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Abstract

Evolutionary developmental psychology is a discipline that has the potential to integrate concep-
tual approaches to the study of behavioral development derived from psychology and biology as well
as empirical data from humans and animals. Comparative research with animals, and especially with
nonhuman primates, can provide evidence of adaptation in human psychological and behavioral
traits by highlighting possible analogies (i.e., similar function, but independent evolution) or homolo-
gies (i.e., inheritance from a common ancestor) between human traits and similar traits present in ani-
mals. Data from nonhuman primates have played a crucial role in our understanding of infant
attachment to the caregiver as a developmental adaptation for survival. Primate and human data are
also consistent in suggesting that female interest in infants during the juvenile years may be a devel-
opmental adaptation for reproduction that facilitates the acquisition of maternal skills prior to the
onset of reproduction.
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There are two conceptually different views of organisms’ development. In one view, devel-
opment is a linear process of maturation whose endpoint is the adult individual; young and
immature individuals are viewed as incomplete or miniaturized versions of the adult. Students
of development who embrace this view typically emphasize continuities across stages of devel-
opment, and the causal connections between earlier stages of development and subsequent
ones. For example, they study adults retrospectively to identify developmental precursors of
their traits, or they study young individuals prospectively to assess whether their early charac-
teristics can predict their subsequent phenotype (see Kagan, 1996). This view often assumes
that there is a normative development and that deviations from the norm are pathological.

In the other view, development is seen as a series of successive stages, each with its own
problems requiring a specific solution, and without any endpoint to be reached. Individuals of
different ages are seen as occupying different social and ecological niches and exhibiting adap-
tations to them similar to those of adult individuals living in different environments (e.g.,
Oppenheim, 1981). These developmental (or ontogenetic) adaptations may disappear and be
replaced by new ones as the individual moves from one niche to the next. Students of develop-
ment who embrace this view emphasize discontinuities across stages of development and the
functional significance of particular developmental phenotypes rather than their causal con-
nections with preceding or subsequent ones. They appreciate that variants of a particular phe-
notype may have meaningful functional significance, that is, be adaptive, instead of identifying
one developmental pathway as normative and the others as pathological deviations from the
norm. In other words, they appreciate the notion that alternative developmental pathways and
the potential to express them may evolve as conditional life-history strategies (Stearns, 1992),
that is, adaptive responses to the particular environments in which the individuals are situated.

These two views of development represent the opposite ends of a continuum. Generally
speaking, developmental psychologists tend to be closer to the view of development as a
process of maturation whereas evolutionary biologists tend to favor the view of develop-
ment as a succession of age-specific adaptations. Evolutionary developmental psychology
(EDP) is a discipline that has the potential to integrate psychological and biological
approaches to the study of development and bridge the gap between different conceptual
views of development. Researchers who follow the perspective of EDP have an apprecia-
tion for the view of development as maturation and for causal relationships between differ-
ent stages of development but are conceptually driven by the notions that organisms
display age-specific developmental adaptations and that natural selection may favor alter-
native life-history strategies (Bjorklund & Pellegrini, 2002; Geary & Bjorklund, 2000).

Developmental adaptations can arise as the result of selective pressures concerning sur-
vival or reproduction. Survival is a problem that is faced by any organism at any stage of
its life span. Because threats to survival can take different forms for organisms of different
ages, it is likely that organisms evolve multiple age-specific adaptations for survival during
their life span. Therefore, the view that developing organisms may exhibit successive age-
specific adaptations and that earlier adaptations may disappear and be replaced by new
ones applies well to adaptations for survival. For example, young mammals are nutrition-
ally dependent on other individuals, and especially on females who can breastfeed them,
whereas adult mammals are not. Survival problems for young mammals involve finding
females with milk who are willing to breastfeed them whereas survival problems for older
mammals involve finding food and competing with others for access to it. These different
problems are likely to select for very different sets of adaptations, which will be expressed
at different points in the life span.
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In species with a long life span, reproduction can begin many years after birth. Thus, from
the standpoint of reproduction, a young individual is an incomplete version of the adult, and
reproductive development is a process of maturation with puberty as its endpoint. In contrast
to selection for survival, selection for reproduction does not maximize the chances of repro-
duction at any point in time, but rather the overall lifetime reproductive success of an individ-
ual. This implies that traits may be selected for at a particular age, which do not confer fitness
benefits at that age but later on. Studying these developmental adaptations for reproduction
requires an understanding of the causal relationships between events occurring at one stage
of development and events occurring at later ages. Therefore, the view of development as a
linear process with a specific endpoint applies well to reproductive maturation. Thus, it is
clear that the two conceptual views of development described above are not incompatible but
both of them are important and must be integrated for a comprehensive understanding of an
organism’s developmental adaptations across its life span.

Evolutionary developmental psychologists can be integrative not only with regard to
the different conceptual views of development that are common in psychology and evolu-
tionary biology but also with regard to the organisms that are the subject of study of these
disciplines. Developmental psychologists focus on humans while evolutionary biologists
typically work with nonhuman animals. Although evolutionary developmental psycholo-
gists and evolutionary psychologists extensively use theories and ideas imported from evo-
lutionary biology, they rarely refer to empirical information from comparative studies of
nonhuman animals (but see Bjorklund & Pellegrini, 2002; Geary, 2002, for exceptions) or
conduct these studies themselves. In part this may be due to the fact that evolutionary
developmental psychologists, and evolutionary psychologists in general, tend to have a
background in psychology rather than in evolutionary biology, and in part to the fact that
some evolutionary psychologists believe that comparative data are of limited use in the
study of human psychological adaptations (see below).

In the first part of this article, we examine how evolutionary psychologists study adapta-
tion in human behavioral and psychological traits and discuss how evidence from compara-
tive research can contribute to the intellectual and research mission of evolutionary
psychology. Although EDP has been more sensitive to the importance of comparative
research than mainstream evolutionary psychology, there is significant theoretical and empir-
ical overlap between these disciplines (Bjorklund & Pellegrini, 2002). Therefore, much of the
discussion of the relation between comparative research and evolutionary psychology can
apply to EDP as well. In the second part of this article, we discuss two developmental adapta-
tions for survival and reproduction that humans share with nonhuman primates: specifically,
infant attachment to the caregiver and female interest in infants during the juvenile period.
We will use these two examples to illustrate the contribution that nonhuman primate studies
can make to our understanding of human developmental adaptations, and therefore to the
intellectual and research mission of EDP, and also to illustrate the notion that different con-
ceptual views of development can apply to different kinds of ontogenetic adaptations.

How evolutionary psychologists look for evidence of adaptation in human psychological and
behavioral traits

The goal of evolutionary psychology is to identify and study human psychological and
behavioral adaptations, i.e., psychological and behavioral traits that evolved by natural or
sexual selection (e.g., competition over mates) because they conferred fitness advantages to
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individuals with these traits relative to individuals without them. A distinction can be made
between traits that evolved by natural selection in the past and are currently under selec-
tive pressure for the same adaptive function, and traits that evolved by natural selection
but are no longer under selective pressure. Although traits can be referred to as adaptive in
both cases, in the latter case adaptation refers to the action of natural selection in the past.
This distinction has implications for how adaptation is studied. The notion that adaptive
traits are under current selective pressure implies that there should be observable differ-
ences in reproductive success associated with differences in the presence or absence of these
traits. If the traits are no longer adaptive, they should no longer bring fitness benefits to the
individuals who carry them. Instead, they may be neutral or even detrimental to an individ-
ual’s fitness but be maintained in a population because they are linked to other advanta-
geous traits or because there has not been enough time for selection to remove them.

One reason why traits that originally evolved by natural selection may no longer be
under selective pressure is that the environment may have changed dramatically. This pos-
sibility should clearly be taken into consideration in the study of human adaptations. In
fact, evolutionary psychologists often argue that modern humans live in an environment
that is different in many ways from the environments in which their brain mechanisms
evolved (e.g., Tooby & Cosmides, 1992). Therefore, there is no necessary expectation that
adaptations will promote fitness in current environments and, accordingly, evolutionary
psychologists do not typically cite the fitness benefits of traits in modern environments as
evidence for adaptation (see Symons, 1992). Instead, evolutionary psychologists define
adaptations historically, as traits that originated by natural selection, and they argue that
the action of natural selection in the past can be identified from the design of adaptive
traits. This argument from design maintains that only natural selection can produce com-
plex functional design in biological organisms, and, as such, empirical evidence that a trait
is well-engineered for the solution of a specific problem is evidence for the action of natural
selection and therefore, evidence for adaptation.

A general objection to the argument from design is that special design in human behav-
ioral and psychological traits may arise as a by-product of learning mechanisms that
evolved for other purposes (Andrews, Gangestad, & Matthews, 2002). The argument from
design, therefore, does not allow one to distinguish unequivocally behavioral and psycho-
logical adaptations from exaptations (i.e., traits that currently serve an adaptive function
that is different from the function they were originally selected for; Gould & Vrba, 1982) as
well as distinguish both adaptations and exaptations from “spandrels,” i.e., traits that
seemingly have complex design but serve no function and originated as by-products of
other traits (Gould & Lewontin, 1979). These limitations of the argument from design
argue for the importance of additional lines of empirical evidence for adaptation (see also
Autumn, Ryan, & Wake, 2002). In the rest of this article, we argue that comparative
research can provide such additional evidence.

The role of comparative research in the study of human behavioral and psychological
adaptations

Although EDP recognizes the importance of comparative data, and especially of evi-
dence from the nonhuman primates closest to us (e.g., Bjorklund & Pellegrini, 2002), main-
stream evolutionary psychology has generally downplayed the importance of comparative
research for the study of human psychological and behavioral adaptations. Animal
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research is sometimes used by evolutionary psychologists to generate hypotheses, but not
as a potential source of empirical evidence about adaptation. For example, some evolu-
tionary psychologists dismiss the contributions made by phylogenetic analyses of animal
behavior (Daly & Wilson, 1997, 1999), while others maintain that phylogenetic analyses
are more likely to be useful for the analysis of neurobiological or physiological traits than
for the understanding of behavior or cognition (Tooby & Cosmides, 1989). This position
has recently been taken also by Gottlieb and Lickliter (2004), who “do not think that
homologies can be readily documented with even our most closely related relatives’ behav-
ior and psychological functioning” (p. 311). In our view, this pessimism is not justified, and
in the following sections, we will make the case that comparative research, and especially
research with nonhuman primates, can play an important role in the study of human adap-
tations (see also Maestripieri, 2003a, 2005a; Roney & Maestripieri, 2002).

Comparative research can provide evidence of adaptation through analysis of convergent
evolution

Similar morphological, physiological, behavioral, and psychological traits can evolve
independently by natural selection in different species in response to similar environmental
pressures. This phenomenon is called convergent evolution. These traits serve analogous
functions in different species and are therefore called analogous. If particular human
behavioral or psychological traits can be shown to serve a similar function as adaptive
traits present in other animal species despite differences in terms of details of their struc-
tures or in their developmental precursors, one can argue that the human traits are likely to
be adaptive as well and that they represent a case of convergent evolution.

This is an effective strategy for the study of human adaptations because demonstrat-
ing the adaptiveness of behavioral or psychological traits may be easier in animals than
in humans for many reasons: many wild animals still live in environments that have not
changed as much as the human environment, and many aspects of their behavior are cur-
rently under strong selective pressure; reproduction is unconstrained by cultural factors;
in many cases life spans are shorter than in humans and life time reproductive success
can be effectively quantified, therefore allowing for correlation between individual differ-
ences in phenotypic traits and differences in fitness; finally, behavioral traits can be
experimentally manipulated and their effect on fitness can be assessed. Since functional
approaches to animal behavior began to be systematically used in the 1970s, animal
behavior researchers have provided empirical evidence for the adaptiveness of thou-
sands of behavioral traits in virtually every animal taxon (e.g., Alcock, 2005). A great
deal is also known about the adaptiveness of animal cognitive traits (e.g., Bekoff, Allen,
& Burghardt, 2002).

Demonstration of similarities in the function and the design of behavioral and psy-
chological traits between humans and other animals can be used as an argument that the
human traits are unlikely to be the by-product of modern human environments. For
example, the occurrence and adaptive function of pair bonding in other taxonomic
groups strongly suggest that this social system may have independently evolved in
humans and many other animal species (e.g., most species of birds) as an adaptive
response to the need for bi-parental care of the young (Clutton-Brock, 1991; Geary,
2000). Humans and other pair-bonded animals also share some of the adaptive design
features of pair bonding, e.g., emotional and behavioral responses to separation from a
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social partner, although these responses may be regulated by different neurobiological or
cognitive mechanisms (Carter, 1998; Insel & Young, 2000). The similarities in the func-
tion and basic design features of pair bonding in humans and other animals make it
unlikely that human pair bonding is a product of modern culture. Therefore, in the case
of pair bonding and potentially many other behavioral and psychological traits, compar-
ative data can suggest convergent evolution in humans and other animals and be used, in
addition to the argument from design, to make the case for adaptation.

Comparative research can provide evidence of adaptation through analyses of phylogenetic
history

Morphological, physiological, behavioral, and psychological traits can be similar in
different species because these species have inherited these traits from a common ances-
tor. These traits are called homologous. Therefore, homologous traits have, by defini-
tion, a common phylogenetic history and are produced by similar developmental
processes (e.g., Sluys, 1996; Wagner, 1989). Homologies in behavior and its cognitive and
neurobiological substrates can be assessed with the comparative approach, much like
homologies in other traits (Atz, 1970; Heinroth, 1910, cited in Burkhardt, 2005; Lorenz,
1950; Wenzel, 1992). Phylogenetic analyses are one of fastest growing areas of compara-
tive behavioral research; they have been successfully used in a wide range of animal spe-
cies (e.g., Autumn et al., 2002; Cleaveland, Jager, Rossner, & Delius, 2003; Di Fiore &
Rendall, 1994; Hale, Long, McHenry, & Westneat, 2002; Martins, 1996; Preuschoft &
van Hooff, 1995; Stratton, Suter, & Miller, 2003; Thierry, Iwaniuk, & Pellis, 2000) and
nothing prevents them from being extended to humans as well. For example, homologies
between some human facial expressions of emotion and those of Old World monkeys
and apes can be readily identified (Darwin, 1872; Preuschoft & van Hooff, 1995; van
Hooff, 1972).

Homologous traits in different species may not necessarily serve the same adaptive func-
tion because the function of traits may change over time in response to changing social or
ecological pressures. Demonstration that particular human behavioral or psychological
traits are homologous to traits in other animals implies that these human traits are unlikely
to be developmental by-products of modern human environments. To provide compelling
evidence for adaptation, however, and exclude exaptation as a possible explanation for the
origin of the trait, homologous traits must play the same functional roles in humans and in
animals. Therefore, comparative phylogenetic analyses of traits must be complemented by
functional analyses.

The use of phylogenetic continuity to support the hypothesis of adaptation may seem
counterintuitive given that phylogenetic inertia and selection are often presented as com-
peting explanations for the nature of phenotypes (Roney & Maestripieri, 2002). Darwin
(1859), in fact, often used nonadaptive homologies as evidence for evolution and as an
argument against special creation. For example, he argued that human facial expressions
of emotion may be nonadaptive homologs of animal expressions (Darwin, 1872; see also
Fridlund, 1994). Many functional traits, however, are preserved across taxa because of
their adaptive consequences and many adaptations are likely to be homologous across spe-
cies (e.g., Wagner & Altenberg, 1996). Therefore, phylogenetic analyses should be part of
any comprehensive strategy for the empirical demonstration of human behavioral and
psychological adaptations.



126 D. Maestripieri, J.R. Roney | Developmental Review 26 (2006) 120-137
Usefulness of nonhuman primates

Many aspects of human behavior and cognition and their developmental trajectories
were likely inherited from our mammalian ancestors. The probability that two species
share similar behaviors due to common descent is higher the closer the phylogenetic rela-
tionship between the species. The great apes (chimpanzees, bonobos, gorillas, and orangu-
tans) and the Old World monkeys (e.g., macaques and baboons) are, along with the lesser
apes (gibbons and siamangs), the animals that are phylogenetically closest to humans. The
great apes and the Old World monkeys share approximately 98 and 95% of their genetic
material with humans, respectively (Marks, 2003). Therefore, human behavior is more
likely to be homologous to the behavior of the great apes and the Old World monkeys than
to the behavior of other animals.

In theory, analogies can exist between human behavioral and psychological traits and
traits exhibited by animals in any taxonomic group. In reality, however, there are many
constraints on the type of adaptations to the environment that organisms can evolve
through natural selection. Therefore, similarities in genetic, anatomical, physiological, and
cognitive constraints increase the probability that organisms will evolve similar adapta-
tions to similar social or ecological contingencies (Maestripieri, 2003a).

In sum, because animals that are phylogenetically closer to humans are more likely to
share with humans not only homologies but also analogies in their behavioral and psycho-
logical functioning, research with nonhuman primates, and especially with great apes and
Old World monkeys can make an important contribution to research in evolutionary psy-
chology and evolutionary developmental psychology. In the following two sections, we will
illustrate and discuss two examples of developmental adaptations for survival and repro-
duction that humans appear to share with other primates. Many other examples could be
provided with regard to early cognitive development, developmental sex differences in
behavior and cognition, or behavioral and psychological changes associated with puberty
and adolescence (e.g., see Bjorklund & Pellegrini, 2002).

Developmental adaptations for survival in nonhuman primates and humans: Attachment to
the caregiver

According to the theory formulated by British psychiatrist John Bowlby, human infants
and young children have a biological predisposition to become attached to a caregiver
(Bowlby, 1969, 1973, 1980). Bowlby argued that the infant attachment system evolved in
the Environment of Evolutionary Adaptedness as a set of psychological and behavioral
adaptations that promoted infant survival by enhancing infant proximity and interaction
with a caregiver. Comparative research made an important contribution to the formula-
tion of attachment theory (e.g., Maestripieri, 2003b). Bowlby derived from ethology the
notion that infant attachment should be explained in terms of causation, ontogeny, adap-
tive function, and evolution (Tinbergen, 1963). He also borrowed from ethology the con-
cept of behavioral system viewed as a set of behavioral responses serving a particular
biological end (Hinde, 1982). Finally, Bowlby gained important insights about the infant
attachment system from observations of mother—infant interactions in rhesus macaques
(e.g., Hinde & Spencer-Booth, 1967) and from experiments in the same species demonstrat-
ing the primary role of the caregiver as a source of contact/comfort and protection rather
than nutrition (Harlow, 1959, 1974). Bowlby thus viewed the infant attachment system as a
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developmental adaptation for survival with a phylogenetic history that could be traced
back at least to the Old World monkeys.

The design features and development of the infant attachment system in humans

Bowlby argued that the infant attachment system has a specific set goal and multiple
activating and terminating conditions. The set goal of the infant is the maintenance of con-
tact or proximity to the mother. The system is activated when the infant is separated from
the mother and is terminated when contact or proximity is established. The threshold of
activation of the attachment system varies in relation to both exogenous (e.g., distance
from the mother, natural clues to danger) and endogenous factors (e.g., illness, fatigue, or
hunger). In Bowlby’s view, the attachment system is composed of a set of design features
with specific adaptive significance and emerges developmentally according to a four-stage
sequence. In the first 8 to 12 weeks of life, there is no behavioral attachment to specific
caregivers, although infants already show a preference for looking at the human face and
listening to human voices, especially that of their mother (e.g., Kisilevsky et al., 2003).
Infants behaviorally respond to stimuli in a manner that increases the likelihood of contin-
ued contact with other humans but behave the same way toward many people. This period
is followed by a pre-attachment stage (between 8 and 12 weeks and 6 months of age), in
which there is a restriction of the range of stimuli that can effectively activate and termi-
nate the attachment responses. Infants also begin to discriminate their caregiver(s) from
other people. Stage 3 (between 6 and 9 months and 2-3 years of age) is characterized by
new attachment behaviors (e.g., following the caregiver) and changes in the organization of
attachment behaviors under the infant’s intentional control. The infant now has a cogni-
tive representation of the attachment figure that is independent from perception, that is, it
appears infants can either generate a mental representation of the caregiver even in his/her
absence or such representation is automatically generated in some contexts (e.g., unfamil-
iar). As attachment is fully established, other motivational/behavioral systems such as the
exploration and the fear systems become active as well.

According to Bowlby, the attachment system can be activated simultaneously with the
fear/wariness system, and they both inhibit the exploration system. Thus, when the infant is
frightened or anxious, he or she wants to be near the mother and does not explore the envi-
ronment or play. When the infant feels secure, he or she will explore and play. Design fea-
tures of the attachment system that appear at this stage include the use of the caregiver as a
“safe haven” when the infant is frightened and a “secure base” for exploration; these fea-
tures emerge concomitantly with the development of fear of strangers (~6 months) and
separation anxiety (~9 months). In the last stage of attachment development (2-3 years
and beyond), the caregiver is perceived as an individual with his or her own goals and the
cognitive aspects of attachment become more prominent than the behavioral and emo-
tional ones.

The infant attachment system in rhesus macaques

Similar to human infants, rhesus macaque infants initially direct attachment behaviors
to a variety of individuals other than the mother, as well as to other animals or inanimate
objects with the proper stimulus characteristics (e.g., Harlow, 1959; Mason & Capitanio,
1988). The range of stimuli capable of eliciting attachment responses, however, is gradually
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restricted as infants grow older. Similar to the human attachment system, the main func-
tion of the monkey attachment system is to maintain proximity or contact with the care-
giver, in this case the mother. When attachment is fully developed, this system interacts
with the exploration and the fear system in a way similar to the human attachment system.
This is clearly illustrated by developmental changes in the maintenance of contact and
proximity between mother and infant. In the first few days after birth, rhesus macaque
infants are in almost continuous contact with their mothers and if contact is broken, it is
always re-established by the mother (Hinde & Spencer-Booth, 1967). Beginning from the
second week of life, the infants’ exploration of the surrounding environment takes the form
of short radial trips from their mothers, which suggests that infants begin to use their
mother as a secure base to explore the environment. Departure from the mother is inhib-
ited or re-establishment of contact is accelerated if the infant is afraid or in distress, sug-
gesting that the attachment, exploration, and fear systems begin to be mutually dependent
(Hinde, 1984; Hinde & Spencer-Booth, 1967).

Distress calls and other signs of behavioral agitation shown by infants who have lost
visual contact with their mothers or have been hurt by other group members cease almost
immediately upon re-establishment of contact with the mother (Maestripieri & Call, 1996).
This suggests the mother serves an important reassuring and soothing function equivalent
to the caregiver’s “safe haven” function in the human attachment system. As separation
anxiety and fear of strangers emerge, rhesus macaque infants become primarily responsible
for maintaining contact and proximity with their mothers (Hinde, 1984; Hinde & Spencer-
Booth, 1967). Infant proximity to the mother is crucial for protection from predators and
other members of the same species, and reduced maternal protection is associated with a
variety of dangers (e.g., Maestripieri, 1995). Taken together, these observations suggest
that rhesus monkey infants possess an attachment system whose design features, develop-
ment, and adaptive function are very similar to those of human infant attachment (see also
Suomi, 1999). Similar observations have also been made, though not as systematically as in
rhesus macaques, also in other nonhuman primates (e.g., chimpanzees; Maestripieri,
2003b).

The phylogeny of infant attachment

The similarities in the infant attachment system in rhesus monkeys and humans raise
the question of whether they evolved independently from one another (i.e., they are analo-
gous), or whether they share a common evolutionary history (i.e., they are homologous).
Bowlby appeared to believe that the basic features of attachment are homologous in rhesus
monkey and human infants (see Suomi, 1999). In fact, a human-like attachment system is
almost ubiquitous among the Old World monkeys and the apes (i.e., the primates phyloge-
netically closest to humans) and absent or rare among the prosimians (e.g., lemurs) and the
New World monkeys (i.e., the primates phylogenetically more distant from humans;
Maestripieri, 2003b; Mason & Mendoza, 1998). This suggests the attachment system is not
the product of the modern human environment but instead is an adaptation the history of
which can be tracked in the evolution of the Primate order.

Clearly some differences exist between the human and the nonhuman primate attach-
ment system as well as among the attachment systems of different nonhuman primate spe-
cies. Some of these differences involve whether attachment is to the mother, the father, or
multiple caregivers, the specific behavioral expressions of attachment, the ontogenetic
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sequence of attachment formation, the possible neurobiological mechanisms regulating
attachment processes, and the relative importance of cognitive processes in attachment,
especially at later stages of development. For example, the extent to which nonhuman pri-
mate infants develop a cognitive model of the caregiver in relation to the self and the exter-
nal environment is not clear. In some cases, species differences in attachment can be related
to the life-history characteristics of the species and its ecological, social, and reproductive
adaptations (Maestripieri, 2003b). In other cases, they can be associated with species differ-
ences in cognitive or communicative skills.

According to some theorists, the attachment system continues to be active beyond the
childhood period and to operate also in the context of relationships between peers in ado-
lescence or in romantic relationships in adulthood (e.g., Hazan & Shaver, 1987). The
hypothesis that the attachment relationship with the caregiver becomes a template for
other relationships later in life, and especially for sexual and romantic relationships, sug-
gests that attachment is an adaptation not only for survival but also for reproduction. It is
possible that once the attachment system evolved as a developmental adaptation for sur-
vival in infancy, this system acquired new adaptive functions in humans (but see Kirkpa-
trick, 1998). The characteristics and the function of the infant attachment system in
humans, however, are quite distinct from those of adult attachment and very similar to
those of the infant attachment system in other nonhuman primates. Comparative research
with nonhuman primates played an important role in the understanding of infant attach-
ment and may contribute further to research on this and other early adaptations for sur-
vival.

Developmental adaptations for reproduction in nonhuman primates and humans: Early
female interest in infants and the acquisition of mothering skills

Maternal care in primates and the role of experience in the acquisition of competent
mothering skills

Female parental care is the rule among the over 300 species of nonhuman primates, the
exceptions being a few socially monogamous species in which fathers carry and protect
their infants. Social monogamy and paternal care are mostly concentrated among New
World monkeys and associated with particular reproductive or ecological characteristics
(e.g., the production of twins in marmosets and tamarins; Snowdon & Suomi, 1982).
Among the Old World monkeys and the apes, females typically give birth to one infant at a
time, feed their offspring with milk for one year or more, and in some cases continue invest-
ing in them for the rest of their lives with little or no contribution from males. During the
period of infant dependence, maternal care manifests itself mainly as breastfeeding, carry-
ing, and protecting the infant. Among great apes, mothers also play with their infants and
share solid food with them. Primate maternal behavior is generally comparable, in terms of
its basic characteristics, to that of many other mammalian species, although primate
infants are generally carried more by their mothers than other mammalian young.

In mammalian species with a short life span (e.g., mice and rats), first-time mothers
exhibit a full repertoire of maternal behavior from the moment their offspring are born
and are generally successful in raising their litters in the absence of any prior experience
with pups. In fact, in some of these species females without reproductive experience
avoid any contact with other females’ pups or kill them and cannibalize them (e.g.,
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Fleming & Orpen, 1986). In rodents, maternal responsiveness and behavior are proba-
bly under relatively strong genetic control and are regulated by a combination of hor-
monal changes induced by pregnancy and lactation along with sensory stimuli from the
offspring (e.g., Fleming & Orpen, 1986). Unlike rodents, Old World monkeys, apes, and
humans have relatively long life spans, and in these species, many aspects of maternal
behavior depend, in part, on experience acquired during development. For example,
nonhuman primate mothers need this experience to learn how to carry their infants
properly, to allow infants to maintain nipple contact long enough to obtain their neces-
sary nourishment, to protect infants from unwanted attention from other conspecifics,
and to encourage infant independence and weaning (e.g., Pryce, 1996).

Important experience for learning maternal behavior can be acquired by primate
females during interactions with their own mothers in infancy, through observation of
interactions between their mothers and younger siblings or between other females and
their infants during the juvenile period, through direct interaction with younger siblings or
other females’ infants during the juvenile period, and through direct interactions with their
own offspring. The importance of these forms of experience for the acquisition of compe-
tent maternal behavior is demonstrated by several lines of evidence. Monkey or ape
females who are separated from their mothers after birth and are hand-reared in isolation
or with surrogate mothers (e.g., toys, dogs, or other monkey infants) typically neglect or
abandon their first-born infants or exhibit abnormal patterns of maternal care (e.g., Suomi,
1978). Females that are reared by their biological mothers but in socially impoverished
environments in which opportunities to interact with infants and other conspecifics are
limited also exhibit deficiencies in maternal behavior (Suomi, 1978).

Among female monkeys living in naturalistic social groups, first-time mothers are gen-
erally more likely than multiparous mothers to neglect and abandon their infants or to
show clumsy maternal behavior such as carrying infants upside down (Maestripieri & Car-
roll, 1998; Schino & Troisi, 2005). The probability of infant abandonment is greatly
reduced as females give birth to successive infants and the quality of maternal care typi-
cally increases as well (Maestripieri & Carroll, 1998; Schino & Troisi, 2005). Interactions
with younger siblings or other females’ infants during the juvenile period (collectively
referred to as “infant handling”), however, can affect the quality of maternal care and the
probability of infant survival of first-time mothers. In vervet monkeys, first-time mothers
who had greater infant handling experience with infants as juveniles were more likely to be
competent mothers and their infants had a higher probability of survival than females with
less juvenile experience with infants (Fairbanks, 1990).

Although a female’s experience with her own mother, with her siblings or other females’
infants, and with her own offspring are all probably equally important for the acquisition
of competent mothering skills, interest in infants in the juvenile years and motivation to
engage in extensive social interactions with them probably represent a specific develop-
mental adaptation shared by nonhuman primates and humans but not present in other
mammals with shorter life spans such as rodents. In the next section, we will illustrate some
of the evidence in favor of this hypothesis.

Sex differences in interest in infants in the juvenile period in human and nonhuman primates

Interactions between girls and infants or young children have been observed by anthro-
pologists in virtually all human societies, whereas interactions between boys and infants or
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young children are far less common (Edwards, 1993; Whiting & Whiting, 1975). A sex
difference in interest in infants and involvement in caregiving interactions has also been
demonstrated by developmental psychologists in a number of different contexts and with
many different measures, including naturalistic observations of interactions with infants,
responses to pictures of infants vs other individuals or objects, and preferences for playing
with dolls vs other toys (e.g., Berman, 1980; Blakemore, 1983; Feldman, Nash, & Cutrona,
1977; Fullard & Reiling, 1976; Maestripieri & Pelka, 2002). Female responsiveness to
infants is greatest in childhood and adolescence and declines in middle-aged and elderly
women, whereas a similar pattern is not observed for males (Berman, 1980; Feldman et al.,
1977; Frodi & Lamb, 1978; Fullard & Reiling, 1976; Maestripieri & Pelka, 2002).

Many socio-cultural anthropologists and psychologists interpret this sex difference as
the result of socialization, i.e., parental and societal influences that encourage interest in
infants and involvement in caregiving activities in young females but not in males (e.g.,
Whiting, 1980). A study, however, that specifically attempted to demonstrate the role of
parental socialization in the origin of sex differences in interest in infants failed to do so
(Blakemore, 1990). It has also been argued that the time course of sex differences in interest
in infants is more consistent with the hypothesis that greater female interest in infants is an
adaptation to facilitate the acquisition of parenting skills prior to puberty than a culturally
driven preparation for adult sex roles (Maestripieri & Pelka, 2002). Finally, evidence that
biological factors such as prenatal exposure to sex steroid hormones play a role in the
development of interest in infants has been provided by studies of girls with congenital
adrenal hyperplasia (CAH), a syndrome that involves exposure to excess androgen in
utero. Girls with CAH exhibit several signs of morphological and behavioral masculiniza-
tion including reduced interest in playing with dolls compared to normal girls (Berenbaum
& Hines, 1992; Leveroni & Berenbaum, 1998). Therefore, although parental and cultural
influences undoubtedly exist, it is possible that these influences exaggerate pre-existing
(and biologically based) sex differences in psychological disposition towards infants and
caregiving behavior (Geary, 1998; Roney & Maestripieri, 2003).

The hypothesis that early female interest in infants is a developmental adaptation rather
than a product of human culture and socialization is supported by comparative evidence
from nonhuman primates. In rhesus macaques, a strong sex difference in interest in infants
(e.g., in rates of infant handling) emerges by the end of the first year of life and persists
through the prepubertal years and beyond (Herman, Measday, & Wallen, 2003; Lovejoy &
Wallen, 1988; Maestripieri, 2005b). In the first year of life, males and females are not
treated any differently by their mothers or other group members (Fairbanks, 1996). Fur-
thermore, male and female yearlings spend similar amounts of time in proximity to their
mothers, and mothers do not encourage or discourage any social activities differentially in
their sons and daughters (Fairbanks, 1996). Therefore, sex differences in interest in infants
in rhesus macaques are more likely to result from biological factors including prenatal hor-
mone exposure, than to be the product of socialization (Herman et al., 2003; Roney &
Maestripieri, 2003). Parsimony would suggest that this may be the case in humans as well.

Interest in infants and female reproductive strategies
The hypothesis that early female interest in infants is a developmental adaptation to

facilitate the acquisition of mothering skills and increase reproductive success predicts not
only sex differences consistent with the prevalence of maternal vs paternal care but also
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adaptive intra-individual variation in this trait. Specifically, because the developmental
acquisition of mothering skills is crucial for the success of first reproduction, one would
expect that adaptive intra-sex variation in the timing of the onset of reproduction should
also affect the developmental time course of female interest in infants.

Life-history theory predicts that when food availability is scarce and offspring mortality
is high, females should postpone the onset of reproduction and invest more in their own
growth and maturation (Stearns, 1992). This is because food availability is crucial for lac-
tation and offspring survival. Since food availability often fluctuates cyclically in the envi-
ronment females are better off postponing reproduction until environmental conditions
improve (Wasser & Barash, 1983). In contrast, if food is available and mortality is concen-
trated not in infancy but in adulthood, it would be advantageous to females to accelerate
their reproductive maturation. This is because food is available for lactation and offspring
survival but females have limited prospects for their own survival in adulthood. Therefore
they should start reproducing as early as possible. Early reproduction would also predict
early acquisition of parenting skills necessary to guarantee offspring survival, whereas
when reproductive maturation is delayed, interest in infants may be delayed as well.

The association between low food availability and the delay or suppression of reproduc-
tion is well documented in female mammals (Wasser & Barash, 1983). Similarly, there is a
large body of evidence in humans showing that nutritional stress and low body weight (or
body fat) during adolescence can delay female reproductive maturation and result in later
age of menarche (see Ellis, 2004, for review). Many studies, however, have shown that early
physical or psychosocial stress (e.g., early family conflict or father absence from home) is
associated with earlier menarche (see Ellis, 2004, for review). One possible interpretation of
this association is that early physical or psychosocial stress is interpreted by the developing
organism as a cue that risk of mortality will be elevated in adulthood due to social threats
by conspecifics and lack of adequate protection by an adult male (Belsky, Steinberg, &
Draper, 1991; Chisholm, 1999; Draper & Harpending, 1982).

Variation in the development of interest in infants among young girls has been poorly
investigated. An early study by Goldberg, Blumberg, and Kriger (1982) reported that 12-
year-old girls who had reached menarche were more attracted to pictures with infant faces
than same-aged girls who had not yet reached menarche. The authors of this study sug-
gested that possible neuroendocrine changes associated with the onset of menstruation
may increase selective attention and responsiveness to infantile features, and that such
attentional changes would function to increase opportunities to observe and respond to
infants in the years between menarche and actual childbearing. Maestripieri, Roney,
DeBias, Durante, and Spaepen (2004), however, offered a different interpretation of these
findings; specifically, the possibility that girls with early menarche had greater interest in
infants than girls with late menarche even before the onset of menstruation. Their interpre-
tation argues that menarche per se does not affect female interest in infants but that the
timing of menarche is the crucial variable because girls with early and late menarche may
be on different developmental tracks that include early vs late reproduction and interest in
infant. Maestripieri et al. (2004) presented data consistent with this interpretation. In a
sample of 83 adolescent girls, there was no significant difference in interest in pictures of
infant faces between premenarcheal and postmenarcheal girls. However, girls with early
menarche showed greater preferences for infants than girls with late menarche. Early men-
arche, in turn, was significantly associated with father absence from home during child-
hood and adolescence. These findings suggest that the father-absent girls are on a fast
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reproductive track and that by being more attracted to infant stimuli, or by expressing
interest in infants earlier during development, these girls may acquire crucial parenting
skills earlier in life and be better equipped for early reproduction and child-rearing.

It has been argued that the effects of early psychosocial stress on early female reproduc-
tive maturation may be mediated by the quality of parental care received at home (e.g., Bel-
sky et al., 1991). In other words, lack of resources or high levels of conflict in the home
environment would lead to harsh and inconsistent parenting behavior, and this in turn
would affect the child’s behavioral and reproductive development. Differences in the
amount and quality of parental care between single-parent and two-parent households
may also mediate the effects of father absence on early menarche and precocious sexual
maturation (Belsky et al., 1991; Quinlan, 2003). However, early menarche and early interest
in infants in girls who grow up in stressful environments or without a father may also be
traits that are genetically inherited from the girls’ mothers or fathers (see Figueredo et al.,
2000).

A recent study of rhesus macaques used a cross-fostering procedure to examine the rela-
tive contribution of genes and early environment to the development of female interest in
infants (Maestripieri, 2005b). Specifically, female infants were cross-fostered at birth
between mothers with a history of harsh and inconsistent maternal care and mothers with
a history of competent and nurturing maternal behavior. The females exposed to poor
quality maternal care in infancy exhibited higher interest in other females’ infants in the
juvenile period, regardless of the identity of their biological mothers. These females also
tended to have an earlier age at first conception than the other females. Therefore, the
development of female interest in infants was influenced by the quality of early environ-
ment as predicted by life-history theory. Macaque females exposed to harsh and inconsis-
tent maternal care in infancy tended to have higher cortisol responses to stress and to
corticotropin-releasing-hormone (CRH) than controls in the first 3 years of life (see also
Ellis, Jackson, & Boyce, 2006; Flinn, 2006). Furthermore, females with higher cortisol
responses to stress exhibited higher interest in infants.

These findings suggest that some of the effects of early parental care on female repro-
ductive maturation may be mediated by developmental changes in the activity of the hypo-
thalamic—pituitary—adrenal axis. Similar effects of exposure to different patterns of
maternal care on female reproductive maturation have also been reported in rats. Cameron
et al. (2005) reported that females reared by mothers with low levels of licking, grooming,
and arched-back nursing (LG-ABN) showed vaginal opening (an indicator of pubertal
development in rats) earlier in life than the offspring of high LG-ABN mothers as well as
higher sexual receptivity to males and higher probability of conception following mating
interactions. As with the monkeys, these effects of early experience were demonstrated with
cross-fostering studies and shown to be associated with alterations in neuroendocrine
responsiveness to stress (Cameron et al., 2005).

Taken together, comparative evidence from humans, monkeys, and rats suggest that the
quality of the early social environment, and especially the quality of maternal care received
early in life, can result in adaptive programming of female reproductive maturation. In
monkeys and humans, these maternal effects on reproductive maturation also include the
development of interest in infants during the juvenile period. This finding, in addition to
other comparative data on sex differences in interest in infants, the developmental time
course of female interest in infants, and its function, is consistent with the hypothesis that
early female interest in infants is a developmental adaptation that we share with other
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primates that are phylogenetically close to us. Without the comparative data, however,
socio-cultural explanations of early female interest in infants would be difficult to discard.

Conclusion

As illustrated by the examples of infant attachment to the caregiver and early female
interest in infants, humans share with other primates age-specific behavioral and psycho-
logical adaptations for survival and reproduction. Some of these adaptive traits have
immediate fitness benefits at the age at which they are expressed whereas others have
delayed benefits. In some cases, similar developmental adaptations in humans and other
primates are homologous whereas in other cases they are the result of convergent evolu-
tion. Evidence from comparative research can be used to argue against alternative, non-
adaptive explanations for human behavioral and psychological traits and therefore can
make a fundamental contribution to the intellectual and research mission of evolutionary
developmental psychology.
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