Human Child
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Human children are remarkably tuned-in to their social
environments. They are informational sponges, absorbing
bits of knowledge from others at a phenomenal pace,
equipped with life’s most sophisticated and creative
communication system (human language). This sensi-
tivity to social interactions is interwoven with the
ontogeny of flexible cognitive skills ~ including
empathy, self awareness, social-scenario building,
and theory of mind (ToM) ~ that are the foundation
of human relationships. In this chapter I examine the
neurcendocrine systems that facilitate the develop-
ment of these distinctively human sociocognitive
adaptations.

Neuroendocrine systems may be viewed as com-
plex sets of mechanisms designed by natural selection
to communicate information among cells and tissues.
Steroid and peptide hormones, associated neurotrans-
mitters, and other chemical messengers guide behav-
iors of mammals in many important ways (Ellison,
2001; Lee et al,, 2009; Panksepp, 2009). Analysis of
patterns of hormone levels in naturalistic contexts
can provide important insights into the evolutionary
functions of the neurcendocrine mechanisms that
guide human behaviors. Here I focus on the apparent
evolutionary paradox of neuroendocrine response to
psychosocial stressors.

Acute and chronic stressful experiences are associ-
ated with a variety of negative health outcomes in
humans, including susceptibility to upper respiratory
infections (Cohen et al., 2003), anxiety and depression
(Heim and Nemeroff, 2001), and coronary heart dis-
ease (McEwen, 1998). The effects of psychosocial
stress can be substantial: in the rural community of
Bwa Mawego, Dominica, where 1 have studied child
health for the past 22 years, overall morbidity among
children for the 3-6 days following an acute stress
event is more than double the normal rate (Flinn and
England, 2003). Studies of populations within the
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United States indicate that chronic stress is similarly
associated with a long-term three-fold increase in
adverse health conditions (Cohen et al.,, 1993, 2007).
Exposure to stressful events early in development,
moreover, appears to have lifelong effects (Heim et al,,
2002; Fox etal., 2007; Kolassa and Elbert, 2007; Meaney
et al., 2007, Champagne, 2008; Seckl, 2008). Stress
endocrinology is suspected to have an important role
in the links between social environment and health.
Chronic release of stress hormones such as cortisol in
response to psychosocial challenges is posited to have
incidental deleterious effects on immune and metabolic
regulatory functions (Ader et al., 2001; Sapolsky, 2005).
Release of androgens such as testosterone, dehydro-
epiandrosterone (DHEA), and dehydroepiandrosterone
sulfate (DHEAS) are also influenced by social condi-
tions (see Chapter 16 of this volume), and can affect
immunocompetence (Muehlenbein and Bribiescas,
2005; Muehlenbein, 2008).

This importance of the social environment for
a child’s physical and mental health presents an evolu-
tionary puzzle. Why, given the apparent high cost
to human health of psychosocial stress, would natural
selection have favored links between the psycho-
logical mechanisms that assess social challenges,
and the neurcendocrine mechanisms that regulate
stress and reproductive physiology and downstream
immune functions? I approach this question from
the integrative evolutionary paradigm of Niko
Tinbergen (1963), who emphasized the importance of
linking proximate physiological explanations with
ontogeny (development), phylogeny (ancestry), and
adaptive function (natural selection). My basic argu-
ment is that hormonal stress response to psychosocial
challenges facilitates the neural remodeling and poten-
tiation that is necessary to adapt to the dynamic infor-
mational arms race of the human sociocultural
environment.
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WHY IS THE HUMAN CHILD SO SENSITIVE
TO THE SOCIAL ENVIRONMENT?

The human child is a social creature, motivated by and
highly sensitive to interpersonal relationships (Gopnik
et al.,, 1999). The life history stage of human childhood
enables the development of necessary social skills
(Alexander, 1987; Joffe, 1997; Bogin, 1999; Geary and
Bjorklund, 2000; Flinn, 2004), including emotional
regulation. Learning, practice, and experience are
imperative for social success. The information process-
ing capacity used for human social interactions is con-
siderable, and perhaps significantly greater than that
involved with foraging skills (Roth and Dicke, 2005).
The child needs to master complex dynamic
tasks such as learning the personalities, social biases,
relationships, and so forth of peers and adults in the
local community, and developing appropriate cogni-
tive and emotional responses to these challenges
(Bugental, 2000). The learning environments that
facilitate and channel these astonishing aspecis of
human mental phenotypic plasticity appear to take on
a special importance. Much of the data required for the
social behavior necessary to be successful as a human
cannot be “preprogrammed” into specific, detailed,
fixed responses. Social cleverness in a fast-paced,
cumulative cultural environment must contend with
dynamic, constantly shifting strategies of friends and
enemies, and hence needs information from experien-
tial social learning (Flinn, 1997, 2006a). The links
among psychosocial stimuli, emotions, and physio-
logical stress response may guide both the acute and
long-term neurological plasticity necessary for
adapting to the dynamic aspects of human sociality.

HUMAN SOCIALITY: KEY EVOLUTIONARY
PUZZLES

Humans are characterized by a distinctive set of traits,
including: (1) large brains; (2) long periods of juvenile
dependence; (3) extensive biparental care including
large transfers of information; (4) multigenerational
bilateral kin networks; (5) habitual bipedal locomo-
tion; (6) use of the upper limbs for tool use including
projectile weapons; (7) concealed or “cryptic” ovula-
tion; (8) menopause; (9) culture including language;
and (10) lethal competition among kin-based coali-
tions. A few other species exhibit several of these traits;
only humans, however, are characterized by the entire
combination {Alexander, 2005). This suite of traits pre-
sents several questions or puzzles that are key io
understanding human evolutionary biology. Here
I first briefly describe these puzzles, and suggest a
common resolution based on the importance of social
competition during human evolution. I then return to
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the paradox of hormonal response to social challenge,
hypothesizing that glucocorticoids and androgens help
facilitate neural remodeling and long-term potentia-
tion necessary for dynamic social cognition.

Paternal care in multimale groups

Mammals that live in groups with multiple males -
such as chimpanzees (Pan troglodytes) ~ usually have
little or no paternal care, because the nonexclusivity of
mating relationships obscures paternity (Alexander,
1974; Clutton-Brock, 1991). Chimpanzee males appear
to lack reliable cues for identifying their offspring.
In contrast, it is common for human fathers to provide
protection, information, food, and social status for
their children. Paternal care in humans appears to
be facilitated by relatively stable pair bonds, which
not only involves co-operation between mates that
often endures over the life span, but which requires
an unusual type of co-operation among coresiding
males ~ respect for each other’s mating relationships.

The relatively exclusive mating relationships that
are characteristic of humans generate natural factions
within the group. Mating relationships also can create
alliances in human groups, linking two families or
clans together. By way of comparison, in chimpanzee
communities it is difficult for even the most dominant
male to monopolize an estrous female; most of the
males in a community mate with most of the females
(Goodall, 1986). Although dominant males sire a
higher proportion, chimpanzee males in effect “share”
a common interest in the community’s females and
their offspring. Human groups, in contrast, are com-
posed of family units, each with distinct reproductive
interests. Human males do not typically share mating
access to all the group’s females; consequently, there
are usually reliable cues identifying which children are
their genetic offspring, and which are those of other
males (for variations see Flinn, 1981; Beckerman and
Valentine, 2002). Because humans live in multimale
groups, vet typically maintain fairly stable mating rela-
tionships, the potential for fission along family lines is
high. Still, human groups overcome this inherent con-
flict between family units to form large, stable coali-
tions (Chapais, 2008).

This unusual tolerance among coresidential males
and females stands in contrast to the norm of polyg-
amous mate competition in nonhuman primates.
Selection pressures favoring such tolerance are uncer-
tain, but likely involve the importance of both male
parental investment (Alexander, 1990b; Geary and
Bjorklund, 2000) and male coalitions for intraspecific
conflict (Alexander, 1989, 2006; Wrangham, 1999
Geary and Flinn, 2001; Bernhard et al., 2006). The
hormonal mechanisms that enable these unusual
aspects of human male relationships are uncertain.
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Analysis of patterns of levels of candidate hormones -
such as vasopressin, testosterone, DHEA/S and
cortisol — in natural social conditions may provide
useful clues as to the evolved functions of male
coalitions and pair bonding among humans.

An extended period of juvenile dependence
and child development

The human baby is unusually altricial (helpless).
Infants must be carried, fed, and protected for a
long period in comparison with other primates.
Human childhood and adolescence are also lengthy
(Smith, 1994; Bogin, 1999; Leigh, 2004). This extension
of the juvenile period that delays reproduction
for much longer than the other hominoids appears
costly in evolutionary terms. Parental and other
kin investment continues for an unusually long time,
often well into adulthood and perhaps even after
the death of the parents (Alexander, 1987; Coe, 2003;
Hrdy, 2009).

The selective pressures responsible for this unique
suite of life history characteristics appear central to
understanding human evolution (Alexander,
1990a, 1990b; Kaplan et al., 2000; Bjorklund and
Pellegrini, 2002; Rosenberg, 2004). The normal delay
of reproduction until at least 15 vears of age involves
prolonged exposure to extrinsic causes of mortality
and longer generation intervals. What advantages of
an extended childhood could have outweighed the
heavy costs of reduced fecundity and late reproduction
(Williams, 1966; Stearns, 1990) for our hominin
ancestors?

Intelligence, information, and social power

The human brain is an astonishing organ. Its cortex
comprises about 30 billion neurons of 200 different
types, each of which are interlinked by about a thou-
sand synapses, resulting in a million billion connec-
tions working at rates of up to 10 billion interactions
per second (Williams and Herrup, 1988; Koch, 1999;
Edelman, 2006). Quantifying the transduction of
these biophysical actions into specific cognitive
activities — e.g., thoughts and emotions - is difficult,
but it is likely that humans have more information
processing capacity than any other species (Roth and
Dicke, 2005).

The human brain evolved at a rapid pace: hominin
cranial capacity tripled (from an average of about
450 to 1350 cc) in less than 2 million vyears
(Lee and Wolpoff, 2003) ~ roughly 100000 neurons
and supportive cells per generation. Structural changes
such as increased convolutions, thickly myelinated
cortical neurons, lateral asymmetries, increased
von Economo neurons, expansion of the neo-cortex,

and enhanced integration of the cerebellum also
appear significant (Allman, 1999; Amodic and
Frith, 2006). In comparison with most other parts of
the human genome, selection on genes involved with
brain development was especially intense (Gilbert
et al., 2005).

The human brain has high metabolic costs: about
50% of an infant’s, and 20% of an adult’s, energetic
resources are used to support this neurological activity
(Aiello and Wheeler, 1995). Although the increase in
energetic resources allocated to the brain was accom-
panied by a corresponding decrease in digestive tissue,
this does not explain what the selective pressures
were for enhanced information processing, or why
the resources were not reallocated to direct reproduc-
tive function. The obstetric difficulties associated with
birthing a large-headed infant generate additional
problems (Rosenberg and Trevathan, 2002). The selec-
tive advantages of increased intelligence must have
been high to overcome these costs.

The human brain, in short, is a big evolutionary
puzzle. It is developmentally and metabolically expen-
sive, evolved rapidly, enables uniquely human cogni-
tive abilities such as language, empathy, foresight,
consciousness, and ToM, and generates unusual
levels of novelty. Advantages of a larger brain may
include enhanced information processing capacities
to contend with ecological pressures that involve sexu-
ally dimorphic activities such as hunting and complex
foraging (Kaplan and Robson, 2002). There is little
evidence, however, of sufficient domain-specific
enlargement of those parts of the brain associated
with selective pressures from the physical environ-
ment (Geary and Huffman, 2002; Adolphs, 2003).
Indeed, human cognition has little to distinguish itself
in the way of specialized ecological talenis. A large
brain may have been sexually selected because it was
an attractive trait for mate choice (Miller, 2000; Gavri-
lets and Vose, 2006). However, there is little sexual
dimorphism in encephalization quotient or intelli-
gence psychometrics (Jensen, 1998), nor is there a
clear reason why brains would have been a target for
sexual selection driven by mate choice uniquely
among hominins.

One area in which humans are truly extraordinary
is sociality. Humans are able to mentally represent
the feelings and thoughts of others. Humans have
unusually well-developed mechanisms for ToM (Leslie
et al., 2004; Amodio and Frith, 2006), and associated
specific pathologies in this domain (Baron-Cohen,
1995; Gilbert, 2001). We have exceptional linguistic
abilities for transferring information from one brain
to another (Pinker, 1994), enabling complex social
learning. Social and linguistic competencies are
roughly equivalent in both males and females,
although human mothers appear to have especially




important roles in the development of their offspring’s
sociocognitive development (Simons et al, 2001;
Deater-Deckard et al., 2004),

Human coalitionary dynamics appear ito have
become increasingly based on information and social
skills. Intense intergroup competition created pressure
for within-group social cohesion (Alexander, 1990a;
Flinn et al., 2005a) that required not only fighting
abilities, but complex social strategies.

Kin networks and multiple caretakers

All human societies recognize kinship as a key organiz-
ational principle (Brown, 1991). All languages have
kinship terminologies and concomitant expectations
of nepotism (Murdock, 1949; Fortes, 1969). Human
kinship systems appear unique in the consistency of
both bilateral (maternal and paternal) and multigen-
erational structure, with a general trend for coresi-
dence of male kin. These aspects of human kinship
link families into broader co-operative systems, and
provide additional opportunities for alloparental care
during the long social childhood. Human grandparents
stand out as unusually important in this regard (Hrdy,
2005; Flinn and Leone, 2006, 2009).

Grandparents and grand-offspring share 25% of
their genes identical by descent, a significant oppor-
tunity for kin selection. Few species, however, live in
groups with multiple overlapping generations of kin.
Fewer still have significant social relationships among
individuals two or more generations apart. Humans
appear rather exceptional in this regard. Grandparent-
ing is cross-culturally ubiquitous and pervasive
(Murdock, 1967; Sear et al., 2000). Our life histories
allow for significant generational overlaps, including
an apparent extended postreproductive stage facili-
tated by the unique human physiological adaptation
of menopause (Alexander, 1974, 1987; Hawkes, 2003).

The significance of emotional bonding between
grandparents and grandchildren is beyond doubt. The
evolved functions are uncertain, but likely involve
the exceptional importance of long-term extensive
and intensive investment for the human child.
The emotional and cognitive processes that guide
grand-relationships must have evolved because they
enhanced survival and eventual reproductive success
of grandchildren. In addition to the physical basics of
food, protection, and hygienic care, development of the
human child is strongly influenced by the dynamics of
the social environment (Konner, 1991; Hetherington,
2003a, 2003b; Dunn, 2004). Grandparents may have
knowledge and experience that are important and
useful for helping grandchildren and other relatives
succeed in social competition (Coe, 2003). Humans
are unusual in the role of kin in alloparental care and
group coalitions (Hrdy, 2009).

Mark V. Flinn

THE SOCIAL ENVIRONMENT AS A KEY
SELECTIVE PRESSURE

Information processing is a core human adaptation

Children are especially tuned to their social worlds
and the information that it provides. The social world is
arich source of useful information for cognitive develop-
ment. The human brain appears designed by natural
selection to take advantage of this bonanza of data
{Tooby and Cosmides, 1992; Bjorklund and Pellegrini,
2002; Belsky, 2005). “Culture” may be viewed as a highly
dynamic information pool that coevolved with the exten-
sive information processing abilities associated with our
flexible communicative and sociocognitive competen-
cies (Alexander, 1979). With the increasing importance
and power of information in hominin social interaction,
culture and tradition may have become an arena of social
co-operation and competition (Coe, 2003; Flinn, 2004,
2006a; Baumeister, 2005).

The key issue is novelty. One of the most difficult
challenges to understanding human cognitive evolu-
tion, and its handmaiden culture, is the unique
informational arms race that underlies human behav-
ior. The reaction norms posited by evolutionary psy-
chology to guide evoked culture within specific domains
may be necessary but insufficient (Chiappe and
MacDonald, 2005). The mind does not appear limited
to a predetermined Pleistocene set of options — such
as choosing mate A if in environment X, but choose
mate B if in environment Y - analogous to examples
of simple phenotypic plasticity {MacDonald and
Hershberger, 2005).

Keeping up in the hominin social chess game
requires imitation. Getting ahead favors creativity to
produce new solutions to beat the current winning
strategies. Random changes, however, are risky and
ineffective. Hence the importance of cognitive abilities
to hone choices among imagined innovations in ever
more complex social scenarios. The theater of the mind
that allows humans to “understand other persons as
intentional agenis” (Tomasello, 1999, p. 526) provides
the basis for the evaluation and refinement of creative
solutions to the never-ending novelty of the social
arms race. This process of filtering the riot of novel
information generated by the creative mind favared
the cognitive mechanisms for recursive pattern recog-
nition in the “open” domains of both language (Pinker,
1994, 1997; Nowak et al., 2001) and social dynamics
{Geary, 2005; Flinn, 1997, 2006a). Cultural “traditions”
passed down through the generations also help con-
strain the creative mind (Coe, 2003; Flinn and Coe,
2007). The evolutionary basis for these psychological
mechanisms underlying the importance of social
learning and culture appears rooted in a process of
“runaway social selection” (Alexander, 2005; Flinn
and Alexander, 2007).
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Runaway social selection

Darwin (1871) recognized that there could be import-
ant differences between: (1) selection occurring as a
consequence of interaction with ecological factors
such as predators, climate, and food; and (2) selection
occurring as a consequence of interactions among con-
specifics, i.e., members of the same species competing
with each other over resources such as nest sites,
food, and mates. The former is termed “natural selec-
tion” and the latter “social selection” of which sexual
selection may be considered a special subtype (West-
Eberhard, 1983). The pace and directions of evolution-
ary changes in behavior and morphology produced
by these two types of selection — natural and social —
can be significantly different (Fisher, 1930; West-
Eberhard, 2003).

Selection that occurs as a consequence of inter-
actions between species can be intense and unending —
for example with parasite-host red queen evolution
(Hamilton et al., 1990) and other biotic arms races.
Intraspecific social competition may generate selective
pressures that cause even more rapid and dramatic
evolutionary changes. Relative to natural selection,
social selection has the following characteristics (West-
Eberhard, 1983): (1) The intensity of social selection
(and consequent genetic changes) can be very high
because competition among conspecifics can have
especially strong effects on differential reproduction.
(2) Because the salient selective pressures involve com-
petition among members of the same species, the normal
ecological constraints are often relaxed for social selec-
tion. Hence traits can evolve in seemingly extreme and
bizarre directions before counter-balancing natural
selection slows the process. (3) Because social competi-
tion involves relative superiority among conspecifics,
the bar can be constantly raised in a consistent direction
generation after generation in an unending arms race.
(4) Because social competition can involve multiple iter-
ations of linked strategy and counter-strategy among
interacting individuals, the process of social selection
can become autocatalytic, its pace and directions partly
determined from within, generating what might be
termed “secondary red queens.” For example, reoccur-
rence of social competition over lifetimes and gener-
ations can favor flexible phenotypic responses such as
social learning that enable constantly changing strat-
egies. Phenotypic flexibility of learned behavior to con-
tend with a dynamic target may benefit from enhanced
information processing capacities, especially in regard
to foresight and scenario-building.

Human evolution appears characterized by these
circumstances generating a process of runaway social
selection (Alexander, 2005; Flinn and Alexander,
2007). Humans, more so than any other species,
appear to have become their own most potent

selective pressure via social competition involving
coalitions (Alexander, 1989; Geary and Flinn, 2002),
and dominance of their ecologies involving niche con-
struction (Laland et al., 2000). The primary functions
of the most extraordinary and distinctive human
mental abilities — language, imagination, self-awareness,
ToM, foresight, and consciousness — involve the nego-
tiation of social relationships (Siegal and Varley, 2002;
Tulving, 2002; Flinn et al., 2005a). The multiple-party
reciprocity and shifting nested subcoalitions charac-
teristic of human sociality generate especially difficult
information processing demands for these cognitive
facilities that underlie social competency. Hominin
social competition involved increasing amounts of
novel information and creative strategies. Culture
emerged as an intensive selective pressure on the
evolving brain.

Evolution of the cultural brain

As noted above, the human brain is a big evolutionary
paradox. It has high metabolic costs, takes a long time
to develop, evolved rapidly, enables behavior to
change quickly, has unique linguistic and social apti-
tudes, and generates unusual levels of informational
novelty. Tts primary functions include dealing with
other human brains (Adolphs, 2003; Alexander, 2005;
Amodio and Frith, 2006). The currency is not foot-
speed or antibody production, but the generation
and processing of data in the social worlds of the
human brain’s own collective and historical informa-
tion pools. Some of the standout features of the
human brain that distinguish us from our primate
relatives are asymmetrically localized in the prefrontal
cortex, including especially the dorsolateral prefrontal
cortex and frontal pole (Ghazanfar and Santos, 2004;
for review see Geary, 2005). These areas appear to be
involved with “social scenario building” or the ability
to “see ourselves as others see us so that we may
cause competitive others to see us as we wish them to”
(Alexander, 1990b, p. 7), and are linked to specific social
abilities such as understanding sarcasm (Shamay-
Tsoory et al., 2005) and morality (Moll et al., 2005).
An extended childhood seems to enable the develop-
ment of these necessary social skills (Joffe, 1997).

Evolution of the human family as a nest for the
child’s social mind

To summarize, the human family is the nexus for the
suite of extraordinary and unique human traits. Humans
are the only species to live in large multimale groups
with complex coalitions and extensive paternal and allo-
parental care, and the altricial infant is indicative of a
protective environment provided by intense parenting




and alloparental care in the context of kin groups
(Chisholm, 1999). The human baby does not need to
be physically precocial, instead the brain continues
rapid growth, and the corresponding cognitive cormpe-
tencies largely direct attention toward the social environ-
ment. Plastic neural systems adapt to the nuances of the
local community, such as its language (Alexander,
1990a; Geary and Bjorklund, 2000; Bjorklund and
Pellegrini, 2002; Fisher, 2005). In contrast to the slow
development of ecological skills of movement, fighting,
and feeding, the human infant rapidly acquires skill
with the complex communication system of human
language (Pinker, 1994; Sakai, 2005). The extraordinary
information-transfer abilities enabled by linguistic com-
petency provide a conduit to the knowledge available
in other human minds. This emergent capability for
intensive and extensive communication potentiates the
social dynamics characteristic of human groups
(Deacon, 1997, Dunbar, 1998} and provides a new mech-
anism for social learning and culture.

An extended childhood appears useful for acquir-
ing the knowledge and practice to hone social
skills and to build coalitional relationships necessary
for successful negotiation of the increasingly intense
social competition of adolescence and adulthood.
Ecologically related play and activities (e.g., explor-
ation of the physical environment) are also important
(e.g., Geary et al,, 2003), but appear similar to that of
other primates. The unusual scheduling of human
reproductive maturity, including an “adrenarche”
(patterned increases in adrenal activities preceding
puberty) and a delay in direct mate competition among
males appears to extend the period of practicing social
roles and extends social ontogeny (Campbell, 2006;
Del Giudice 2009; Flinn et al., 2009).

The advantages of intensive parenting, including
paternal protection and other care, require a most
unusual pattern of mating relationships: moderately
exclusive pair bonding in multiple-male groups.
No other primate {(or mammal} that lives in large,
co-operative multiple-reproductive-male groups has
extensive male parental care, although some protec-
tion by males is evident in baboons (Buchan et al,
2003). Competition for females in multiple-male
groups usually results in low confidence of paternity
(e.g., chimpanzees). Males forming exclusive
“pair bonds” in multiple-male groups would provide
cues of nonpaternity to other males, and hence
place their offspring in great danger of infanticide
(Hrdy, 1999). Paternal care is most likely to be favored
by natural selection in conditions where males can
identify their offspring with sufficient probability to
offset the costs of investment, although reciprocity
with mates is also likely to be involved (Smuts and
Smuts, 1993; Geary and Flinn, 2001; Chapais, 2008).
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Humans exhibit a unique “nested family” social struc-
ture, involving complex reciprocity among males and
females to restrict direct competition for mates among
group members.

It is difficult to imagine how this system of pair
bonds and male coalitions could be maintained in the
absence of another unusual human trait: concealed
or “cryptic” ovulation (Alexander and Noonan, 1979).
Human groups tend to be male philopatric (males
tending to remain in their natal groups), resulting in
extensive male kin alliances, useful for competing
against other groups of male kin (Wrangham and
Peterson, 1996; LeBlanc, 2003). However, unlike chim-
panzees, human groups and communities are often
composed of several bilateral kin factions, interwoven
by pair bond relationships among them. Human
females also have complex alliances, but usually are
not involved directly in the overt physical aggression
characteristic of intergroup relations (Campbell, 2002;
Geary and Flinn, 2002). Parents and other kin may be
especially important for the child’s mental develop-
ment of social and cultural maps because they can be
relied upon as landmarks who provide relatively honest
information. From this perspective, the evolutionary
significance of the human family in regard to child
development is viewed more as a nest from which
social skills may be acquired than just as an economic
unit centered on the sexual division of labor (Flinn
et al., 2005b).

To summarize my argument to this point, human
childhood is viewed as a life history stage that
appears necessary and useful for acquiring the infor-
mation and practice to build and refine the mental
algorithms critical for negotiating the social coalitions
that are key to success in our species. Mastering
the social environment presents special challenges
for the human child. Social competence is difficult
because the target is constantly changing and
similarly equipped with ToM and other cognitive abil-
ities. The family environment, including care from
fathers and grandparents, is a primary source and
mediator of the ontogeny of social competencies.
Human biology has been profoundly affected by our
evolutionary history as unusually social creatures,
including, perhaps, a special reliance upon smart
mothers, co-operative fathers, and helpful grandpar-
ents. Indeed, the mind of the human child may
have design features that enable its development as a
group project, guided by the multitudinous informa-
tional contributions of its ancestors and codescen-
dants (Coe, 2003; Hrdy, 2009). Studies of the
patterns of hormonal responses to these complex
components of human sociality may provide import-
ant clues about the selective pressures that guided
human evolution.
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NEUROENDOCRINE RESPONSE TO THE SOCIAL
ENVIRONMENT

The constellation of behaviors associated with the
human family and the dynamics of social competition
described in previous sections are enabled by complex
regulatory systems. In this section, I first briefly review
the potential mechanisms for human pair bonding,
maternal and paternal attachment to offspring, kin
attachment, and male coalitions. Much of the research
on the basic mechanisms has been done with nonhu-
man models and is not easily applied directly to some
aspects of human psychology. I then turn to a more
detailed analysis of how the neurcendocrine stress
response system functions to enable acquisition of
social competencies during childhood in the context
of the human family environmenit.

The chemical messenger sysiems that orchestrate
the ontogeny and regulation of sexual differentiation,
metabolism, neurogenesis, immune function, growth,
and other complex somatic processes, tend to be evo-
lutionarily conservative among primates and more
generally among mammals. Hence rodent and nonhu-
man primate models provide important comparative
information about the functions of specific human
neuroendocrine systems, for which we often have little
direct empirical research. It is the particular balance of
human mechanisms and abilities that is unique and
reflects the history of selection for complex social
interactions that shaped the human lineage.

The chemistry of affection

Some of the most precious of all our human feelings
are stimulated by close social relationships: a mother
holding her newborn infant for the first time, brothers
reunited after a long absence, or lovers entangled in
each other’s arms. Natural selection has designed
our neurobiological mechanisms, in concert with our
endocrine systems, to generate potent sensations in
our interactions with these most evolutionarily signifi-
cant individuals. We share with our primate relatives
the same basic hormones and neurotransmitters that
underlie these mental gifts. But our unique evolution-
ary history has modified us to respond to different
circumstances and situations; we are rewarded and
punished for somewhat different stimuli than our
phylogenetic cousins, Chimpanzees and humans share
the delight - the sensational reward — when biting into
a ripe, juicy mango. But the endocrine, neurological,
and associated emotional responses of a human father
to the birth of his child {(e.g., Storey et al., 2000) are
likely to be quite different from those of a chimpanzee
male. Happiness for a human (Buss, 2000) has many

unique designs, such as romantic love (Fisher et al.,
2002), that involve shared endogenous messengers
from our phylogenetic heritage.

Attachments or bonding are central in the lives of
the social mammals. Basic to survival and reproduc-
tion, these interdependent relationships are the fabric
of the social networks that permit individuals to main-
tain co-operative relationships over time. Although
attachments can provide security and relief from
stress, close relationships also exert pressures on indi-
viduals to which they continuously respond. It should
not be surprising, therefore, that the neuroendocrine
mechanisms underlying attachment and stress are
intimately related to one another. And although at the
present time a good deal more is known about the
stress response systems than the affiliative systems,
some of the pieces of the puzzle are beginning to fall
into place (Panksepp, 2004).

The mother—offspring relationship is at the core of
mammalian life, and it appears that some of the bio-
chemistry at play in the regulation of this intimate
bond was also selected to serve in primary mechanisms
regulating bonds between mates, paternal care, the
family group, and even larger social networks
(Hrdy, 1999; Fisher et al., 2002). Although a number
of hormones and neurotransmitters are involved in
attachment and other components of relationships,
the two peptide hormones, oxytocin (OT) and arginine-
vasopressin (AVP), appear to be primary (Carter, 2002;
Young and Insel, 2002; Curtis and Wang, 2003; Lim
et al., 2004; Heinrichs and Domes, 2008; Lee et al.,
2009), with dopamine, cortisol, and other hormones
and neurotransmitters having mediating effects.

The hypothalamus is the major brain site where OT
and AVP (closely related chains of nine amino acids)
are produced. From there they are released into the
central nervous systemn (CNS) as well as transported
to the pituitary where they are stored until secreted
into the bloodstream. Oxytocin and AVP act on a wide
range of neurological systems, and their influence
varies among mammalian species and stage of devel-
opment. The neurological effects of OT and AVP
appear to be key mechanisms (e.g., Bartels and Zeki,
2004) involved in the evolution of human family behav-
iors. The effects of OT and AVP in humans are likely to
be especially context dependent, because of the vari-
able and complex nature of family relationships.

Parental care

Along with OT and AVP, prolactin, estrogen, and pro-
gesterone are involved in parental care among
mammals (Insel and Young, 2001). The roles of these
hormones vary across species and between males and




females. The effects of these hormones are influenced
by experience and context. Among rats, for example,
estrogen and progesterone appear to prime the brain
during pregnancy for parental behavior. Estrogen has
been found to activate the expression of genes that
increase the receptor density for OT and prolactin,
thus increasing their postnatal influence (Young and
Insel, 2002).

Oxytocin is most well known for its role in regulat-
ing birth and lactation, but along with AVP, it has also
been found to play a central role in maternal care and
attachment (Fleming et al., 1999). Just prior to birth,
an increase in OT occurs, which is seen as priming
maternal care. An injection of OT to virgin rats has
been found to induce maternal care, while an OT
antagonist administered to pregnant rats interferes
with the development of maternal care (Carter, 2002).

The new rat mother requires hormonal activation
to initially stimulate maternal behavior. Once she has
begun to care for her pups, however, hormones are not
required for maternal behavior to continue. Olfactory
and somatosensory stimulation from interactions
between pups and mother are, however, required for
the parental care to continue (Fleming et al.,, 1999).
The stimulation from suckling raises OT levels in
rodents and breast-feeding women, which then results
in not only milk letdown but also a decrease in limbic
hypothalamic-anterior pituitary-adrenal cortex system
(HPA) activity and a shift in the autonomic nervous
system (ANS) from a sympathetic tone to a parasympa-
thetic tone. This results in a calmness seen as condu-
cive to remaining in contact with the infant. It also
results in a shift from external-directed energy toward
the internal activity of nutrient storage and growth
(Uvnas-Moberg, 1998).

Experience also affects the neurcendocrine
systems involved in the expression of maternal care.
The HPA system of offspring during development is
influenced by variation in maternal care, which then
influences their maternal behavior as adults. Such
changes involve the production of, and receptor dens-
ity for, stress hormones and OT (Fleming et al.,, 1999;
Champagne and Meaney, 2001).

The HPA-modulated hormones and maternal
behavior are related in humans during the postpartum
period (Fleming et al., 1997). During this time, cortisol
appears to have an arousal effect, focusing attention on
infant bonding. Mothers with higher cortisol levels
were found to be more affectionate, more attracted to
their infant’s odor, and better at recognizing their
infant’s cry during the postpartum period.

Functional magnetic resonance imaging (fMRI)
studies of brain activity involved in maternal attach-
ment in humans indicate that the activated regions are
part of the reward system and contain a high density of
receptors for OT and AVP (Bartels and Zeki, 2004;
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Fisher et al., 2006). These studies also demonstrate
that the neural regions involved in attachment acti-
vated in humans are similar to those activated in non-
human animals. Among humans, however, neural
regions associated with social judgment and assess-
ment of the intentions and emotions of others
exhibited some deactivation during attachment activ-
ities, suggesting possible links between psychological
mechanisms for attachment and management of social
relationships. Falling in love with a mate and affective
bonds with offspring may involve temporary deactiva-
tion of psychological mechanisms for maintaining an
individual’s social “guard” in the complex reciprocity
of human social networks. Dopamine levels are likely
to be important for both types of relationship but may
involve some distinct neural sites. It will be interesting
to see what fMRI studies of attachment in human
males indicate because that is where the
most substantial differences from other mammals
would be expected. Similarly, fMRI studies of attach-
ment to mothers, fathers, and alloparental-care pro-
viders in human children may provide important
insights into the other side of parent-offspring
bonding.

Paternal care

Paternal care is not common among mammals. For
evolutionary reasons noted earlier, it is found among
some rodent and primate species, including humans.
The extent and types of paternal care vary among
species. The hormonal influence in parental care
among males appears to differ somewhat from that
found among females. Vasopressin (AVP) appears to
function as the male addition to OT (Young and
Insel, 2002). Along with prolactin and OT, AVP pre-
pares the male to be receptive to and care for infants
(Bales et al., 2004).

Paternal care is more common in monogamous
than polygamous mammals and is often related to
hormonal and behavioral stimuli from the female.
In the monogamous California mouse, disruption of
the pair bond does not affect maternal care but does
diminish paternal care (Gubernick, 1996). In other
species with biparental care, however, paternal care is
not as dependent on the presence of the female (Young
and Insel, 2002). Experience also plays a role in influ- ;
encing hormonal activation and paternal behavior.
Among tamarins, experienced fathers have higher §
levels of prolactin than first-time fathers (Ziegler and
Snowdon, 1997). ;

Androgens including testosterone also appear to be :
involved in the regulation of paternal behavior. For 3
example, human fathers tend to have lower testoster- 1
one levels when they are involved in childcare activities §
(Berg and Wynne-Edwards, 2002; Fleming et al., 2002
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Gray and Campbell, 2009; also see Chapter 16 of this
volume), although the relation with the key paternal
role of offspring protection is uncertain. Human males
stand out as very different from our closest relatives
the chimpanzees in the areas of paternal attachment
and investment in offspring. Investigation of the neuro-
endocrine mechanisms that underpin male parental
behavior may provide important insights into these
critical evolutionary changes.

Pair bonding

Like male parental care, bonding between mates is also
uncommon among mammals but has been selected for
when it has reproductive advantages for both parents
(Clutton-Brock, 1991; Carter, 2002; Young et al., 2002).
Monogamy is found across many mammalian taxa,
but most of the current knowledge related to the
neurcendocrine basis of this phenomenon has been
obtained from the comparative study of two closely
related rodent species. The prairie vole (Microtus
ochrogaster) mating pair nest together and provide pro-
longed biparental care, while their close relatives, the
meadow vole (Microtus pennsylvanicus), do not exhibit
these behaviors (Young et al., 2002). As with other
social behaviors in rodents, OT and AVP have been
found to be central in the differences these related
species exhibit with respect to pair bonding.

Pair bonding occurs for the prairie vole following
mating. Vagino-cervical stimulation results in a release
of OT and the development of a partner preference for
the female (Carter, 2002). For the male, it is an increase
in AVP following mating and not just OT that results in
partner preference. Exogenous OT injected in the
female and exogenous AVP in the male prairie vole
result in mate preference even without mating. This
does not occur with meadow voles (Young et al., 2002).

The receptor density for OT and AVP in specific
brain regions might provide the basis for mechanisms
underlyving other social behaviors. Other neurotrans-
mitters, hormones, and social cues also are likely to
be involved, but slight changes in gene expression for
receptor density, such as those found between the
meadow and prairie voles in the ventral palladium
(located near the nucleus accumbens, an important
component of the brain’s reward system), might dem-
onstrate how such mechanisms could be modified
by selection (Lim et al., 2004). The dopamine D2 recep-
tors in the nucleus accumbens appear to link the
affiliative OT and AVP pair bonding mechanisms with
positive rewarding mental states (Aragona et al., 2003;
Curtis and Wang, 2003). The combination results in
the powerful addiction that parents have for their
offspring.

Given the adaptive value of extensive biparental
care and prolonged attachment found in the mating

pair and larger family network, it is not surprising that
similar neurohormonal mechanisms active in the
maternal-offspring bond would also be selected to
underlie these other attachments. Though there is
some variation among species and between males and
females, the same general neurohormonal systems
active in pair bonding in other species are found in
the human (Wynne-Edwards, 2003; Panksepp, 2004;
Lee et al., 2009). Androgen response to pair bonding
appears complex {e.g. van der Meij et al., 2008), but
similar to parent-offspring attachment in that pair
bonded males tend to have lower testosterone levels
in nonchallenging conditions (Alvergne et al., 2009;
Gray and Campbell, 2009). Moreover, males actively
involved in caretaking behavior appear to have tempor-
arily diminished testosterone levels (Gray et al., 2007).

The challenge before human evolutionary biol-
ogists and psychologists is to understand how these
general neuroendocrine systems have been modified
and linked with other special human cognitive systems
{e.g., Allman et al, 2001; Blakemore et al., 2004) to
produce the unique suite of human family behaviors.
Analysis of hormonal responses to social stimuli may
provide important insights into the selective pressures
that guided the evolution of these key aspects of the
human mind.

The chemistry of stress, family, and the social mind

The evolutionary scenario proposed in previous
sections posits that the family is of paramount import-
ance in a child’s world. Throughout human evolution-
ary history, parents and close relatives provided
calories, protection, and information necessary for sur-
vival, growth, health, social success, and eventual
reproduction. The human mind, therefore, is likely to
have evolved special sensitivity to interactions with
tamily care providers, particularly during infancy and
early childhood (Bowlby, 1969; Baumeister and Leary,
1995; Daly and Wilson, 1995; Belsky, 1997, 1999; Geary
and Flinn, 2001; Flinn et al., 2009).

The family and other kin provide important cogni-
tive “landmarks” for the development of a child’s
understanding of the social environment. The repro-
ductive interests of a child overlap with those of its
parents more than with any other individuals. Infor-
mation (including advice, training, and incidental
observation) provided by parents is important for situ-
ating oneself in the social milieu and developing a
mental model of its operations. A child’s family envir-
onment may be an especially important source and
mediator of stress, with consequent effects on health.

Psychosocial  stressors are associated with
increased risk of infectious disease (Cohen et al,
2003) and a variety of other illnesses (Ader et al,
2001). Physiological stress responses regulate the




allocation of energetic and other somatic resources
to different bodily functions via a complex assortment
of neurocendocrine mechanisms. Changing, unpredict-
able environments require adjustment of priorities.
Digestion, growth, immunity, and sex are irrelevant
while being chased by a predator (Sapolsky, 1994).
Stress hormones help shunt blood, glucose, and so
on to tissues necessary for the task at hand. Chronic
and traumatic stress can diminish health, evidently
because resources are diverted away from important
health functions. These costs can be referred to as
“allostatic load” (McEwen, 1995). Such diversions of
resources may have special significance during child-
hood because of the additional demands of physical
and mental growth and development and possible
long-term ontogenetic consequences.

Stress response mechanisms and theory

Physiological response to environmental stimuli per-
ceived as stressful is modulated by the limbic system
(amygdala and hippocampus) and basal ganglia. These
components of the CNS interact with the sympathetic
and parasympathetic nervous systems and two neuro-
endocrine axes, the sympathetic-adrenal medullary
system (SAM) and the HPA. The SAM and HPA systems
affect a wide range of physiological functions in con-
cert with other neurocendocrine mechanisms and
involve complex feedback regulation. The SAM system
controls the catecholamines norepinephrine and epi-
nephrine {adrenalin). The HPA system regulates gluco-
corticoids, primarily cortisol {(for reviews, see Weiner,
1992; McEwen, 1995; Sapolsky et al., 2000).

Cortisol is a key hormone produced in response to
physical and psychosocial stressors (Mason, 1968;
Selye, 1976}. 1t is produced and stored in the adrenal
cortex. Release into the plasma is primarily under the
control of pituitary adrenocorticotropic hormone
(ACTH). The free or unbound portion of the circulating
cortisol may pass through the cell membrane and bind
to a specilic cytosolic glucocorticoid receptor. This
complex may induce genes coding for at least 26 differ-
ent enzymes involved with carbohydrate, fat, and
amino acid metabolism in brain, liver, muscle, and
adipose tissue (Yuwiler, 1982).

Cortisol modulates a wide range of somatic func-
tions, including: (1) energy release (e.g., stimulation of
hepatic gluconeogenesis in concert with glucagon and
inhibition of the effects of insulin); (2} immune activity
(e.g., regulation of inflammatory response and the
cytokine cascade); (3) mental activity (e.g., alertness,
memory, and learning); (4) growth (e.g., inhibition of
growth hormone and somatomedins); and (5) repro-
ductive function (e.g., inhibition of gonadal steroids,
including testosterone). These complex multiple effects
of cortisol muddle understanding of its adaptive
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functions. The demands of energy regulation must
orchestrate with those of immune function, attach-
meni bonding, and so forth. Mechanisms for localized
targeting (e.g., glucose uptake by active versus inactive
muscle tissues and neuropeptide-directed immune
response) provide fine-tuning of the preceding general
physiological effects. Cortisol regulation allows the
body to respond to changing environmental conditions
by preparing for specific short-term demands (Mason,
1971; Munck et al., 1984; Weiner, 1992).

These temporary beneficial effects of glucocorti-
coid stress response, however, are not without costs.
Persistent activation of the HPA system is associated
with immune deficiency, cognitive impairment,
inhibited growth, delayed sexual maturity, damage to
the hippocampus, and psychological maladjustment
(Glaser and Kiecolt-Glaser, 1994; Dunn, 1995;
McEwen, 1995; Ader et al,, 2001}, Chronic stress may
diminish metabolic energy (Ivanovici and Wiebe, 1981;
Sapolsky, 1991) and produce complications from
autoimmune protection {(Munck and Guyre, 1991).
Stressful life events - such as divorce, death of a
family member, change of residence, or loss of a job ~
are associated with infectious disease and other
health problems (Herbert and Cohen, 1993; Maier
et al., 1994).

Current psychosocial stress research suggests that
cortisol response is stimulated by uncertainty that is
perceived as significant and for which behavioral
responses will have unknown effects (Weiner, 1992;
Kirschbaum and Hellhammer, 1994). That is, import-
ant events are going to happen; the child does not
know how to react but is highly motivated to figure
out what should be done. Cortisol release is associated
with unpredictable, uncontrollable events that require
full alert readiness and mental anticipation. In appro-
priate circumstances, temporary moderate increases in
stress hormones (and associated neuropeptides} may
enhance mental activity for short periods in localized
areas, potentially improving cognitive processes for
responding to social challenges (Beylin and Shors,
2003; Lupien, 2009). Other mental processes may be
inhibited, perhaps to reduce external and internal
“noise” {Servan-Schreiber et al., 1990; cf. Newcomer
et al., 1994).

Relations between cortisol production and emo-
tional distress, however, are difficult to assess
because of temporal and interindividual variation in
HPA response (Kagan, 1992; Nachmias et al., 1996).
Habituation may occur to repeated events for
which a child acquires an effective mental model.
Attenuation and below-normal levels of cortisol may
follow a day or more after emotionally charged events.
Chronically stressed children may develop abnormal
cortisol response, possibly via changes in binding
globulin levels and/or reduced affinity or density of
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glucocorticoid or corticotrophin-releasing hormone
(CRH)/vasopressin receptors in the brain (Fuchs and
Flugge, 1995). Early experience - such as perinatal
stimulation of rats (Meaney et al., 1991), prenatal
stress of rhesus macaques (Schneider et al, 1992;
Clarke, 1993}, and sexual abuse among humans (de
Bellis et al, 1994) -~ may permanently alter HPA
response. Personality may also affect HPA response
(and vice versa) because children with inhibited tem-
peraments tend to have higher cortisol levels than
extroverted children (Kagan et al.,, 1988; c¢f. Gunnar
et al., 1995; Hertsgaard et al., 1995; Nachmias et al,,
1996).

Further complications arise from interaction
between the HPA stress response and a wide variety
of other neurcendocrine activities, including modula-
tion of catecholamines, melatonin, testosterone,
serotonin, B-endorphins, cytokines, and enkephalins
{de Kloet, 1991; Sapolsky, 1992; Saphier et al., 1994).
Changes in cortisol for energy allocation and modula-
tion of immune function may be confused with
effects of psychosocial stress. As reviewed in the previ-
ous section, OT and vasopressin intracerebral binding
sites are associated with familial attachment in
mammals and may influence distress involving
caretaker—child relationships. Other components of
the HPA axis such as CRH and melanocyte-stimulating
hormone have effects that are distinct from cortisol.

Stress response and family environment

Composition of the family or caretaking household
may have important effects on child development
(Kagan, 1984; Whiting and Edwards, 1988). For
example, in Western cultures, children with divorced
parents may experience more emotional tension or
“stress” than children living in a stable two-parent
family (Wallerstein, 1983; Pearlin and Turner, 1987;
Gottman and Katz, 1989).

Investigation of physiological stress responses in
the human family environment has been hampered
by the lack of noninvasive techniques for measurement
of stress hormones. Frequent collection of plasma
samples to assess temporal changes in endocrine func-
tion is not feasible in nonclinical settings. The develop-
ment of saliva immunoassay techniques, however,
presents new opportunities for stress research. Saliva
is relatively easy to collect and store, especially
under adverse field conditions faced by anthropol-
ogists (Ellison, 1988). In this section I review results
from a longitudinal, 20-year study of child stress and
health in a rural community on the island of Dominica
(for reviews see Flinn and England, 1995, 1997, 2003;
Flinn, 1999, 2006b). The research design uses concomi-
tant monitoring of a child’s daily activities, stress hor-
mones, and psychological conditions to investigate the
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24.1. Cortisol levels and household composition of children
living in Bwa Mawego, Dominica. Box and whisker plots are for
children’s mean values of cortisol standardized for time since
awakening (for descriptions of methods see Flinn, 2006b).
Double lines represent average cortisol levels when an absence
of stressful events were observed or reported. Stars indicate
average cortisol levels during holidays {day before Christmas
and August holiday weekends). Data include 21673 salivary
cortisol samples from 268 children coliected from 1989 to 2001.

effects of naturally occurring psychosocial events in
the family environment.

Associations between average cortisol levels of
children and household composition indicate that
children living with nonrelatives, stepfathers, and
half-siblings (stepfather has children by the stepchild’s
mother), or single parents without kin support had
higher average levels of cortisol than children living
with both parents, single mothers with kin support,
or grandparents (Figure 24.1). Note, however, that
these differences in cortisol levels are diminished when
comparisons are made during nonstressed conditions
(double line bars in Figure 24.1). Moreover, the pattern
is reversed during the excitement of holidays and
other apparently hedonic emotional circumstances
(stars in Figure 24.1). Hence cortisol appears to be
elevated during “positive” as well as “negative” social
challenges.

A further test of the hypothesis that difficult family
environments are stressful is provided by comparison
of step- and genetic children residing in the same
households. Stepchildren had higher average cortisol
levels than their half-siblings residing in the same
household who were genetic offspring of both parents
(Figure 24.2).

Several caveats need emphasis. Firstly, not all chil-
dren in difficult family environments have elevated
cortisol levels. Secondly, household composition is
not a uniform indicator of family environment.
Some single-mother households, for example, appear
more stable, affectionate, and supportive than some
two-parent houscholds. Thirdly, children appear
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24.2. Comparison of cortisol levels (standardized for time since
awakening) of children (maternal half-siblings) living in the same
household that were either genetic offspring or step-offspring of
the resident adult male.

differentially sensitive to different aspects of their care-
taking environments, reflecting temperamental and
other individual differences.

These caveats, however, do not invalidate the
general association between household composition
and childhood stress. There are several possible
reasons underlying this result. Children in difficult
caretaking environments may experience chronic
siress resulting in moderate-high levels of cortisol
(i.e., a child has cortisol levels that are above average
day after day). They may experience more acute stres-
sors that substantially raise cortisol for short periods
of time. They may experience more frequent stressful
events (e.g., parental chastisement or marital quarrel-
ing - see Wilson et al., 1980; Flinn, 1988; Finkelhor
and Dzuiba-Leatherman, 1994) that temporarily raise
cortisol. There may be a lack of reconciliation between
parent and child. And they may have inadequate
coping abilities, perhaps resulting from difficult
experiences in early development.

The events in children’s lives that are associated
with elevated cortisol are not always traumatic or
even “negative.” Activities such as eating meals, hard
physical work, routine competitive play (e.g., cricket,
basketball, and “king of the mountain” on ocean
rocks), return of a family member who was temporar-
ily absent (e.g., father returning from a job in town
for the weekend), and holiday excitement (stars in
Figure 24.1) were associated with temporary moderate
increases (from about 10% to 100%) in cortisol among
healthy children. These moderate stressors usually had
rapid attenuation (<1 hour) of cortisol levels (some
stressors had characteristic temporal “signatures” of
cortisol level and duration).

High-stress events (cortisol increases from 100% to
2000%), however, most commonly involved trauma
from family conflict or change (Flinn et al., 1996; Flinn
and England, 2003). Punishment, quarreling, and resi-
dence change substantially increased cortisol levels,
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whereas calm, affectionate contact was associated
with diminished (-10% to -30%) cortisol levels. Of
all cortisol values that were more than two standard
deviations (2 SD) above mean levels (i.e., indicative
of substantial stress), 19.2% were temporally associ-
ated with traumatic family events (residence change
of child or parent/caretaker, punishment, “shame,”
serious quarreling, and/or fighting) within a 24-hour
period. In addition, 42.1% of traumatic family events
were temporally associated with substantially elevated
cortisol (i.e., at least one of the saliva samples collected
within 24 hours was >2 SD above mean levels).
Chronic elevations of cortisol levels sometimes
occurred among children in difficult family environ-
ments, but this was difficult to assess quantitatively
(Flinn, 2009).

There was considerable variability among children
in cortisol response to family disturbances. Not all
individuals had detectable changes in cortisol levels
associated with family trauma. Some children had
significantly elevated cortisol levels during some epi-
sodes of family trauma but not during others. Cortisol
response is not a simple or uniform phenomenon.
Numerous factors, including preceding events, habitu-
ation, specific individual histories, context, and tem-
perament, might affect how children respond to
particular situations.

Nonetheless, traumatic family events were associ-
ated with elevated cortisol levels for all ages of
children more than any other factor that we exam-
ined. These results suggest that family interactions
were a critical psychosocial stressor in most children’s
lives, although the sample collection during periods
of intense family interaction (early morning
and late afternoon) may have exaggerated this
association.

Although elevated cortisol levels are associated
with traumatic events such as family conflict, long-
term stress may result in diminished cortisol response.
In some cases, chronically stressed children had
blunted response to physical activities that normally
evoked cortisol elevation. Comparison of cortisol
levels during “nonstressful” periods (no reported or
observed crying, punishment, anxiety, residence
change, family conflict, or health problem during the
24-hour period before saliva collection) indicates a
striking reduction and, in some cases, reversal of the
family environment-stress association (see double bars
in Figure 24.1). Chronically stressed children some-
times had subnormal cortisol levels when they were
not in stressful situations. For example, cortisol levels
immediately after school (walking home from school)
and during noncompetitive play were lower among
some chronically stressed children (cf. Long et al,
1993). Some chronically stressed children appeared
socially “tough” or withdrawn and exhibited little
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or no arousal to the novelty of the first few days of the
saliva collection procedure.

Relations between family environment and cortisol
stress response appear to result from a combination
of factors including frequency of traumatic events,
frequency of positive “affectionate” interactions, fre-
quency of negative interactions such as irrational pun-
ishment, frequency of residence change, security of
“attachment,” development of coping abilities, and
availability or intensity of caretaking attention.
Probably the most important correlate of household
composition that affects childhood stress is maternal
care. Mothers in socially “secure” households (i.e., per-
manent amiable coresidence with mate and/or
other kin) appeared more able and more motivated
to provide physical, social, and psychological care for
their children. Mothers without mate or kin support
were likely to exert effort attracting potential mates
and may have viewed dependent children as impedi-
ments to this. Hence coresidence of father may provide
not only direct benefits from paternal care but also
may affect maternal care (Lamb et al.,, 1987; Belsky
et al, 1991; Flinn, 1992; Hurtado and Hill, 1992).
Young mothers without mate support usually relied
extensively on their parents or other kin for help with
childcare.

Children born and raised in household environ-
ments in which mothers have little or no mate or
kin support were at greatest risk for abnormal cortisol
profiles and associated health problems. Because
socioeconomic conditions influence family environ-
ment, they have consequences for child health that
extend beyond direct material effects. Also, because
health in turn may affect an individual’s social and
economic opportunities, a cycle of poor health and
poverty may be perpetuated generation after
generation.

CONCLUDING REMARKS

People in difficult or inequitable social environments
tend to be less healthy in comparison with their more
fortunate peers {(e.g., Flinn, 1999; Hertzman, 1999;
Dressler and Bindon, 2000; Wilkinson, 2001; Cohen
et al., 2003). Social support can have reproductive con-
sequences in group-living species (e.g., Silk et al., 2003;
Cheney and Seyfarth, 2007). If the brain evolved as a
social tool, then the expenditure of somatic resources
(e.g., glucose) to resolve psychosocial problems makes
sense. Relationships, especially family relationships,
are of paramount importance. They are likely to have
been a key factor affecting human reproductive suc-
cess at least for over half a million vears, and selection
may have shaped our hormonal, neural, and psycho-
logical mechanisms to respond to this critical selective

pressure. In Bwa Mawego, and perhaps in most human
societies, children elevate their stress hormone (corti-
sol) levels more frequently and extensively in response
to psychosocial stimuli than to challenges associated
with the physical environment. The adaptive effects
of the major stress hormones (Huether, 1996, 1998;
Koolhaas et al., 2006; Fox et al., 2007) and affiliative
neurotransmitters on neural reorganization appear
consistent with observations of sensitivity to the social
world (Flinn, 2006b).

Social competence is extraordinarily difficult
because the competition is constantly changing
and similarly equipped with ToM and other cognitive
abilities. The sensitivity of the stress-response and
affiliative systems to the social environment may
enable adaptive neural reorganization to this most
salient and dynamic puzzle. Childhood appears neces-
sary and useful for acquiring the information and
practice to build and refine the mental algorithms
critical for negotiating the social coalitions that
are the key to success in our species. The human
family provides critical support for the child to develop
sociocognitive skills. Traumatic early environments
may result in diminished abilities to acquire social
competencies as a consequence of glucocorticoid
hypersensitivity disrupting neurogenesis, particularly
in the hippocampus and other components of the
limbic system (Mirescu et al., 2004; Weaver et al.,
2004). An improved understanding of the hormonal
and neurological mechanisms that facilitate the inten-
sive and extensive relationships involved with
human families and broader kin coalitions, including
comparisons between humans and our close primate
relatives, may provide important insights into the
selective pressures that shaped key features of human
biology.

DISCUSSION POINTS

1. What happened to our hominin ancestors?
Why are we the only species left? If humans sud-
denly went extinct, would another life form eventu-
ally evolve high intelligence? How?

2. Do you think chimpanzee fathers love their off-
spring? Why or why not? And chimpanzee
grandparents?

3. Do school exams make vou sick? Collect data from
your classmates to test your hypotheses.

4. What events cause you to become “stressed?” Why
do vou think natural selection produced psycho-
logical mechanisms that result in this sensitivity?

5. How are the events that cause stress for you similar
and/or different from the events that were stressful
for your parents, your grandparents, and your dis-
tant hominin ancestors?
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