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In humans, temperament plays an important role in socialization and personality. Some temper-
aments, such as behavioral inhibition are associated with an increased risk for psychopathology.
Nonhuman primates can serve as a model for neurobiological and developmental contributions to emo-
tional development and several recent studies have begun to investigate temperament in nonhuman
primates. In rhesus monkeys, dominance rank is inherited from the mother and is associated with
social and emotional tendencies that resemble differences in temperament. The current study assessed
differences in temperament in infant rhesus monkeys as a function of maternal dominance rank. Tem-
perament was assessed in 26 infants (13 males) from birth until 6 months of age with a battery that
included Brazelton test, human intruder test, human intruder-startle, cortisol stress reactivity, and
home cage observations of interactions with peers and the mother. Throughout testing, infants lived
with their mothers and a small group of other monkeys in indoor/outdoor runs. Dominance rank of
the mothers within each run was rated as either low/middle (N = 18, 9 male) or high/alpha (N = 8,
4 female). Infants of high-ranking mothers displayed more intruder-directed aggression and reduced
startle potentiation in the human intruder tests. Dominant offspring also had reduced levels cortisol
and startle across development and spent more time away from mothers in the interaction tests. These
results suggest that dominance of the mother may be reflected in behavioral reactivity of infants early
in life. These findings set up future studies, which may focus on contributing factors to both dominance
and temperament such as genetics, rearing, and socialization. Such factors are likely to interact across
development in meaningful ways. These results also suggest future human-based studies of a similar
relationship may be warranted, although social dominance is clearly more complex in human than
macaque societies. Am. J. Primatol. 75:65–73, 2013. Published 2012 by Wiley Periodicals, Inc.†
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INTRODUCTION
Dominance hierarchies are widely observed

among socially living species [Rowell, 1974; Wilson,
1975]. Hierarchies serve to stabilize social structures
and reduce competitive exchanges and aggression
within a group by establishing individually tailored
entitlements and ritualized patterns of signals to
guide interactive behavior [de Waal, 1986; Drea &
Wallen, 1999; Wilson, 1975].

The factors that contribute to an individuals’
dominance rank vary across species though in many
instances dominance rank is not simply a function of
physical factors such as size and strength [Bastian
et al., 2003; Dewsbury, 1990; Masur & Benedito,
1974; Sallet et al., 2011; Sapolsky, 2005; Wang et al.,
2011]. In the rhesus macaque and several other ma-
trilineal organized primate species, dominance rank
of infants and juveniles is largely a function of moth-

ers’ status in the group [Fedigan, 1982; Hausfater
et al., 1982; Sade et al., 1988]. Infant and juvenile
rhesus monkeys are ranked just below their moth-
ers. This status typically persists for females after
puberty because they remain with the troop but for
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males who emigrate at puberty, dominance status
must be reestablished within a new group.

In mature animals, dominance rank is associ-
ated with differential patterns of physiological and
emotional reactivity. Animals lower on the domi-
nance hierarchy generally have higher levels of cir-
culating cortisol, lower levels of gonadal steroids,
exhibit higher rates of anxious- and depressive-
like behavior, and are more likely to be in poor
health [Gesquiere et al., 2011; Onyango et al., 2008;
Sapolsky, 2005; Shively et al., 2005]. However, it
is unclear when in development such dominance-
related differences in physiology, emotion, and be-
havior might emerge. Since dominance status is con-
ferred at birth (via the mothers’ status) rather than
acquired via interaction, one might expect at least
some of these differences to be heritable. Indeed in
some species, dominance-related behavior patterns
have been shown to be largely heritable [Dewsbury,
1990; Masur & Benedito, 1974] and it has been sug-
gested that in humans dominance–submissiveness
is a temperamental trait associated with control and
influence that is expressed throughout life [Mehra-
bian, 1996]. Furthermore, in some species including
humans who do not display the typical dominance
heritability patterns, stable social dominance struc-
tures have been reported in children as young as
2 [Frankel & Arabel, 1980]. On the other hand in
primates, factors other than maternal rank can in-
fluence dominance status, as it has been shown that
manipulation of early environment can alter domi-
nance status [Bastian et al., 2003; Sallet et al., 2011],
in addition to other factors that may affect social
competence of animals [de Waal, 1986].

To the extent of our knowledge, this is the
first study that studies the relationship between
infant-mother dominance rank and while much is
known about behaviors associated with dominance
and trans-generational patterns of transmission in
rhesus macaques, the manner in which dominance is
expressed in infants and the mechanisms by which
dominance status are conferred are poorly under-
stood. For example, during early life, dominance
could be the result of heritable emotional and person-
ality characteristics that are expressed in the animal
and confer dominance status. Alternatively, domi-
nance could be a function of the degree of deferential
behavior afforded to an individual animal as a func-
tion of his or her lineage, or a function of differential
parental behavior expressed by dominant relative to
subordinate mothers.

In order to better understand the factors that
lead to the expression of dominance in rhesus mon-
keys, we first wanted to establish when in devel-
opment dominance-related differences in emotional
style or temperament are present. In the current
study, we focused on the patterns of emotional be-
havior and temperament in both social and nonso-
cial contexts during the first 6 months of life. Several

laboratory-based paradigms have recently been used
to probe temperament in infant macaques [Bethea
et al., 2004; Kalin & Shelton, 2003; Rogers et al.,
2008; Schneider et al., 1991a; Sussman & Ha, 2011].
Because of the strong association between tempera-
mental profile and dominance status as well as the
transmission of dominance status from mother to off-
spring, we predicted temperamental behavior pat-
terns of infants would also differ as a function of
maternal dominance rank. Specifically, we hypoth-
esized that offspring of dominant mothers would be
more resistant to stress, less inhibited, and more ad-
venturous in social and threatening environments
across the first 6 months of life than offspring of less
dominant mothers.

METHODS
Subjects

Twenty-six infant rhesus monkeys (Macaca mu-
latta), 13 males, from a single birth-year cohort
served as subjects. Data were collected between
April and December 2010 in Poolesville, MD. All
monkeys were bred and subsequently housed in
an indoor/outdoor “run” at the NIH animal facility,
Poolesville, MD. Each run contained one adult male
and six-to-eight females and their offspring. Animals
were fed daily with monkey chow and had ad libi-
tum access to water. An animal caretaker checked
runs daily for birth and overall health status of mon-
keys. All procedures performed were approved by
the institutional animal care and use committee of
the National Institute of Health, and adhered to the
American Society of Primatologists Principles for
the Ethical Treatment of Nonhuman Primates and
all the prevailing legal requirements of the United
States.

The dominance status of the mother of each sub-
ject was characterized as either low/middle (N = 18,
9 males) or high/alpha (N = 8, 4 males) rank by
three independent observers, (animal care staff) us-
ing behaviors observed in their home cage such as
aggression, physical displacement, and food intake
[Bastian et al., 2003; Sapolsky, 2005]. We achieved
100% concurrence among the three raters of this bi-
modal categorization. Importantly, all raters were
blind to outcome of behavioral assessments per-
formed on the infants and all raters were blind to
dominance rankings prior to data analysis.

Procedures

Assessment during first month
At postnatal days 7, 14, 21, and 30, infants

were removed from the run and the mother and
an adaptation of the Brazelton neonatal assessment
was performed. The details of this procedure have
been described previously [Schneider et al., 1991b;

Am. J. Primatol.

katherine-r
Highlight



Mother’s Dominance Rank and Infant Temperament / 67

Schneider & Suomi, 1992]. Briefly, over the course
of approximately 15 min, a series of probes of motor,
emotional, and perceptual development were per-
formed on the infant by a trained human experi-
menter and levels of response for each item were
tabulated on a 0–2 point Likert scale at the time of
assessment. Previous cluster analyses of this proce-
dure indicated four major factors: orientation, mo-
tor development, locomotor activity, and emotional
state control as well as several other individual items
that did not cluster with any factor [Schneider et al.,
1991b; Schneider & Suomi, 1992]. For the present
study, we focused on the emotional aspects of the
battery including the state control composite and in-
dividual items of response to restraint, fear, and star-
tle. The state control composite is comprised of four
separate items for irritability, consolability, strug-
gle, and predominate arousal state during assess-
ment. Irritability was defined as the amount of anger
or frustration gauged by the experimenter during all
probes. Consolability was defined as the ease of con-
soling the infant after distress. Struggle was mea-
sured as the amount of difficulty or effort required
to perform all the tests. Predominate state was mea-
sured as the arousal level of the infant during testing
(going from awake and alert to agitated). Restraint
was an assessment of the amount of resistance gen-
erated by a 10-sec test in which the infant is pinned
on its back. Fear was defined as the amount of ner-
vousness or trepidation expressed during the entire
assessment, and startle was a subjective index of the
magnitude of startle generated by a loud auditory
probe. At the end of this intensive and interactive
assessment battery, the separation response was as-
sessed by placing the infant alone and undisturbed
in an incubator cage with a toy and blanket for an
additional 5 min. The duration of active locomotor be-
havior and frequency of vocalizations (e.g. coo, bark,
screech, squeal) expressed during this isolation pe-
riod were recorded by a human observer.

Assessments at 3 and 6 months of age
At 3 and 6 months of age, the monkeys were

again removed from the run and underwent test-
ing in the human intruder paradigm (HIP) [Kalin
& Shelton, 2003], and human intruder-startle (HIS)
paradigm. These tests were performed twice at each
age with a day in between test sessions. Both the
HIP and HIS paradigms were designed to assess
the infant’s emotional response to direct and indirect
threats. The HIP is comprised of four phases: During
the initial acclimation period, the subject was alone
in a test cage. After the acclimation period was a pro-
file phase in which a human “intruder” entered the
room and presented their facial profile to the subject
without making direct eye contact. This was followed
by a second alone phase and finally a stare condition
in which the same intruder returned and made di-

rect eye contact with the subject. Each phase lasted
10 min and was videotaped for subsequent analysis.

The HIS paradigm was similar to the HIP but the
dependent variable was the startle response rather
than behavior and each phase was shorter. In the
HIS paradigm, the infants were placed alone in a
small mesh restraint box for a 6-min acclimation pe-
riod, which was followed by two 3-min periods in
which a human intruder presented either a profile
or direct eye contact with the subject. In the HIS,
the acclimation was always conducted first but un-
like in the HIP, the order of the profile and stare
conditions was counterbalanced across sessions. The
restraint box was fixed to the accelerometer plat-
form of a primate startle chamber. For 3-month-old
infants the restraint box was 6′′ height × 11′′ long
× 6′′ depth and for 6-month-old infants 7′′ height
× 12′′ Long × 7′′ depth. This box was designed
to minimize movement but did not fully restrain
the animals. The startle chamber was a sound at-
tenuating wooden chamber equipped with a venti-
lation fan that produced an ambient noise of ap-
proximately 65 dB. The HIS conditions were always
conducted with the door to this chamber open to al-
low infants to see the human intruder. The human
intruder presented profile and stare from a chair
located approximately 2 m from the chamber. Two
wall-mounted, high-frequency audio speakers (range
5–40 kHz) were located laterally inside the chamber
and delivered computer-generated, 40-msec broad-
band acoustic pulses of 110 dB. Three startle probes
were presented in each of the three test conditions
(acclimation, profile, and stare). Movement of the re-
straint box, resulting from a whole-body startle re-
sponse, displaced the accelerometer (Endevco, San
Juan Capistrano, CA), and produced a voltage signal
proportional to the chamber’s displacement velocity.
Startle response measurement was defined as the
maximal peak accelerometer output during the first
600 msec after the startle-eliciting noise onset. The
analog output of this signal was amplified by a gain
of 100 and then digitized using an InstruNet device,
Model 100B (GW Instruments, Somerville, MA) in-
terfaced with a Macintosh G3 (Apple, Cupertino, CA)
computer system.

Blood Collection and Cortisol Assay
Immediately after the HIP test (and immedi-

ately before the HIS test), subjects were manually
restrained and 50 μl of blood was collected from
femoral vein for cortisol assay. On the day between
tests, infants and mothers were captured together in
the run and blood was taken from the infants while
they were in physical contact with their mothers.
This second-day blood was designed to be a control
condition, without maternal separation or human in-
truder stare conditions. Care was taken to minimize
all effects of experimenter contacting this “baseline”
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sample by ensuring that capture and sample were
taken within 15 min of entry into the run. Because
we only had a single baseline measure at each age,
the values from the two sessions collected after the
HIP test at 3 and 6 months of age were averaged to
generate a mean “stress” response at each age. Blood
samples were centrifuged in microtubes containing
1.3-ml K3E, 1.6-mg EDTA per milliliter blood. Corti-
sol concentration was determined by enzyme-linked
immunosorbent assay (ELISA) assay performed by a
commercial lab (Yerkes National Primate Research
Center at Emory University). All cortisol assays were
measured in duplicate in a single run, and intra as-
say CV was <20%.

Assessments at 4 and 5 months of age
At 4 and 5 months of age, infants were observed

in their home environment for a 30-min period us-
ing a time sampling procedure. The focal animal was
observed for the entire 30-min session by a trained
human observer sitting approximately 1 m from the
home cage. Every 30 sec during the 30-min observa-
tion period, the presence or absence of a series of be-
haviors was recorded. Tabulated behaviors included
locomotor behavior scored if subject was actively
moving about the cage; passive behavior, recorded
if subject was sitting passively and not engaged in
any other activities; environmental explore, scored
if the subject was actively manipulating nonsocial
object in the cage; social behavior recorded if subject
was engaged in play, grooming, or other affiliative
behavior with other monkeys or with the mother;
and vocalizations (Voc) recorded if subject was ac-
tively vocalizing. Finally at each time point, it was
indicated if the infant was on or off the mother while
engaged in these activities. These data were tabu-
lated at the end of the 30-min session.

Statistical Analysis
All statistical analyses were performed with

SPSS software (IBM SPSS Statistics 19.0) with
threshold set to P < 0.05. For the neonatal as-
sessments, a mean was generated across the four
assessment points and differences were compared
between dominant and nondominant offspring on
each measure with multivariate analysis of variance
(ANOVA), where gender was included as a nuisance
covariate. Because of the number of tests performed
and the exploratory nature of this study, we opted

not to employ Bonferonni correction because this
would impose an overly stringent correction factor.
Therefore our results from this analysis should be
viewed as preliminary and in need of replication.
Repeated measures ANOVA was performed on be-
havior collected at the 3–6 month intervals (HIP,
HIS, cortisol, and home cage) with factors for group,
gender, age, and specific test conditions as detailed
in the results section.

RESULTS
Neonatal Assessments

The mean scores for the emotional portions of
the Brazelton assessments are depicted in Table I.
A two-factor ANOVA (gender and dominance group)
revealed that infants of higher ranking mothers had
significantly higher scores on the composite category
of state control, F (1, 18) = 4.91, P < 0.05, and a trend
toward higher irritability ratings, F (18) = 3.70,
P = 0.071. No significant group differences were
found on other measures and no main or interac-
tion effects were found for gender on any measure.
This indicates that while dominant offspring did not
differ on the majority of measures of development
or emotional temperament during the infantile pe-
riod, some differences on emotional variables that
are highly relevant for social interaction may be ap-
parent even during the first month of life.

Three- and Six-Month Assessments

Human intruder paradigm
The four behaviors that were consistently ex-

pressed across animals in the HIP test were locomo-
tion, freeze, coo, and bark vocalizations. These mea-
sures, broken down by experimental condition, are
depicted in Table II. Each behavior was subjected to
a 2 (maternal dominance) × 2 (gender) × 2 (age) ×
4 (test condition) mixed-design ANOVA. For locomo-
tion, freeze, and coo, although main and interaction
effects were found for age and test condition, no main
or interaction effects were found for maternal dom-
inance group or gender. For the bark vocalization,
there was a highly significant effect for test condi-
tion, F (3, 72) = 12.72, P < 0.000 with more barks
occurring during the stare than any other condi-
tion, and a significant dominance group by condition
interaction, F (3, 72) = 2.78, P < 0.05. No main or
interaction effects were found for gender.

TABLE I. Mean (+SEM) Scores Obtained in the Brazelton Neonatal Assessments Performed at Four Points during
the First Month of Life

Group State control Startle Fear Restrain Isolation locomotion Isolation vocalizations

Low 1.3 (0.09) 0.6 (0.1) 0.2 (0.08) 0.2 (0.06) 29.6 (7.1) 173.5 (21.1)
High 1.4 (0.06)a 0.5 (0.1) 0.07 (0.03) 0.4 (0.1) 41.4 (14.2) 187.6 (34.7)
aP < M.
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TABLE II. Mean (+SEM) Duration (Locomotion and Freeze) and Frequency (Bark and Coo) of Behaviors Ex-
pressed by the Offspring of Low- and High-Dominance Mothers in the HIP

Behavior Group Acclimation Profile Alone Stare

Locomotion Low 485.3 (20.5) 405.6 (29.8) 482.4 (24.4) 358.4 (25.9)
High 511.7 (13.4) 436.7 (34.3) 481.1 (25.1) 333.1 (42.9)

Freeze Low 1.5 (0.7) 18.0 (10.5) 0.03 (0.03) 6.1 (6.1)
High 0.9 (0.9) 7.7 (5.7) 0.0 (0.0) 0.0 (0.0)

Barka Low 2.3 (0.8) 3.3 (1.4) 2.5 (1.3) 7.2 (2.5)
High 4.3 (2.1) 4.8 (2.2) 2.3 (1.6) 16.1 (5.9)

Coo Low 72.5 (10.3) 83.4 (11.2) 88. 1 (11.4) 102.5 (8.7)
High 71.2 (12.5) 93.2 (14.8) 90.6 (13.7) 113.3 (8.8)

aGroup by condition interaction P < 0.05.

Human intruder-startle
The mean startle amplitude was analyzed with

a 2 (maternal dominance) × 2 (gender) × 2 (age) × 3
(test condition) mixed-design ANOVA that revealed
a significant main effect of test condition, F (2, 48) =
8.02, P < 0.001. A lager startle response amplitude
drove this effect in the alone condition across domi-
nance groups. In addition, this omnibus ANOVA re-
vealed a significant two-way interaction for condition
by rank, F (2, 48) = 3.35, P < 0.05, and three-way in-
teraction for age by condition by rank, F (2, 48) =
4.93, P < 0.05. In order to decompose this inter-
action, we separated our analysis into two groups.
Because the alone condition was always performed
first and the profile/stare conditions both contained
an additional stimulus (a human intruder), we sepa-
rated the data into these two groups and performed
two separate repeated measures analyses. A domi-
nance group by development analysis performed on
the alone condition revealed no main or interaction
effects as a function of dominance (Fig. 1A). How-
ever, the dominance group by development by con-
dition analysis performed on the stare and profile

conditions did reveal two significant effects related
to dominance. First, a two-way dominance by con-
dition interaction was found, F (1, 24) = 4.39, P
< 0.05, that was driven by a significant difference
in startle magnitude between the profile and stare
conditions in the subordinate (paired t (17) = 4.45,
P < 0.001) but not dominant (paired t (7) = 0.41,
ns) offspring (Fig. 1B). This analysis also revealed a
development by rank interaction, F (1, 24) = 7.88,
P < 0.01, which was driven by overall reductions
in startle in the dominant and overall increases in
the subordinate offspring across development. No
main or interaction effects of subject gender were
found.

Plasma cortisol concentration
Cortisol values were subjected to a 2 (group) ×

2 (gender) × 2 (age) × 2 (stress vs. basal) ANOVA.
This analysis revealed a main effect of stress, F (1,
24) = 226.91, P < 0.001, an effect of age, F (1, 24) =
5.38, P < 0.05, and an interaction between age and
rank, F (1, 24) = 6.72, P < 0.01. A three-way interac-
tion of rank by sex by age, F (1, 22) = 4.61, P < 0.05

Fig. 1. The mean (+SEM) startle amplitude for offspring of low- (dark) and high-ranking mothers (light) in the HIS paradigm. Startle
response during the alone condition at both 3 and 6 months of age are depicted (A) at left and responses during the profile and eye
contact conditions are shown (B) at right. In Figure 1, startle response is depicted by maternal dominance group and condition and
collapsed across age. (* significant difference between groups, # significant difference within group across time points).
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Fig. 2. The mean (+SEM) plasma cortisol levels at 3 and 6 months of age. (A) “Baseline” and post HIP (post stress) conditions averaged
across both dominance group and development. The baseline sample was taken on the second test day when infants were removed
from the run along with their mothers, and the post HIP sample was taken on days 1 and 3 of testing after infants had undergone HIP
testing. (B) Plasma cortisol levels of the two dominance groups as a function of age collapsed across baseline and stress conditions.

was also found. Across all conditions, cortisol was
markedly higher after the HIP tests than during the
“baseline” condition when infants were with their
mothers (see Fig. 2). The rank by age interaction
was driven by a reduction in cortisol levels in the
dominant offspring and an increase in cortisol lev-
els in the subordinate offspring between 3 and 6
months of age collapsed across conditions. However,
there was no interaction with stress level (see Fig. 2).
In order to decompose the gender effect, we per-
formed a separate gender × age × stress analysis
in each rank. In the dominant offspring, we found a
three-way interaction between sex, age, and stress
condition, F (1, 22) = 59.62, P = 0.001, which was
driven by an elevation of cortisol in the baseline con-
dition of females at the 3-month time point. No sex
differences emerged in the nondominant group.

Four- and Five-Month Assessments

Home cage observations
In the home observations, the five most common

behaviors were locomotion, passive, environmental
exploration, social affiliative behavior, and vocaliza-
tion. Each of these behaviors was analyzed with a 2
(maternal dominance group) × 2 (gender) × 2 (age)
ANOVA. In addition, a composite measure of the to-
tal amount of time spent on mother versus off mother
while engaged in all behavior was tabulated for each
subject and likewise subject to a 2 × 2 × 2 ANOVA.
Since there was no group by age interactions, all data
were averaged across development and are depicted
in Table III. Significant main effects of maternal
dominance status were found for three of these be-
haviors. Dominant infants spent more time off mom
than nondominant during the 4- to 5-month average
home observations, F (1, 20) = 7.51, P < 0.05. A sig-
nificant main effect of maternal dominance was also
found for locomotion, F (1, 20) = 4.33, P < 0.05, and
environmental explore, F (1, 20) = 8.01, P < 0.05.

DISCUSSION
This is the first study we are aware of to compare

the emotional profile of infant offspring from domi-
nant and subordinate adult rhesus monkeys. Domi-
nance status in rhesus monkeys co-varies across in-
fant and mother. As soon as they are mobile, infants
of dominant mothers gain access to more desired re-
sources than infants from lower ranking mothers.
This study assessed the extent to which maternal
dominance rank is also associated with differences in
temperament in the infants, and whether emotion-
ality and temperament may develop along different
trajectories in dominant versus nondominant mon-
keys. While infants of high and mid/low rank were
similar on most measures, we did find some notewor-
thy differences in emotional behavior across the first
6 months of life.

In general, infants of dominant mothers were
more reactive to adverse environmental stimuli.
During the first month of life, infants of high-
ranking mothers were significantly more irritable,
and trended toward higher struggle scores. At 3
and 6 months of life high-ranking infants displayed
more aggressive bark vocalizations in the provoca-
tive stare condition of the human intruder test and
they showed less potentiation of startle in the profile
relative to the stare condition. This pattern of re-
sults indicates that when confronted with adverse
threatening or unpleasant conditions, offspring of
dominant mothers are more likely to generate overt
behavioral reactions than to retreat or inhibit. This
same response pattern is characteristic of adult dom-
inant animals.

The startle response in the HIS was particu-
larly complex and deserves further comment. Be-
cause we were concerned about carryover effects,
the alone condition was always conducted before the
human intruder entered the room and the two hu-
man intruder conditions were counterbalanced. Con-
trary to expectations, a highly significant reduction
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TABLE III. Mean (+SEM) Number of Home Observation at Intervals in which Offspring of Low- and High-
Dominance Mothers were Engaged in Behavior during Home Cage Observations

Group Locomotion Passive Explore Social mom Social No mom Vocal Off mom

Low 6.7 (0.9) 2.2 (0.4) 8.7 (1.0) 10.4 (1.5) 6.8 (1 2) 0.3 (0.1) 32.7 (4.6)
High 10.0 (1.4)a 2.3 (0.4) 14.1 (1.6)a 11.0 (1.9) 8.9 (1.7) 0.1 (0.6) 55.3 (6.9)a

aGroup difference P < 0.05.

in startle was found across all subjects in the stare
condition relative to both the profile condition and
the alone condition. However, direct comparisons be-
tween both human intruder condition and the alone
condition is problematic because of potential order
effects. Because of this, we conducted separate anal-
yses on the alone and human intruder conditions.
When separated in this way, startle magnitude did
not vary as a function of dominance status in the
alone condition, but maternal dominance status did
result in two interactions in the human intruder
analyses. A number of studies have demonstrated
that the stare condition in the HIP paradigm is a
provocative stimulus that tends to generate overt
behavior patterns such as cage shake, vocalization,
and locomotor agitation, while the profile condition
induces freezing and locomotor reduction [Kalin &
Shelton, 2003]. Indeed, we observed this same be-
havioral pattern as well in the standard HIP (see
Table II). However, the inhibition of behavior in the
profile condition is not considered a passive response
but rather one of hiding and preparation for rapid es-
cape [Kalin & Shelton, 2003]. In rodent-conditioned
aversion tests, such active freezing is generally as-
sociated with a potentiated startle response [Luyten
et al., 2011] (although startle and freezing are dis-
sociable under some conditions [McNish et al., 2000;
Silva et al., 2004]). As such, we expected to observe
a pattern across all animals of greatest startle re-
sponse in the profile condition. In rats and monkeys,
freezing and startle potentiation are thought to in-
volve hyperactivation of amygdala and related cir-
cuitry [Antoniadis et al., 2009; Kalin et al., 2004;
Orsini & Maren, 2012]. Here, we did observe a po-
tentiated startle response during the profile condi-
tion relative to the stare condition in the offspring of
low dominant monkeys suggesting hyperactivation
of the amygdala-related circuitry in this condition
but only in the offspring of low dominant mothers.

The other pattern that emerged in both the star-
tle and the cortisol data were what appeared to
be different developmental trajectories in the two
groups collapsed across stimulus condition. In the
startle response, this was evidenced by a dimin-
ishing startle response across development in the
dominant offspring and an increase in the nondom-
inant offspring. In the cortisol data, we found that
high-ranking monkeys began to develop a pattern of
lower cortisol across development while lower rank-

ing monkeys remained mostly unchanged. This pat-
tern is consistent with a number of studies that
have found an inverse relationship between domi-
nance rank and cortisol levels in both mature hu-
man and nonhuman primates [Gesquiere et al., 2011;
Onyango et al., 2008; Sapolsky, 2005; Shively et al.,
2005]. Although in some circumstances, the most
dominant alpha male may in fact express higher
cortisol levels than other group members [Gesquiere
et al., 2011; Sapolsky, 2005]. In addition to the over-
all developmental patterns of cortisol in the two
groups, the interaction between dominance rank and
stress across development is also informative. While
stress-reactive cortisol response diminishes across
age in the dominant offspring, the opposite pattern
can be seen in the lower ranking infants. The present
data suggest that this pattern of high dominance
and low cortisol levels may develop early in life
while a profile more consistent with behavioral in-
hibition and anxiety develops in lower ranking juve-
niles [Gunnar & Cheatham, 2003; Hirshfeld-Becker
et al., 2003; Miller & Coll, 2007]. While this pattern
has been observed previously in humans, the fact
that it is present prior to puberty in rhesus monkeys
is noteworthy.

Finally, the observations in the home cage re-
vealed that at 4 and 5 months of age, high-ranking
infants spent less time in physical contact with the
mother than low-ranking infants. This indicates that
they are spending more time exploring, playing, and
foraging away from the mother, a pattern that sug-
gests less fear [Stevens et al., 2009; Suomi, 1997]
more self-confidence and less social wariness [Bohlin
& Hagekull, 2009]. We also observed a higher fre-
quency of environmental explore and higher fre-
quency of locomotion in high-ranking infants, find-
ings that are likely related to spending more time
away from their mothers. Surprisingly, other than
these differences, we found no other differences in
social interaction across groups. This could be ex-
plained since most of their social interactions, in both
groups, is still mostly with their mothers.

In sum, these findings indicate that although
similar on many measures, infants of dominant
and subordinate mothers do differ on a variety of
measures of emotional reactivity across the first
6 months of life. Infants of high-ranking mothers
display an emotional pattern that is more reactive
and context-dependent than infants of low-ranking
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mothers. This pattern suggests that a more engaged
or exuberant temperament may be associated with
high maternal dominance and a more reserved or in-
hibited temperament may be associated with lower
dominance rank. In general, these patterns did not
vary by gender of subject, although this study was
not designed for that purpose and was clearly under-
powered to detect gender effects.

Although the results from the present study are
provocative, they clearly await replication. Due to
the novel aspect of this study, many exploratory
analyses were run without correction for multiple
comparisons leading to the potential for type II er-
rors. Furthermore, most of the analyses conducted
here were based on a bimodal comparison of high-
versus middle- and low-ranking offspring, while hi-
erarchies are generally linear. We restricted our
analyses to this bimodal approach because of the
small sample size and relative difficulty of accu-
rately characterizing midlevel points in the hier-
archy. However, future studies should explore the
extent to which dominance-related variance in tem-
perament is linear. In addition, a recent study
showed that not all captive societies in rhesus mon-
keys are clearly linear [Fushing et al., 2011]. It is
worth noting that during the blood collection, we had
a 15-min window and therefore the baseline mea-
sure might not reflect a true baseline. However, a
significant difference was seen between our “base-
line” and after testing sample. Finally, the present
study did not address the origin of dominance dif-
ferences. Although present early in life, the behav-
ioral profiles we observed here could have arisen as
a function of heredity, parenting style, or differen-
tial treatment by other group members, for example,
though it seems most likely that such emotional pro-
files emerge as an interaction of these factors.
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