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Abstract

Primate mothers have the potential to influence the development of species-typical aspects of their offspring’s behavior as well as
their individual sociosexual and reproductive strategies. If mothers experience psychosocial stress during pregnancy or lactation,
their own stress hormones can have a long-term impact on their offspring’s physiology. The mother’s own behavior, especially
weaning-related rejection, can be stressful to infants and have long-lasting effects on their infants’ neuroendocrine reactivity to
stress. Exposure to variable maternal style early in life has long-term effects on the development of offspring behavior, including
exploration and play, affiliation and aggression, and parenting. Primate mothers influence the kinship- and rank-related social
preferences of their offspring, typically by providing opportunities to interact with some individuals more than others. Although
mothers can contribute to the development of sex-typical behavior in the offspring (along with other environmental and genetic
factors), sex-typical behavior is generally not the product of maternal socialization. Mothers provide their offspring with oppor-
tunities for social learning but rarely teach their infants new skills. In primate species with despotic dominance hierarchies,
maternal transmission of rank through agonistic aid to their offspring makes a crucial contribution to the offspring’s fitness (as the
daughters of high-ranking mothers reproduce more successfully than the daughters of low-ranking mothers). Future studies of
maternal influences on social development could benefit from a deeper theoretical and experimental investigation of the evolu-

tionary significance of these effects as well as of their underlying proximate mechanisms.
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Introduction

In nonhuman primates, mothers bear most (and in many cases,
all) of the burden of childrearing across a wide range of parental
activities (nutrition, transport, protection, social support, educa-
tion) and for almost their entire lifespan, as maternal investment
often continues into adulthood. Significant paternal investment is
extremely rare and limited to highly specific socioecological and
reproductive contexts: for example, in marmosets and tamarins,
fathers “are forced” to carry their offspring because females give
birth to twins and incur significant energetic constraints (Clutton-
Brock 1991). Help in raising offspring from older siblings, other
relatives, and unrelated adults is also rare (Maestripieri 1994).
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Primate mothers establish intimate physiological connec-
tions with their offspring from the day of conception until their
offspring are weaned from breast milk (a period of time that
can last several years) as well as strong socio-emotional bonds
from the birth of the offspring (or even earlier) through the last
day of their own life. Primate mothers, therefore, have the
potential to influence virtually any aspect of their offspring’s
phenotype through a variety of different mechanisms: genetic,
nutritional, hormonal, immunological, emotional, cognitive,
social, and environmental (Maestripieri 2009). Mothers can
even influence their offspring’s reproductive decisions and
their investment in their own descendants for several subse-
quent generations (Maestripieri 2009).

Many maternal influences on offspring development con-
cern basic aspects of their survival or their growth; this is the
case for effects that occur through maternal nutrition of the
offspring or through the transfer of immunological substances
to them through the placenta or breast milk. However, there is a
lot more to fitness in primates than nutrition and growth. For
example, in most species of primates, and especially in
humans, social success is a crucial component of reproductive
success, as making friends and allies, achieving high status,
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and obtaining social support to buffer oneself from stress and
improve health are important prerequisites for living a long life
and raising offspring and grandoffspring (e.g., Silk et al. 2003).
An important question, therefore, is whether and how primate
mothers contribute to (in positive or in negative) the future
social success of their offspring. Exploring maternal influences
on offspring social development can also shed light on the
development of primate sociality in general, which is still a
poorly understood aspect of primate behavioral evolution.

In this article, I review our current knowledge of maternal
influences on social development in nonhuman primates. This
review focuses on the species of monkeys and apes for which
most information is available and is biased towards studies con-
ducted in naturalistic and semi-naturalistic conditions (e.g., in
which individuals are free-ranging or are captive but live in nat-
uralistic social groups) as opposed to those conducted in highly
artificial laboratory conditions (e.g., those in which animals are
housed individually or in pairs in small cages). Although a great
deal is known about parental influences on social development in
humans, human research is not systematically reviewed in this
article, in part because in many cases we do not have nonhuman
primate data that are directly comparable to human data to war-
rant a joint review and discussion. For example, much human
research on maternal influences on social development has been
conducted within the framework of attachment theory (Bowlby
1969), but little is known about attachment and social develop-
ment in nonhuman primates (Maestripieri 2003).

The article begins with a review of the influence of maternal
stress on the development of offspring physiological and behav-
ioral reactivity to the environment, including reactivity to stress
(section “Influence of of maternal stress on offspring neuroendo-
crine function™). This topic is relevant because overall reactivity
to the environment can be an important component of social
success. The rest of the article addresses social processes.
Specifically, I review maternal influences on offspring’s behavior
(section “Influence of maternal style on the offspring's
behavior”) and social preferences (section “Maternal influences
on the development of offspring’s social preferences”), the de-
velopment of behavioral sex differences (section “Maternal in-
fluences on the development of sex differences in behavior”), the
acquisition of dominance rank (section “Influence of maternal
agonistic support on the offspring’s acquisition of dominance
rank™), and last social learning (section “Maternal influences
on offspring social learning”). The article ends with a brief sum-
mary and discussion of future research directions (section
“Conclusions and future directions™).

Influence of maternal stress on offspring
neuroendocrine function

Sex and individual differences in virtually all aspects of social
behavior, including affiliative and agonistic behavior or sexual

@ Springer

and parental behavior, originate, at the proximate level, from
sex and individual differences in neuroendocrine function. In
primates, variation in neuroendocrine function and its effects
on behavior have been documented for hormones of the
hypothalamic-pituitary-gonadal (HPG) axis (e.g., estrogen
and testosterone), those of the hypothalamic-pituitary-
adrenal (HPA) axis such as adrenocorticotropin hormone
(ACTH) and cortisol, as well as for other hormones and brain
neurotransmitters such as oxytocin, vasopressin, norepineph-
rine, dopamine, and serotonin (see Maestripieri 2010, for a
review). Sex and individual differences in neuroendocrine
function are in part genetically determined and in part influ-
enced by the environment, especially early in life. For exam-
ple, variation in the exposure to hormones or to environmental
stress prenatally or postnatally has long-term effects on neu-
roendocrine function (Maestripieri and Wallen 2003; Del
Giudice et al. 2011; Maestripieri and Klimczuk 2013). Early
life effects on the development of neuroendocrine function are
relevant to our understanding of the evolution of sociality in
primates and other organisms because such effects play a key
role in the development of life history strategies, including
sociosexual strategies (Maestripieri and Mateo 2009; Del
Giudice et al. 2011).

Primate mothers can have a significant influence on the
development on their offspring’s sociosexual strategies (e.g.,
through their influence on their offspring’s personality, which
in turn regulates many aspects of sociosexuality; Groothuis
and Maestripieri 2013) and this influence may be mediated
by long-term alterations in their offspring’s neuroendocrine
reactivity to stress. One mechanism for these effects is the
transfer of maternal hormones and other physiological sub-
stances (e.g., immunoglobulins and other antibodies) through
the placenta during gestation and then through milk during the
breastfeeding period (Groothuis and Maestripieri 2013). The
transfer of physiological substances from mother to offspring
during pregnancy or lactation can be influenced by the
mother’s own genetic make-up as well as by her interaction
with the environment, including the mother’s level of stress.
The offspring therefore can experience prenatal stress through
her mother’s body. In addition, the mother’s own behavior can
be stressful to the infant and have both short-term and long-
term effects on her offspring’s reactivity to stress (see below).
Psychosocial stress induced in the offspring by the mother’s
behavior will be referred to as “maternal stress.”

There is a great deal of evidence that prenatal and maternal
psychosocial stress can influence the development of the off-
spring’s HPA axis in primates (Maestripieri and Klimczuk
2013). Long-term alterations in HPA axis activity or reactivity
induced by prenatal or maternal psychosocial stress could un-
derlie adaptive adjustments to environment; these may include,
for example, long-term changes in emotional reactivity or me-
tabolism (Flinn et al. 2011; Berghénel et al. 2016, 2017), or
they could reflect chronic stress-related pathologies
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(Maestripieri and Wallen 2003; Parker and Maestripieri 2011).
If mother and infant are exposed to the same environmental
stress, one could expect similarities in the HPA axis activity of
mother and infant (but these can also arise as the result of
genetic similarities). The few primate (including human) stud-
ies that have investigated possible correlations between
maternal and infant cortisol levels did not produce significant
results. For example, Murray et al. (2018) did not report sig-
nificant correlations between maternal fecal glucocorticoid
concentrations during pregnancy and postnatal infant gluco-
corticoid concentrations in chimpanzees (but sons of low-
ranking mothers appeared to have a downregulated glucocor-
ticoid response). Similarly, Maestripieri et al. (2009) found no
significant correlation between plasma cortisol concentrations
of free-ranging rhesus macaque mothers and their infants’ post-
natal plasma cortisol concentrations. Therefore, to this date,
there is no evidence of correlations between maternal and in-
fant stress hormones in primates. There is evidence, however,
of significant associations between maternal stress and stress-
related physiological parameters in the offspring (see below).

Primate studies exploring the effects of maternal gestation-
al stress on the offspring have been conducted in highly arti-
ficial laboratory conditions and will not be discussed here (see
Groothuis and Maestripieri 2013; Maestripieri and Klimczuk
2013, for reviews). Studies of maternal stress (including ma-
ternal abusive behavior) conducted in more naturalistic con-
ditions have focused on one main aspect of stress-inducing
maternal behavior: maternal rejection (see Bardi and
Huffman 2006, for baboons; Maestripieri 2008 for
macaques). Mothers reject their infants by holding them at a
distance with an arm or by forcefully removing them from the
nipple and pushing them away. Mothers also reject their in-
fants by hitting or biting them. Maternal rejection typically
elicits distress vocalizations by the infants as well as temper
tantrums (for a review of behavioral conflict between mothers
and infants, see Maestripieri 2002). Frequently rejected in-
fants also show behavioral signs of depression such as re-
duced locomotor activity, lack of interest in play and other
social interactions, and lethargy (Maestripieri 2002).
Maternal rejection is clearly a stressful experience for primate
infants (see Mandalaywala et al. 2014a).

In rhesus monkeys, infants are generally rejected in the
third or fourth week of life at the average rate of one episode
every 2 h (Maestripieri 1998). In rhesus monkeys, the rate of
rejection gradually increases as infants grow older, peaking at
6 months of age when mothers resume their mating activities
(for information on rejection in other primate species, see
Maestripieri 2002). However, some infants do not experience
rejection at all, while others are rejected at the rate of three to
four or more episodes per hour as early as in their first week of
life (Maestripieri 1998).

Positive correlations between high rates of maternal rejec-
tion and infant stress have been reported in both rhesus

macaques and in baboons, using different measures of HPA
axis activity such as fecal glucocorticoid concentrations, sali-
vary cortisol concentrations, plasma cortisol levels in response
to maternal separation, and plasma cortisol levels in response
to a corticotropin hormone (CRH) challenge (Bardi et al.
2005; McCormack et al. 2009; Sanchez et al. 2010; Koch et
al. 2014; Mandalaywala et al. 2014a; Petrullo et al. 2016). The
general picture that emerges from primate studies of maternal
stress, along with studies of other animals and humans, is that
exposure to maternal stress early in life is associated with a
hyperreactive HPA axis in the immediate aftermath of stress,
while the HPA axis of chronically stressed individuals may
become hypoactive in the long run (Parker and Maestripieri
2011; Petrullo et al. 2016).

In rhesus macaques, stressful maternal rejection is also as-
sociated with lower brain noradrenergic and serotonergic
function in the infants (Maestripieri et al. 2006a, b, 2009;
Sanchez et al. 2007). Specifically, Maestripieri et al. (2006a)
reported that infants (both non-fostered and cross-fostered in-
fants) reared by highly rejecting mothers exhibited lower ce-
rebrospinal fluid (CSF) levels of the serotonin metabolite 5-
hydroxyindoleacetic acid (5-HIAA) and of the norepinephrine
metabolite 3-methoxy-4-hydroxyphenylglycol (MHPG) in
the first 3 years of life when compared to infants reared by
less rejecting mothers. In male rhesus macaques and vervet
monkeys, low levels of CSF 5-HIAA and MHPG have been
associated with high impulsivity, risk-taking behavior, and
propensity to engage in severe forms of aggression (see
Higley 2003, for a review). Furthermore, young vervet mon-
key males with low levels of CSF 5-HIAA showed greater
propensities to become high ranking (Fairbanks et al. 2004).
Young males with low CSF 5-HIAA also appear to be more
likely to emigrate from their natal group at a young age
(Kaplan et al. 1995; Mehlman et al. 1995; but see Howell et
al. 2007, for opposite results). However, low CSF 5-HIAA
seems to be correlated with reduced survival and lower mating
success, at least in male rhesus macaques (Mehlman et al.
1997; Howell et al. 2007). Howell et al. (2007) argued that
this trait has mostly deleterious consequences for male fitness
but may be associated with phenotypic traits that are advanta-
geous to females such as high levels of sociability and sexual
receptivity.

Maternal rejection plays an important role in the process of
offspring weaning, as high rates of rejection reduce the
amount and frequency with which infants seek to be in contact
and gain access to their mothers’ nipples for suckling, thereby
encouraging their nutritional and social independence
(Fairbanks 1996). Although it may be argued that the psycho-
social stress generated in the offspring by maternal rejection is
just an inevitable by-product of weaning, it may also be ar-
gued that this stress is not a by-product but a phenomenon that
needs an explanation. And this explanation may be that when
mothers reject their infants, they simultaneously accomplish
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different goals: they encourage their infants to be nutritionally
and socially independent (so that mothers can invest in future
offspring) and they also give them the opportunity to develop
the appropriate tools to deal with psychosocial stress later in
life (Parker et al. 2006; Parker and Maestripieri 2011).

It is possible that by exposing their fetuses, infants, and
children to some psychosocial stress, mothers help them de-
velop physiological, behavioral, and emotional/cognitive ad-
aptations that allow them to cope with stress in an optimal way
throughout their life (Parker et al. 2006; Del Giudice et al.
2011; Parker and Maestripieri 2011). This is similar to the
process by which exposure to moderate amounts of pathogens
early in life strengthens the immune system and inoculates the
body against future exposure to the same or similar pathogens.

Influence of maternal style on the offspring’s
behavior

Maternal behavior can influence not only the offspring’s phys-
iology but also their behavior and through mechanisms inde-
pendent from stress. Naturally occurring interindividual vari-
ation in maternal style can influence the development of a
wide range of behaviors, such as exploration of the environ-
ment, reactivity to aversive stimuli, affiliative and agonistic
behaviors, and also later sexual and parental behavior
(Fairbanks 1996; Maestripieri 2009). Studies of intraspecific
variation in maternal styles in cercopithecine monkeys have
shown that most variability occurs along the two orthogonal
dimensions of maternal protectiveness and rejection
(Fairbanks 1996; Maestripieri 2001a; see De Lathouwers
and van Elsacker 2004, for data on great apes). Although
maternal protectiveness and rejection change in frequency as
a function of infant age and the mother’s own age and expe-
rience, individual differences in maternal style are usually
stable (Hinde and Spencer-Booth 1971; Fairbanks 1996).
There is evidence that young monkeys exposed to variable
maternal style in infancy differ in their propensity to be inde-
pendent from their mother and explore the environment later
in life. In an early study of rhesus monkeys, infants reared by
highly rejecting mothers were less likely to explore the envi-
ronment at the end of the first year (Simpson 1985). In later
studies of rhesus and other species of macaques, however,
more rejecting (or more laissez-faire mothers) produced in-
fants that were more independent and more likely to explore
the environment on their own and play (Simpson and Simpson
1985; Simpson et al. 1989; Simpson and Datta 1990; Bardi
and Huffman 2006). In vervet monkeys, less rejecting mothers
produced more timid and less independent infants who are
less likely to approach potentially dangerous individuals
(Fairbanks and McGuire 1988, 1993). Finally, there is evi-
dence that rhesus infants reared by more protective and higher
ranking mothers look longer at threatening faces as opposed to
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faces with neutral facial expressions (indicating higher
vigilance for threat; Mandalaywala et al. 2014b).

Since most studies of maternal style and infant develop-
ment in primates are correlational, the possibility that associ-
ations between maternal and infant behaviors reflect inherited
temperamental similarities between mothers and offspring
cannot be ruled out. Evidence of cause-effect relationships,
however, has been provided by experimental studies in which
maternal style was altered through manipulations of the phys-
ical or the social environment (Fairbanks and McGuire 1987,
Andrews and Rosenblum 1991; Vochteloo et al. 1993) or in
which infants were cross-fostered between different mothers
(Maestripieri 2005; Maestripieri et al. 2007). Genetic correla-
tions between maternal and infant behaviors regulating the
maintenance of contact, however, are likely to exist and be
the result of co-adaptation or evolutionary mother-offspring
conflict (Maestripieri 2004). For example, mothers who are
genetically predisposed to break contact frequently are likely
to have infants who are genetically predisposed to make con-
tact frequently (Maestripieri 2004).

The effects of maternal style on offspring behavior can also
be observed later in life. For example, there is evidence that
maternal protectiveness has long-term effects on the tendency
to enter a new enclosure and approach novel objects in juve-
nile vervet monkeys (Fairbanks and McGuire 1988, 1993,
1995), while greater maternal permissiveness early in life
has been associated with greater tendency to approach and
challenge an adult male in adolescent vervet monkeys
(Fairbanks 1996). Long-term effects of maternal style have
also been reported in Japanese macaques and in baboons.
Macaque infants reared by more rejecting mothers were less
likely to respond with submissive signals or with avoidance to
an approach from another individual later in life (Schino et al.
2001); juvenile baboons whose mothers displayed a protective
maternal style were characterized by greater vigilance when
housed in a small cage, whereas juveniles of mothers that
displayed high levels of stress-related behaviors had higher
cortisol level and displayed greater locomotor activity in a
small cage (Bardi et al. 2005). Finally, rhesus infants reared
by more rejecting mothers spent more time away from their
mother and engaged more in solitary play in the second year
(Maestripieri et al. 2006b; this study involved infants cross-
fostered at birth; therefore, the possibility that the effect of
maternal style represented genetically inherited behavioral
similarities between mothers and offspring could be
excluded).

The best illustration of the effects of maternal style on the
offspring’s adult behavior concerns the intergenerational
transmission of maternal style from mothers to daughters.
Multi-generational observational studies of maternal behavior
in vervet monkeys and rhesus macaques reported similarities
in behavior (especially with regard to rates of infant rejection)
between mothers and daughters and suggested that these



Behav Ecol Sociobiol (2018) 72: 130

Page50f 12 130

similarities may be the result of the daughters’ early experi-
ence (Fairbanks 1989; Berman 1990). This was confirmed by
a study in which rhesus macaque females were cross-fostered
at birth and reared by unrelated foster mothers (Maestripieri et
al. 2007). This study reported cross-generational consistencies
in the rejection dimension but not in the protectiveness dimen-
sion of maternal style. Significant similarities in maternal re-
jection between mothers and daughters were found for both
non-fostered and cross-fostered rhesus females, suggesting
that the daughters’ behavior was affected by exposure to their
mothers’ rejection in their first 6 months of life. Since mater-
nal styles may represent adaptations to particular maternal
characteristics (e.g., dominance rank, body condition, or
age) or demographic and ecological circumstances (e.g., avail-
ability of food or social support from relatives), the intergen-
erational transmission of maternal styles in primates may rep-
resent an example of non-genomic transmission of behavioral
adaptations from mothers to daughters.

Maternal influences on the development
of offspring’s social preferences

Social preferences for genetically related individuals, and es-
pecially for relatives of the same sex, play an important role in
the origin and maintenance of primate philopatry and may
significantly affect individual social strategies as well.
Studies of the development of these preferences in rhesus
macaques have shown that the social relationships infants de-
velop with other individuals tend to mirror those of their
mothers (see Roney and Maestripieri 2003; Berman 2004
for reviews). For example, rhesus mothers associate preferen-
tially with close female relatives and have antagonistic rela-
tionships with unrelated females from other matrilines (even
though rates of aggression between close maternal kin are
high due to high proximity between them; see Widdig et al.
2002; Roney and Maestripieri 2003). Similarly, infants spend
more time and affiliate with members of their own matriline
and tend to ignore or avoid unrelated individuals (e.g., Kulik
etal. 2015a, b). Furthermore, in macaque species in which the
relationships between adult females and close female relatives
are strong, so are the relationships between infants and these
individuals, whereas in species in which the relationships be-
tween adult females and close female relatives are weak, in-
fants show only a moderate or weak preference for these in-
dividuals (Berman 2004; see also Duboscq et al. 2017).
Although interspecific differences in the strength of kin bias
could be genetically based, studies have suggested that the
development of kin-biased social behavior is influenced by
the maternal environment (see below).

In rhesus macaques, young infants spend most of their time
in contact or close proximity with their mothers. Since their
mothers associate and affiliate with their close kin, infants

begin interacting mostly with these individuals simply be-
cause these individuals happen to be nearby and are available
for interaction. Although young infants initially do not seem
to have an active preference for any kin other than their
mothers (sex differences in infant behavior emerge
gradually; Kulik et al. 2015a, b; see below for a discussion
of sex differences), their social interactions are kin-biased by
virtue of the fact that their immediate social environment is
also kin-biased. Not only do mothers provide their offspring
with opportunities to interact with particular individuals, they
also serve as models for these interactions. In other words, by
observing their mothers being amicable towards close rela-
tives and avoidant or aggressive towards non-relatives, infants
learn how to behave towards relatives and non-relatives ac-
cordingly. Thus, an important component of the formation of
social relationships in young monkey infants involves being
passively exposed to the mother’s environment and the
mother’s behavior. There is little evidence to date that mothers
actively encourage their infants to interact with particular in-
dividuals and form relationships with them, despite some sug-
gestions to the contrary (de Waal 1990). However, mothers
discourage interactions between their infants and certain other
individuals (Maestripieri 1995c; Maestripieri et al. 2002).
Furthermore, differences in maternal interactions with sons
and daughters may influence the development of sons and
daughters’ social relationships with other individuals (Kulik
et al. 2015a, b, 2016; see below).

Through the joint action of multiple processes driven by
mothers such as providing opportunities, modeling, and active
shaping of behavior, monkey infants develop active social
preferences for their close kin and seek out these individuals
and initiate interactions with them. Since kin and non-kin,
especially adults, respond differently to the infant’s behavior,
learning through reinforcement and punishment in the course
of social interactions with these individuals can contribute to
the formation of infant social preferences. In rhesus and
Japanese macaques, the development of active kin bias occurs
some time in the first year of life and, for females, will con-
tinue to strengthen for the rest of their lives (Nakamichi 1989;
de Waal 1996; Berman 2004). The social developmental tra-
jectory of males, instead, will begin to diverge from that of
females after 1-2 years (Hinde and Spencer-Booth 1967;
Nakamichi 1989; Kulik et al. 2016). After this age, males will
receive increasing amounts of aggression from their older fe-
male relatives and will become increasingly attracted to peers
and adult males. Eventually, these processes will culminate in
the peripheralization of the juvenile and subadult males in the
group and their emigration (Roney and Maestripieri 2003;
Kulik et al. 2015a, b, 2016).

It is important to emphasize that maternal influences on
offspring social development probably act in conjunction with
genetically inherited predispositions and that the relative con-
tribution of maternal non-genetic versus genetic influences
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varies in relation to the type of relationships the offspring are
forming. For example, whereas maternal influences on the
development of offspring kin bias appear to be strong, at least
in some primate species, the development of female attraction
to infants, the development of play partner preferences, and
the development of sex partner preferences seem to be rela-
tively independent of maternal influences. Instead, they seem
to be more dependent on a combination of inherited propen-
sities and the species-typical social environment (i.e., young
individuals must develop in social groups with species-typical
size and demographic composition to be able to fully express
these propensities; e.g., Maestripieri and Ross 2004). The rel-
ative importance of maternal influences versus inherited pro-
pensities for the development of social preferences also seems
to vary greatly among primate species. For example, whereas
maternal influences on the development of matrilineal kin bias
appear to be strong in nepotistic primate species with female
philopatry and male dispersal, different types of kin bias and
of maternal influences occur in species in which males are
philopatric and females disperse (e.g., chimpanzees: see
Murray et al. 2014) or species in which both sexes disperse
(e.g., gorillas; Berman 2004). Unfortunately, little is known
about maternal influences on social development in these spe-
cies. Little is also known about whether and how within-
species variation in the maternal environment and in maternal
behavior affects the offspring social and mating strategies in
adulthood (but see Schino et al. 2004) and whether and how
this behavioral variation translates into variation in survival or
reproductive success.

Maternal influences on the development
of sex differences in behavior

Developmental sex differences in social behavior are the result
of genetic differences as well as of differences in maternal
investment in sons and daughters (either as the result of direct
influence of maternal investment on offspring behavior, or as
a by-product of the effect of maternal investment on offspring
growth and onset of reproduction; Hinde 2009; Maestripieri
2009). Such differences in maternal investment are expected
to occur whenever either the costs or the benefits of raising
sons or daughters are significantly different to the mothers
(Maestripieri 2009). The costs and benefits of raising sons
and daughters, in turn, may vary in relation to maternal char-
acteristics such as body condition or dominance rank (e.g.,
Trivers and Willard 1973).

Many primate studies investigating differential maternal
investment in sons and daughters have used birth sex ratios
as their dependent variable (e.g., Hiraiwa-Hasegawa 1993);
therefore, the results of these studies are not relevant to the
issues of maternal influences on offspring behavior. Studies
that have looked at reproductive intervals following the births
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of sons of daughters provide important information, as longer
interbirth intervals indicate greater maternal postnatal invest-
ment. In a study with one of the largest sample sizes to date
(N>3000 births), Maestripieri (2001b) reported that rhesus
macaques mothers had significantly longer interbirth intervals
following the births of daughters than following the births of
sons, indicating greater maternal investment in daughters (see
Hoffman et al. 2010; Hoffman and Maestripieri 2011, for
further data on interbirth intervals in a different population
of rhesus macaques). In rhesus macaques, greater maternal
investment in daughters may result from greater costs of rais-
ing daughters (as young daughters receive more aggression
from unrelated adult females than sons do), or greater benefits
(as adult daughters are able to cooperate more with their
mothers than sons do), or both (Maestripieri 2007).

Longer reproductive intervals following the births of
daughters should be associated with daughter-biased maternal
behavioral investment but there is little evidence of significant
differences in maternal behavior towards sons and daughters
at any age (see Roney and Maestripieri 2003; Lonsdorf 2017
for reviews; for sex-biased milk-related investment, see Hinde
2009). However, the results of the few studies that do report
sex-biased maternal behavior tend to be in the same direction.
In cercopithecine monkeys, there is some evidence that
mothers spend more time in contact and proximity to their
daughters, physically restrain their daughters more, groom
their daughters more, support their daughters in fights more,
and reject their daughters less when compared to sons (see
Kulik et al. 2016; Lonsdorf 2017). This evidence suggests that
in female philopatric species mothers form stronger social
bonds with their daughters than with their sons (Kulik et al.
2016). Since in these species, males typically disperse from
their natal group at puberty, their weaker bonds with their
mothers (which also include receiving aggression from the
mother) in infancy may be a proximate factor contributing to
their emigration from the group (Kulik et al. 2016). In chim-
panzees, a male philopatric species, Murray et al. (2014)
found that mothers of sons spent more time in large groups
and in groups containing adult males, especially in the first
6 months of infant life, than mothers of daughters. Later in
life, sons seemed to socialize with more individuals overall
and with more adult males than daughters (see also Lonsdorf
et al. 2014a, b). Lonsdorf (2017) therefore has raised the pos-
sibility that chimpanzee mothers actively socialize their in-
fants according to their future sex-specific social roles (see
also Maestripieri and Ross 2004, for gorillas).

Developmental sex differences in grooming behavior in
cercopithecine monkeys may be the result of differential ma-
ternal grooming given to daughters and sons. In macaques,
daughters groom their mothers and other females earlier in life
and more frequently than sons do, perhaps to reciprocate the
high rates of grooming young females receive from their
mothers and other adult females (see Roney and Maestripieri
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2003). In addition to sex differences in grooming, there are
also sex differences in rough and tumble play (with males
doing more than females), in infant-related interactions (with
females doing more than males), and possibly in aggression
around puberty (with males performing and receiving more
aggression than females) (e.g., Symons 1978; Nakamichi
1989; Maestripieri 2005). Roney and Maestripieri (2003),
however, have argued that sex differences in social play and
play parenting are unlikely to be the product of maternal so-
cialization given that mothers do not interact differently with
sons and daughters in these domains.

Early sex differences in social behavior can be interpreted
in light of the different life histories and reproductive strate-
gies of males and females. For example, the intense female-
oriented grooming behavior exhibited by young females clear-
ly foreshadows their integration and acceptance into the fe-
male core of the social group whereas the grooming patterns
of young males can be viewed as a prelude to emigration from
the natal group (e.g., Kulik et al. 2015a, b, 2016). Early dif-
ferences in play behavior are also likely adaptations to the
different life histories of males and females, with a primary
emphasis on the development of fighting skills for males and
parenting skills for females (Maestripieri and Ross 2004).
Some of these sex differences in early social behavior can be
viewed as species-typical adaptations whereas others can be
regarded as a more general mammalian or primate pattern. For
example, sex differences in grooming behavior are expected
to vary as a function of the patterns of philopatry and dispersal
of the species. Sex differences in play fighting and play par-
enting, however, are more likely to reflect patterns of mating
competition and parental investment that are shared by most
mammalian species. Although mothers are likely to bias their
investment towards sons or daughters depending on variations
in the cost/benefits ratios of raising sons and daughters, evi-
dence that such sex-biased investment contributes to sex-
typical social development is still limited.

Influence of maternal agonistic support
on the offspring’s acquisition of dominance
rank

In cercopithecine monkeys and other primates in which fe-
males are philopatric and establish clear dominance hierar-
chies within their group (e.g., most baboons and macaques),
sons and daughters acquire their mothers’ dominance rank
early in life through the agonistic support they receive from
mothers and through observations of their mother’s behavior
towards other individuals (see Holekamp and Smale 1991;
Chapais 1992; Pereira 1995 for reviews). In chimpanzees, in
which males are philopatric, maternal rank influences the off-
spring’s acquisition of rank but direct maternal interventions
in offspring’s conflicts are rare (Markham et al. 2015). In

rhesus macaques, immature offspring are aided by their
mothers during conflicts with other individuals (Maestripieri
2007). When mothers are higher ranking than the offspring’s
opponents and the opponents’ mothers, the mother’s interven-
tion results in a positive outcome of the conflict. Therefore,
offspring learn that they can consistently win fights with cer-
tain opponents, and these opponents begin to show submis-
sive behavior to the offspring the way they do it to their
mothers. In contrast, when mothers are lower ranking than
their offspring’s opponents and the opponents’ mothers, both
offspring and their mothers are defeated. Therefore, offspring
learn that they can be consistently defeated by certain oppo-
nents and, as a result, begin to show submissive behavior to
them. This learning process is reinforced by the offspring’s
observations of interactions between their mothers and other
individuals. Offspring observe that their mothers consistently
attack and defeat some individuals but are consistently
attacked and defeated by others. Through a combination of
observational learning and shaping through punishment and
reward, offspring eventually match their mothers’ behavior
towards other individuals. As a result, offspring acquire a
dominance rank adjacent to that of their mothers and in par-
ticular immediately below that of their mothers because off-
spring remain subordinate to their mothers (rhesus macaques:
Maestripieri 2007; baboons: Cheney 1977; vervet monkeys:
Horrocks and Hunte 1983). The non-genetic nature of rank
transmission in cercopithecine monkeys has been confirmed
by observations that immatures that are adopted at birth by
unrelated females acquire the dominance rank of their adop-
tive mothers and not that of their biological mothers (Chapais
1992). Furthermore, the social mechanisms of rank acquisi-
tion and transmission have been elucidated with experimental
manipulations of group composition and alteration of conflict
outcomes (Chapais 1992). In cercopithecine monkeys with
female philopatry, female ranks can be stable throughout a
female’s lifetime. As long as males remain in their natal group,
they acquire dominance ranks within their matrilines, but
when they join a new group, their new rank is established
through seniority or through fighting and is generally unrelat-
ed to their rank in their group of origin (e.g., van Noordwijk
and van Schaik 1985, 1988; Higham and Maestripieri 2010;
Georgiev et al. 2016). Therefore, while rank-related maternal
influences on the fitness of the philopatric offspring may last a
lifetime, such influences generally end at puberty for the dis-
persing offspring.

The direct effects of maternal dominance rank on offspring
fitness are expected to be stronger in some primate species and
environments than in others (Majolo et al. 2012).
Socioecological theory predicts that rank-related maternal ef-
fects on offspring fitness should be strongest in female-
bonded primate species such as rhesus macaques and savan-
nah baboons in which female social relationships are classi-
fied as despotic and nepotistic (i.e., dominance relationships
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are strongly unidirectional and asymmetrical and strongly
affected by kinship; van Schaik 1989). Despotic and nepotistic
female social relationships, in turn, should be associated with
ecological conditions in which resources are highly clumped
leading to high within-group contest competition (van Schaik
1989; Sterck et al. 1997). Such within-group contest compe-
tition may be exacerbated in environments with high preda-
tion risk resulting in large foraging groups (Sterck et al. 1997).
The direct effects of maternal dominance rank on offspring
fitness are also expected to be stronger in wild than in captive
or free-ranging but food-provisioned primates (Majolo et al.
2012; but see Blomquist et al. 2011, for evidence for the food-
provisioned rhesus macaques on Cayo Santiago). This is be-
cause one of the most important functions of female rank is to
regulate priority of access to food resources when such re-
sources are limited.

Maternal influences on offspring social
learning

Dealing effectively with the complexity of primate societies
presumably requires significant social learning in early life. A
full understanding of the development of primate sociality,
therefore, requires knowledge of the occurrence and character-
istics of early social learning. Primate mothers could contribute
to their offspring’s acquisition of knowledge or skills pertinent
to their physical or social environment if they behaved in ways
that provided opportunities for offspring social learning. For
example, mothers might bring their infants in the proximity of
unfamiliar individuals or expose them to unfamiliar social cir-
cumstances so that their infants could learn about these individ-
uals or circumstances through observation or direct interaction.
Similarly, mothers in chimpanzee populations that are known to
use tools for fishing termites or cracking nuts might leave ap-
propriate tools in the vicinity of their infants so that infants have
opportunities to play with them and learn their use in a foraging
context (see below). These maternal activities would be func-
tionally related to offspring social learning and be best classified
as “social facilitation,” “local enhancement,” or “scaffolding”
(Maestripieri 1995a). A separate question, at least from a cog-
nitive point of view, is whether primate mothers facilitate their
offspring’s social learning not only functionally but also inten-
tionally. This would require that mothers engage in behavior
that has no goal other than promote offspring social learning
and that they have some understanding of the consequences of
their behavior for the offspring’s skills or even knowledge (the
latter would require that mothers attribute mental states such as
knowledge and ignorance to their infants). In other words, the
question would be whether primate mothers are capable of
intentional teaching (Caro and Hauser 1992; Maestripieri
1995a; Hoppitt et al. 2008; Thornton and Raihani 2008).

@ Springer

The evidence from both observational and experimental
primate studies is stronger for “functional” (and more for great
apes than for monkeys) than for “intentional” teaching.
Overall, however, and contrary to expectations, maternal in-
volvement in offspring social learning is very rare and highly
domain-specific. Mother-infant interactions suggestive of
teaching have been observed in several domains such as tool-
use, alarm calls, food choice and processing, gestural commu-
nication, and infant independent locomotion (reviewed by
Maestripieri 1995a). For example, rhesus and pigtail macaque
mothers exhibit highly flexible and sophisticated behavior
when they encourage their young infants to walk independent-
ly, which includes making eye-to-eye contact and displaying
the bared-teeth display, lip-smacking, or the pucker face to
their infants while walking backwards, and repeating
(Maestripieri 1995b, 1996a, b). Older and more experienced
mothers encourage their infants more than younger and inex-
perienced mothers, and infants who are encouraged more walk
on their own earlier in life than those who are not encouraged
(Maestripieri 1995b, 1996a). Macaque mothers typically use
facial expressions such as bared-teeth display, lip-smacking, or
the pucker face to regulate proximity to their infants and to
encourage their infants to come closer to them, follow, or make
contact (Maestripieri and Wallen 1997; Maestripieri 1996b; for
other primate species including great apes, see Cartmill and
Maestripieri 2012). Ferrari and collaborators have shown that
rhesus infants whose mothers lipsmack to them more often
early in life exhibit not only earlier locomotor independence
but also greater sociability and social competence later in life,
suggesting that early maternal behavior can influence their
infants’ social and cognitive development (Ferrari et al. 2009;
Dettmer et al. 2016). Maternal encouragement of infant inde-
pendent locomotion has also been reported in chimpanzees
(van de Rijt-Plooy and Plooy 1987) and in gorillas (Whiten
1999; Maestripieri et al. 2002), but the developmental conse-
quences of these early mother-infant interactions have not been
investigated in these species.

Social learning is known to play an important role in com-
plex foraging techniques, which involve the use of tools, or
coordination of behavior between two or more individuals, or
food sharing. The importance of social learning for tool using
has been best documented in capuchin monkeys, chimpanzees,
and orangutans (see Lonsdorf and Ross 2012 for a review). The
question of whether mothers in these species contribute in
some way to their offspring’s learning of skills in foraging or
feeding contexts has been addressed by several studies. A study
of captive lowland gorillas reported that food sharing between
mother and infant was rare and generally initiated by infants,
while mothers simply showed passive tolerance (Maestripieri
et al. 2002). In this study, gorilla mothers did not encourage
their infants in any way but discouraged their infants from
interacting with particular individuals, especially the male sil-
verback. In contrast, the infants showed interest in their
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mothers’ activities, encouraged their mothers to share food,
play, or follow them, and also repeated their behavior. Thus,
gorilla infants took the initiative in creating situations that were
potentially conducive to the acquisition of knowledge or skills.

In chimpanzees, social learning plays an important role in
the ontogeny of tool-use skills such as nut-cracking and ter-
mite-fishing. In a population of chimpanzees in which nut-
cracking is common, Boesch (1991) suggested that chimpan-
zee mothers sometimes leave in the vicinity of their infants
tools for nut-cracking such as rocks or sticks that can be used
as the “anvil” or the “hammer,” thereby engaging in social
facilitation (local enhancement) of their skill acquisition.
Boesch (1991) also reported a few anecdotal observations of
mothers who appeared to be tutoring their infants by position-
ing the nut correctly on the anvil or demonstrating how to hit
the nut most effectively with the hammer.

Potential maternal influences on the offspring’s acquisition
of skills in the context of termite-fishing have been investigated
both in wild and captive chimpanzees. In the Gombe popula-
tion of chimpanzees, Lonsdorf and collaborators have reported
significant sex differences in the development of termite-
fishing skills (Lonsdorf et al. 2004). Female infants observed
their mothers’ termite-fishing behavior more often than male
infants and subsequently showed shorter acquisition times and
greater proficiency at this task. Female infants were also better
at matching their mothers’ precise technique (Lonsdorf 2005;
Lonsdorf and Ross 2012). There were, however, no significant
differences in the way in which mothers behaved towards male
or female offspring during termite-fishing activities (Lonsdorf
2006, 2017). Lonsdorf (2006) did not observe any instances of
active instruction on the part of the mother (or any other indi-
viduals). However, since individual mothers differed signifi-
cantly from one another in the frequency with which they en-
gaged in termite-fishing near their infants, as well as in their
proficiency, it is likely that significant variation exists in the
extent to which mothers provide opportunities for social learn-
ing to their infants (Lonsdorf 2006). Another field study of
chimpanzees has shown that mothers provide their infants with
sticks that can serve as appropriate tools for termite-fishing
(Musgrave et al. 2016); the authors of this study have argued
that such tool transfer meets the functional criteria for teaching
proposed by Caro and Hauser (1992), although no active
tutoring was observed. The conclusions of these field studies
are generally consistent with those of a captive study, in which
chimpanzee infants learned tool-use by observing their mothers
and other adults but without any active tutoring by their
mothers (Hirata and Celli 2003).

Conclusions and future directions

Given the prominence of maternal care for offspring develop-
ment and the close associations that primate mothers maintain

with their offspring, maternal influences on social develop-
ment are ubiquitous and highly significant across primate spe-
cies. Maternal influences on offspring development are a cru-
cial component of the development of primate sociality and of
its maintenance across generations. In this article, I focused on
maternal neuroendocrine and behavioral influences on off-
spring’s physiology and social behavior and did not address
research on maternal genetic or nutritional effects on their
offspring’s growth, health, or reproduction (see Maestripieri
2009, for a review of some of this research). Mothers can have
long-term effects on stress-sensitive physiological systems in
the offspring, such as the HPA axis. With the exception of
extreme circumstances, these effects are likely adaptive and
prepare the offspring to deal with future environmental chal-
lenges (Maestripieri and Mateo 2009). Long-term effects of
early maternal stress, such as that induced by rejection, on
offspring neuroendocrine reactivity to the environment can
also be the source of adaptive variation in sociosexual and
reproductive strategies when offspring reach adulthood (Del
Giudice et al. 2011). Through their own variable maternal
style, mothers can also shape many aspects of their offspring’s
behavior, including exploration, affiliation, and aggression,
and also future parental behavior. Transgenerational effects
of maternal style can be a mechanism that promotes or main-
tains behavioral adaptations to particular social characteristics
or micro-environments (Maestripieri et al. 2007).

A crucial component of primate social systems is kinship-
and rank-related social preferences; such preferences are often
different in males and females. Although mothers do influence
the sex-typical social preferences of their offspring and other
sex-typical behavior such as grooming and emigration from
the group, they do so mainly indirectly by providing opportu-
nities to engage in particular activities more than in others and
thus reinforcing biological predispositions for sexually differ-
entiated behavior that are the result of genetic factors or pre-
natal hormonal exposure. Maternal influences on their oft-
spring’s social learning too are with some exceptions mainly
indirect and consist of providing opportunities for learning,
rather than intentionally tutoring or teaching offspring direct-
ly. One domain in which primate mothers in some species play
a direct and significant influence on their offspring’s social
development is the transmission of dominance rank across
generations. Since rank is a crucial determinant of survival
and reproductive success in primate species with despotic hi-
erarchies, maternal transmission of rank through agonistic aid
to their offspring makes a crucial contribution to the off-
spring’s fitness (Blomquist et al. 2011) (and at the same time
to the maintenance of the special-typical social system).

Overall, primate mothers have the potential to influence
both “normative” (i.e., species-typical) aspects of social de-
velopment and interindividual variation in behavior, physiol-
ogy, and reproduction (i.e., sociosexual and reproductive strat-
egies). Much of the research describing these maternal effects
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has been purely descriptive; therefore, more research is need-
ed both on the functional significance of these effects for fit-
ness and on the proximate mechanisms underlying these ef-
fects. The extent to which the offspring themselves contribute
to driving their mothers’ behavior (e.g., by “extracting” ma-
ternal investment or soliciting affiliative and agonistic sup-
port) also needs to be further investigated. Finally, the per-
spective taken in this article emphasizes that the evolutionary
interests of mothers and offspring are often aligned and over-
lapping, but this is not necessarily always the case. Thus,
future studies of primate maternal influences on offspring so-
cial development should explicitly consider evolutionary con-
flicts of interests between mothers and infants, and the conse-
quent possibility that the long-term outcomes of mother-infant
interactions may be more advantageous to one party and less
to the other, depending on how the conflict is resolved.
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