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Abstract

Background—=Genetic factors interact with environmental stressors to moderate risk for human
psychopathology, but sex may also be an important mediating factor. Different strategies for
coping with environmental stressors have evolved in males and females, and these differences may
underlie the differential prevalence of certain types of psychopathology in the two sexes. In this
study, we investigated the possibility of sex-specific gene—environment interactions in a
nonhuman primate model of response to social threat.

Methods—Rhesus macaques (77 males and 106 females) were exposed to an unfamiliar
conspecific. Using factor analysis, we identified three behavioral factors characterizing the
response to social threat. Monkeys were genotyped for the serotonin transporter—linked
polymorphism (5-HTTLPR), and the effects of genotype, early life stress, and sex on behavioral
responses were evaluated.

Results—Factor analysis produced five factors: High-Risk Aggression, Impulsivity/Novelty-
Seeking, Gregariousness/Boldness, Harm Avoidance, and Redirected Aggression. Overall, males
displayed higher levels of High-Risk Aggression and Gregariousness/Boldness than females.
Levels of High-Risk Aggression in males carrying the s allele were significantly higher if they
were also exposed to early adversity in the form of peer rearing.

Conclusions—Our findings support those from studies in humans suggesting that males are
more vulnerable to externalizing or aggression-related disorders. The results highlight the
importance of interactions that exist among behavior, genes, and the environment and suggest that
sex differences in vulnerability to psychopathology may be grounded in our evolutionary history.
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The interaction between environmental adversity and genetic variation is a key factor in the
development of psychopathology (1-3). From an evolutionary perspective, the roots of
psychopathology lie in the various strategies that have evolved for coping with
environmental challenges (4), be they aggressive and bold or anxious and harm avoidant (5).
Interestingly, males and females often adopt such opposing strategies (aggressive/bold vs.
nonaggressive/cautious) in response to stress, presumably because of different selection
pressures acting on the two sexes (6,7). This differentiation of response suggests that males
and females may be at risk for developing different types of psychopathology. Indeed,
evidence suggests that males are more likely to develop externalizing disorders (e.g.,
antisocial behavior and substance use disorders), whereas females are more prone to
internalizing disorders such as anxiety and depression (8,9). These observations underscore
the notion of psychopathology as an outcome of the response to stress and suggest that in
addition to genetic and environmental variables, an individual's sex is likely to play an
important role.

Surprisingly, investigations of gene by environment (GxE) interactions in the development
of psychopathology often do not test for sexually dichotomous effects. Some recent studies
investigating the serotonin transporter polymorphism (5-HTTLPR) are the exception and
provide some evidence for differential effects in females and males. Interactions between the
loss-of-function 5-HTTLPR short (s) allele and environmental adversity that are associated
with depression severity appear to occur more frequently in females (10-13). Although a
recent meta-analysis failed to find an interactive effect of 5-HTTLPR genotype and stressful
life events on risk for depression whether the sexes were combined or were analyzed
separately (14), it is of interest that several studies have demonstrated sexually dichotomous
effects, with females showing increased risk for depression when carrying the s allele and
males showing increased risk if homozygous for the long (1) allele (15,16). Emerging
evidence for sex differences in GXE interactions is also seen is studies of aggressive
behavior, a trait often linked to externalizing disorders such as antisocial behavior and
antisocial personality disorder (ASPD). Males homozygous for the 5-HTTLPR s allele, when
exposed to an environmental stressor, show an increase in aggressive behavior, whereas
females do not (17). Also, among males, carriers of the s allele are more prone to violent
criminal behavior if also exposed to an adverse childhood environment (18). Considered
together, the findings of sex-specific GXE interactions for depression and aggressive
behavior suggest that genetic variants related to serotonin system dysfunction may manifest
differently in the two sexes: as depressive symptoms in females and as behavioral dyscontrol
in males (17).

The study of GXE interactions in the development of psychopathology in humans can be
challenging, mainly because of difficulties in accurately quantifying environmental exposure
(19). The rhesus macaque (Macaca mulatta) model has led the way as a controlled
experimental system that provides a consistent measure of early adversity (via peer-rearing).
In the peer-rearing model, animals are reared without a mother under standardized
conditions in a nursery environment. Peer-rearing results in a number of behavioral and
neurophysiologic alterations that often persist into adulthood (20-22). Using this model, we
have repeatedly demonstrated GxE interactions that translate to the human condition
(23-28). In this study, we investigate the possibility of sexually dichotomous GXE
interactions using a challenge that mimics a stressor faced by nonhuman primates in their
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natural environments—the presence of an unfamiliar conspecific. On the basis of similar
studies in vervet monkeys (29), we predicted that males and females would respond
differently to this form of social threat, with males more likely to exhibit an aggressive
response. Because human males carrying the s allele exhibit higher levels of aggression
following provocation in the laboratory (17), we examined whether rh5-HTTLPR genotype
would predict aggression in rhesus macaques exposed to social threat. We then examined
whether rh5-HTTLPR genotype interacted with early adversity (peer rearing) to predict
behavioral responses to social threat and whether these interactions differed between males
and females.

Methods and Materials

Subjects

The subjects were 183 rhesus macaques (106 females and 77 males) maintained at the
National Institutes of Health Animal Center (NIHAC) in Poolesville, Maryland (Table S1 in
Supplement 1). Of these subjects, 45 were not included in previous analyses investigating
the effects of rh5-HTTLPR. At the time of testing, all subjects were housed in social groups
of 8 to 12 animals. About one third of the social groups were breeding groups consisting of
8 to 10 adult females and 1 to 2 adult males, whereas the remaining groups were
nonbreeding, same-sex groups of younger subadult monkeys. Groups were housed in large
indoor—outdoor runs, the indoor and outdoor portions of which could be separated by a
guillotine door.

Infants were randomly assigned to one of three rearing conditions at birth: mother-reared
(MR), peer-reared (PR), or surrogate/peer-reared (SPR). MR infants remain with their
mothers in their natal social group of 8 to 10 adult females, two adult males, and other
similar-aged infants. PR and SPR infants are raised by human caregivers in the neonatal
nursery, and these rearing procedures have been described in detail elsewhere (22). Briefly,
PR and SPR infants were removed from their mothers in the first 1 to 2 days following birth
and taken to the nursery, where for the first 37 days they were housed individually with a
rocking “surrogate” mother and were bottle fed a special formula mixture. After 37 days, PR
infants were placed in permanent social groups of four age-matched infants, and SPR infants
continued to be housed individually with the exception of a daily “play period” during
which they were placed in groups of four age-matched infants for 2 hours/day, 5 days/week.
All infants, including MR infants, remained in their rearing condition for the first 6 months
of life.

Intruder Challenge Test

Behavioral responses to an unfamiliar conspecific were measured via a modified version of
the Intruder Challenge Test developed by Fairbanks (30). In this test, subjects are exposed to
an unfamiliar conspecific in a controlled manner by placing the “intruder” animal into a
transfer cage, which is then positioned adjacent to the test subjects' home enclosure. Subjects
may approach the intruder and interact through the mesh of the cage and enclosure, but full
contact is prevented to avoid injury to any of the animals.

All intruder animals were completely unfamiliar to the test subjects and were selected to
match the test subjects' age, sex, and relative body size. Before the test, the intruder animal
was placed into an individual transfer cage, measuring .76 m wide x .63 m deep x .91 m
high, for a 30-min acclimation period. Also, before the test, three randomly selected test
subjects were separated from the larger social group into the outdoor portion of their home
enclosure, a space measuring 2.64 m wide x 3m long x 2.44 m high, and given a 10-min
acclimation period. The test began when the intruder animal's cage was placed directly at the
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front of the enclosure. Test subjects' behavior was recorded for 30 min, with one observer
assigned to each subject. Recording of behavior was performed using handheld computers
equipped with Observer software (Noldus, Lessburg, Virginia). The software allows each
observer to record the frequency and duration of various behaviors performed by the test
subject. The behaviors recorded were based on a standard behavioral etho-gram developed
by our laboratory, which has been used in many contexts (e.g., social behavior in breeding
groups) and across a relatively large number of birth cohorts (Table S2 in Supplement 1).
Interobserver reliability was established at greater than r = .85, and all observers were blind
to the subjects' rearing condition and genotype at the time of data collection.

See Supplement 1.

Statistical Analyses

Behavioral data from the intruder challenge test were subjected to factor analysis, and factor
scores for each subject were extracted using the principal components method with varimax
normalized rotation. Preliminary analyses revealed no differences between PR and SPR
subjects in the resulting factors (analysis of variance [ANOVA], all ps > .05). Therefore,
these groups were combined into one category: nursery-reared (NR).

For the first step in the analyses, we tested for effects of age and sex on the behavior factors
using ANOVA, with age summarized into subadult (<5 years of age) and adult (=5 years of
age) categories. Data for two of the extracted factors were found to be nonnormally
distributed (Kolmogorov—Smirmov test, p < .01), and attempts were made to correct for this
by transforming the data using both a rank transformation and a log transformation.
However, neither transformation resulted in normally distributed data. Both of these
extracted factors were based on observational data of aggression, which in this study
included a large number of zero values. As a result, the distributions of both the raw
aggression scores and the resultant factor scores were skewed. Because ANOVA is quite
robust against nonnormality, we elected to retain untransformed factor scores for use in
further analyses. Age and sex were found to influence the behavior factors; consequently,
we included these variables in a second round of analyses testing for the effects of genotype
and rearing condition. In this step, we used analyses of covariance (ANCOVA), with 5-
HTTLPR genotype (I/1 vs. I/s) and rearing condition (MR vs. NR) as independent variables,
age as a continuous covariate, and the behavior factors as dependent variables. Initially, we
also included social dominance rank (low vs. high) as a coindependent variable, because
dominance rank has long been known to influence behavior in nonhuman primates,
especially during times of conflict (31). However, because no main effects or interactions
with genotype were found and because the inclusion of dominance rank did not reduce the
residual variance, it was ultimately removed from the analyses. Preliminary analysis also
showed that we were underpowered to detect three-way interactions among genotype,
rearing, and sex, and consequently we performed separate ANCOVAs for males and
females. The number of subjects homozygous for the s allele was small (Table S1 in
Supplement 1). Analyses involving genotype were performed both with these subjects
combined with the I/s animals and then with these subjects excluded. Because results did not
differ between the two methods, we present the results with the s/s and I/s subjects
combined. All analyses were conducted using Statistica (Statasoft, Tulsa, Oklahoma), and
the general linear models procedure was used for all ANOVA tests. Threshold p values were
adjusted for multiple testing using the Bonferroni method.
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Results

Factor Analysis

The factor analysis produced five factors that together explained 52.0% of the variance
(Table S3 in Supplement 1). The factors we obtained in this study vary slightly from those
reported in a previous analysis of behavior from the Intruder Challenge (32), most likely
because we included some behaviors (receiving aggression from the intruder and from
cagemates, and latency to approach the intruder) that were not included in prior analyses.
The decision to include behaviors performed by the intruder in this factor analysis stemmed
from preliminary analyses indicating that aggression on the part of the test subject was
correlated with aggressive behavior on the part of the intruder. Therefore, we wanted to
account for this relationship in characterizing the response of the test subject. Even with the
addition of these behaviors, the High-Risk Aggression factor, as in the previous report,
explained the highest proportion of the variance (17.2% in the present case).

Effects of Age and Sex

Results for the ANOVAS testing for effects of age and sex are presented in Table 1. There
was a main effect of sex [F(1,179) = 10.34, p = .002] on High-Risk Aggression. Males
showed significantly higher levels of High-Risk Aggression than females (Figure 1A). For
the Gregariousness/Boldness factor, there was an interaction between age and sex [F(1,179)
=31.77, p < .001], with adult males scoring significantly higher on this factor compared
with subadult males and females of both age groups (Figure 1B). There was a main effect of
age [F(1,179) = 24.76, p < .001] on Harm Avoidance, with subadult subjects scoring higher
for this factor than adult subjects (Figure 1C). There were no significant effects of sex or age
on either Impulsivity/Novelty-Seeking or Redirected Aggression.

Because the High-Risk Aggression factor included aggressive behaviors directed toward the
test subject as well as aggression on the part of the test subject, we could not be certain as to
whether a high score was attributable to the behavior of the intruder, to that of the test
subject, or both. Therefore, we extended the analysis to look at the effects of age and sex on
the individual behavioral components (Table 1). There was a main effect of sex [F(1,179) =
6.79, p = .01] on contact aggression by the test subject, as well as on the receipt of contact
aggression from the intruder [sex: F(1,179) = 8.66, p = .004; age: F(1,179) = 6.32, p = .01].
Males displayed as well as received more instances of contact aggression than females
(Figure 2A and 2B). Age and sex also interacted to influence the rate at which noncontact
aggression was received from the intruder [F(1,179) = 9.54, p = .002], with adult males
receiving the highest incidence of this behavior (Figure 2C).

Effects of Genotype and Rearing Condition

The frequency of the s allele was 16%, and genotype frequencies did not deviate from
Hardy—Weinberg equilibrium. Results for the ANCOVAs for males and females including
genotype and rearing condition are summarized in Table 2. There was a main effect of
rearing condition [F(1,69) = 11.43, p = .001] and an interaction of genotype and rearing
condition [F(1,69) = 10.20, p = .002] on High-Risk Aggression in males. NR males carrying
the s allele scored significantly higher on the High-Risk Aggression factor than males
homozygous for the I allele (Figure 3A). As before, we broke down the High-Risk
Aggression factor into the individual behavioral components and analyzed them separately
using the same method we used with the behavioral factor (i.e., ANCOVA; Table 3). There
was a main effect of rearing condition [F(1,69) = 7.56, p = .008] and an interaction between
genotype and rearing condition [F(1,69) = 7.62, p = .007] on contact aggression to the
intruder. These variables also predicted the receipt of contact aggression [rearing condition:
F(1,69) = 9.47, p = .003; genotype by rearing: F(1,69) = 9.27, p = .003] and noncontact
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aggression [rearing condition: F(1,69) = 9.80, p = .003] from the intruder. NR males
carrying the s allele exhibited the highest frequencies of contact aggression toward the
intruder and received the highest frequencies of both contact and noncontact aggression
from the intruder (Figure 3B-3D).

There were no significant effects of rearing condition or genotype on Impulsivity/Novelty-
Seeking, Gregariousness/Boldness, or Harm Avoidance in either males or females. A main
effect of genotype on Redirected Aggression in females [F(1,98) = 4.23, p = .04] was
initially indicated. However, this effect did not remain significant following correction for
multiple testing (Table 2).

Discussion

In nonhuman primates, the measurement of behavioral responses to social intrusion by an
unfamiliar conspecific, assessed under controlled conditions in the laboratory environment,
has proved useful for assessing individual variation in temperament traits that relate to
differences in sex, age, and genetic background (29,32). In our analysis, we uncovered five
behavioral dimensions characterizing the response of rhesus macaques to an unfamiliar
conspecific. Of these, the High-Risk Aggression factor explained the highest amount of
variance. This factor is labeled “high risk” because contact aggression directed toward an
intruder, which is inherently risky, was exhibited even in the presence of an aggressive
intruder. The fact that this type of behavior accounted for so much of the variance (17.2%) is
not surprising when one considers that aggression is common in the context of intergroup
encounters between unfamiliar animals in the natural habitat, especially among Old World
primates. For the most part, this aggression is carried out by males targeting other males,
although aggression between females is not uncommon (33,34). As predicted, levels of
High-Risk Aggression in this study were significantly higher in male test subjects compared
with females. Further analysis of this factor also showed that male test subjects received
more aggression from the intruder than did female test subjects.

In addition, adult males scored significantly higher on the Gregariousness/Boldness factor
compared with all other age and sex groups. The fact that adult males spent significantly
more time in social contact with the intruder suggests that adult males are more apt to
engage the intruder in general, even in a nonaggressive manner. Females and subadult
males, in contrast, are more likely to maintain a safe distance from the intruder. Together,
our results support the notion that when faced with an environmental threat, males are more
likely than females to adopt an aggressive or bold strategy. Interestingly, parallel findings
have emerged in investigations of human defensive behaviors. When males and females are
presented with scenarios involving an unfamiliar person, males are more likely to choose an
attack response in highly threatening situations, whereas females are more likely to yell,
scream, or call for help (35,36). Furthermore, females tend to feel more threatened when
faced with these scenarios. Considered together, the data from human and nonhuman
primates highlight some of the similarities between species in defensive behavior and
suggest that sex differences in response to social threat may have been preserved as part of
our evolutionary history.

What is novel about the current findings is that the effects of genotype that were observed
on aggressive responses were limited to individuals who also had a prior history of stress.
Males carrying the s allele who were exposed to early adversity in the form of nursery
rearing showed significantly higher levels of High-Risk Aggression toward the intruder.
This result was mirrored by a similar GXE interaction for contact aggression toward the
intruder, one of the components of the High-Risk Aggression factor. Early life stress or
maltreatment has been linked to adolescent and adult aggression in humans (37-40) as well
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as in some animal models, including data from our own laboratory (41-43). Interestingly,
studies linking early-life maltreatment to aggression in rodents have observed these effects
primarily in males (41,42). Our findings for male rhesus macaques exposed to stress in the
form of nursery rearing provides additional evidence of an association between early-life
stress and later aggression that is limited to males. This effect of early adversity was
mediated, however, by genetic variation in the serotonin transporter regulatory region.
Variation in this region in humans has been related to aggression and violent behavior in
some studies, but results for a main genotype effect have not been consistent (44-50). Two
recent studies have reported GxE effects involving 5-HTTLPR. Verona et al. (17) observed
increased aggression (i.e., delivering shocks to a putative “employee” in a laboratory
environment) in males homozygous for the serotonin transporter s allele when they were
exposed to an acute stressor (intermittent blasts of compressed air to the throat). Reif et al.
(18) found that males carrying the s allele were more prone to violent criminal behavior if
they also had an adverse childhood environment. Our results complement and expand on
these human findings in several ways. First, whereas similar studies in humans typically rely
on retrospective assessments of both childhood environment and aggression or violence, we
were able to assess aggressive behavior directly in a sample of monkeys with carefully
controlled early environments. Second, our finding of a GXE effect in males, but not
females, with a history of early adversity underscores the need to consider sex differences in
investigations of GxXE interactions. Lastly, whereas our results parallel those of VVerona and
colleagues, both in the analysis of directly observable aggressive behavior and in the finding
of male-limited GxE effect, the latter study used an acute stressor and did not take into
account effects of early-life history. Our results also add to human studies of another
functional variant that influences serotonin system functioning, monoamine oxidase
(MAOQA), that has been shown to interact with early maltreatment to predict various indexes
of aggression and related clinical outcomes (51-55). Although many of these studies also are
limited to males, there is emerging evidence that MAOA interacts with maltreatment in
females as well (56).

The strategies adopted by males and females when faced with an environmental stressor in
many ways parallel those described in the Hawk—Dove model, first proposed by Maynard
Smith and Price (57) and expanded on by Korte and colleagues (5). In this model, an
aggressive/bold strategy (Hawk) is opposed by a nonaggressive, cautious strategy (Dove),
with natural selection maintaining a balance of traits preserving genes for these strategies
within a population (5). Similarly, Taylor and colleagues have proposed a model in which
males have evolved to exhibit the classic “fight-or-flight” response to stress, whereas
females have evolved to exhibit a “tend-and-befriend” response, protecting themselves as
well as their offspring from environmental threat (58). Both of these models map well onto
the proposed genetic structure of externalizing and internalizing human psychiatric disorders
(59). It is important to note, however, that considerable individual differences exist within
each sex when it comes to coping with environmental variation (5). To an extent, our
findings are consistent with these models. In general, male rhesus macaques adopted a more
aggressive strategy when faced with the social threat of an intruder. In our report, we show
that individual variation in this aggressive strategy is related to genetic variation influencing
serotonin system functioning and exposure to early-life stress. The apparent lack of
aggression toward intruder animals on the part of females also fits with these models, with a
couple of caveats. First, female test subjects were exposed to female intruder animals, who
were less aggressive and thus potentially less likely to elicit an aggressive response. Second,
there is some evidence that females may act aggressively in the context of social intrusion,
even if not toward the intruder animal. Redirected Aggression (i.e., aggression toward own
group members in the context of threat from an unfamiliar animal) was slightly more
common in females than males, although the difference was not significant (mean + SEM
for females, .083 £ .097; males, = —/—.158 * .138). Furthermore, the data suggest an effect
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of rh5-HTTLPR on this behavior in females, with s allele carriers displaying higher levels of
Redirected Aggression than I/l subjects (Figure S1 in Supplement 1). Aggression in this
context could potentially be “protective,” that is, aimed at other group members to correct or
modify their behaviors. Other forms of aggression (i.e., “displaced” or “redirected”
aggression) occur in a variety of other animal species as well as humans and is argued by
some to be a postconflict interaction that functions to reduce anxiety or stress (60-65). In
any case, it may be that among females, genetic variation that influences aggression is more
likely to be reflected in intragroup relations than intergroup encounters.

Evolutionary psychology predicts that during evolutionary history, males and females will
come to differ in those domains that have evolved in response to sex-differentiated adaptive
problems (66). On the basis of this viewpoint, one would expect that genetic and
environmental factors, as well as interactions between the two, would have different effects
on behavior and other outcomes in males and females. Responding to social threat is one
domain in which males and females are likely to adopt different adaptive solutions. We have
shown in this study that the rhesus macaque 5-HTTLPR polymorphism differentially
influences aggressive responses to social threat in males and females. Overall, our results
lend further support to the notion that males are more vulnerable to externalizing disorders
and that genetic variation that affects serotonin system function may play a role in this
differential susceptibility (15,17,59). These findings highlight the importance of interactions
that exist among behavior, genes, and the environment and suggest that sex differences in
vulnerability to psychopathology may be grounded in our evolutionary history.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Age and sex effects on behavioral responses to social intrusion. The bars depict least square
means and standard errors (# indicates a significant main effect after Bonferroni correction
from the analysis of variance, and * indicates a significant difference at p < .05 using
Fisher's least significant difference post hoc tests). (A) High-risk Aggression factor. (B)
Gregariousness/Boldness, characterized by spending time in social contact with the intruder
animal. (C) Harm Avoidance.
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Age and sex effects on the individual behavioral components contributing to the High-Risk
Aggression factor. The bars depict least square means and standard errors (# indicates a
significant main effect after Bonferroni correction from the analysis of variance, and *
indicates a significant difference at p < .05 using Fisher's least significant difference post
hoc tests). (A) Contact aggression by the test subject to the intruder. In addition to the sex
difference indicated in the graph, there was also a main effect of age, with adults displaying
more contact aggression than subadults. (B) Receive contact aggression from the intruder. In
addition to the sex difference indicated in the graph, there was also a main effect of age,
with adults receiving more contact aggression from the intruder than subadults. (C) Receive
noncontact aggression from the intruder.
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Figure 3.
Interaction of genotype and rearing condition on aggressive responses to social intrusion in

male rhesus macaques. The bars depict least square means (adjusted for the covariate, age)
and standard errors (# indicates a significant main effect after Bonferroni correction from the
analysis of variance, and * indicates a significant difference at p < .05 using Fisher's least
significant difference post hoc tests). (A) High-Risk Aggression factor. (B) Contact
aggression by the test subject to the intruder. (C) Receive contact aggression from the
intruder. (D) Receive noncontact aggression from the intruder. Although the graph appears
to indicate an interaction of rearing condition and genotype, this effect was not significant
after the Bonferroni correction for multiple testing (see Table 3). In addition to the main
effect of rearing condition depicted in the graph, there was a main effect of genotype, with I/
s subjects receiving more noncontact aggression from the intruder than I/ subjects. MR,
mother-reared; NR, nursery-reared.
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Summary of the Results for Effects of Sex and Age Group on Behavioral Responses to Social Intrusion

Table 1

Factor Effect df F p
High-Risk Aggression Sex@ 1,179 1034  .002
Age 1,179 461 .033
Sex x Age 1,179 338 .070
Impulsivity/Novelty-Seeking Sex 1,179 .05 .820
Age 1,179 .01 .936
Sex x Age 1,179 2.01 .158
Gregariousness/Boldness Sex@ 1,179 2258 <.001
Aged 1,179 4114 <001
Sex x Aged 1,179 3177 <.001
Harm Avoidance Sex 1,179 .07 786
Aged 2476 <001
Sex x Age 1,179 12 728
Redirected Aggression Sex 1,179 204 155
Age 1,179 1.68 .196
Sex x Age 1,179 .00 .949
Breakdown of Individual Behaviors for High-Risk Aggression
Contact Aggression to Intruder sexb 1,179 6.79 .010
Age 1,179 416 .043
Sex x Age 1,179 1.73 .190
Receive Contact Aggression from Intruder SexP 1,179 866 .004
Ageb 1,179 632 013
Sex x Age 1,179 3.10 .080
Receive Noncontact Aggression from Intruder — ggyb 1,179 17.65 <.001
Ageb 1,179 11.01 .001
Sexx Ageb 1179 954 002

aSignificant effect at p < .01 (Bonferroni correction: .05/5 factors tested = .01).

bSignificant effect at p < .017 (Bonferroni correction: .05/3 behaviors = .017).
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Table 3

Summary of the Results for Effects of Rh5-HTTLPR Genotype and Rearing Condition on the Individual

Behaviors from the High-Risk Aggression Factor in Males

Behavior Effect® df = o
Contact Aggression to Intruder Genotype 1,69 00 .990
Rearingb 1, 69 7.56 .008
Genotype x Rearing® 1,69  7.62 .007
Receive Contact Aggression from Intruder Genotype 1,69 02 .885
Rearingb 1,69 9.47 .003
Genotype x Rearing® 1,69 ~ 9.27 .003
Receive Noncontact Aggression from Intruder Genotypeb 1,69 10.11 .002
Rearingb 1,69 9.80 .003
Genotype x Rearing 1,69 412 .046

ELI'he effects of genotype and rearing condition refer only to characteristics of the test subject and not the intruder subject.

bSignificant effect at p < .017 (Bonferroni correction: .05/3 behaviors = .17).
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