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Abstract

A variety of studies show that the s-allele of the serotonin transporter genotype (5-HTT) is related
to aggression. However, influences of sex and 5-HTT genotype of both subject and opponent have
not received as much attention in aggression research. Using a nonhuman primate model, the
present study explores differences in rates of aggression exhibited by 201 group-housed male and
female rhesus monkeys (Macaca mulatta, 122 females; 79 males) exposed to an unfamiliar age-
and sex-matched stranger while in the presence of other same-sex members of their social group.
The study also assesses whether the rates of aggression increase when the home-cage resident,
the unfamiliar stimulus animal, or both possess the short (s) allele of the 5-HTT. Results showed
that, when compared to females, males exhibited higher rates of physical aggression toward the
stranger, and when both the male resident and the male stranger possessed the s-allele, rates

of physical aggression toward the stranger increased five-fold. Resident females also engaged
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in higher rates of physical aggression when they possessed the s-allele, although unlike the
males, their physical aggression was directed toward familiar same-sex members of their social
group. The findings of this study indicate that rates of physical aggression are modulated by
5-HTT resident and stranger suggest a role of sexual competition in the phenotype of the 5-HTT
genotype. Importantly, when two males with impulse deficits, as a function of the s-allele, are
placed together, rates of violence exhibited by the dyad escalate substantially.
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1. Introduction

Although studies show that men are more likely to engage in violence than women (Archer,
2004; Bjorkqvist, 2018; Falk et al., 2014; Federal Bureau of Investigation, 2018; Klasios,
2019), women also engage in a sizable proportion of violence (Chesney-Lind and Pasko,
2012), with a recent report indicating that females account for 22% of arrests for physical
crimes in the United States (Federal Bureau of Investigation, 2018). Similarly, 17.2% of
high school girls engaged in at least one or two incidents of physical aggression in the

past year (Centers for Disease Control and Prevention, 2017). The high costs of violence to
individuals, communities, and societies make it an important public health issue. As such,
identifying risk factors for violence in both sexes an important research aim (Schlomer et al.,
2015).

Most research on aggression has focused on males. As a proximal mechanism, prenatal
androgens masculinize the male structures of the brain, leading to a number of sex
differences in behavior. Maccoby and Jacklin (1978) monograph reports that the largest
sex difference seen in early infancy is in aggression, with male infants more aggressive
than female infants. A critical review by Archer (2009) focuses on both ultimate and
proximal causes of sex difference in aggression. After reviewing relevant research, he
concludes that sexual selection is a major reason for sex differences in aggression. Archer
also postulates that prenatal androgens are a proximal mechanism for sex differences in
aggression, organizing the brain, decreasing impulse control, and leading to impulsive
escalated aggression (See also, Higley et al., 1996¢). Moreover, prenatal organizational
effects sensitize the brain to testosterone, leading to aggression under conditions of
provocation later in life.

Evolutionary theory posits that aggression is frequently an adaptive phenomenon, used to
defend rank and status in both sexes (Archer, 2009; Campbell, 2013; Hilton et al., 2000;
Ness, 2004), and is most often directed toward sexual competitors (Ainsworth and Maner,
2012; Ainsworth and Maner, 2014; Campbell, 1999; Vaillancourt, 2013). As an ultimate
mechanism, this is best illustrated in our closest living relatives, the nonhuman primates
(hereafter primates). As males of many species of primates reach the age of reproductive
capability, they leave their natal troop either because they are driven out by resident males
as they attempt consorts and sexual activity with the reproductively able females in the

Horm Behav. Author manuscript; available in PMC 2022 August 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hunter et al.

Page 3

troop, or because young males are motivated by potential access to the reproductively able
females in the nearby troop. It is not unusual for migrating males to spend increasing

time sitting at the periphery of a new troop, grooming the resident females, ostensibly to
facilitate their integration into the new troop (Jack and Pavelka, 1997; Mehlman et al.,
1997). Migrating males often suffer intense aggression from the established resident males
in the troop that they are attempting to join (Dittus, 1977, 1979). As an ultimate mechanism,
such male aggression may result from the established resident males responding to the
migrating males as a threat to their rank, resources, and reproductive success (Berard, 1999;
MacCormick et al., 2012; Smith, 1993; Wilson and Gordon, 1979). Competition is intense,
with one study showing that three-quarters of resident male coalitions are formed to exclude
young immigrants (Berghénel et al., 2010). Studies show that a sizable number of these
immigrating males are killed by the established male residents while they are attempting

to immigrate into the new troop (Dittus, 1977, 1979). Proximal mechanisms that motivate
emigration are likely a fear of injury from their natal troop members, and sexual motivation
for accessibility to the females in the new group (Drickamer and Vessey, 1973).

In contrast to males, in many species of primates, females remain in their natal troop for life.
As an ultimate mechanism, survival of their offspring means that they compete with each
other for the limited resources that increase their offsprings’ survival. Judge et al. (1997)
studied the effect of crowding on aggression in established troops of rhesus monkey. While
male rates of aggression did not vary with increased crowding, rates of female aggression
increased significantly, particularly toward unrelated females in the group. Proximally,
competition between females typically focuses on access to the limited number of high
ranking males because they offer protection to the mother and her infant, and studies

show that infants sired by high ranking males grow faster and are more likely to survive
(Silk, 2002; Small, 1989). Presumably because of the increased need for nutrition when
nursing, access to food and water are central motivators in female competition (Hausfater,
1972; Isbell, 1991; Koenig, 2002; Wrangham, 1981). Unlike resident males who rebuff
foreign males, for female macaques, it is not unusual to observe reproductively-able females
showing interest in these novel males as reproductive partners (Manson and Perry, 1993).
Because high rank provides access to these resources and because females typically remain
in the same troop for life, aggression between female primates is most often among familiar
females (Cheney et al., 2004; Huchard and Cowlishaw, 2011; Kulik et al., 2015a; Mac-
Cormick et al., 2012; Westergaard et al., 2003). This trend in females is also often the

case in humans (Campbell, 1986; Campbell, 2013; Hirschinger et al., 2003; Ness, 2004),
suggesting phylogenetically old adaptation among primates.

While these sex differences in aggressive behavior are adaptive in nature, issues emerge
when aggression escalates to violence. Within both sexes, most violence is committed by
only a few individuals (Falk et al., 2014). A number of studies suggest that these individuals
may possess deficits in the central serotonin system, which is associated with poor impulse
control, including violent behavior (As reviewed by Glick, 2015; Rosell and Siever, 2015;
Soubrie, 1986). In both humans (Brown et al., 1979; Coccaro et al., 1996; Virkkunen et

al., 1996) and primates (As reviewed by Espinel and Higley, 2013), males with low central
serotonin functioning are more likely to engage in physical aggression. While studies on the
role of serotonin in aggression in human females yield mixed results (Kuepper et al., 2010a;
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Manuck et al., 1998; Marsh et al., 2002), which may be due to differences in paradigms and
the type of aggression measured, the research on aggression in primate females indicates
that the relationship between impaired central serotonin and increased physical aggression is
similar to that found in males (Higley et al., 1996a; Westergaard et al., 2003; Westergaard et
al., 1999).

Variation in central serotonin functioning is mediated, at least in part, by differences

in the functional biallelic serotonin transporter gene (5-HTT), with studies showing
environmentally mediated lower central serotonin activity in individuals with the short ()
allele relative to those with the ancestral long (/) allele (Bennett et al., 2002; Reist et al.,
2001). 5-HTT genotypic variation is associated with stress-induced cortisol levels (Sorenson
etal., 2013) and its association is often in the context of sex and environmental interactions
(Barr et al., 2004; Spinelli et al., 2007). Behaviorally, a large number of studies in different
human populations indicate that males with the s-allele are more likely to exhibit aggressive
behavior and impulsivity (Aluja et al., 2009; Cadoret et al., 2003; Liao et al., 2004; Retz

et al., 2004; Verona et al., 2006; Walderhaug et al., 2010; Zimmermann et al., 2009). The
relationship between the s-allele and violence is less clear for females, with most studies
either not assessing sex differences in the effect of the 5-HTT genotype in mixed-sex
samples (Beitchman et al., 2006; Zimmermann et al., 2009) or reporting no effects of 5-HTT
genotype on female aggression or impulsivity (Cadoret et al., 2003; Verona et al., 2006;
Walderhaug et al., 2010). Some studies, however, report that females with the s-allele are
more likely to display displaced aggression when compared to //females (Sysoeva et al.,
2010), and females with conduct disorder who possess the s-allele are also more likely to
engage in aggression (Sakai et al., 2006). Women with the s-allele are also more likely to
score high on measures of hostility and self-reported global aggression, when compared to
women who are homozygous for the Fallele (Gonda et al., 2009). In one study that directly
compared men and women, Conway et al. (2012) found that under conditions of chronic
stress, both men and women with the s-allele both showed higher rates of aggression and the
strength of the effect was equal for both men and women. This may indicate that like men,
the 5-HTT genotype also modulates aggression in women.

Physical aggression often begins as a low-level aggressive response to provocation and
escalates into more physical responses (Campbell, 1986; Hamlall and Morrell, 2012; Higley
et al., 1996¢; Mehlman et al., 1994; Polk, 1999). While individuals with the s-allele may

be more likely to respond to provocation with aggression (Peeters et al., 2020; Verona et

al., 2006), and the interactions between an aggressor and the individual toward which they
are aggressing is likely dynamic, few studies have investigated the genetic characteristics

of both partners in an aggressive encounter. As serotonin is produced from tryptophan,
Kaéstner et al. (2019) studied female tryptophan hydroxylase 2 (tph2) knockout mice, pairing
them with either wild type or a tph2 companion. As predicted, they found that knockouts
exhibited greater aggression. In addition, when both partners were tph2 knockouts the

rates of defensive aggression increased considerably. This study suggests that behaviors of
two aggressive individuals may create a mutually provocative stimulus that escalates into
greater violence. In this current study, the genotypic characteristics of both individuals in

an aggressive encounter is for the first time studied in a primate, a partner A-genotype-by-
partner B-genotype interaction.
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Like humans, rhesus monkeys (Macaca mulatta) possess a functional biallelic orthologue

of the 5-HTT genotype after 5-HTT (Bennett et al., 2002; Lesch et al., 1997; Wendland et
al., 2006). Rhesus monkeys are particularly aggressive by nature, when compared to most
other macaques (Demaria and Thierry, 2001; Sussman et al., 2013; Wendland et al., 2006),
and as a consequence they provide an ideal model for the study of aggression. Moreover,
studies utilizing rhesus monkeys provide enhanced capacity for experimental control over
what initiates aggression and the setting for the response. Rhesus monkeys are territorial,
and defend their territory with aggression (Southwick et al., 1974). One standardized test,
the Intruder Challenge (Fairbanks, 2001) capitalizes on this by exposing individuals to an
unfamiliar age- and sex-matched stranger. In this paradigm, three age and sex-matched
subjects from the same social group are tested together. An earlier study showed that rhesus
monkeys exhibit a vigorous defensive response in this paradigm that is, in part, mediated

by genetic and social background (Schwandt et al., 2010), particularly in males that were
reared without their mothers. Specifically, this study showed that subjects with the s-allele
and reared in conditions of social deprivation engaged in higher rates of physical aggression,
when compared to //individuals. As this earlier study focused on the effects of rearing and
5-HTT genotype, it was underpowered to directly compare males and females in the context
of resident and stranger 5-HTT genotypes, and the 5-HTT genotype of the stranger was not
considered for its potential contribution to these outcomes. It was also limited because it did
not assess sex differences in aggression between the three males or three females that were
tested together. This is relevant because studies show that females are more likely to target
familiar females with aggression (Bernstein and Ehardt, 1986); whereas, males are more
likely to target unfamiliar males attempting to enter the group (Lindburg, 1971). 5-HTT
genotype effects on aggression have also been studied in an undisturbed home-cage setting
with the results showing that rates of aggression were greater in subjects with the s-allele but
only when they were reared without parents in peer-only (PR) groups, although the sample
size was again too small to assess male-female differences (Barr et al., 2003). The present
study aims to assesses sex differences in aggression as mediated by the 5-HTT genotype,
and does so in the context of the genotype of both the resident and the stranger.

For rhesus monkey males, an emigrating male (i.e., a stranger) represents a risk to a

male resident’s reproductive success. It was hypothesized, therefore, that males would
exhibit more aggression toward an unfamiliar same-sex stranger, when compared to females.
Females, on the other hand do not migrate, and familiar females within their troop are
typically the major source of competition for access to the limited resources for reproductive
success. As such, it was hypothesized that females would exhibit more aggression toward
the familiar females in their group, when compared to males from the same group. As a
proximal mechanism, the presence of the s-allele was predicted to amplify the intensity

and rates of these natural tendencies, increasing rates and intensity of aggression that males
exhibited toward the unfamiliar stimulus animal, and that females exhibited toward their
familiar same-sex social partners. Moreover, when both the resident and stranger possess the
s-allele, it was hypothesized that aggression would be more frequent and likely to escalate to
violence, and that this trend would be exhibited primarily by males.
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2. Materials and methods

2.1. Subjects

Subjects were 201 socially housed rhesus macaques (122 females, 79 males; mean age:
50.24 + 26.86 months) and 19 age-, size-, and sex-matched unfamiliar stimulus animals,
from 13 birth cohorts, maintained by the National Institute of Child Health and Development
(NICHD) at the National Institutes of Health Animal Center (NIHAC) in Poolesville, MD.
All resident monkeys were in stable social groups and had been living together for over a
year. To maintain genetic diversity in the colony, matings were planned and male breeders
were regularly purchased and transferred to different enclosures after a tenure of three
years. This resulted in an overall degree of relatedness (identity-by-descent) of 1.68%
(about the level of third-degree cousins), which has been cited as a satisfactory criterion
for the assumption of unrelatedness in previous human (Robin et al., 1998) and primate
(Newman et al., 2005) studies. Subjects were raised in one of three rearing conditions:
mother-reared (MR, n=94), peer-reared (PR, n=41), or surrogate/peer-reared (SPR, n

= 66). Specific details about rearing conditions can be found elsewhere (Shannon et al.,
1998). Briefly, all MR animals were raised in large indoor/outdoor runs in social groups
with 8-10 adult females, their offspring, and two adult males. This roughly approximates
rhesus macaque social structures in the wild (Lindburg, 1971), albeit on a smaller scale.
All PR and SPR residents were separated from their mothers at birth and hand-reared in

a neonatal nursery. At 37 days of age, PR infants were rehoused with other age-matched
peers, with whom they were in continuous 24/7 contact. The SPR residents remained with
their cloth surrogate mother, with two-hour daily social interactions with same-aged peers
in a playroom, five days a week. All residents, including MR residents, remained in these
conditions until approximately seven months of life, when they were integrated into larger
social groups of 20 to 30 mixed peers. Just prior to adolescence, males and females were
divided into smaller, same-sex groups where the females remained until the present study.
Adult males were typically removed from the colony and replaced by outside males, which
were introduced into the previously all-female groups. The living quarters for the social
groups where the residents lived were large indoor-outdoor runs (indoor: 2.44 x 3.05 x 2.21
m; outdoor: 2.44 x 3.0 x 2.44 m), with lighting in inside of the pens maintained on a 12:12
cycle (0700-1900). Residents had ad libitum access to water and were fed Purina® High
Protein Monkey Chow (#5038), with fresh fruit provided three times weekly and assorted
seeds provided daily. Animal care followed the standards listed by the National Institutes
of Health Guide for the Care and Use of Laboratory Animals (1985) and all protocols for
the use of experimental animals were approved by the Institutional Animal Care and Use
Committee of the National Institute of Alcohol Abuse and Alcoholism.

2.2. Intruder challenge test

Using a cross sectional design, the subjects were tested over the course of one year, except
for the youngest group that was tested a few months later. The Intruder Challenge test is
used to measure individual differences in temperament including aggression and impulsivity
(Fairbanks, 2001) in a controlled manner where the risk of serious injury to the residents or
unfamiliar stimulus animal is minimized. In brief, three residents from the same group were
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tested in their home-cage for their response to an unfamiliar stimulus animal that was placed
outside the larger outdoor portion of the cage in which they lived.

2.2.1. Unfamiliar stimulus animal—The stranger was age-, sex-, and size-matched to
residents that were being tested. The strangers were randomly selected from other social
groups that were outside of visual or auditory contact of the residents’ living quarters.
None of the strangers had any previous interactions with the residents. Just before testing,
each unfamiliar stimulus animal was removed from its social group, placed into a smaller
holding cage (0.76 m x 0.63 m 0.91 m), and isolated in a room some distance from the
testing area where it was acclimated to the smaller holding cage for a 30-min period before
testing began. Each of the unfamiliar stimulus animals were used in 3-5 sessions to assure
consistency of the stranger’s behavior and analyses showed no differences in the residents’
behavior for the order in which they were tested with the stranger (first second, etc.). The
stranger’s holding cage had an open mesh front and top so that the stranger was visible

to the resident test animals, but the holding cage was large enough to allow the stranger

to retreat to the back of the cage where it was out of reach of the residents. None of the
strangers were tested as residents.

2.2.2. Test animal residents—Each session of the Intruder Challenge test assessed
three same-age, same-sex residents, and each resident was only tested once. There were a
total of 54 triads, with one subject dropped from the analyses due to genotype uncertainty.
The residents in the trio were randomly selected from their larger social group, and placed
together into the outdoor portion of their home enclosure (2.44 x 3.0 x 2.44 m) for a 10-min
acclimation period. Formal testing began when the stranger’s cage was placed immediately
next to the front of the outdoor portion of the focal resident’s home enclosure so that the
focal resident could approach the stranger and interact through the mesh of the cage. Based
on the methods designed by Fairbanks and Jorgensen (2011) and our own pilot testing, the
residents’ outdoor run and the stranger’s holding cage were placed so that the two fronts
touched, with mesh preventing full body contact to avoid injury to any of the animals. The
size of the mesh allowed the stranger and residents to place their hands through the mesh to
make contact with the other animal, but the mesh was small enough to avoid biting the face
or body of the residents or the stranger. None of the subjects or strangers were wounded or
injured during testing, with contact aggression consisting mainly of swipes, hand slaps, and
grabs.

2.3. Behavior coding

As the behaviors of three residents were recorded in one session, one observer/rater was
assigned to behaviorally code each resident’s behaviors toward the stranger, as well as
toward the other group members (three raters total) each test. Behaviors were recorded
using handheld computers equipped with Observer® software (Noldus, Leesburg, Virginia).
The software allows each observer to record the rates and duration of various behaviors
performed or received by the test resident. Using an exhaustive and mutually-exclusive
ethogram that has been utilized in an earlier study (Schwandt et al., 2010), residents were
observed for 30 min using continuous recording, with the targets and rates of competitive
and physical aggression recorded by the observers (See Tables 1 and 2). While no observer
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was assigned to the stranger, aggressive behaviors directed by the stranger toward a resident
were scored by that resident’s observer. Measures of impulsivity and social behaviors in
which the residents engaged were also recorded—Ilatency and frequency to approach the
stranger, as well as time spent in social contact with the stranger or familiar, same-sex
cagemates, or in grooming with their cagemates (See Tables 1 and 2). Interrater behavior
coding reliability was established at r> 0.85, and raters were blind to 5-HTT genotype status
for both residents and strangers. (See Figs. 1 and 2.)

2.4. Genotyping

5-HTT genotyping methods have been described in detail elsewhere (Barr et al., 2004).
According to standard extraction methods, DNA was isolated from whole blood, collected
during routine health checks in infancy for the majority of residents (except for males
purchased as breeders, which had blood collected in adulthood). The 5-HTT was

amplified from 25 ng of genomic DNA with flanking oligonucleotide primers (stpr5,
5-GGCGTTGCCGCTCTGAATGC; intl, 5'- CAGGGGA-GATCCTGGGAGGG) in 15-pL
reactions with Platinum™ Taq and the PCRy Enhancer System kit, according to the
manufacturer’s protocol (Invitrogen™, Carlsbad, California). Amplifications were performed
on a Perkin Elmer ® (Wellesley, Massachusetts) thermocycler (9700) with one cycle at 96
°C for 5 min followed by 30 cycles of 94 °C for 15 s, 60 °C for 155, 72 °C for 30°s, and

a final 3-min extension at 72 °C. Amplicons were separated by electrophoresis on a 10%
polyacrylamide gel, and the short (s, 388 bp) and long (/, 419 bp) alleles of the rh5-HTT
were identified by direct visualization after ethidium bromide staining.

2.5. Data analyses

For analyses examining aggression directed toward the stranger by residents or by the
stranger toward the residents, a series of three-way analyses of variance (ANOVAS) were
conducted, with resident 5-HTT genotype, stranger 5-HTT genotype, and the sex of the dyad
as independent variables, and the rates of competitive or physical aggression directed toward
the stranger by residents or by the stranger toward residents as the dependent variable.

For analyses examining the resident’s aggressive and non-aggressive interactions with other
same-sex residents, as well as non-aggressive behaviors of residents toward the stranger,
two-way ANOVAs were used, with resident genotype and sex as the independent variables
and behaviors with other residents or the stranger as the dependent variables (see Tables 1
and 2). All data are reported as mean frequency or duration. Effect sizes for main effects and
interactions in the ANOVA model were calculated using partial 1?2 (npz), with effect sizes
being interpreted as 0.02 as a small effect, 0.13 a medium effect, and 0.26 as a large effect.
Effect sizes for pairwise comparisons were reported using Cohen’s @, with an effect size of
0.2 considered a small effect, 0.5 as a moderate effect, and 0.8 and greater as a large effect
(Cohen, 1988). Differences were considered significant at p < .05.

As previous studies (Higley et al., 1996a; Kulik et al., 2015a) show that age affects
aggressive behavior in rhesus macaques, test age of the residents was included as a covariate
in all analyses. Because the last group was tested a few months later, we performed a
one-way ANOVA comparing the last group tested with the subjects tested in the same year
and found no difference (p> .60). We also divided the subjects into those tested in the
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first half of the study and those tested in the second half of the study. One-way analyses
showed no difference in subjects tested early in the year and those tested later in the year
(p>.58), an indication that the procedures and behavioral responses did not drift across
the months of study. Preliminary analyses suggested no difference in variables of interest
between SPR and PR residents (p > .05); therefore, SPR and PR residents were combined
into one category. Further analyses showed no effect of rearing on rates of any of the

types of aggression assessed in this study (o> .05). Nevertheless, because other studies
show that rearing condition interacts with 5-HTT genotype (Barr et al., 2003; Reif et al.,
2007; Schwandt et al., 2010; Wood et al., 2021), rearing condition was controlled for in
the analyses. Due to the low number (77 = 3) of residents that were homozygous for the
s-allele, the s/sresidents were combined with the /s genotype residents for the purposes of
the analysis, as has been done in previous studies (Bennett et al., 2002; Champoux et al.,
2002). Genotype frequencies did not deviate from Hardy-Weinberg equilibrium. See Table
3 for sex and genotype characteristics of residents. All data were analyzed using SPSS 26
(IBM, 2019). Results are reported as mean rates or duration in seconds /per 30 min session
and standard errors of the mean. As the data are part of a larger database that is shared, we
note the data of the current study are available on request.

3. Results

3.1. Competitive aggression directed by residents toward the stranger

There was a main effect of sex for competitive aggression directed by residents toward

the stranger (A1,151) = 12.01, p<.001, an =0.07), with male residents directing more
frequent competitive aggression toward the stranger when compared to females (Males: Mn
=2.58 £ 0.52; Females: Mn =0.23 + 0.43; d=0.56). No other main effects or interactions
attained statistical significance for competitive aggression exhibited toward the stranger.

3.2. Physical aggression directed by residents toward the stranger

There was a statistically significant main effect of sex (AH1,195) = 10.36, p=.002; np2 =
0.05), with male residents engaging in more physical aggression toward the stranger, when
compared to female residents (Males: Mn = 1.20 + 0.24; Females: 0.21 + 0.19; o= 0.47).
There was also a main effect of resident genotype (A1,195) = 7.48, p=.007; npz =0.04),
with residents that possessed the s-allele engaging in higher rates of physical aggression
toward the stranger (Mn = 1.11 + 0.25, p=.007; d= 0.49), when compared to //residents
(Mn: 0.29 £ 0.16; d= 0.49).

There was a two-way sex-by-resident-genotype interaction (F (1,195) = 6.49, p=.01; npz =
0.03—see Fig. 1). Further analyses showed that the rates of physical aggression toward the
stranger were higher in resident males with the s-allele (Mn =3.14 £ 0.44, p<.001; d=
0.83), when compared to resident males with the ///genotype (Mn = 0.65 £ 0.31) and female
residents with the //genotype (Mn = 0.08 + 0.23) and females with the s-allele (Mn = 0.31
+0.38).

There was also a significant two-way resident-genotype-by-stranger-genotype interaction
(A1,193) =7.64, p<.001; npz = 0.07—See Fig. 2). Rates of physical aggression by the
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resident toward the stranger were highest when the resident and the stranger both possessed
the s-allele (Mn = 3.04 £ 0.49, p< .001; d=1.28), when compared to dyads where both
the resident and intruder had the ///genotype (Mn = 0.59 + 0.32). None of the other
comparisons were statistically significant (o> .05).

There was a similar two-way resident sex-by-stranger-genotype interaction, (F(1,151) =
22.30 p<.001, T1p2 = 0.13) on physical aggression toward the stranger, with subsequent
analyses showing that male residents directed higher rates of physical aggression toward
strangers with the s-allele (Mn: 3.46 £ 0.44, p<.001), when compared to male (Mn:

0.32 + 0.32) or female residents directing physical aggression toward strangers with the //
genotype (Mn: 0.13 £ 0.37). There were no other significant differences between any of the
other comparisons (p > .05).

There was also a main effect of stranger genotype (A1,155) = 10.98, p=.001, np2 =

0.07), with the higher rates of aggression occurring when the stranger possessed the s-allele
(Mn: 1.39 £ 0.28, p=.001; d=0.57) relative to when the stranger was homozygous

for the fallele (Mn: 0.25 £ 0.19). Perhaps of most interest was the significant three-way
resident-sex-by-resident-genotype-by-stranger-genotype interaction (A1, 151) = 9.28, p=
.003, npz = 0.06—see Fig. 3; see Table 4). When both the male residents and male strangers
possessed the s-allele, they exhibited rates of physical aggression toward the stranger that
were significantly higher than any other sex and 5-HTT genotype combination (Mn: 5.80 +
0.70, p<.001; d= 2.53), escalating in rate to nearly three times more physical aggression
than when the male residents’ genotype was not considered (see Fig. 1). There were no other
significant differences when the other groupings were compared (p > .05). Female residents
rarely exhibited physical aggression toward the female stranger, regardless of their genotype
or that of the female stranger (see Table 4 & Fig. 4.)

3.3. Residents’ competitive aggression directed at the other same-sex residents

There were no statistically significant main effects or interactions for competitive aggression
directed by residents toward other familiar same-sex residents (o > .05).

3.4. Residents’ physical aggression directed at the other same-sex residents

Analyses indicated a main effect of sex for physical aggression by the resident directed
toward the other residents (A1,195) = 6.35, p=.01; npz = 0.03), with the female residents
directing higher rates of physical aggression toward the other familiar home-cage residents
(Mn: 0.55 £ 0.10, p=.01; d=0.37), when compared to male residents (Mn: 0.15 +

0.12). Resident genotype did not exert a statistically significant main effect on this behavior
(A1,195) =1.80, p=.18, npz = 0.01). There was, however, a statistically significant
sex-by-resident-genotype interaction (A1,195) = 4.72, p= .03, an =0.02), with the female
residents with the s-allele directing more physical aggression toward the other two familiar
same-sex residents (Mn: 0.83 £ 0.17, p=.01; d= 0.48), when compared to their /female
counterparts (Mn: 0.28 + 0.11), or males of either genotype (// Mn: 0.21 £ 0.13; s-allele:
Mn: 0.09 + 0.21). Resident males seldom showed physical aggression against each other
(See Fig. 4).
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3.5. Competitive aggression from same-sex residents directed at the residents

There were no significant effects for competitive aggression by other same-sex residents
directed at the other residents (p > .05).

3.6. Physical aggression from same-sex residents directed at the residents

There was a statistically significant main effect regarding physical aggression between the
three familiar, same-sex residents, although there was a marginally significant main effect
for sex (A1,195) = 3.40, p= .07, Tlp2 = 0.02), with the female same-sex residents directing
more frequent physical aggression at each other (Mn: 0.38 £ 0.08, p=.07; d=0.27), when
compared to the male residents (Mn: 0.15 + 0.10). There was also a trending effect of
resident genotype (A1, 195) = 2.97, p=.09, T]p2 = 0.02). Specifically, when the resident
possessed the s-allele they received more physical aggression from the other two same-sex
residents (Mn: 0.37 £ 0.10, p=.09; d= 0.27), compared to their //peers (Mn: 0.16 £ 0.07).

3.7. Competitive aggression directed by stranger toward the residents

Results from analyses indicated a statistically significant main effect of sex on competitive
aggression directed by the stranger toward the residents (A1,195) = 12.25, p<.001, np2

= 0.06), with male strangers exhibiting higher rates of competitive aggression toward the
resident (Mn: 0.75 + 0.15, p<.0001; &= 0.45), when compared to female strangers (Mn:
0.07 £ 0.12). There were no other main effects or interactions for competitive aggression
directed by the stranger toward the residents (o> .05).

3.8. Physical aggression directed by the stranger toward the residents

There was a statistically significant main effect of sex on physical aggression directed by the
stranger toward the residents (A1,151) = 20.14, p<.001, np2 = 0.12), with male strangers
directing more frequent rates of physical aggression at the residents (Mn: 1.85 + 0.29, p
<.001; d=0.73), when compared to female strangers (Mn: 0.14 £+ 0.24). There was also

a main effect of resident genotype on the strangers’ rate of physical aggression directed at
residents (A1,151) = 16.74, p< .001, npz = 0.10), with strangers directing more frequent
physical aggression at residents with the s-allele (Mn: 1.77 £ 0.32, p<.001; d=0.71), when
compared to rates of physical aggression directed toward residents with the //genotype
(Mn: 0.22 £ 0.21). Similarly, there was a main effect of stranger genotype on the strangers’
rate of aggression directed at residents (A1,151) = 18.33, p< .001, T]p2 =0.11), with
strangers with the s-allele directing more frequent physical aggression toward the resident
(Mn: 1.80 £ 0.31, p<.001; d=0.73), than did strangers with the //genotype (Mn: 0.19 +
0.21).

There was a two-way resident-genotype-by-stranger-genotype interaction (A1,151) = 16.68,
p<.001, npz = 0.10), with strangers possessing the s-allele directing more physical
aggression toward the s-allele residents (Mn: 0.48 + 0.15, p<.001, ¢= 1.51), than any other
pairing of genotypes (resident //with stranger s-allele: Mn: 0.18 £ 0.14; resident //with
stranger /f Mn: 0.17 + 0.09; resident s-allele with stranger /# Mn: 0.33 £ 0.22). There were
no significant differences in other resident-genotype-by-stranger-genotype comparisons (o >
.05). There was also a two-way sex-by-resident-genotype interaction for physical aggression
(F(1,151) = 18.61, p<.001, np2 = 0.11), with strangers directing higher rates of physical
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aggression toward male residents with the s-allele (Mn: 3.42 + 0.48, p< .001; o= 1.34),
when compared to male residents with the //genotype (Mn: 0.27 + 0.33), and female
residents of either genotype (// Mn: 0.17 £ 0.25; s-allele: Mn: 0.12 £ 0.41). There were

no significant differences between any other sex-by-resident-genotype comparisons (o >
.05). There was also a two-way sex-by-stranger-genotype interaction (F(1,151) = 16.40, p<
.001, npz = 0.10), with male strangers with the s-allele exhibiting higher rates of aggression
toward residents (Mn: 3.41 + 0.47, p< .001; d= 1.44), when compared to any other
sex-hy-stranger-genotype pairing. There were no significant differences between any other
sex-by-stranger-genotype comparisons (p > .05).

Finally, there was a statistically significant three-way sex-by-resident-genotype-by-stranger-
genotype interaction (F(1,151) = 14.24, p< .001, an = 0.09; see Table 5). Further analyses
showed that when the stranger and resident males both possessed the s-allele, strangers
with the s-allele exhibited significantly higher rates of physical aggression than any other
combination (Mn: 6.45 £ 0.76, p< .001, d= 3.05; see Table 5). There were no other
comparisons that attained statistical significance (o> .05).

3.9. Resident’s non-aggressive behaviors with the stranger

There was a significant main effect of sex on the latency of residents to initially approach
the stranger (A1,175) = 3.97, p=.048, npz = 0.02), with male residents taking less time

to approach the stranger than female residents (males: Mn:200.81 + 49.30 s; females: Mn:
330.27 £40.85 s, p=.048; d=0.31). There was also a main effect of sex on the amount of
time residents spent in close social proximity with the stranger (A1, 195) = 12.02, p=.001,
npz = 0.06), with resident males spending more time in close social proximity to the stranger
than resident females (males: Mn:96.15 + 13.36 s; females: Mn: 35.78 + 10.71 s, p=.001;
d=0.51). No other main effects, or sex-by-resident-genotype effects for non-aggressive
behaviors with the stranger attained statistical significance.

3.10. Other behaviors of residents toward same-sex residents

There was a main effect of sex on the amount of time that residents spent in close proximity
with the other two same-sex residents, (F(1, 194) = 3.97, p=.048, npz =0.02), with females
spending more time in social contact with the other members of their social group, when
compared to males (females: Mn:588.41 + 37.25 s; males: Mn: 467.56 + 46.64 s, p=.048; d
= 0.30). There was also a main effect of sex on time spent grooming the other two members
of the group, (F(1, 195) = 4.42, p= .04, npz = 0.02), with females spending more time
grooming the other two members of their group than did males (females: Mn:12.51 + 3.34

s; males: Mn: 1.09 £ 4.16 s, p=.04; d = 0.31). There were no other effects of resident
genotype on these affiliative behaviors (p > .05).

4. Discussion

In support of the hypotheses of the current study, male rhesus monkeys engaged in higher
rates of physical aggression toward the unfamiliar stranger, when compared to female
rhesus monkeys. Also consistent with the study’s hypotheses, resident females exhibited
higher rates of physical aggression and social behaviors toward the familiar same-sex
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members of their group rather than toward the female stranger. In both sexes, physical
aggression behaviors were modulated by 5-HTT genotype, although the target of the
physical aggression differed in males and females. For males, the s-allele increased rates
of physical aggression against the stranger, and when both the resident male and stranger
possessed the s-allele, rates of physical aggression increased more than five-fold, when
compared to when the resident alone had the s-allele. Likewise, females with the s-allele
engaged in higher rates of physical aggression against their familiar female companions
when compared to their //female counterparts. It is worth noting that the presence of the
s-allele was only associated with physical aggression (bites, slaps, grabs), and not with
competitive aggression (milder aggression, used to maintain status-threats barks, stares).
This finding is consistent with other studies showing that impaired CNS serotonin, as
measured by CSF 5-HIAA concentrations, is correlated with physical aggression, but not
with competitive forms of aggression (Higley et al., 1996b).

The results of the present study are consistent with other work showing that males engage
in higher rates of physical aggression, when compared to females (Archer, 2004, 2009).
While somewhat speculative, one possible ultimate explanation for the sex differences in
the target of aggressive behavior may be the result of different selective pressures that
males and females experienced during their evolutionary histories. Many studies of male
Old World primates indicate that high ranking males have more opportunities to breed with
females and sire the majority of the offspring in their group (Cowlishaw and Dunbar, 1991;
Massen et al., 2012; Paul et al., 1993; Smith, 1993; Witt et al., 1981; Wroblewski et al.,
2009). Viewed from a more proximal lens, in wild rhesus monkey troops, an outsider male
attempting to join a new troop represents a threat to the rank. Similarly, studies in humans
show that most violence between young males occurs over threats to status (Ainsworth

and Maner, 2012; Wilson and Daly, 1985) and most violence between males is directed at
strangers (Hilton et al., 2000; Morgan and Truman, 2020). Consistent with the findings of
Schwandt et al. (2010), males in the current study largely targeted their aggression against
the unfamiliar male stranger. Males also exhibited more nonaggressive behaviors focused
at the stranger than did females. This may reflect an increased tendency to gain proximity
to the stranger in order to act aggressively. Males showed a shorter latency to approach

the stranger, suggesting that impulsivity played a role. An earlier study in rhesus monkeys
showed that levels of impulsivity, as measured by impulsive, dangerous leaps between trees,
is positively correlated with rates of physical aggression (Higley et al., 1996b).

Central to the primary hypotheses is the finding that males’ rates of physical aggression
escalated when both the resident and stranger possessed the s-allele, which to the authors’
knowledge is the first demonstration of a resident-5-HTT-by-stranger-5-HTT genotype
interaction in an aggressive encounter. That males’ rates of physical aggression were
highest, compared to females, may be related to the organizational effects of prenatal
androgen exposure (Archer, 2009), which may lead to decreased impulse control. Other
studies suggest that the s-allele of the 5-HTT genotype is associated with impulsivity and
violent behavior (Lesch et al., 1996). Given other work indicating that combinations of
naturally-occurring, trait-like combinations of high testosterone and decreased serotonin
availability in healthy men, but not women (Kuepper et al., 2010b), it is possible that the
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high rates of physical aggression between males with the s-allele in this study is, in part,
mediated by inherent testosterone and serotonin availability.

The stressful setting in which the aggression occurred may be related to the following
explanation. Provocation is a prominent cue for impending aggressive behavior (Bettencourt
and Miller, 1996; Campbell, 1986; Hamlall and Morrell, 2012; Mazefsky and Farrell, 2005;
Polk, 1999), particularly among those prone to act aggressively (Higley et al., 1996b;
Mehlman et al., 1994; Peeters et al., 2020; \Verona et al., 2006). As such, one interpretation
of the spiraling rate of physical aggression exhibited when both partners possessed the
s-allele is that the reciprocal provocation between two aggressive partners led to rates of
violence that rapidly escalated. Such findings are reminiscent of descriptions of road rage
where, as Harding et al. (1998) note, it is often difficult to decouple the perpetrator from the
victim, especially when both participants use their automobiles in an aggressive manner. In
Parsons (1978) review of the causes of road rage, the author also indicates that individuals
involved in incidents of road rage were disproportionately likely to have been involved in
previous incidents of violence and that provocation triggered the rage, suggesting a trait-like
response to challenge. A study of prison homicides among male inmates in Texas (USA) by
Cunningham et al. (2010) found that the majority of prison homicides (54.3%) started with
an argument or altercation that escalated after the initial provocation, a finding consistent
with the results of this study. The findings of this study align well with an interpretation that,
in a provocative situation, including the provocation of another impulsive individual, males
with the s-allele, are more likely to exhibit unrestrained and aggressive behavior.

An earlier study, utilizing this same paradigm (Schwandt et al., 2010), assessed the
relationship between early social deprivation and 5-HTT genotype on physical aggression
toward the stranger, showing that socially-deprived males with the s-allele exhibit higher
rates of aggression. This study built, in part, upon those results, compared the rates of
aggression among males and females with the s-allele during an aggressive encounter.
Perhaps one of the most interesting findings of the current study is that like males, females
with the s-allele exhibited increased rates of aggression, but this physical aggression was
directed toward familiar same-sex cage-mates, rather than the stranger. Due to rhesus
macaque social biology, an unfamiliar female migrating to the new group is an unlikely
event, and as such, a response to a novel female would not be the likely source of selection
in females of this species. However, from an ultimate perspective, females may be selected
to demonstrate aggression toward other females in their social group, which are competitors
for reproductive opportunities and resources. This, however, does not explain why the
presence of a female stranger led the residents to react physically toward other females

of the group. One possibility is that the stimulus of a novel female may have increased
arousal and emotionality, leading to physical response toward same-sex residents. Another
possibility is that, with nowhere to escape, the aggression becomes redirected toward the
other females who are acting similarly. A more likely proximal explanation is that the
aggression toward the other two resident females may represent a challenge to social status.
As female rank is a product of social support and coalitions, by randomly selecting the three
females to be tested each day, females likely, in at least some cases, lost their coalitionary
social support; aggression to the other two females may represent a challenge to the status
quo in social status. In this explanation, the unfamiliar stimulus female is not so much
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eliciting aggression, but instead, the aggression is a result of the loss of social support
from the other females from their social group. Female residents also demonstrated more
affiliative social behaviors with other females in their group than did males. While this
could reflect the females” maintaining close proximity to act aggressively, increased social
affiliation between females is consistent with other studies showing that females are more
likely to show social affiliation than are males (Cords et al., 2010; Kulik et al., 2015b), and
they are more likely than males to reconcile after aggression, as measured by increased
social proximity, and, in particular, time spent in social grooming following conflicts
(Cooper et al., 2005). While the sequence of behaviors is unknown in the Stranger Challenge
paradigm, it is possible that the grooming and social affiliation represent reconciling with
their familiar same-sex residents as a consequence of aggression. Paralleling the findings
from this study, in humans, the targets of most female-female aggression are unrelated
sexual rivals (Arnocky et al., 2012; Burbank, 1987; Vaillancourt, 2013). While these forms
of aggression are often indirect, they can quickly escalate to violence, especially when
desirable males are in short supply (Campbell, 2004; Ness, 2004).

This study further bolsters Archer (2009) evolutionary explanation for sex differences in
rates of physical aggression and is likely to have implications for the study of human
aggression. Consistent with principles of sexual competition, sex differences in aggression
were most frequently focused at potential sexual rivals in both males and females. Moreover,
these natural tendencies were amplified and exaggerated by the presence of the s-allele

in both sexes. Previous studies show that aggression is most likely under conditions of
provocation, particularly in subjects prone to impulsive aggression (Higley et al., 1992;
Higley et al., 1996¢). As a proximal mechanism, the Intruder Paradigm is specifically
designed to elicit aggression. Studies show that subjects with the s-allele are more prone

to impulsivity and aggression, and it is likely that the provocation of the Intruder Paradigm
setting interacts with genotype, leading to increased aggression in the subjects with the s-
allele. Given the many deleterious outcomes of impulsive behavior and excessive aggression,
previous research has investigated why the s-allele has been maintained in the rhesus
monkey population, and suggested that males with the s-allele may be able to reproduce
earlier by entering a new troop at a younger age (Trefilov et al., 2000). The current study
offers further explanation for the preservation of the s-allele in rhesus monkey populations
by suggesting that differences in 5-HTT phenotype may exert a balancing effect by enabling
males with the s-allele to prevent reproductive rivals from entering the troop, while allowing
females with the s-allele to outcompete sexual rivals from within the troop.

5. Conclusions

The current study is the first of its kind to examine the role of sex, resident genotype, and
partner genotype in aggressive encounters. Most importantly, the study suggests that a better
understanding of aggression comes when sex and characteristics of both individuals in an
aggressive encounter are considered. Identifying and understanding evolutionary-based risk
factors for physical crime and harm to others is essential to developing effective preventative
measures in modern societies. Research investigating sex-by-genotype interactions and, in
particular, the contributions of genotype in the perpetrator and target may reveal several
valuable novel findings to aggression research in the years to come.
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Fig. 1. Effect of Resident Sex and Resident Genotype on Physical Aggression Directed at the
Stranger

There was a significant sex-by-resident-genotype interaction p = .001), with male residents
that possessed the s-allele engaging in higher rates of physical aggression toward the
stranger when compared to male residents with the //genotype or female residents

with either genotype. Note that the data represent the response of the residents without
considering the genotype of the stranger—see Fig. 2 for this consideration. Data are
presented as mean rates per 30 min. White bars indicate //genotype residents and black
bars indicate s-allele genotype residents. * denotes p < .05, **** denotes p < .001. Error
bars are standard errors.
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Fig. 2. Effect of Resident Genotype and Intruder Genotype on Physical Aggression Directed at
the Stranger

There was a significant resident-genotype-by-stranger-genotype interaction (p = .002), with
physical aggression toward the stranger escalating above that of all other groupings when
both the resident and stranger possessed the s-allele. Data are presented as mean rates per 30
min. Means are reported as rates per 30 min. White bars indicate //strangers and black bars
indicate s-allele strangers. **** denotes p < .001. Error bars are standard errors.
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Figure 4a. Three-way Interaction: Intruder Genotype by Resident Genotype and Sex
on Rates of Physical Aggression towards the Stranger-Males
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Figure 4b. Interaction between Intruder Genotype and Resident
Genotype on Frequency of Physical Aggression towards Intruder in
Females
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Fig. 3.
Figure 3a. Three-way Interaction: Intruder Genotype by Resident Genotype and Sex on

Rates of Physical Aggression towards the Stranger-Males

Figure 3b. Interaction between Intruder Genotype and Resident Genotype on Frequency of
Physical Aggression towards Intruder in Females

Fig. 3a and b. There was a significant three-way, resident sex-by-resident-genotype
interaction (p =.001), with male residents that possessed the s-allele engaging in higher
rates of physical aggression against the stranger than did //male residents or female
residents of either genotype. Note that the data show the response of the residents in

the context of the genotype of the stranger—see Fig. 2. Female residents rarely exhibited
physical aggression toward the stranger, regardless of genotype. Data are presented as mean
rates per 30 min. White bars indicate ///genotype residents and black bars indicate s-allele
genotype residents. * denotes p < .05, **** denotes p < .001. Error bars are standard errors.
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Figure 5. Effect of Resident Sex and Resident Genotype on Physical Aggression
towards Familiar Cage-Mates
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Fig. 4. Effect of Resident Sex and Resident Genotype on Physical Aggression towards Familiar
Cage-Mates

Shows the sex-by-resident-genotype interaction (p = .03), with the resident females that
possessed the s-allele directing more physical aggression toward the other two familiar
same-sex residents compared to the /// genotype females or males of either genotype. White
bars indicate //residents and black bars indicate s-allele residents. * denotes p < .05. Error
bars are standard errors.
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Table 1

Behavior Observed

Description

Resident Directs Competitive
Aggression at Stranger

Resident Directs Physical Aggression at
Stranger *

Stranger Directs Competitive
Aggression at Resident

Stranger Directs Physical Aggression at
Resident™

Latency of Resident to approach
Stranger

Resident’s Frequency of Approaching
the Stranger *

Resident” Social Contact with Stranger

Aggression without physical contact (e.g., open-mouth threats, lunges, and barks) directed by the
resident toward the stranger

Aggression involving physical contact, including bites, slaps, grabs, and swipes directed by the
resident toward the stranger

Aggression without physical contact (e.g., open-mouth threats, lunges) directed by the stranger
toward the resident

Aggression involving physical contact, including bites and slaps, directed by the stranger toward the
resident

The time (in seconds) from the beginning of the test until the test resident first approaches within
1 m of the stranger animal (as indicated by a measured circular marking on the floor of the test
enclosure).

Number of times during the 30-min test that the test resident approaches within 1 m of the stranger
animal

Sitting, standing, lying, or engaging in locomotion within arm’s reach (in reference to the resident)
of the stranger

Note.

*
Denotes behaviors that were scored as frequencies (rates/per 30 min session). Behaviors without asterisks were scored as duration (seconds/per 30

min session).
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Table 2

Behaviors involving other same-sex residents.

Behavior Observed

Description

Resident Directs Competitive Aggression at
Other Same-Sex Residents ™

Resident Directs Physical Aggression at Other
Same-Sex Residents

Other Same-Sex Residents Directs Competitive
Aggression at Resident

Other Same-Sex Residents Directs Physical
Aggression at Resident

Social Contact with Other Same-Sex Residents

Give Groom to Other Same-Sex Residents

Aggression without physical contact (e.g., open-mouth threats, lunges) directed by the
resident toward other same-sex residents

Aggression involving physical contact, including bites and slaps, directed by the resident
toward other same-sex residents

Aggression without physical contact (e.g., open-mouth threats, lunges) directed by the other
same-sex residents toward the resident

Aggression involving physical contact, including bites and slaps, directed toward the
resident by other same-sex residents

Resident engages in sitting, standing, lying, or engaging in locomotion within arm’s reach
(in reference to the resident) of the other same-sex residents.

Resident runs fingers or mouth through the pelage of other same-sex residents. Also
includes scratching, biting, licking, or rubbing.

Note.

*
Denotes behaviors that were scored as frequencies (rates/per 30 min session). Behaviors without asterisks were scored as durations (seconds/per

30 min session).
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Sex and genotype distributions of residents.

5-HTT Genotype |/l sallele Total

Sex Female 87 35 122
Male 56 23 79
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Table 4

Means and SE of physical aggression directed by resident toward stranger.

Stranger 5-HTT x Resident 5-HTT

sex Stranger: I/l, Resident: I/l Stranger: I/l, Resident: s- Stranger: s-allele, Resident: Stranger: s-allele, Resident:
allele I s-allele

Females 0.18 £0.28 0.33+£0.40 0.00 +£0.38 0.28 £ 0.65

Males 0.17 £0.33 0.48 £ 0.53 1.12+0.51 5.80£0.70
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Table 5

Means and SE of Physical Aggression Directed by Stranger toward Resident.

Stranger 5-HTT x Resident 5-HTT

sex Stranger: I/l, Resident: I/l Stranger: I/l, Resident: s- Stranger: s-allele, Resident: Stranger: s-allele, Resident:
allele I s-allele

Females 0.18 £0.30 0.00 £0.43 0.15+0.40 0.23+£0.70

Males 0.18 £0.36 0.39 £0.57 0.36 £ 0.55 6.45+0.76
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