (d). (From Pellis, S. M., Pellis, V. C., & McKenna, M. M. (1994). A feminine dimension in the play fighting of rats (Rattus norvegicus) and its defeminization neonatally by androgens. Journal of Comparative Psychology, 108, 68–73. © 1994, APA, adapted with permission.)


2.3.  The age-related time course of playful attack and playful defense is shown for male rats. Although the probability of defense remains constant, the incidence of playful attack peaks between 4–5 weeks after birth (30–40 days). Note that while the y-axis represents the percentage of both attack and defense, the values given represent something different for attack and defense. For playful attacks, the percentage is shown at each age as a fraction of the total at all ages – that is, the rats launched more attacks at 30 and 40 days than they did later in development. In contrast, for playful defense, the values represent the percentage of playful attacks that elicit defense as a proportion of the total number of attacks at that age. (From Pellis, S. M. & Pellis, V. C. (1991). Attack and defense during play fighting appear to be motivationally independent behaviors in muroid rodents. The Psychological Record, 41, 175–184. © 1991, Southern Illinois University, adapted with permission.)


2.4.  Age-related changes in tactics of defense show that for both males and females, the partial rotation tactic is the most frequent around weaning, but the likelihood of its use as the predominant type of facing defense in the juvenile period is then reduced as the complete rotation tactic becomes the more frequent defense. Following puberty, the sexes differ: females continue to use the complete rotation tactic more often (A), but males switch to using the partial rotation more often (B). (From Pellis, S. M. (2002). Sex-differences in play fighting revisited: Traditional and non-traditional mechanisms for sexual differentiation in rats. Archives of Sexual Behavior, 31, 11–20, Figure 1. © 2002, Plenum Publishing Corporation, copied with kind permission of Springer Science and Business Media.)


2.5.  In serious fighting in adult rats, an attacker often approaches a defender with a lateral orientation (a–d). From this orientation, the attacker can avoid being bitten on the face (e), can reach around to the defender’s lower flank (f) and can lunge to deliver a bite (g). Note that the attacker’s fur is raised (i.e. piloerected) indicating its aggressiveness towards the opponent. (From Pellis, S. M. & Pellis, V. C. (1987). Play-fighting differs from serious fighting in both target of attack and tactics of fighting in the laboratory rat Rattus norvegicus. Aggressive Behavior, 13, 227–242. © 1987, Wiley; reprinted with permission of Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.)


3.1.  Playful attack in European voles, involving “nosing” of the nape area without any associated defense is shown. The attacker approaches from the rear, noses the partner’s nape and then leaps away. Note the similarity to the sequence depicted in Figure 1.2 for rats. (From Wilson, S. (1973). The development of social behaviour in the vole (Microtus agrestis). Zoological Journal of the Linnean Society, 52, 45–62. © 1973, adapted with permission from Blackwell.)


3.2.  This sequence of play fighting in deer mice shows that, like rats, their play fighting involves all the elements that are needed for complex play: attack (a–c), defense (d, e) and counterattack (f–h), which can lead to a role reversal (i, j). (From Pellis, S. M., Pellis, V. C., & Dewsbury, D. A. (1989). Different levels of complexity in the playfighting by muroid rodents appear to result from different levels of intensity of attack and defense. Aggressive Behavior, 15, 297–310. © 1989, Wiley; adapted with permission of Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.)


3.3.  These bar graphs show the percentage of play fights that involve attack only, attack and defense, and finally, attack, defense and counterattack. Even though both rats and deer mice engage in play fights at all levels of complexity, rats engage in the complex patterns more often. (From Pellis, S. M. & Pellis, V. C. (1998). The play fighting of rats in comparative perspective: A schema for neurobehavioral analyses. Neuroscience & Biobehavioral Reviews, 23, 87–101. © 1998, adapted with permission from Elsevier.)


3.4.  A sequence in a pair of juvenile Djungarian hamsters shows that their play fighting involves competition for access to the mouth. The attacker approaches from the front and reaches to contact the partner’s mouth orally (a, b). The defender then stands upright and blocks the face of its attacker (c, d). The defender then counterattacks, reaching for its partner’s mouth (e–g). The two animals then cease their interaction (h). (From Pellis, S. M. & Pellis, V. C. (1989). Targets of attack and defense in the play fighting by the Djungarian hamster Phodopus campbelli: Links to fighting and sex. Aggressive Behavior, 15, 217–234. © 1989, Wiley; adapted with permission of Wiley-Liss, Inc. a subsidiary of John Wiley & Sons, Inc.)


3.5.  A cladogram is shown for rodents, spanning the three major divisions of the order. The clade of murid rodents includes several that we have encountered in the text, such as the rat (Rattus), the domestic mouse (Mus), the deer mouse (Peromyscus), the grasshopper mouse (Onychomys), the fat sand jird (Psammomys), the Syrian golden hamster (Mesocricetus), the Djungarian hamster (Phodopus) and voles (montane vole – Microtus montanus, prairie vole – M. ochrogaster and European vole – M. agrestis). The clade of squirrel-like rodents includes the North American ground squirrels (Spermophilus) and the gray tree squirrel (Sciurus). The other clade is composed of the guinea pig-like rodents, including the guinea pig (Cavia) and the degu (Octodon). Whether the play fighting is mainly aggressive, mainly sexual, or some combination of both, is mapped onto the cladogram. (From Pellis, S. M. & Iwaniuk, A. N. (2004). Evolving a playful brain: A levels of control approach. International Journal of Comparative Psychology, 17, 90–116. © 2004, International Society for Comparative Psychology, reprinted with permission.)


3.6.  The rat brain is shown from several perspectives. In the top panel, a lateral oblique view of the whole brain is shown, with the front end facing left. Several structures are evident: the largest, and most striking, is the cerebral cortex, comprised of two lobes, one on the left and one on the right side of the long axis of the brain. At the rear of the brain is another large structure, the cerebellum, and coursing further to the rear is the spinal cord. Note that at the posterior of the brain, where the two cerebral cortices meet at the centre, there is a small triangular space and two mounds can be seen – these are the superior colliculi, brainstem structures that process visual information. In mammals with a larger cortex, such as humans, the cortices expand to cover these subcortical structures. At the front end of the brain, sitting above the olfactory lobes, is the prefrontal cortex, a structure that looms large in our story. Another area important to our tale, the motor cortex, is in the area just behind and to the right of the first vertical groove (Y-shaped line). In the panel below, and to the left, a sagittal section (length-wise along the middle of the brain) of a rat brain is shown with most of the various areas that are discussed in the text labelled, thus giving the reader an idea of the general layout of the mammalian brain. In the panel below, and to the right, is a coronal section (transverse across the brain) at the level of the prefrontal cortex, showing two areas of this part of the cortex that are discussed at length in the text: the orbital frontal cortex (OFC) and the medial prefrontal cortex (mPFC).


3.7.  These graphs show that when compared across mammalian orders, there is a positive relationship between the prevalence of play and relative brain size. Note that this relationship holds for both raw data (A) and data corrected for the degree of relationship between orders (i.e. Independent Contrasts) (B). (From Iwaniuk, A. N., Nelson, J. E., & Pellis, S. M. (2001). Do big-brained animals play more? Comparative analyses of play and relative brain size in mammals. Journal of Comparative Psychology, 115, 29–41. © 2001, APA, reprinted with permission.)


3.8.  When the proportion of adult weight gained prior to birth is used, a significant negative correlation (see r-values above the graphs) is present whether a complexity score involving all facets of play fighting (see Table 3.1) is used (A), or one that simply scores whether species have a wrestling form of play fighting (B). That is, species that are more mature at birth play less. Conversely, this means that the greater the period of time spent as juveniles, the greater the complexity and amount of play. (From Pellis, S. M. & Iwaniuk, A. N. (2000a). Comparative analyses of the role of postnatal development on the expression of play fighting. Developmental Psychobiology, 36, 136–147. © 2000, Wiley; reprinted with permission from John Wiley & Sons, Inc.)


3.9.  The degree of complexity in play fighting is mapped onto a cladogram of the murid rodents. The insert represents play complexity with the score of 0 indicating little or no play and a score of 4 indicating very complex play. Note that although the base of the tree indicates that the ancestral murid rodent had moderately complex play, the terminal branches indicate that some lineages have increased the complexity of their play, whereas others have reduced the complexity of their play. These findings suggest that although, in some lineages, it has been advantageous to become more playful, in others, it has become advantageous to reduce play. (From Whishaw, I. Q., Metz, G., Kolb, B., & Pellis, S. M. (2001). Accelerated nervous system development contributes to behavioral efficiency in the laboratory mouse: A behavioral review and theoretical proposal. Developmental Psychobiology, 39, 151–170. © 2001, Wiley; reprinted with permission from John Wiley & Sons, Inc.)


4.1.  A male rhesus monkey, reared socially, is shown mounting a receptive female from the rear. When mounting, the male adopts a double clasp of the female’s ankles (A). In contrast, a male reared in social isolation often fails to mount from the rear (B). Even when it does, it is unlikely to perform the ankle clasp. (From Mason, W. A. (1960). The effects of social restriction on the behavior of rhesus monkeys: I. Free social behavior. Journal of Comparative & Physiological Psychology, 53, 582–589. © 1960, APA, adapted with permission of W. A. Mason.)


4.2.  Food robbing and dodging are shown in rats. The robber, on the right, approaches the mouth of the rat that is eating. This leads to the rat that had been eating swerving laterally away from the robber. (From Whishaw, I. Q. (1988). Food wrenching and dodging: Use of action patterns for the analysis of sensorimotor and social behavior in the rat. Journal of Neuroscience Methods, 24, 169–178. © 1988, adapted with permission from Elsevier.)


4.3.  Schematic drawings show the trajectories of the snout and the pelvis during dodging by a female and male rat. Note that the pivot point in the female is closer to the end of its pelvis, whereas in the male, it is more centrally located. Because of this, males make a larger excursion of the pelvis. (From Pellis, S. M., Field, E. F., Smith, L. K., & Pellis, V. C. (1997). Multiple differences in the play fighting of male and female rats. Implications for the causes and functions of play. Neuroscience & Biobehavioral Reviews, 21, 105–120. © 1997, reprinted with permission from Elsevier.)


4.4.  A male rhesus monkey, reared in isolation, is shown mounting a wooden model of a female monkey. Not only is the mount from the “rear” of the model, but the monkey is also using the double ankle clasp. (Drawing from a photograph from Deutsch, J. & Larsson, K. (1974). Model oriented sexual behavior in surrogate-reared rhesus monkeys. Brain, Behavior & Evolution, 9, 211–226. © 1992, Karger; adapted with permission of S. Karger AG, Basel).


4.5.  When engaged in play fighting, rats often adopt a posture where one animal is standing over the other rat, which is lying on its back. However, the posture of the rat on top can take one of two forms: it can hold its partner with its forepaws while standing on the ground with its hind paws (a) or, it can stand on its partner with all four of its paws. (From Foroud, A. & Pellis, S. M. (2003). The development of “roughness” in the play fighting of rats: A Laban Movement Analysis perspective. Developmental Psychobiology, 42, 35–43. © 2003, Wiley; reprinted with permission from John Wiley & Sons, Inc.)


4.6.  A cortical neuron with branching dendrites is shown. This branching, or arborization, is its site of contact with other neurons. Note that there are two main clusters of branches, those emanating from the top of the cell (apical dendrites) and those emanating from the bottom of the cell (basilar dendrites). (Drawing courtesy of Heather Bell.)


4.7.  The complexity of the dendrites of mPFC and OFC neurons is shown for adult rats, reared, as juveniles, in three conditions. Due to the differences in the magnitude of the branching of the dendrites in the two brain areas, the data are shown as a percentage of the highest value (scoring 100%). Note that the dendrites of the OFC are the most complex when the animals were reared with three other juveniles, and that the neurons of the mPFC decrease in complexity when the animals were housed with at least one juvenile. (Data and graph courtesy of Heather Bell.)


4.8.  Raising juvenile rats in social isolation compromises their social competence as adults (A). However, our work suggests that there are two ways in which social competence can be compromised by social isolation (B). In one route, the experience of playing provides the juvenile with knowledge of how to assess another’s actions. This effect occurs via changes in the mPFC. The other route involves gaining experience about differences in behavior across different partners. This effect occurs via the OFC.


5.1.  Bar graphs show the frequency of launching attacks in pairs of rats (number per minute per pair) that were housed socially and then transferred to a testing cage as pairs (untreated groups). These values are compared to the frequency of playful attacks in pairs of rats that were socially isolated for 24 hours before being transferred to the testing cage and in rats that were housed socially, but were given an injection of ACTH before being transferred to the testing cage (treated groups). Note that for the ACTH comparison, the untreated group was given injections of physiological saline. Both social isolation and ACTH treatment produce more than a two-fold increase in the frequency of playful attacks. Importantly, there is no difference between these two treatment groups. The data on the ACTH treatment are from Arelis, C. (2006) and the data on social isolation are from unpublished records in our laboratory.


5.2.  Two rats are shown engaging in anogenital sniffing.


5.3.  The occurrence of play fighting used for sexual and non-sexual purposes in adult primates is shown mapped on cladograms. The names represent the scientific name of the genera. The large clade at the top of the page (from Eulemur to Otolemur) represents the strepsirrhirines, and the clade from Tarsius to Homo represents the haplorrhines. The New World monkeys incorporate the animals from Callithrix to Cacajao, the Old World monkeys from Cercopithecus to Colobus, and the apes and humans from Hylobates to Homo. (From Pellis, S. M. & Iwaniuk, A. N. (2000). Adult-adult play in primates: Comparative analyses of its origin, distribution and evolution. Ethology, 106, 1083–1104. © 2000, Blackwell, reprinted with permission.)


6.1.  A mother bonobo is shown lying on her back and using her feet to hold her infant overhead. From this position, the mother can jostle and shake the infant, providing it with visual, tactile and vestibular stimulation. (Adapted from a photograph by Frans Lanting. © 2008, Frans Lanting/www.lanting.com)


6.2.  This graph shows the relationship between the complexity of play fighting and the complexity of locomotor play in murid rodents. Note the negative slope: this indicates that as one becomes more complex, the other becomes less complex. The points for this graph were converted from raw scores to eliminate the effects of relatedness among the species by using Independent Contrasts. (From Pellis, S. M. & Iwaniuk, A. N. (2004). Evolving a playful brain: A levels of control approach. International Journal of Comparative Psychology, 17, 90–116. © 2004, International Society for Comparative Psychology, reprinted with permission.)


6.3.  This graphical model shows that play fighting involves two components: competition and cooperation. For play fighting to remain playful, there has to be a minimum amount of cooperation. For play fighting to remain exciting, and thus rewarding, there has to be a minimum amount of competition. Within the area of the space of the graph above the minimum threshold for competition and cooperation, play fighting can range from being highly competitive (left) to highly cooperative (right). The solution to the problem of reciprocity differs, depending on which side of the model a species occupies. This also affects the kind of functional feedback that can be derived from engaging in play. Some of these differences are illustrated by noting the position in the model that is occupied by rats and degus. (From Pellis, S. M., Pellis, V. C., & Reinhart, C. J. (in press). The evolution of social play. In C. Worthman, P. Plotsky & D. Schechter (eds), Formative Experiences: The Interaction of Caregiving, Culture, and Developmental Psychobiology. Cambridge University Press: Cambridge, UK. © 2007, Cambridge University Press, reprinted with permission.)


7.1.  Grappling play in a male and female potto. They grab, hold, and compete to groom and nuzzle one another. (From Epps, J. (1974). Social interactions of Perodicticus potto kept in captivity in Kampala, Uganda. In R. D. Martin, G. A. Doyle, & A. C. Walker (eds), Prosimian Biology (pp. 233–244). University of Pittsburgh Press: Pittsburgh, PA (Fig. 6, p. 239). After a good faith attempt to do so, copyright could not be determined.)


8.1.  Groups of huddling rat pups are shown at two ages: 5 days and 20 days. The older pups (top group), unlike the younger pups, have their eyes open and their bodies are furred. (From Alberts, J. R. (2005). Infancy. In I. Q. Whishaw & B. Kolb (eds), The Behavior of the Laboratory Rat. A Handbook with Tests (pp. 266–277). Oxford University Press: New York, NY. © 2005, Oxford University Press, reprinted with permission.)


8.2.  A Tonkean macaque is shown, crouching in preparation to leap into the air. In addition, two versions of the posture, when the monkey is at the apex of its leap, are shown. In the first version, its body is stretched out vertically, with one of its arms stretched upward as its hand reaches to grasp a branch. In the second version, the monkey’s body is arched and nearly horizontal, with all four of its limbs stretched out laterally. (Drawing by Devin Cahoon, from a videotaped sequence courtesy of Christine Reinhart.)
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THE PUZZLE OF PLAY




Mbundi runs up to Ntondo from behind. As he runs past, he grabs Ntondo by the arm. Ntondo jerks his body back, and braces against being pulled forward. This brings Mbundi to a standstill, facing Ntondo. After looking at each other for a moment, Ntondo turns his head and lunges, with his mouth wide open, and bites Mbundi’s hand, which is still holding Ntondo’s arm. As Mbundi releases his hand and withdraws it, he lunges forward, grabs Ntondo by both shoulders and bites at the side of his neck. Ntondo ducks and rolls onto his side, Mbundi follows and falls on top of Ntondo. They grapple with one another, delivering gentle bites wherever they can. Eventually, Mbundi jumps up and begins to run away, but then slows down, and, with a wide-open mouth, looks back over his shoulder. At first, Ntondo is slow to stand up, but he then jumps to his feet, and chases after Mbundi.1





The preceding description of what many observers would call “rough-and-tumble play” or “play fighting,” in two juvenile gorillas, could fit any number of primates, or with a reduction in the role of the hands, almost any mammal. Roughhousing play such as this is familiar to most readers through their children, recollections of their own childhood in the schoolyard, pet cats and dogs that they may have reared, or from monkeys and apes seen at the zoo. But what is it that is playful about this behavior?


Play fighting is but one form of play, a behavior that can also involve objects, such as a kitten playing with a ball of wool, or one that is self-directed, such as a calf gamboling in a meadow. If we consider human children, play can also involve playing peek-a-boo or donning a superhero costume and fantasizing. Therefore, the range of behavior that can be labeled as play is quite extensive, especially when considering humans.2 So what are the characteristics that define behavior as play? Historically, defining play has not been an easy task, and there is no single agreed-upon definition. Nevertheless, there are criteria that most researchers generally agree to be necessary components of a definition of play: it is an activity that is engaged in voluntarily, and it is positively reinforcing – that is, the performers find it pleasurable. Although these two criteria are true of other behaviors, such as eating and sex, another commonly incorporated criterion is that the purpose of play is not immediately utilitarian. This feature of play is often critical, since for non-human animals, play is often a simulation of a functional activity, such as fighting or predation. Thus, it is the absence of the normal consequences of these behaviors – the killing and eating of prey or the taking of food or some other resource from a social partner – that alerts the observer to the possibility that the behavior being observed is play.


There is an overabundance of definitions posited for play, with much of the confusion and argument arising from the different perspectives of various authors. For example, some authors have focused on the properties of play behavior, such as its seemingly exaggerated movements, while others have focused on the outcomes of the behavior, such as whether it simulates sex or aggression. Some definitions that emphasize a specific property of play, such as its lack of immediate function, have been the most widely adopted, but they run the risk of being so general that most behaviors that are performed by immature animals could result in being characterized as play. Therefore, in most cases, we rely on our intuition to distinguish between play and non-play.3 However, the less like humans the species being observed are, the greater the likelihood that our intuition may lead us astray.


For example, are two immature cockroaches pushing and lashing each other with their antennae, for what seems like no apparent purpose, exhibiting play? Unlike the case of two puppies play fighting, we are not privy to a body language that makes sense to us – for puppies, wagging tails, floppy ears, and a relaxed body tone are most often the clues that we use to distinguish such behavior from serious aggression. We use similar clues from body language when trying to decide whether two children are playing or fighting. When videotaped sequences of play fighting and serious fighting are shown to children and to adults, both use a variety of clues ranging from whole body movements to facial expressions in order to be able to differentiate between the two behaviors. Because there are multiple cues that can be used to distinguish between playful and serious fighting, if faces are not visible, other features of the body movements can instead be used. Obviously, the more acquainted observers are with the species in question, the more likely they are to have access to a range of criteria, whereas the more alien the species, the more limited the criteria. In addition, when studying human play, subjects that are engaging in either playful or serious fighting can, of course, be asked as to whether their behavior was playful or serious, so as to verify the judgments of the observers that are based on the behavioral cues alone.4 However, even this last item is not foolproof, as humans are notorious for telling untruths: after all, how often do we smile when we are really not happy? Nonetheless, when trying to decide whether the behavior of species other than human should be labeled as play, no such additional information, however suspect, is available. Yet, in order to comprehend the problem of play fully, we need to know which borderline cases in the animal kingdom belong to the play category and which do not.


Developing a more exhaustive range of criteria that can readily distinguish between the playful and non-playful behavior of all animals, be they immature or adult, has two advantages: it brings the non-human literature into closer correspondence with the human literature, and it enables us to compare a diverse range of animals. For example, Gordon Burghardt has developed a set of criteria that must be met for an instance of behavior to qualify as play: (1) that the behavior is incompletely functional in the context expressed; (2) that it is voluntary; (3) that it is, in some ways, structurally modified or temporally shifted as compared to when it is used in its normal, functional context; (4) that it is performed repeatedly, but not necessarily in an invariant form; and (5) that it is present in healthy, unstressed animals. In using these five criteria, researchers have shown that animals as diverse as turtles, wasps, and octopuses engage in behavioral sequences that are comparable to those performed by mammals such as dogs and monkeys – ones to which most observers would happily apply the label of play.5 Unfortunately, in most cases, the lack of detailed data means that comprehensive comparisons across the entire animal kingdom so as to determine the presence of play limit our attempts to plausible best guesses.


However, if we just focus on the cases where most observers would agree that what they are seeing is play, we are still left with an interesting phenomenon – that the majority of mammals and many birds spend some of their time in a seemingly pointless behavior. Based on studies of both free-living and captive animals, play occupies up to 20% of an animal’s daily time budget and up to 10% of their daily energy budget. Given that these figures are for animals in their juvenile period, this implies that these individuals are sacrificing resources that could be channeled into growth. Furthermore, when playing, animals risk making themselves conspicuous to predators and chance injury. Although there is debate about how significant a burden these costs may actually be, there is little doubt that play involves some cost, such as spending less time feeding, and so must also have some compensating benefits – even if these benefits are modest in magnitude.6


Commensurate with the breadth of human imagination, there is a long list of proposed benefits of play. Most are predicated on the view that, because play has no immediate purpose, the benefits are delayed. That is, juveniles play so as to become better adults. Occasionally, scholars have been drawn to the possibility that play may serve to build a better juvenile7 – but this would then imply an immediate function, which creates more problems for the definition of play. To make matters worse, some have posited that in most cases, what is labeled play serves no function whatsoever, be it delayed or immediate. If play is a property of immaturity, then how immature organisms attempt to perform actions may, from an adult observer’s point of view, appear playful. In this scenario, play is an epiphenomenon of processes enacted in the immature stages of development, and it is these processes that need explanation, not the incidental by-products of such processes.8 There is good reason why these views sound confusing and even contradictory to us. Like all biological traits, play has evolved, and evolution is a messy process. The origin of traits need not reflect their current functions, and traits used for one function at a particular time may be co-opted for another function at another time. For example, two adaptations associated with modern birds are long, hollow bones and wings that use feathers as an aerofoil. Yet the origins of feathers pre-date birds – dinosaur ancestors likely used feathers for insulation, not flight, and hollow limb bones seem to have pre-dated even dinosaurs with feathers.9
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