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Abstract

In this article, the authors take a very conservative view of the contribution of animal
models to an understanding of human development. We do not think that homologies
can be readily documented with even our most closely related relatives’ behavior and
psychological functioning. The major contribution of animal models is their provision
of food for thought (hypotheses, not facts) about human development and general prin-
ciples of development, and we describe some of the more significant and interesting
of these at length. We also briefly discuss the other applications of animal research
toward understanding the development and evolution of behavior, more generally
speaking.
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The comparative behavioral and psychological study of animals is a wide-ranging
enterprise that has very general ramifications for developmental and evolutionary
theory. Since many readers who work in the field of human development may think
that the main reason for doing experiments with animals is to shed light on seemingly
related behavior in human beings, a major goal of this article is to point out that that
is only one purpose of the study of animals. There are three other quite distinct pur-
poses of the study of comparative psychology: (a) a description of similarities and 
differences in the behavior and psychological capacities of various species, without
regard to their evolutionary relationship; this approach reveals broad trends in psy-
chological evolution that transcend particular lineages (Rensch, 1959); (b) a descrip-
tion of similarities and differences in species that are closely related in an evolutionary
sense, with the objective of trying to interpret the evolution of a particular behavior,
and (c) a description of the species-typical behavior of animals in the field, which is
aimed at revealing adaptations peculiar to each species in their usual habitat. Finally,
there is (d) the more well-known animal model approach, which aims to find non-
human species with behavioral or psychological repertories that are similar to humans
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so that the results of experiments with the model may throw light on seemingly related
behavior in human beings (e.g., the recent [2001] volume, Animal research and human
health, edited by M.E. Carroll and J.B. Overmier).

Why Animal Models

We should be certain about one aspect of animal models: the question of the utility
of animal models for understanding human psychological and behavioral development
is not tenable, if by animal model we mean we are modeling identical not just highly
similar human psychological, social, and behavioral phenomena. On the other hand,
the validity of animal models of human genetic, physiological, and anatomical out-
comes seems much more likely, because the analytic techniques are available to
specify the identity of the genes, physiology, and anatomy in question. In that case, it
is much easier to know whether one is right or wrong about the model.

However, even at the nonbehavioral level caution needs to be exercised. For
example, the same genes express themselves differently in different species, so just
because one is dealing with identical genes does not guarantee the fidelity of the under-
lying match between species when similar phenotypes or outcomes of development
are under consideration (Grenier et al., 1997). The certainty that animal models are
faithfully mimicking their presumed human counterparts in the arena of psychologi-
cal, social, and behavioral function is always open to even greater question. On the
other hand, the outcome of programmatic developmental experiments with animals
can sometimes provide interesting and significant food for thought—hypotheses, not
facts—about human development. Also, insofar as they do that, they can also provide
food for thought about development in other animal species. So, it is at the level of
generalities, not specifics, that animal experiments are useful for thinking about human
development.

Multiple Pathways in Development

Animal models may not do justice to human development when they emphasize (or
seem to implicate) single development pathways to psychological or behavioral out-
comes. Human behavioral and psychological development, as well as animal devel-
opment, involves equifinality (more than one pathway to a given outcome), a principle
of extreme importance, especially when dealing with problem populations (psycho-
logical disorders). From the perspective of equifinality, there is likely not only one way
to intervene (or develop the disorder in the first place). For example, there are multi-
ple developmental pathways to schizophrenia (Robert, 2000). Perhaps even more strik-
ing, even in very simple organisms with only 302 neurons (the nematode C. elegans),
there is not just one way to get from genes to behavior (Schaffner, 1998). The other
important developmental principle that animal models may violate when being gen-
eralized to humans is multifinality: early experiences, even adverse early experiences,
do not necessarily always result in the same outcomes (see Cicchetti, 1998, for a
review). Animal studies are prone to provide evidence against this principle because
they overcontrol (keep invariant) the intervening period between the early experience
and the later outcome, thereby exaggerating the importance of particular early ex-
periences for lifelong development. In these cases, they also do the malleability of
animals themselves an injustice (discussed further below in connection with Long-
term Effects of Early Stress in Infancy).
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An example of how comparisons of animal models and human psychological func-
tioning can mutually enhance each other is provided by experimental studies of pre-
natal and early postnatal experience in the development of intersensory perception 
in human and animal infants (Lickliter & Bahrick, 2000). By taking a comparative,
convergent-operations approach, these authors were able to show how prenatal factors,
brain–behavior relations, and context and experience contribute to both animal and
human infants’ intersensory responsiveness. For example, beginning more than a
decade ago a number of neurophysiological studies using various animal species
appeared, indicating that the temporal and spatial pairing of stimuli from different
sensory modalities can elicit a neural response that is greater than the sum of the neural
responses to the unimodal components of stimulation considered separately (see Stein
& Meredith, 1993 for a review). Additionally, the effectiveness of a visual stimulus in
eliciting attentive and orientation behaviors was found to be dramatically increased by
the presence of a temporally congruent and spatially collocated stimulus in the audi-
tory modality. This pattern of responsiveness paralleled that observed at the neuronal
level, where weak responses evoked in neurons of the superior colliculus by the pre-
sentation of a singe cue (visual) were greatly enhanced by the bimodal presentation
(audio-visual) of sensory stimuli. The super-additive nature of bimodal sensory 
stimulation, in which the magnitude of neural and behavioral effects resulting from
bimodal stimulation consistently exceeds the levels predicted by adding together
responsiveness to each single-modality stimulus alone, underscores the salience of
multimodal stimulation and highlights the potential importance of bimodal informa-
tion in guiding selective attention and perceptual learning in infancy.

Although work with human infants has rarely taken this unimodal vs. bimodal dis-
tinction into account, several investigators have recently reviewed findings supporting
the view that bimodal stimulation has greater perceptual salience than unimodal stimu-
lation in early human development (Bahrick & Lickliter, 2002; Lewkowicz, 2000;
Walker-Andrews, 1997). Little is currently known, however, about the role of previ-
ous experience, context, or social interaction in the development of early intersensory
responsiveness. Experiential manipulations of human fetuses and neonates are neces-
sarily limited in scope and animal studies provide the opportunity to employ a variety
of research methods, including sensory deprivation and sensory augmentation, not
generally possible with human subjects. In this case, animal studies allow for the com-
parison of similarities and differences that can be highly informative for delineating
general developmental principles that can be tested (albeit in more limited ways) with
humans.

Another area in which human and animal comparison has been mutually rewarding
is the role of linguistic experience in the development of pointing with the index finger
in human infants, which has been suggested by studies with chimpanzees. Chim-
panzees use pointing as a communicative gesture to indicate an object of interest to a
conspecific partner or human caretaker. Language-trained chimpanzees point with
their index finger, as do most humans aged 13–18 months. In contrast, language-naïve
chimpanzees point with their whole hand, as do humans aged 8–12 months (Leavens
& Hopkins, 1999). So developmental experience with linguistic training fosters point-
ing with the index finger in nonhuman primates and it parallels the beginning use of
words in the older human infant (pointing frequently accompanies naming in human
infants with their primary caretakers). The above examples are primarily of compara-
tive interest in that intersensory perceptions in animal and human infants mutually
inform each other in terms of presumed similarities and obvious differences, and that
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pointing with the index finger is related to linguistic experience provides a fascinat-
ing entry into further possible communicative commonalities (and differences)
between nonhuman primates and human infants. Both examples serve to highlight 
how animal research can contribute new ideas and hypotheses to the study of human 
development.

There have been a number of other programmatic research undertakings with non-
human animals that are particularly suggestive with regard to hypotheses concerning
human development. We review several of these in some detail to give a flavor of what
could be learned about human development from such studies if the appropriate obser-
vations were to be made with human subjects.

Long-term Effects of Early Stress in Infancy: Role of the Caretaker

Megan Gunnar (2000) recently reviewed animal data suggesting that contact with and
proximity to caregivers can serve to regulate and reduce stress-system reactivity to
potentially noxious stimulation in human infants and children. This is an especially
important hypothesis because it predicts that disturbances in the caregiving system
will have pervasive effects on the neurobiology of stress, leading to the expectation
that a poorly developed stress reactivity system can affect subsequent physical and
mental health into adulthood. The corticotropin-releasing hormone hypothalamic-
pituitary-adrenocortical (CRH–HPA) system plays a central coordinating role in
helping to regulate threats to well-being. As Gunnar’s review makes clear, the evidence
that early experiences, whether adverse or protective, have long-term effects on the
HPA axis comes almost entirely from animal research, mostly from rodents. The most
widely used paradigm (‘handling’) has been the procedure of separating rat pups from
their mother for brief periods (3–5 minutes) during the first two weeks of postnatal
life, during the pre-weaning period, when the altricial rat pups are in a nursing rela-
tionship with their mother. The surprising result was that brief separations from the
mother, which were originally thought to be traumatic and thus would engender severe
after-effects, turned out to be beneficial to the developing HPA system such that when
these animals were exposed to stressful situations in adulthood, they were able to 
cope more competently than animals that had not experienced separation earlier in
development.

After many years of experimental observation, it became clear that it was not the
separation per se that was engendering the beneficial effect but, rather, the increased
licking and grooming given to the pups by the mother when they were returned to her
following separation (Liu et al., 1997; review in Smotherman & Bell, 1980). Longer
term separations from the mother (hours) produces serious deficits in the CRH–HPA
system and behavior, such that when faced with stressful situations in adulthood 
the animals show a heightened HPA response, elevated fear (freezing) in open field
tests, and reduced sensitivity to anxiety-reducing drugs. This is termed ‘hyperstress
reactivity’ and is also found in strains of rats in which the mother engages in less
grooming and licking. The importance of early experience, and the plasticity of 
development, is shown when pups from these fearful strains are cross-fostered to less
fearful strains in which the mothers are high in grooming and licking behavior. In
adulthood these pups show a reduced neuroendocrine stress response and less fearful
behavior.

This maternal mediation hypothesis, as it has come to be called, has strong support
in the rat literature. What implications does this hypothesis have for human develop-

© Blackwell Publishing Ltd. 2004 Social Development, 13, 2, 2004



Animal Models 315

ment, particularly the development of the CRH–HPA axis in infants and young chil-
dren? Gunnar (2000, pp. 177–178) makes the following proposal:

Although the nature of human caregiver–infant interactions that foster the development
of a less reactive and better regulated stress system are not known, based on the animal
studies, both tactile stimulation and experience with response-contingent or controllable
stimulation are likely to be important. Caregiving contexts that provide healthy doses 
of both may be expected to counteract or reduce the effects of early adversity on the 
CRH-HPA axis, while caregiving contexts that are deficient should promote the devel-
opment of a less well-organized stress system, even in the absence of other adverse 
conditions.

While Gunnar’s focus is on the effects of early adversity, the more normative varia-
tional data to which she alludes amply show that ‘the activity of the CRH–HPA axis
in infants and young children varies with characteristics of the caregiving environment
and the security of the child’s relationship with the caregiver’ (p. 178).

A caution on overinterpreting the results of the rodent experiments needs to be
injected here. It should be noted that the early adversity as well as the more positive
experience of the early maternal mediation hypothesis in the animal model may violate
the multifinality principle alluded to earlier. Namely, in the intervening period between
the early experience and the outcome, the animals are typically kept in an overcon-
trolled (invariant physical and social) environment that precludes naturally occurring
variations in intervening experience to play a corrective or remedial role in the case
of early adversity or undermining (or even further enhancing) the positive effect of
early maternal behavior. While most animal model investigators appreciate in the
abstract the importance of the intervening period, very little research has been
addressed to the importance of the constancy of the intervening environment in
enhancing the stability of the relationship between the early experience and the
outcome measured in adulthood.

The few investigations in which the animals have not been kept alone in a cage in
a more or less standard animal colony room have revealed alterations in the outcome
of the early experience (e.g., Meaney et al., 1985; Whimbey & Denenberg, 1966).
Despite these findings, the supposed fixity between early experience and later behav-
ior has led to the proliferation of nondevelopmental concepts such as ‘developmental
programming.’ In a recent explicit attempt to show the fallacy of such thinking,
Gariépy, Rodriguiz, and Jones (2002) reared previously handled mice either socially
or in isolation (usual case) and found an enhancement of later stress resistance in the
socially reared animals. The notion of lifelong developmental programming by early
experience is such an attractive idea that Meaney and colleagues (1985) appear to have
underplayed, in their own study, the fact that social rearing (in contrast to isolation
rearing) interpolated between the early handling experience and later measurement of
glucocorticoid (GC) receptor concentrations mediating the stress response resulted in
a further increase in GC receptor concentrations in the frontal cortex over the animals
which had received the early handling and were subsequently reared in social isola-
tion.1 As Rodriguiz (2001, p. 38) has written: ‘the stress response system, modifiable
early in infancy via maternal care, remains alterable later in ontogeny through expe-
rience with peers.’

In terms of intellectual history, it is interesting to observe that the overselling of the
lifelong effects of early experience in rodents parallels the formulation and promotion
of the notion of imprinting in birds by K. Lorenz in 1937. The idea of non-reversible
early learning was such an attractive idea that it was hard to give up—Lorenz himself
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was still espousing it 50 years later (Lorenz, 1987), despite much evidence to the con-
trary (discussed below), exhibiting a kind of intellectual imprinting.

Attachment and the Development of Self-regulation

As a more conservative complement to the rodent studies discussed above, Myron
Hofer and his colleagues (1987, 1994) have shown that in young rat pups, the mother’s
caregiving serves as a regulator of the infant’s physiological state until close to
weaning, at which time the pups are better able to regulate their own physiological
state. The mother’s role as a hidden regulator is not apparent until one intervenes in
the caregiving process (i.e., removing the pup from its mother and sibs). When this is
done prematurely, the pup’s physiological and behavioral responses deteriorate fairly
rapidly, but can be ‘rescued’ by reinstating certain familiar sensory features of the
intact maternal–infant situation (thermal, olfactory, and tactile cues), thereby sup-
porting the notion that the intact relationship with the caretaker provides otherwise
hidden regulators of the infant’s physiology and behavior. As Hofer has emphasized,
hidden within the interactions of parent and offspring are sensorimotor, thermal, and
nutrient-based factors which have widespread but often unappreciated regulatory
effects on infants’ physiology and behavior. These regulatory processes also appear to
contribute to more long-term effects, including the vulnerability of the adult rat to
hypertension and stress ulcer.

Hofer’s model fits well with the way certain aspects of the development of self-
regulation is believed to occur in humans, at least up to a point. Building on the obser-
vations of Anna Freud (1974) of the adverse consequences of long-term early 
separation of human infants from their mothers during World War II and the obser-
vations of animal psychologists (especially Harlow’s [1958] research on maternally
deprived rhesus monkeys), Bowlby (1969, 1973, 1980) worked out his well-known
ethological and psychoanalytic theory of attachment that explained the dire effects of
early separation and loss in animals and humans. From Bowlby’s view, proximity to
the attachment object (usually the parent) instills security (a system presumed to have
evolved in the context of protection from predators), while separation activates fol-
lowing, searching, and crying that serves to restore proximity and contact, which then
turns off the proximity-seeking activation system. A major difference between the
rodent model and human behavior concerns the affective components in the latter. The
human maternal–infant bond is based on love and the loss of the partner results in
grieving, while the threat of loss arouses anxiety and actual loss results in sorrow and
anger, including the initial protest and later despair phases of infantile separation.
While we may be able to read these human emotions into the behavior of the separ-
ated infant rhesus monkey (Harlow’s rhesus article was titled ‘The nature of love’),
the value of the rodent model will be least ambiguously generalized to the adverse
physiological consequences that are now being pursued in humans in the context of
attachment and the emergence (or the lack thereof) of self-regulation (e.g., Calkins &
Dedmon, 2000).

Brain and Cognition

It is not coincidental that the examples so far reviewed, and the ones to follow, are
based on observations and experiments with animal and human infants. It is in the
prenatal and early postnatal stages of life that one is apt to find the greatest actual or
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analogous congruences, especially at the behavioral and psychological levels of analy-
sis. For example, in adulthood, if Tomasello (1999) is correct, our nearest primate 
relatives are woefully deficient in important human cognitive abilities. They cannot
understand the simplest problems of physical causality, nor do they appear to under-
stand the intentions and mental states of conspecifics. Given neural, ecological, and
evolutionary considerations, it should not be surprising that, in adulthood, our nearest
relatives do not manifest distinctive psychological abilities that are thought to be
crucial to human culture. As Preuss (1995) has pointed out, our primate cousins do
not just possess smaller or simplified versions of our brains—there is considerable
diversity in brain organization among mammals generally and, more specifically,
among primates. Given the prevalence of the most basic form of the animal model
view (a high degree of similarity between humans and other mammals), particularly
in the brain sciences, the matter of cerebral diversity has come as an unwelcome bit
of news in cognitive neuroscience. A different model is called for:

Neuroscientists make inferences about the human brain by studying nonhuman species,
an enterprise that depends on assumptions about the nature of evolution. Traditionally,
many neuroscientists have supposed that all mammals possess variants of the same brain
which differ only in size and degree of elaboration. Under this model, the brains of 
nonhuman species can be treated as simplified versions or models of the human brain.
However, there is evidence that mammalian brain organization implies that neuroscien-
tists can make better inferences about human brain organization by comparing multiple
species chosen [on the basis of] their evolutionary relationships to humans, [rather] than
by studying individual ‘model’ or ‘representative’ species. The existence of neural diver-
sity also suggests that nonhuman species have evolved cognitive specializations that are
absent in humans. (Preuss, 1995, p. 1227)

In this more evolutionarily informed way of thinking, it is actually dubious that non-
human primates can serve as models for the most distinctive of human cognitive abil-
ities, any more than we could serve as good models for their distinctive traits. These
sorts of inquiries, both at the brain and behavioral levels, would seem most usefully
pursued in the context of the above-mentioned comparative psychology of similari-
ties and differences—brain and cognitive evolution—rather than as presumed animal
models of a process of human development.

Models of Child Abuse and Neglect: Analogy or Homology?

One of the main reasons that we take the view, along with others (see Sackett & Gould,
1991), that animal models are best construed as sources for ideas, hypotheses, and
research directions for studies about human development rather than as explicit models
of human psychological and behavioral processes is that we are not in the position of
determining whether whatever is being modeled is homologous with human develop-
ment. In contrast with analogies, homologies in two or more species are presumed to
be evolutionarily derived from a common ancestor, implying common genetic and
other developmental components that were present in the ancestor and result in the
formal similarity of behavior in their descendants. Behavior itself does not fossilize
as do bones and other organismic remnants, so making the case for a behavioral
homology of anything other than the tritest kind is out of our reach (Atz, 1970). This
issue surfaced recently in response to an important article by Maestripieri and Carroll
(1998), in which they extensively reviewed some possible monkey models for 
child abuse and neglect, in the sense that in these species neglect and abuse arose
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‘spontaneously,’ not just as a laboratory artifact of the maltreating parent having been
socially deprived as a youngster. As far as further research with the potential monkey
models, Maestripieri & Carroll concluded that

an understanding of how mothers adopt or modify their parenting style in relation to early
experience, personality characteristics, or environmental factors may elucidate the mech-
anisms by which certain individuals acquire the characteristics that put them at risk of
abusing their offspring. Further insight into the causes of infant abuse could also be
obtained by integrating information on the mother’s developmental history and personal-
ity characteristics with information on the quality of the mother-infant relationship, the
infant’s characteristics, and the environmental circumstances in which maltreatment
occurs. (Maestripieri & Carroll, 1998, p. 220)

These are quite reasonable suggestions for a program of research that would get at
the root causes of parental maltreatment of offspring in monkey species. But would
they shed direct (homologous) light on the problem in humans? William Mason, a
prominent investigator of the development of behavior in several monkey species, was
invited to comment on Maestripieri and Carroll’s suggestions. While Mason saw some
formal similarities in neglect between human and monkey species, he did not see them
in the abuse area:

A considerable proportion of Old World monkey mothers living in social groups under
seemingly benign conditions maltreat their young. This interesting finding is the basis for
the suggestion by Maestripieri and Carroll that monkeys might provide an animal model
for investigating child abuse and neglect in the human population. This suggestion tacitly
assumes that the phenomena of abuse and neglect in monkeys and humans are based on
similar processes. This possibility is more plausible for neglect than for abuse. Child abuse
shows such great diversity of forms and causes in human societies that it is unlikely to
have a natural counterpart among nonhuman primates. (Mason, 1998, p. 231)

In response to Mason’s critique, Maestripieri and Carroll recognized that there are
formal behavioral and motivational differences between monkey species and humans—
human mothers don’t cannibalize their young, nor drag them around by their tails, and
monkey mothers do not burn their infant’s skin with cigarette butts. They agreed that
the homology issue for both neglect and abuse was up in the air, and settled for advo-
cating research programs on monkey species because analogies would be much closer
to human development than those produced by rodent experiments, a point which
seems well taken.

Animal Research Programs That Have Produced Theoretical Insights That May
Apply in a General Way to Principles of Development

While much of what we have already reviewed can be viewed conservatively in the
light of the present heading (providing general suggestions rather than specific appli-
cations to human development), there are some research programs with animals that
are more explicitly concerned with providing general developmental principles rather
than presuming to be a model of some aspect of human development. We conclude
by briefly reviewing several examples of this approach.

Clearly, one of the most important questions about human development is the extent
to which adverse early experiences produce what appear to be irremediable deficits or
limitations in later psychological and behavioral functioning. Most of us accept that
wide variations in early childcare can promote satisfactory outcomes; i.e., that there
is not one developmental road to mental health and psychological well-being, broadly
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defined (Schaffer, 2000). The animal study that we review now is not addressed to 
this latter issue but to the former one: Is there evidence that severely limited early
experiences—ones that are way out of the species-typical range—can result in irre-
mediable psychological, particularly cognitive, deficiencies?

Irremediable Cognitive Deficits Stemming from Early Deprivation

Experiments with rats carried out by Hymovitch (1952) suggest that the answer to this
important question is Yes. In his study of early deprivation, the most severely deprived
groups were reared in a stovepipe, which allowed little motoric activity and no varia-
tion in visual stimulation, or in an enclosed running wheel, which allowed consider-
able motor activity but little visual variation. The other two groups were composed of
20 animals reared socially in a large ‘free environment’ (6¢ ¥ 4¢) fitted with a number
of blind alleys, inclined runways, small enclosed areas, and apertures that offered the
rats a wide variety of opportunities for motor and visual exploration and learning in
a relatively complex physical and social environment. The final group was composed
of individuals housed alone in mesh cages that were placed inside the free environ-
ment and also moved to different locations in the lab. The animals experienced these
environments from about 27 days to 79 days, at which time testing in the complex
Hebb-Williams learning maze was initiated for a 21-day period.

As can be seen in Table 1, as expected, rearing in the stovepipe and the enclosed
running wheel led to the same level of poor performance, whereas rearing in the mesh
cage and the free environment led to the same level of good performance in the learn-
ing maze.

Next, in order to determine whether it was the early experience in each environ-
ment that made for the differences between the groups, Hymovitch repeated the experi-
ment with four groups of animals that differed in when they had the free-environment
or stovepipe experience: one group had the free-environment experience from 30 to
75 days of age and then were placed in the stovepipe for 45 days; a second group had
the stovepipe experience from 30 to 75 days and then had the free-environment expe-
rience for 45 days; a third group remained in the free environment throughout the
experiment; and a fourth group remained in their normal laboratory cages throughout
the experiment (these would be the most thoroughly or consistently deprived from the
standpoint of motor and visual experience).

As can be seen in Table 2, the animals that experienced the free environment early
and the stovepipe later in life performed just as well as the animals that remained in
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Table 1. Mean Errors in Hebb-Williams Maze of Rats Reared under Four 
Different Conditions

Stovepipe Running Wheel Mesh Cage Free Environment

223 235 140 137

Data from Hymovitch (1952).
The Stovepipe and Running Wheel groups made significantly more errors than the Mesh Cage
and Free-environment groups.
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the free environment throughout the experiment. The crucial finding is that the animals
who experienced the stovepipe environment early and the free environment later in
life performed as poorly as the animals that remained in their normal cages through-
out the experiment (the most deprived group). It is important to note that these dif-
ferences in problem-solving ability were not evident when Hymovitch challenged the
rats with a simpler alley maze, more like the ones that were in wide use in most animal
learning laboratories at the time. It is only when they were challenged by the much
more difficult Hebb-Williams series of problems that the significant differences in
problem-solving ability were seen.

Interestingly, when non-human primates are subjected to social isolation and highly
restricted, deprived rearing conditions early in life, in adulthood they do not show the
species-typical exploratory, learning, and superior problem-solving abilities charac-
teristic of primates (Harlow, Dodsworth, & Harlow, 1965; Mason, 1968; Sackett,
1968). The various remedial efforts that have been undertaken with deprived non-
human primates later in life have mainly concerned their social rehabilitation and 
have provided some evidence that the behavioral effects of isolation rearing may be
reversible to some extent under low-stress social conditions. However, there appears
to be very large species differences in the severity of the effects of isolation rearing
among macaque monkey species (Sackett et al., 1981), again highlighting the diffi-
culty of generalizing such results to other species, including humans.

According to Hymovitch’s rat study, long-term social and cognitive deprivation
cannot be remedied in adulthood by reinstating social and cognitive conditions that
are favorable to development when instituted in the juvenile or adolescent stages of
life and continued for approximately one-quarter of the life span. (Not allowing for
strain differences, in general, rats are weaned around 21 days and become sexually
competent and adult-like in their behavior around the fifth and sixth weeks of life and
live to 250 or 300 days.) These results may be broadly generalizable to the disadvan-
taged strata of our and other societies which are locked into recurrent cycles of poor-
quality life experiences. We are reminded of a chapter by Ashley Montagu (1977) in
which he described the phenomenon of ‘sociogenic brain damage,’ deriving from inad-
equate or impoverished life experiences in the early years:

In such cases, the brain may not have been damaged in quite the same manner as it may
be by physical malnutrition, but the damage done by social malnutrition is nonetheless
real. This, we may postulate, consists in the disabling failure of organization which, both
structurally and functionally, renders it extremely difficult if not impossible for individ-
uals to respond appropriately to many of the challenges of the environment with the com-
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Table 2. Mean Errors in Hebb-Williams Maze of Rats with Different Early and
Late Environmental Experiences

Free Environment/ Stovepipe/ Free Environment/ Normal Cage/
Stovepipe Free Environment Free Environment Normal Cage

161 248 152 221

Data from Hymovitch (1952).
The Stovepipe/Free-environment and Normal Cage groups made significantly more errors than
the other two groups.
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petence that their genetic potentials would, under the organizing stimulation of an ade-
quate social environment, have permitted. Social malnourishment, both structurally and
functionally, can be just as brain/mind damaging as physical malnourishment. Such socio-
genic malnourishment affects the brains of millions of human beings not only in the
United States but all over the world. It is a form of brain damage which has received far
too little attention. Yet it constitutes an epidemic problem of major proportions. (Montagu,
1977, p. 22)

The Hymovitch study raises the possibility that such early deprivation, especially
when prolonged, may not be remedied by later bountiful life experiences, thus impli-
cating ontogenetic timing as a central issue in the understanding of development
(reviewed in Turkewitz & Devenney, 1993).

Prenatal Experience and Instinctive Behavior

Our own research programs with young birds have revealed the unexpected impor-
tance of prenatal and early postnatal experience for behaviors which otherwise
appeared to be instinctive or innate. For example, incubator-hatched ducklings and
chicks that have had no previous experience with maternal stimulation prior to hatch-
ing unerringly choose the maternal assembly call of their own species in auditory
choice tests between their own and other species’ maternal calls. This is a highly adap-
tive behavior that directs their social behavior to a parent of their own species upon
hatching. In comparison to the altricial state of development in rodent pups, ducklings
and chicks are born in a precocial state such that they can locomote and feed them-
selves soon after exiting the egg. The attraction to the maternal assembly call of their
species gives the parent a high degree of control over the behavior of hatchlings who
are ‘ready to go,’ as it were, so one could see how such an attraction would be an
inevitable consequence of natural selection and evolution if these highly mobile and
vocal young were to survive during the days after hatching. The parent provides pro-
tection from predators, leads them to food and a relatively secure environment during
the six-to-eight-week period after hatching during which time the young become air-
worthy and independent.

Having burrowed into the epigenetic tradition of Zing-Yang Kuo, T.C. Schneirla,
Ashley Montagu, and Daniel Lehrman, a tradition which is based on the develop-
mental principle that novel behavior capabilities emerge from prior organism-
environment coactions, one of us (Gottlieb) set about examining the unlikely hypothesis
that the vocalizations that the embryo utters in the final few days before hatching
somehow ‘tunes’ them to the critical acoustic features of the maternal call of their
species. The hypothesis seemed unlikely because, to the human ear, the twittering
vocalizations (contact calls) of wood duck and mallard embryos bear no resemblance
at all to the respective maternal calls of these species. As summarized in my (1999)
book Probabilistic epigenesis and evolution, I nonetheless pursued the hypothesis in
the most direct manner possible by devising (with the help of John Vandenbergh) a
minor surgical technique that rendered the mallard duck embryo mute without other-
wise affecting its health and behavioral well-being. To my delight, these devocalized
embryos did not evince their usual high degree of auditory perceptual specificity: After
hatching they were as likely to approach a chicken maternal call as a mallard mater-
nal call. To further rule in the need for the hearing of their embryonic vocalizations,
as well as a control for the surgical intervention, we allowed a group of embryos to
hear their own vocalizations for 18 to 23 hours before being muted and these devo-
calized birds showed normal auditory perceptual specificity after hatching.
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The ethological research community was rather committed to the idea that instinc-
tive behavior, by definition, was not a consequence of experience, so these results were
not greeted with the enthusiasm I naïvely expected. In order to get the results fully
accepted, I had to demonstrate which acoustic features of the embryonic vocalizations
were pertinent to which acoustic features of the maternal call (variable repetition rate
in the case of mallards and descending frequency modulation in the wood duck). Along
the way I discovered that the pertinent features of the embryonic vocalizations were
not present in the hatchlings’ vocalizations and, further, that the devocalized mallard
duckling, in order to be normal in its auditory perceptual specificity, had to be exposed
to the embryonic vocalizations in the embryonic period; devocalized embryos exposed
to the embryonic vocalizations in the postnatal period were deficient in their auditory
perceptual specificity.

Following these results, one of us (Lickliter) went on to examine the contribution
that social experience with conspecifics makes to the species-specific perceptual pref-
erences shown by precocial avian hatchlings. In most studies of imprinting, young
birds have been routinely reared in social and even visual isolation during the course
of the experiment. This isolation rearing is in stark contrast to the ecological and social
context in which early perceptual and social preferences are formed by young hatch-
lings. The young bird receives an array of tactile, auditory, and visual stimulation from
its mother and siblings in the days following hatching, and experiments with ducks
and quail chicks have repeatedly demonstrated that the particular types and amounts
of sensory stimulation provided by the hatchling’s social environment can dramati-
cally influence the young bird’s perceptual and social preferences during prenatal
(Lickliter & Lewkowicz, 1995) and postnatal periods (Lickliter & Gottlieb, 1988;
McBride & Lickliter, 1993). For example, research with bobwhite quail has provided
converging evidence that physical interaction with siblings can significantly influence
young chicks’ responsiveness to maternal auditory and visual information following
hatching. Chicks reared in relative social isolation during the prenatal or postnatal
period, or reared with quail chicks of another species instead of their own species,
consistently fail to prefer species-specific maternal auditory and visual cues at ages
when socially reared chicks reliably demonstrate such perceptual preferences.

The presence of conspecifics is virtually guaranteed in the context of normal devel-
opment of precocial avian hatchlings, and early social interaction with these con-
specifics seems to be essential for the normal development of species-specific
perceptual organization (see Lickliter, 1991 for further discussion). In this light, it
seems ironic that the phenomenon of imprinting has been used in both biology and
psychology as an exemplar of the processes and mechanisms thought to underlie the
formation of early social preferences and attachments, given that most of the imprint-
ing research performed over the past 50 years has ignored or obscured the importance
of the young bird’s usual social environment to the development of species identifi-
cation (e.g., the preferred rearing technique in imprinting studies is social isolation,
which drastically reduces the learning capabilities of hatchlings: Gottlieb, 1999).

The above results concerning the role of experience in the achievement of species-
typical behavior lead to an interesting conclusion about the role of natural selection
in the course of evolution. Namely, that natural selection selects (favors) behavior that
has had a particular developmental background, not just the genes that are involved.
This is shown by the fact that deleting ducklings’ normally occurring embryonic audi-
tory experience led to the nonappearance of the instinctive behavior and by the fact
that deleting quail chicks’ normally occurring social experience likewise led to the
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loss of species-typical perceptual preferences. As noted by Mivart (1871), Endler
(1986), and others, natural selection does not originate the adaptations it favors; it is
only responsible for the spread and perpetuation of the adaptations once they have
arisen. Natural selection operates on the entire developmental manifold that provides
the necessary background for the emergence of the adaptations.

This is further documented in selective breeding experiments. If the developmen-
tal background of the behavior being selectively bred is altered, the selectively bred
behavior does not appear. For example, when Hood and Cairns (1989) changed the
isolation rearing regimen of mice selectively bred for aggression to social rearing, the
mice no longer showed their usual high level of aggressive behavior. The generations
of selective breeding (analogous to natural selection) had been based on the behavior
of animals which had been reared in isolation; selective breeding, as does natural selec-
tion, selects for animals that have responded in a certain way to their prior develop-
mental conditions, so these conditions along with the genes are the basis for selection.
Simply put, genes alone do not make the behavior.

So, the results from experiments with animals, even when the animals are not used
as models of human development, can have significance for our general understand-
ing of human development and, in the present case, evolution.

Summary and Conclusions

The animal model approach to human development is only one of several broader pur-
poses of the comparative study of animal behavior and psychology. As such, animal
models of human development are at their strongest in providing general, food-for-
thought propositions about human behavior and psychological functioning rather than
specific or homologous exemplars. Whether these propositions turn out to be relevant
to human development and behavior can only be answered by human-based studies.
The results of animal experiments are especially fruitful when they provide principles
that are broadly applicable to more than one species, and many studies of animal devel-
opment, even if they don’t succeed, are designed in this light.
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Note

1. In the first sentence of their Discussion section, Meaney et al. (p. 767) write: ‘The results reveal a
clear effect of early handling on adult Gr concentrations in the hippocampus and the frontal cortex,
although in the latter region this effect is modified by postweaning housing conditions’ (i.e., social rearing).
The rest of the Discussion is devoted entirely to the influence of early handling: ‘early postnatal handling
appears to result in a permanent increase in adult GR concentrations in certain brain regions’ (i.e., in the
hippocampus); see also title of paper.
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