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Abstract 

Primate Cognition in Captivity 

The study of primates in captivity has both advantages and disadvantages.  On the one hand, 

researchers gain excellent experimental control over such variables as the locations and 

timing of stimulus presentations.  In principle, this permits high confidence in claims of 

relations between manipulated variables and responses.  On the other hand, large differences 

in the specific ecologies of captive environments impose constraints on generalization 

beyond the specific laboratories in which animals are tested.  Here, we highlight some recent 

contributions to understanding primate cognition from work in captivity.  We give special 

attention to the value of captive populations for understanding environmental influences on 

cognitive development, which could only have been discovered in captivity primate 

populations.  Primates adapt to the specific ecological circumstances of their direct 

experience, and this flexibility in developmental mechanisms across a range of rearing 

environments is not manifest in any single ontogenetic context, but requires consideration 

across diverse contexts. 
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Introduction 

 In the first edition of this handbook, Messer and Collis (1996) noted the “difficulty of 

disentangling the consequences of biological (genetic) and cultural evolution” (p. 434).  In 

the intervening years, human-centered theoretical approaches have posited a host of allegedly 

human-unique interactive capacities, manifest early in human development, and purported to 

scaffold human-unique social and cultural characteristics.  These include such allegedly 

human-unique capacities as higher-order representation (e.g., Povinelli & Giambrone 2001), 

joint attention (e.g., Tomasello et al. 2007), and imitation (e.g., Subiaul 2016), among others.  

During this same time, however, evidence from the study of captive primates has 

significantly challenged a number of these claims for human cognitive exceptionalism 

 For much of the 20th Century, psychologists believed that principles of learning were 

universal, so that subjects were chosen for convenience, with psychologists intensively 

studying representatives of only a few species, such as the Norway rat (Rattus norvegicus) 

and the pigeon (Columbidae; Beach 1950).  By the 1960s, it had become apparent that the 

behaviour of animals was not entirely attributable to environmental influence; vertebrates are 

not blank slates, infinitely malleable in the face of experience.  In a classic article, Breland 

and Breland (1961) chronicled their failures to extinguish species-typical responses such as 

rooting by domestic pigs (Sus scrofa domesticus) and washing by raccoons (Procyon lotor).  

The Brelands concluded: 

 

After 14 years of continuous conditioning and observation of thousands of 

animals, it is our reluctant conclusion that the behavior of any species cannot be 

adequately understood, predicted, or controlled without knowledge of its 

instinctive patterns, evolutionary history, and ecological niche (1961, 684). 
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Bolles (e.g., 1970, 32) criticized then widely used methods for the study of avoidance 

learning, arguing that they “seem to be totally out of touch with what is known 

about how animals defend themselves in nature.”  Thus, it became apparent that animals in 

the laboratory, even those born and raised in captive environments, nevertheless display 

species-specific propensities to react to some kinds of manipulations, particularly the 

presentation of threatening or aversive stimuli, but also with respect to a wide range of 

behaviors in contexts including foraging, reproduction, and play, among others.  With respect 

to learning and behavior, it is now understood that animals are not blank slates, but bring to 

the laboratory behavioral tendencies that have been shaped by natural, and in some cases, 

artificial selection. 

 In recent decades, however, many cognitive scientists and comparative psychologists 

have interpreted the behavior of captive primates as entirely the product of evolutionary 

selective pressures, often ignoring individual learning experiences entirely (e.g., Bard and 

Leavens 2014).  Thus, in the last century, the pendulum has swung from complete disregard 

of evolutionary history to a virtually complete disregard for developmental history, to the 

detriment of our understanding of the full suite of influences on assessments of cognitive 

capacity.  Here we will introduce the primates, clarifying their special relevance to human 

cognition, catalogue some of the advantages and disadvantages of studying primates in 

captive environments, and identify a number of contemporary examples of integrated 

evolutionary and developmental accounts of primate cognition. 

 

Primates 

 Primates comprise an order of mammals that includes humans (Homo sapiens and a 

number of extinct hominids), great apes (Hominoidea), gibbons and siamangs, the so-called 

lesser apes (Hylobatidae), Old World monkeys (Cercopithecoidea), New World monkeys 
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(Platyrrhini), galagos (or bush babies) and lorises (Lorisiformes), lemurs (Lemuriformes), 

and tarsiers (Tarsiidae).  Near-universal traits of primates include forward-facing eyes 

producing enhanced binocular vision, relative to many other mammals; fingers with nails, 

rather than claws; opposable thumbs; relatively long juvenile periods of development; and 

relatively large brains.  Primates display a diverse array of lifestyles, from ground-dwelling 

diurnal lemurs, baboons, and gorillas to arboreal nocturnal bushbabies (Galagidae), lorises 

(Loridae), and tarsiers.  Primates also display a range of dietary adaptations, from herbivores 

(e.g., gorillas—Gorilla gorilla sspp.), to frugivores (e.g., owl monkeys—Aotidae; 

orangutans—Pongo sp.), folivores (leaf-eating--e.g., the Colobinae, including Asian 

langurs—Presbytis sp., and the odd-nosed monkeys, such as Rhinopithecus sp. and Nasalis 

larvatus; African colobine monkeys—Colobus sp.; and South American howler monkeys—

Alouattinae), to opportunistic carnivores (e.g., chimpanzees, Pan troglodytes), to insectivores 

(e.g., tarsiers and aye-ayes—Daubentonia madagascariensis), to gummivores (specializing in 

eating tree sap—e.g., marmosets--Callitrichidae).   

 Primates are thought to have emerged in the Cretaceous, roughly 80 to 120 million 

years ago (mya), although it has been noted that this is a minimum age, and biogeographic 

analyses are compatible with a Jurassic origin, as early as 180 mya (Heads 2010).  With such 

deep evolutionary roots, primates have greatly diversified and now occupy habitats as varied 

as primary and secondary rainforest, temperate forests, savannah, and even high, montane 

forests.  They display a great variety of social structures from solitary to large groups with 

frequent fission-fusion of sub-groups, although the core developmental social unit is typically 

the mother with her youngest offspring.   

 

Primates in Captivity 
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 Due to the close genetic similarity between other primate species and humans, 

primates have been used intensively in the biomedical sciences, and large populations still 

exist in these facilities.  In addition, primates are popular zoo animals, drawing large crowds, 

and their use in entertainment extends to film and advertising.  Although sharply dwindling in 

numbers in recent times, there are still many primates in private ownership in households 

across the world.  Sanctuaries have begun to increase in number and size, housing primates 

that have been retired from their use in biomedical research or the entertainment industries, 

released from private pet ownership, or rescued from illegal bushmeat hunting activities.   

 Captive primate populations are dominated by a few species: marmosets, squirrel 

monkeys (Saimiri sp.), capuchin monkeys (Cebus/Sapajus sp.), rhesus monkeys (Macaca 

mulatta), and chimpanzees (Pan troglodytes) are among the most frequently studied animals.  

In the biosciences, in addition to basic science on physiology and neuroscience, primates are 

important animal models for a large number of human diseases and other afflictions (Bourne 

1973; Friedman et al. 2017; Sabin 1957).  For cognitive scientists, their large brains and 

similarities with humans in basic anatomy (e.g., five fingers, high reliance on visual 

processing) make primates valuable test subjects in cognitive studies.  However, their long 

lifespans, with extended juvenile periods, sharply limit experimental control over learning 

experiences—that is, primates tend to far outlive the specific aims of particular researchers in 

cognition, and therefore the primates bring experiences and interpretations to any given study 

that are not well-controlled.  Due to their long lifespans, nonhuman primates in captivity are 

also frequently subject to multiple uses by different researchers with both similar and 

dissimilar research questions, leading to vulnerability of these populations to poorly 

documented interference effects, where previous training and testing can influence future 

performance.   

 



7 
 

Internal Validity and Captive Primates   

 This lack of control over learning histories has a particularly large impact on the 

internal validity of studies of long-lived primates, such as the great apes, who can live to 50 

or 60 years and beyond; even rhesus monkeys and baboons can live well into their 30s, in 

captivity.  Internal validity is the level of confidence that researchers have that their 

manipulations of an independent variable are responsible for changes in the dependent 

variable (the response that is measured).  Ideally, if all possible confounding variables are 

randomly distributed or held constant, except the one that is manipulated, then researchers 

can have a high degree of confidence that their manipulated variable is the explanation for 

any systematic differences in the response variable.  However, due to the long lives of captive 

primates, in practice it is next to impossible to control every possible confounding variable in 

learning and other cognitive assessments.  Internal validity therefore tends to be relatively 

low for any one study, but subsequent research usually chips away at the typically large 

number of confounding variables as a domain receives more research attention.   

 For example, Call and Tomasello (1999) reported that great apes were less likely than 

human children to discern false belief in others, and concluded that humans had an 

evolutionarily based cognitive specialisation for discerning false belief.  An implication of 

their conclusion is that their research design was sufficiently powerful as to isolate all lurking 

variables except species classification, so that differences in evolutionary history could be 

confidently evoked in explaining the different response propensities of the great apes and the 

human children.  As this chapter is written, this study has been cited over 500 times, usually 

in support of the idea that humans have a unique cognitive capacity to discern false beliefs in 

others.  However, close inspection of that study reveals that (a) the great apes were 

significantly older than the human children (age confound); (b) the great apes experienced 

different training protocols (procedural confound); (c) the great apes were tested in radically 
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different physical circumstances, viz., in cages, whereas the human children were not caged 

(testing environment confound); (e) the great apes were sampled opportunistically, whereas 

the human children were recruited through advertisements (sampling protocol confound), and 

(f) the human children and the great apes were not matched on pre-experimental learning 

opportunities (confound in degree of task-relevant preparation; see Leavens in press; Leavens 

et al. 2017; Thomas et al. 2008).  Thus, rather than controlling all variables except species 

classification, in fact, this study contained numerous factors that were systematically 

confounded with species membership.  It is, therefore, logically impossible to relate the 

different response profiles of the ape and human groups to their evolutionary histories.  

Indeed, subsequent research revealed that captive great apes do, under different experimental 

circumstances, discriminate false beliefs in others, in their anticipatory looking behaviour 

(Krupenye et al. 2016—and, of course, theory of mind was first experimentally studied in a 

chimpanzee: Premack and Woodruff 1978).  This example highlights a widely recognized, 

yet also widely ignored dictum: absence of evidence does not constitute evidence of absence 

(see Leavens in press; Leavens et al. 2017 for extended discussion of how contemporary 

research practices are biased against nonhuman primates).   

 An alarming response to these multitudinous lurking variables has arisen in 

contemporary research on captive primates.  Increasingly, scientists have adopted a tactic of 

minimising readers’ attention to these confounding variables.  Consider an influential paper 

by Herrmann and her colleagues (2007), published in the journal, Science.  The researchers 

administered a battery of tests of physical and social cognition to 106 chimpanzees living in 

two sanctuaries in Uganda and Republic of Congo, respectively, and to 105 German children.  

All 106 chimpanzees were older than all of the 105 human children—there was no overlap in 

age between the two groups.  Whereas the human children were all within 2 months of 2.5 

years, the youngest chimpanzee was 3 years old and the oldest 21 years old, with a mean of 
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10 years.  Even the average age of the chimpanzees (adolescents) represented a qualitatively 

different stage of life, compared to the human children (toddlers).  Thus, in all measures in 

which the apes performed differently from the human children, it is ambiguous whether they 

did so because of their evolutionary histories, as the authors claimed, or because they were 

sampled at incommensurate stages of life.  Yet, no discussion of this interpretive limitation 

was provided in this paper.  Even a prominent critique of this paper failed to mention the 

incommensurate ages of the chimpanzee and human groups (de Waal et al. 2008).  The 

failure to control for life history stage when comparing great apes with humans is widespread 

and long lasting—even the famous direct comparison between an infant human and an infant 

chimpanzee by Kellogg and Kellogg (1933) only matched them to within 2.5 months.   

 As noted by Bard and Leavens (2014), it is “a surprisingly uncommon practice, to 

consider the effects of development (especially, developmental experiences or rearing) in 

describing the capacities of apes, our closest evolutionary relatives” (p. 194).  A significant 

body of theory has been produced in the last 30 years purporting to explain human 

developmental milestones (e.g., joint attention, imitation, false-believe understanding, and so 

on) as consequences of evolutionary cognitive adaptations unique to our species, yet based on 

comparisons of young humans with much older great apes.  Figure 26.1 depicts the lack of 

overlap in age in ten recent ape-human comparisons.  In all 10 of these experiments, the 

differences reported between the humans and apes were interpreted as reflections of 

evolutionary processes that allegedly led to human cognitive specializations.  But as Figure 

26.1 makes clear, it could be the case that the performance differences are attributable 

entirely to the incommensurate life history stages at which the apes and humans were 

sampled.  Ironically, many contemporary theories in human developmental psychology reject 

explanations grounded in developmental processes in favor of evolutionary processes to 
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account for such developmental milestones as imitation, joint attention, theory of mind, and 

collaborative activity (Bard and Leavens 2014). 

 As observed by Leavens and his colleagues (2017), most direct ape-human 

comparisons also do not administer the same procedures to the humans and the apes—close 

reading of any of the sources listed in the caption for Figure 26.1 will amply support this 

claim.  Moreover, very few captive primates experience anything like the pre-experimental 

learning opportunities of human children—there is a systemic lack of matching across apes 

and humans in the level of preparation for many tests of cognitive performance.  Essentially 

all performance differences between captive primates and human children are widely 

attributed to hypothetical differences in evolutionary histories rather than the manifestly 

obvious differences in developmental experiences.  These failures to hold ape-human 

comparisons to even minimal standards of experimental and interpretive rigor are, 

unfortunately, widespread in the contemporary literature on comparative cognition (see 

Leavens in press and Leavens et al. 2017, for elaboration).   

 When subjects are adult primates, there are increased challenges posed for 

interpretation of experimental findings.  If researchers document a theoretically relevant 

discrimination in elderly subjects, then they face a “black hole” of several decades’ duration 

of their own ignorance of the potentially task-relevant life experiences of these same animals.  

Control over pre-experimental learning is, in general, a strong advantage of laboratory studies 

over observations or experiments conducted in the wild, but the long, often poorly 

documented life histories of captive primates undermine this advantage substantially, 

considered in relation to more short-lived test subjects, such as pigeons or rodents.  The 

consequence of this lack of control over life experience is that many laboratory studies of 

primate behavior constitute ethological observations on animals raised in non-natural 

environments, rather than true experimental protocols (see, esp., Boesch 2007).  This point is 



11 
 

widely under-appreciated in the contemporary literature: on the one hand, laboratory 

researchers tend to inflate the confidence with which they can state that the animals’ current 

reactions to an experimental manipulation are not influenced by their past experiences, often 

ignoring during interpretation the potential effects of undocumented life experience on adult 

performance (for discussion: e.g., Bard & Leavens 2014; Leavens in press; Leavens et al. 

2017), whereas, on the other hand, ethologists tend to reject the relevance of captive studies 

for understanding the range of ontogenetic adaptability of primates, citing a lack of ecological 

validity in captive studies, and sometimes even rejecting captive studies of primate cognition 

entirely (e.g., Boesch 2012).   

 Underlying these two extreme perspectives (viz., the often implicit assumption that 

the developmental experiences of captive animals are irrelevant to current laboratory tasks vs. 

the notion that the study of captive animals is uninformative) is a common, yet false 

assumption: the assumption that the humans who have defined typical profiles for cognitive 

development have been raised in “natural” circumstances, that what humans do—regardless 

of environmental context—is “natural” for our species.  In fact, because our understanding of 

“human” cognitive response profiles is massively skewed towards Western populations—

populations that are born and raised in postindustrialized environments without historical or 

prehistorical precedent—Western scientific ideas about what is “natural” or typical in human 

development are proportionately skewed, hence wildly inaccurate (Henrich et al. 2010; 

Nielson et al. 2017).  In recent years, one effect of these incorrect presumptions on 

comparative psychology has been the accumulation of numerous empirical reports of 

behavioral response tendencies in captive primates, raised in artificial circumstances, that 

differ from those of humans who have also been raised in artificial (albeit qualitatively 

different) rearing environments.  Ironically, these reports have been rejected by some 

researchers because the apes have been raised in artificial, unnatural rearing environments 
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(e.g., Boesch 2012), and yet trumpeted by other researchers as evidence for human species-

specific cognitive adaptions under the dubious, usually implicit assumption that children 

raised in historically novel Western European postindustrialized societies have nevertheless 

been raised “naturally” (i.e., that postindustrial societies are representative of our 

environments of evolutionary adaptedness, e.g., Herrmann et al. 2007).   

 In terms of internal validity, then, studies of captive primates almost never achieve the 

same levels of confidence in the relationships between manipulated variables and subjects’ 

responses that can be achieved by studying organisms with much shorter lifespans.  

Uncontrolled pre-experimental history is a chronic lurking variable in studies of captive 

primates, but as we have seen, this endemic uncertainty extends also to representatives of our 

own species—it is never the case that human participants are randomly selected from across 

the globe, nor is it usually case that human participants are ever randomly assigned to 

treatment conditions from birth.  Instead, we sample from particular populations which, in the 

majority of cases, are notably unrepresentative of our species either contemporaneously or in 

historical perspective.  In relation to the study of other taxa, studies of primates in captivity 

often suffer from a lack of internal validity, due to uncontrolled pre-experimental learning 

histories.  In comparison with our understanding of human cognitive development, however, 

post-hoc studies of captive primates are not methodologically inferior to studies of human 

children in this regard, notwithstanding that confidence in internal validity is often over-

stated in contemporary comparative research (Leavens et al. 2017).  Thus, in some respects, 

our understanding of how human cognitive development compares with other primates has 

been misdirected towards theoretical models that invoke human exceptionalism, since the 

first edition of this Handbook (Lock and Peters 1996).  For beginning researchers, however, 

the present state of affairs offers substantial opportunities for original research into 
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developmental processes, applying some of the advantages of studying primate behavior in 

captivity. 

 

External Validity and Captive Primates 

 External validity refers to the degree of confidence with which a scientist can 

generalise from their sample of subjects or participants to the population at large.  In 

psychology, today, there is an emerging awareness, is that systematic sampling bias over 

many decades has led to a situation in which what we consider to be typical cognitive, 

emotional, and moral development in our species is overwhelmingly biased towards what is 

typical for an unrepresentative subset of humanity: educated, wealthy, young people of 

primarily European descent (Henrich et al. 2010; Nielson et al. 2017).  It has, thus, become 

increasingly appreciated that results from biased sampling of representatives of our own 

species are not generalizable to the human species at large; a very large proportion of 

mainstream psychological research lacks external validity.  Similarly, primates in captivity 

occupy often radically different environments, even within the same species, and this limits 

external validity.   

 Historically, primates in captivity were sampled directly from wild habitats and 

brought into captivity, subsequently being distributed into biomedical or behavioral research 

laboratories, the entertainment industry, including zoos and circuses, and exotic pet 

distribution networks.  From about the middle of the 20th Century, a number of trends have 

significantly altered the processes of acquisition and distribution of primates into various 

captive environments.  For example, trade in wild primates began to be increasingly restricted 

in many countries, biomedical use of some primates (especially great apes) has declined 

significantly, zoos are increasingly moving away from a focus on entertainment and adopting 

conservation and education missions and outlooks, and private pet ownership has declined 
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significantly in much of the world.  These large-scale changes make it difficult to generalize 

even within different captive environments for two reasons: (a) there is considerable diversity 

in the specific captive environments in which nonhuman primates are housed, and (b) this 

diversity in captive environments is, itself, in flux (e.g., Call and Tomasello 1996; Leavens et 

al. 2009).  Individual captive primates can undergo significant changes in ecological 

circumstances.  For example, Leavens worked closely during the 1990s with Sparkle, a 

female chimpanzee who was born in the wild, taken into captivity where she spent years as a 

performing chimpanzee in a circus, then transferred to biomedical research center where she 

spent the rest of her life.  For another example of a complex life history trajectory, Lucy, 

another female chimpanzee, was born in a research facility in the United States, adopted into 

a human family as a newborn, and then sent, as an adolescent, to a sanctuary in Gambia, 

where she struggled to adapt to these straitened circumstances, and died relatively young 

(Fouts 1997; Temerlin 1976).  Even within the same facility, nonhuman primates can 

experience radically different rearing circumstances, depending upon whether they are raised 

in standard nursery conditions, raised in captivity by their mothers, or hand-reared by humans 

until they can be re-introduced to their conspecific groups. 

 If we take nursery environments in biomedical centers in the US as an example, we 

can easily demonstrate that these environments differ within the space of our own careers.  

Through the early 1980s, chimpanzees at the Yerkes Great Ape Nursery were housed in 

groups of 2 or 3 individuals, living in single or double cages (e.g., Bard and Nadler 1983).  

Two or three times a week, 1- to 3-year-old chimpanzees were allowed to play together in a 

group of 4-6 individuals in a group play room for up to 3 hours. Primary concerns of care 

staff revolved around physical health, but they also monitored the peer bonds.  Cagemates 

were occasionally changed, if the veterinary staff felt that bonds were becoming too close.  

By the late 1980s, the physical and social conditions of the standard nursery were renovated.  
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Newborns were placed in heated incubators, groups of four to six same-aged peers were 

formed within the first months of life, and only the youngest individuals remained in cages.  

As the chimpanzees grew, their living quarters increased in size, up to triple cages when 

infants were less than a year.  When apes were older, they graduated to living in together in 

large rooms, and were taken outdoors in large group enclosures, daily, weather permitting, 

where care staff would play with them for about an hour a day (Bard and Gardner 1996).  The 

ethos of this standard nursery environment was that the chimpanzee would learn all their 

“chimp” skills from each other; people provided food, transport, and health checks.  In 1990, 

Bard (1996) designed the Responsive Care nursery, where for 4 hours per weekday in the 

first year of life, infants experienced continuous cradling contact with at least one specially 

trained researcher.  In the Responsive Care nursery, researchers provided care that nurtured 

infants, developing motor performance, species-typical chimpanzee communication and 

social skills, and independence (Bard 1996; Bard et al. 2014a).  The Yerkes Great Ape 

Nursery was shut down in 1995.  In this short 15-year period, there were historical changes in 

the caregiving ethos, there were practical changes in the physical environment, changes in the 

size and composition of groups, and changes in the philosophy of interactions between 

human caregivers and chimpanzee infants (van IJzendoorn et al. 2009).  Therefore, even 

chimpanzees that were nursery-raised at Yerkes received substantially different experiences 

in 1980, 1987, and 1994, for example.  These early experiences have been linked with 

differential outcomes during infancy and into adulthood, in brain as well as behavior (Bard et 

al. 2011; Bard et al. 2014b; Bard and Hopkins 2018; Clay et al. 2015, 2017; van IJzendoorn 

et al. 2009). 

 Furthermore, although humans are involved in care in all captive environments, the 

amount and quality of that contact varies substantially.  In some zoos and some sanctuaries, 

apes receive very little contact with humans, and the interactions can focus around providing 
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food and health checks, whereas in other zoos and sanctuaries, the apes can receive high 

quality interaction with caregivers for many hours each day.  Part of the difference, 

undoubtedly, is the age of the apes, with younger individuals more likely to receive more and 

higher quality care.  In the biomedical laboratory nurseries in the 1980s and 1990s, there was 

typically no more than 60 minutes of human contact in a 24-hour day (Bard et al. 2014b; 

Bard et al. 2011).  In contrast, in some captive environments, such as the ape-language 

studies, apes can be raised in human homes, as one of the family, with up to 24 hours of 

human contact per day (Fouts 1997; Gardner and Gardner 1998; Kellogg and Kellogg 1933). 

Thus, captive facilities lack external validity in relation to wild habitats, but these facilities 

also often lack external validity in a large number of qualitatively different, often 

idiosyncratic ways to other captive environments.  Results from behavioral assays in captive 

primate populations do not necessarily generalize to wild populations, and results gathered in 

captive primate environments do not necessarily generalize to wild environments.   

 An example of constraints on generalizability within the same species is depicted in 

Figure 26.2.  As depicted in the figure, the incidences, contexts, comprehension of, and 

anatomical form of pointing vary systematically across different groups of chimpanzees; yet 

chimpanzees are all sampled from—to a first approximation—the same gene pool.  This 

illustrates not only that captive chimpanzees differ systematically from wild chimpanzees, but 

also that different captive rearing experiences are associated with different signalling 

behavior in this species.  Thus, one cannot generalize from studies of captive chimpanzees to 

wild chimpanzees, and also one cannot generalize from the behavior of institutionalized 

chimpanzees to enculturated chimpanzees.  

 Another example of systematic effects of rearing history on behavior is depicted in 

Figure 26.3.  As reported by Lyn and her colleagues (2010), institutionalized apes performed 

more poorly in a test of pointing comprehension, compared to enculturated apes.  In yet 
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another example of the effects of different rearing conditions on behavior, Itakura et al. 

(1999) reported that Peony, a home-raised (enculturated) chimpanzee, successfully used 

human gaze cues to locate hidden treats in 96 consecutive trials out of 96—a sustained, 

perfect performance—yet these authors concluded that chimpanzees have “difficulties in 

using the simple gaze direction cue” (p. 455), because the average group performance level 

was not statistically different from that expected by random chance.  As Leavens (2014) 

noted, this conclusion is significantly challenged when one realizes that the chimpanzees in 

this study did not have equal opportunities to have learned to read human communicative 

cues.  In fact, two of the chimpanzees had been cross-fostered by humans when they were 

very young, and when the data are correctly analysed controlling for this differential exposure 

to human conventions of nonverbal signaling, then the two cross-fostered apes performed 

both significantly above chance and significantly better than the institutionalized apes.  

 Thus, not only do we have a diversity in specific ecological circumstances across the 

ranges of wild primates (Whiten et al. 1999), we also have a diversity of developmentally 

pertinent captive primate environments, and this diversity is only beginning to be 

systematically explored (e.g., Bard and Hopkins 2018; Bard et al. 2014b; Leavens et al. 2010; 

Lyn et al. 2010; Rosati et al. 2013; Russell et al. 2011; Taglialetela et al. 2012).  Therefore, as 

this chapter is written, there is tremendous opportunity to harvest important information 

about ecological effects on cognitive development across the range of captive ecological 

circumstances.  That is, it is the very lack of external validity inherent in any specific captive 

context that permits a heretofore underutilized, but promising avenue of investigation into 

cognitive development across these diverse ecologies, in much the same way this cross-site 

perspective has been exploited to great effect across wild primate populations (e.g., van 

Schaik et al. 2003; Whiten et al. 1999).  This brings us to a particular topic that has received 

wide contemporary attention: the issue of the ecological validity of captive studies. 
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Ecological Validity and Captive Primates 

 Ecological validity is a term that has distinct and incommensurate definitions.  

According to Hammond (1998), in the early to mid-20th Century, ecological validity referred 

to the fidelity with which immediate environmental cues represented the state of the world 

outside the immediate perceptual field of an observer, or as Hammond put it: “ecological 

validity refers to the potential utility of various cues for organisms in their ecology (or natural 

habitat).”  Thus, for example, a study by Semple, McComb, Alberts, and Altmann (2002), 

reporting that female yellow baboon (Papio cynocephalus cynocephalus) copulation calls 

encoded information about their proximity to ovulation, is an example of a study of the 

ecological validity of signaling cues.  However, in the contemporary psychological literature, 

pertaining especially to comparative cognition, this usage of the term is almost never found.  

Rather, ecological validity is often taken to mean that captive environments cannot 

adequately mimic the complexities of wild environments.  While this is usually true, here we 

will note that the study of primates in captive environments has significant scientific potential 

that is often overlooked in contemporary discussions of different cognitive capacities.   

 Ecological validity, as the expression is commonly used, is the extent to which results 

in the laboratory are congruent with results outside the laboratory; thus, ecological validity is 

concerned with environmental influences on response patterns; this can be viewed as a 

specific sub-type of external validity.  Boesch (2012), for example, has rejected captive 

environments for the study of some aspects of social cognition in chimpanzees: “’Ecological 

validity’ in captive conditions is a central limitation and makes the use of captive studies very 

unsatisfying for studying such complex social behavior as cooperation, altruism, and 

reciprocity” (2012, p. 494).  Boesch’s point is legitimate insofar as captive environments 

rarely offer the kinds of learning opportunities afforded by wild environments; however, we 
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note that captive members of all species are representative of how those individuals can 

adapt, ontogenetically, to captive environments.   

 Captive environments, thus, exemplify one kind of perturbation study, a classic 

scientific approach to understanding development in both comparative psychology and in 

ethology.  In perturbation studies, scientists alter elements of the rearing environment, 

looking for effects on species-typical behavior.  For example, the Nobel-prize-winning 

ethologist Konrad Lorenz raised Greylag geese (Anser anser) in experimentally manipulated 

captive circumstances to explore their imprinting (attachment) behavior, demonstrating that 

the goslings latch onto and follow the first moving object they see upon hatching (1937).  As 

he put it, “[i]f we raise a young bird in strict isolation from its kind, we find very often that 

some or all of its social reactions can be released by other than their normal object” (Lorenz 

1937, 262-263).  Thus, his environmental manipulations revealed a tightly canalized 

developmental system in geese that was, nevertheless, triggered by environmental 

stimulation.  More generally, perturbation studies can provide measures of the sensitivity of 

developmental systems to environmental manipulation (an approach Boesch endorses later in 

his 2012 article), giving researchers insight into the range of flexibility in various behavioral 

systems of interest.  Perturbation studies can yield insight into cognitive processes across a 

range of environments: systematic differences between captive and wild members of the 

same species are clues to those aspects of the environment that matter to the development of 

typical behavior in organisms both in captivity and in the wild. 

 An example of the power of cross-environment comparison can be seen in the 

distribution of the production and comprehension of pointing by chimpanzees.  Pointing in 

humans has, historically, been taken by theorists to index allegedly human species-unique 

cognitive adaptations for reference (Butterworth 2003), for shared intentionality (Tomasello 

et al. 2005), and for “Vygotskian intelligence,” an alleged cognitive adaptation for 
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cooperation (Moll and Tomasello 2007), among others.  Different populations of 

chimpanzees display different propensities to point (Figure 26.2): in the wild, pointing is 

extremely rare, but has been observed (Hobaiter et al. 2014); among institutionalized 

chimpanzees (for example, chimpanzees in research laboratories and zoos), approximately 

half of the animals point to desirable objects when presented outside their enclosures (e.g., 

Leavens et al. 2004a, 2015); finally, 100% of enculturated chimpanzees (e.g., language-

trained chimpanzees) point (Leavens and Hopkins 1999; Leavens et al. 2010).  Thus, when 

chimpanzees are intensively exposed to human cultural conventions of deictic signaling, they 

universally display those communicative behaviors, pointing with their index fingers to 

request objects, to inform others, and to “comment” on events that occur in their proximity 

(reviewed by Leavens and Bard 2011).  Therefore, the use of deictic gestures among 

chimpanzees is sensitive to the influence of early rearing environment—this conclusion 

follows from its extremely variable expression across representative chimpanzees sampled 

from different rearing experiences: all of these animals are sampled from the same gene pool, 

yet their pointing behavior varies systematically in frequency of occurrence, in anatomical 

form, and in function as a consequence of different rearing environments.   

 This sensitivity to environmental influence has numerous implications for 

understanding cognitive development, both in chimpanzees and, potentially, in humans.  

First, the former view of pointing, or referring to things with gestures—that it reflects a 

human-specific cognitive adaptation that prepares human children for linguistic reference 

(Butterworth 2003)—is significantly challenged: if pointing derives from our evolutionary 

adaptations for linguistic reference, then why do apes point in the absence of the ability to 

speak?  Clearly, there is a developmental pathway towards pointing that is universally 

displayed by our nearest living relatives, the great apes, in certain captive environments, and 

which cannot derive from neurocognitive adaptations for speech (e.g., Figure 26.2; Leavens 
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2004; Leavens et al. 2005, 2010).  This pattern suggests that there are some environmental 

factors that facilitate pointing in great apes, and that these factors are largely absent from 

their wild environments (Hobaiter et al. 2014, and see next section, below).  Second, if the 

pointing gesture is so variable in incidence, function, and form between groups of apes that 

are sampled from the same gene pool, but experience radically different early rearing 

histories, then this raises significant questions about the degree to which it is plausible to 

portray pointing in humans as a species-specific biological adaptation—this has particular 

relevance to our understanding of the emergence of pointing in our own species.  It may be, 

for example, that pointing emerges in certain heritable ecological niches (what we term a 

Referential Problem Space), and therefore constitutes an ontogenetic adaptation to aspects of 

directly experienced developmental contexts, to which aspects hominoids will also adapt 

similarly when exposed to them, especially early in development (e.g., Leavens 2004; 

Leavens et al. 2005, 2008). 

 It is therefore important to bear in mind that there is more to scientific value than 

ecological validity.  Important insights into developmental processes can be gained from 

perturbations of typical development, both in nonhuman primates and in human primates; 

indeed, across the entire animal kingdom.  In much the same way that the typical 

development of children raised in postindustrial societies can lead researchers badly astray to 

the point of misidentifying unrepresentative patterns of development as human universals, 

even human adaptations, so can exclusive reliance on developmental patterns of nonhuman 

primates in wild populations lead researchers to erroneous conclusions about whether any 

given pattern of development is an ontogenetic or an evolutionary adaptation to a particular 

set of ecological features.  Tinbergen (1959) cautioned against the automatic assumption that 

all patterns of behavior observed in wild populations constituted evolutionary adaptations 

when he wrote that there “is no reason to suppose that behaviour characters have been subject 
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to selection to a greater extent than any other character; the ethologist’s high regard for the 

influence of selection is due to his [or her] characteristics rather than to those of the material” 

(p. 329).  Thus, nonhuman primates in captive environments have immense potential to 

illuminate environmental influences on development.  As depicted in Figure 26.2, primates in 

captivity are sampled from the same gene pool as their wild conspecifics, and therefore any 

systematic differences in developmental or adult behavioral patterns between captive and 

wild primates necessarily implicate environmental influences on developmental processes. 

 

Contributions of Captive Primates to Our Understanding of Cognition 

 Since the first edition of this handbook, in 1996, significant advances have been made 

in our understanding of the competencies of nonhuman primates, and these insights would 

not have been possible without access to captive primate populations.  Table 26.1 lists a 

number of capabilities that were not well-established at the time of the publication of Lock 

and Peters (1996).  There is a vibrant contemporary literature, for example, on metacognitive 

processes in nonhuman primates (e.g., Beran et al. 2013; Rosati and Santos 2016; Smith 

2009; Smith et al., 1997).  Beran et al. 2013 reported that three symbol-using chimpanzees, 

Lana, Sherman, and Austin, when they were ignorant of an opaque container’s contents, 

tended to physically locomote some distance in order to identify the contents of this container 

before returning to a symbol keyboard to select the corresponding symbol, but when they 

knew the contents of the container, they tended to forgo this extra travel to verify the contents 

(see Figure 26.4).  It was not well-established in the mid-1990s that animals could act as 

though they were monitoring their own levels of certainty, although since then the basic 

finding has been extended to several primate and non-primate species (see, e.g., Smith 2009 

for review). 
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 Another area of primate cognition that has changed substantially since the mid-1990s 

is the study of gestural communication.  In the original Handbook, Lock and Peters (1996) 

devoted slightly more than one column on one page to the subject of “Gestural, Referential 

Communication” (p. 387). With the advent of relatively inexpensive and portable video 

recording equipment, the study of visual communication in primates has intensified 

substantially in recent years (e.g., Slocombe et al. 2011).  For example, despite many claims 

to the contrary that existed at that time, it has now been well-demonstrated that great apes in 

captivity point to items in their environment (e.g., Call and Tomasello 1994; Leavens and 

Hopkins 1998; Leavens et al. 1996; Roberts et al. 2014).  At the time of publication of the 

previous edition of this handbook, it was widely believed that pointing was species-specific 

to humans (e.g., Butterworth 2003) and that pointing indexed uniquely human cognitive 

abilities (e.g., Povinelli et al. 2003). Work with captive primates in the last few decades has 

significantly challenged these theoretical assumptions.  Again, contrary to one prominent 

claim (“there is not a single reliable observation, by any scientist anywhere, of one ape 

pointing for another,” Tomasello 2006, p. 507), ape-ape pointing has now been observed both 

in captivity (Pele et al. 2009; Savage-Rumbaugh 1986) and in the wild (Douglas and 

Muscovice 2015; Hobaiter et al. 2014; Veà and Sabater-Pi 1998); these findings suggest that 

when apes find conspecific pointing to be effective, they will use the gesture.  Moreover, 

there are now numerous observations of pointing in monkeys (e.g., Hess et al. 1993; Meunier 

et al. 2013; Mitchell and Anderson 1997).  Taken together, these findings authorize a 

reconsideration of our scientific understanding of human pointing.  Specifically, it might be 

the case that pointing does not signify higher-order representational capacities or uniquely 

human motivational processes in human infants, as is commonly believed (e.g., Carpenter 

and Call 2013; Tomasello et al. 2007), but, rather, general principles of operant learning 

applied to particular ecological circumstances during development (e.g., Leavens et al. 2005; 



24 
 

Moore and Corkum 1994).  Taken together, these emerging findings are consistent with the 

speculations of Lock and Peters (1996) that “the abilities underlying referential, gestural 

communication have a deep phylogenetic history, and effectively pre-adapted hominids for 

the elaboration of sophisticated communication systems” (p. 387)1.  

  Recently, it has been reported that another allegedly human-unique competency is 

also displayed by nonhuman primates: neonatal imitation.  In neonatal imitation, newborns 

respond to demonstrations of certain facial gestures (e.g., tongue protrusions, mouth opening) 

with the same facial gestures (e.g., Figure 26.5).  Originally reported in humans by Meltzoff 

and Moore (1977), neonatal imitation was long viewed as evidence for a human unique 

prosocial adaptation.  The emerging evidence of neonatal imitation by chimpanzees (Myowa-

Yamakoshi et al. 2004; Bard 2007) and by rhesus macaques (Ferrari et al. 2006) now 

demonstrates that this capacity is not unique to humans, and therefore researchers interested 

in the biological preparedness of infants for social engagement must substantially 

accommodate their theoretical models to account for this apparently phylogenetically 

primitive primate trait. 

 Another area of significant advance in recent years, since the publication of the 

original Handbook (Lock and Peters 1996) has been the growing evidence for voluntary 

control over calling behavior, especially in great apes (e.g., Hopkins, Taglialetela, and 

Leavens 2007, 2011; Slocombe et al. 2011).  It has long been believed that, among primates, 

humans uniquely display voluntary control over vocal2 and other calling behavior.  Yet this 

picture has been overturned by a host of recent findings from captive primates, including the 

demonstrations (a) that apes use auditory signals to capture attention before signalling 

visually (Hopkins et al. 2007; Hostetter et al. 2001; Leavens et al. 2004b), (b) social learning 

of particular calls by chimpanzees (Taglialatela et al. 2012); (c) the mimicry of whistling by 

an orangutan named Bonnie (Wich et al. 2008), among others.  These findings significantly 
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challenge theoretical models of the origins of language that rely upon the assumption that 

voluntary control of vocal signalling emerged uniquely in the human lineage (e.g., Leavens 

2003; Taglialatela et al. 2015).   

 Other recent findings from the study of captive primates have had profound impact on 

claims of human cognitive exceptionalism.  For example, whereas one prominent theory of 

human exceptionalism emphasized an alleged human-unique capacity for altruistic 

cooperation (e.g., Tomasello et al. 2007), more recent work with captive apes suggests that 

this is not a categorical distinction between humans and the other apes (e.g., Warneken et al. 

2007).  Again, where once it was thought that only humans have a capacity for discriminating 

false beliefs in others (e.g., Call and Tomasello 1999), more recent work demonstrates such 

discriminations in great apes (Krupenye et al. 2016).  Another important recent finding from 

the study of captive primates is that chimpanzees develop and transfer traditions, adopting 

particular kinds of solutions to problems from observing conspecifics, and then transmitting 

these traditions to others (e.g., Whiten et al. 2005, 2007).   

 In addition to the foregoing areas of research, with the advent and continuing 

development of in vivo imaging techniques applied to captive populations for which there are 

deep and detailed behavioral and developmental profiles, a new era of brain-behavior 

relations has emerged in the last 20 years (e.g., Bard and Hopkins 2018; Hopkins and Phillips 

2016).  Parallel developments in genomics offer substantial promise for a revolution in 

integrated analyses of neural, genetic, and environmental influences on cognitive 

development (e.g., Hopkins and Latzman 2017). 

 

Conclusion 

 The study of primates in captivity offers researchers particular opportunities and 

particular challenges.  Opportunities include often outstanding and reliable access to primate 
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behavior, significant ease in the development and administration of experimental protocols 

designed to assess cognition, and, in principle, at least, if not as often in practice, the ability 

to confidently attribute systematic primate responses to experimentally controlled 

manipulations, or internal validity.  Challenges include the systemic lack of control over pre-

experimental experiences in such long-lived organisms and the corrosive effects on internal 

validity of poorly designed comparisons between primates and humans.  Captive primates are 

genetically representative of their wild conspecifics and therefore offer scientists tremendous 

opportunities to identify environmental effects on cognitive development, protecting against 

potentially misleading assumptions that confuse ontogenetic effects with biological 

adaptations.  Primates in captivity are an essential tool in the arsenal of behavioral science.   
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Footnotes 

1One theoretical response to the now well-established fact that great apes point to request 

things, in some circumstances, has been to argue that pointing to request (imperative 

pointing) indexes a generalized hominoid (apes plus humans) psychological capacity, but that 

pointing to “comment upon” or to “inform another” about the state of world (declarative 

pointing) indexes a human species-unique understanding of the gesture as a manipulation of 

others’ mental states (e.g., Tomasello et al. 2007).  Space limitations here do not permit a full 

exegesis of this debate, but here we note that (a) a declarative is, properly speaking, a 

linguistic act, and has no corollary in nonverbal or preverbal communication (Leavens and 

Hopkins 1998); (b) so-called “declaratives” in the contemporary literature are actually what 

Bates, Camioni, and Volterra (1975) defined as “protodeclaratives”—putative nonverbal 

precursors to symbolically mediated declaratives; (c) protodeclaratives include not only 

pointing, but also such behaviors as exhibition of self and showing of objects to another, and 

these protodeclarative behaviors are well-established in the communication of nonhuman 

primates, especially great apes (e.g., Russell, Bard, and Adamson 1997; Pika and Mitani 

2006); and (d) at present, there is no technology or procedure that can unambiguously 

demonstrate that nonverbal animals or preverbal humans signal with the intent to manipulate 

mental states independently of overt behavior—this is because the success or failure of such 

signals, from the standpoint of the signaler, can only be determined from the overt behavior 

of the receiver (e.g., Leavens et al. 2004, 2017; see Leavens and Racine, 2009, for extended 

discussion). 

2Here we follow Owren, Amoss, and Rendall (2011) in using “vocal” to refer to calls with 

laryngeal involvement, otherwise known as voiced calls.  In our earlier work, we did not 

discriminate voiced from unvoiced calls (e.g., Leavens et al. 2004).  
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Table 26.1. Some recently established findings from research with captive primates. 

 

Skill/competency Description Representative sources    

Metacognition Monitoring or 
regulating one's own 
state of knowledge 

Smith et al. (1997, rhesus 
monkeys); Beran et al. (2013, 
language-trained 
chimpanzees)     

Gestural, referential 
communication 

Communication to 
specific other about 
something 

Bard et al. (2014a); Call and 
Tomasello (1994); Cartmill 
and Byrne (2007); Krause et 
al. (In press); Leavens et al. 
(1996, 2004a, 2005b); Roberts 
et al. (2014)    

Neonatal imitation Mimicry of modelled 
facial expressions by 
newborns 

Bard (2007); Ferrari et al. 
(2006); Myowa-Yamakoshi et 
al. (2004)    

Voluntary control of calls Ability to choose 
whether to call and to 
exercise choice over 
call type. 

Hopkins et al. (2007); 
Leavens et al. (2004b); 
Taglialatela et al. (2012); 
Wich et al. (2009)    

Discrimination of false belief Understanding what 
others know 

Krupenye et al. (2016) 

   

Collaboration Cooperative problem-
solving 

Warneken et al.  (2007) 

   

Social transmission of 
behavioral traditions 

Learning from the 
behavior of others to 
solve problems. 

Whiten et al. (2005, 2007) 
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Figure Captions 

Figure 26.1. Age ranges of human children (yellow) and great apes (blue) in several direct 

ape-human comparisons.  Where there is overlap in ages, this overlap is depicted in green.  

Had the apes been correctly matched to the humans in age, all horizontal bars would be 

green.  Sources: a) Povinelli and Eddy (1996); b) Herrmann et al. (2007); c) Warneken et al. 

(2006); d) Call and Tomasello (1999); e) Povinelli et al. (1997, Experiment 1); f) Povinelli et 

al. (1997; Experiment 2); g) Povinelli et al. (1999); h) Tomasello et al. (1997); i) Liszkowski 

et al. (2009); j) van der Goot et al. (2014).   

 

Figure 26.2. Pointing incidence, posture, function, and social use differ radically between 

different populations of chimpanzees. Manual pointing: Extension of arm and at least one 

finger in triadic contexts. Index finger: Pointing with outstretched arm and index finger. 

Declarative: Pointing to draw somebody’s attention to an object or event; includes responses 

to queries, such as pointing to an object when asked where that object is. Between apes: 

Pointing by one chimpanzee for another chimpanzee. Comprehension: Understanding 

pointing by others. [Sources: Pointing in wild chimpanzees: Inoue-Nakamura and Matsuzawa 

(1997); also see Pika and Mitani (2006). Pointing in institutionalized chimpanzees: de Waal 

(1982); Leavens and Hopkins (1998); Leavens et al. (1996; 2004a; 2005b); Savage-

Rumbaugh (1986); among others. Pointing in home-reared or language-trained chimpanzees 

is nearly ubiquitous and has been described by Carpenter et al. (1995); Fouts et al. (1982), 

Kellogg and Kellogg (1933), Krause and Fouts (1997), Lyn et al. (2010), and Witmer (1909), 

among others. See Leavens and Racine (2009) and Leavens et al. (2009) for reviews.] 

(Reproduced from Leavens et al., 2010, Figure 1, with permission from Cambridge 

University Press.) 
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Figure 26.3. Enculturated chimpanzees and bonobos systematically outperform 

institutionalized chimpanzees in using human [pointing] cues to find food.  Data from Lyn et 

al. (2010), their Figure 2.  OCT = object choice task.  GAT = Great Ape Trust, in Des 

Moines, Iowa.  LRC = Language Research Center, Atlanta, Georgia.  (Leavens, “The plight 

of the sense-making ape,” 2014, in Tom Froese and Massimiliano Cappuccuio, editors, 

Embodied cognition at the edge of sense-making: Making sense of non-sense. Palgrave 

Macmillan, reproduced with permission of Palgrave Macmillan.) 

 

Figure 26.4. Language-trained chimpanzees typically did not locomote to check container 

contents when they knew the contents, but checked far more often when they did not the 

contents.  Original figure caption: Responses (moving to the keyboard first or to the container 

first) of each chimpanzee as a function of food-presentation condition (visible vs. nonvisible) 

in Experiments 1 (a) and 2 (b).  

Published in: Michael J. Beran; J. David Smith; Bonnie M. Perdue (their Figure 2); 

Psychol Sci  24, 660-666. DOI: 10.1177/0956797612458936.  

Copyright © 2013 Association for Psychological Science 

 

Figure 26.5. Neonatal imitation by infant rhesus macaque.  Original caption: Two examples 

of a monkey’s response to the stimuli Mouth Opening and Tongue Protrusion. MO is shown 

on the left; TP on the right. Figures were taken from Videos S1 and S2. Frame A1 was taken 

21.12 s after frame A, whereas frame B2 was taken 13.38 s after frame B. 

Published in: Ferrari, Visalberghi, Paukner, Fogassi, Ruggiero, and Suomi (their Figure 4). 

PLoS Biology 4(9), e302. DOI: 10.1371/journal.pbio.0040302.g004 

Copyright © 2006 The Authors 
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Figure 26.1 
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Figure 26.2 
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Figure 26.3 
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Figure 26.4 
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Figure 26.5 

 

 


