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1 | INTRODUCTION

In many mammals, fighting success is important in determining access
to females, and males have evolved armaments, such as antlers, elon-
gated canines, and sexually dimorphic musculature to increase their

formidability (Clutton-Brock, 2016). Although aggressive mating
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Abstract

Objectives: Chimpanzees (Pan troglodytes) are notable for exhibiting high levels of
male-to-female aggression. Much of this aggression from adult males serves sexually
coercive functions. Despite being smaller and lower-ranking than adult males, adoles-
cent males also engage in regular aggression against adult females. Here, we test
whether the primary function of this aggression is sexual coercion, as in adult males,
or, alternatively, whether adolescent males use aggression to establish social domi-
nance over females.

Materials and Methods: We analyzed 1771 copulations and 1812 instances of male-
initiated aggression between adolescent males (aged nine through 14 years) and
adult females across 21 years of observation of the Kanyawara chimpanzee commu-
nity in Kibale National Park, Uganda.

Results: Our test of the sexual coercion hypothesis revealed that adolescent males
did not selectively target cycling females for aggression, nor did aggression against
cycling females predict rates of copulation with those females. Our test of the social
dominance hypothesis showed that males succeeded in dominating all adult females
before, or soon after, dominating their first adult male. Additionally, we found that
adolescent males dominated females approximately in the order of the females' own
ranks, from the bottom to the top of the female hierarchy.

Discussion: Our data illustrate that the establishment of social dominance was more
important than sexual coercion in explaining patterns of adolescent male aggression
toward females. In comparison, evidence for sexual coercion was clear and compel-
ling in adult males. These findings highlight that the primary function of male-to-

female aggression differs between adolescent and adult males.
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competition occurs primarily among males, in some species, females
are also frequent victims of male aggression (Muller & Wrangham,
2009). Such aggression often functions as sexual coercion, increasing
the probability that a female will mate with the aggressor (direct
coercion), or decreasing the probability that she will mate with other

males (indirect coercion), at a cost to the female (Clutton-Brock &
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Parker, 1995; Muller et al., 2009a; Smuts & Smuts, 1993). Direct coer-
cion involves the use of force to overcome female resistance to mat-
ing, and includes harassment, intimidation, and forced copulation
(e.g., orangutans [Pongo pygmaeus]: Fox, 2002; Knott, 2009; reviewed
by Clutton-Brock & Parker, 1995). Indirect coercion involves the use
of force to constrain female promiscuity, and includes herding, punish-
ment, and sequestration (e.g., hamadryas baboons [Papio hamadryas
hamadryas]: Swedell & Schreier, 2009;

et al., 2009a). Both forms of coercion reflect sexual conflict

reviewed by Muller

(i.e., antagonistic strategies for optimizing fitness in the two sexes), as
males employ force to override or constrain female mating prefer-
ences (Arnqgvist & Rowe, 2005; Muller, 2017; Palombit, 2014; Smuts &
Smuts, 1993; Watson-Capps, 2009).

In a variety of species (e.g., dolphins (Tursiops spp.): Scott
et al, 2005; hamadryas baboons: Kummer, 1968; Swedell &
Schreier, 2009; gorillas  [Gorilla  beringei  beringeil:
Robbins, 2003, 2009; humans [Homo sapiens]: Flinn, 1988; reviewed
by Muller, 2017; but see black-handed spider monkeys [Ateles

mountain

geoffroyi]l: Campbell, 2003), females with the greatest likelihood of
conception experience the most male aggression, indicating that
males strategically attempt to control female sexuality (reviewed by
Muller et al., 2009b). Among primates, evidence for sexual coercion as
a long-term conditioning strategy (i.e., manipulation of the female's
future behavior: Wrangham & Muller, 2009) is most prominent in
hamadryas baboons (Swedell & Schreier, 2009), chimpanzees (Pan
troglodytes schweinfurthii: Muller et al., 2011; Feldblum et al., 2014),
and humans (Wilson & Daly, 2009). Feldblum et al. (2014) utilized
genetic data to assess paternity in a study of male chimpanzees and
showed that there are fitness benefits associated with selectively
targeting cycling females with aggression (reviewed by Muller, 2017).
Female-directed aggression can also serve functions other than
sexual coercion (reviewed by Muller et al., 2009a). Males may direct
aggression toward females to establish dominance over them, to com-
pete for food, to signal their fighting ability to same-sex competitors
(Kitchen et al., 2009), or to police conflicts among females (e.g., Ren
et al., 1991; Sterck et al., 1997; Watts, 1997; Watts et al., 2000). For
young males in particular, the process of dominating females may pro-
vide practice with the skills needed to coerce those females later.
Alternatively, the process of dominating females could help males pre-
pare for competition with fully grown adult males (Pereira, 1988;
Pusey, 1990), similar to the sparring behavior observed in many young
animals (e.g.,, American bison [Bison Rothstein &
Griswold, 1991; bighorn sheep [Ovis canadensis]: Hass & Jenni, 1993;

rufogriseus

bison]:

red-necked wallabies [Macropus banksianus]:
Watson, 1993; Miller &

Byers, 1998; reviewed by Fagen, 1981). In general, dominance rank

pronghorn [Antilocapra americanal:
can have important fitness consequences because a male's position in
the dominance hierarchy affects his access to food resources and his
success in  mating competition (reviewed by Cowlishaw &
Dunbar, 1991; Clutton-Brock, 2016; Alberts, 2019).

In this article, we describe patterns of aggression among adoles-
cent male chimpanzees (P. t. schweinfurthii), who range from 9 to

14 years of age, are not fully grown, and are sexually, but not socially,

mature (Pusey, 1990). Previous observations of wild eastern chimpan-
zees (P. t. schweinfurthii: Pusey, 1978; Goodall, 1986; Pusey, 1990;
Nishida, 2003; Muller et al., 2009a; Reddy & Mitani, 2020) and cap-
tive western chimpanzees (P. t. verus: Adang, 1984, 1985, 1986) have
shown that adolescent males often direct aggression toward females.
Adolescent males are also invested in obtaining copulations with
females (e.g., Hayaki, 1985; Muller et al, 2020; Pusey, 1990;
Watts, 2015). However, only one study has directly tested whether
adolescent males use their aggression to sexually coerce females, find-
ing evidence for sexual coercion by adolescent and young adult males
based on 17 months of data from Ngogo in Kibale National Park,
Uganda (Reddy et al., 2021). Here, we utilize 21 years of data on a dif-
ferent chimpanzee community within the same park to test whether
female-directed aggression by adolescent males is consistent with
sexual coercion, or, alternatively, whether adolescent males use
aggression to establish social dominance over females. We do not test
other noncoercive functions of aggression because previous research
suggests that they are less relevant for Kanyawara males than sexual
coercion and the establishment of dominance (Muller et al., 2009a).

In at least five communities of eastern chimpanzees, adult males
(ages 15 years and older) are known to exhibit high rates of aggression
against females (e.g., Goodall, 1986; Matsumoto-Oda & Oda, 1998;
Muller, 2002; Muller & Mitani, 2005; Newton-Fisher, 2006;
Watts, 1998). Adult male chimpanzees are almost invariably higher-
ranking than all adult females, and are rarely challenged by them
(Bygott, 1974; Goodall, 1986; Nishida, 1979). Most aggression against
females by adult male chimpanzees appears to represent indirect,
rather than direct, coercion. Direct coercion is usually unnecessary,
because female chimpanzees rarely resist copulation attempts, even
from young or low-ranking males. Thus, coercion in chimpanzees typi-
cally serves an indirect function, constraining females' ability to mate
with multiple males (Goodall, 1986; Muller et al., 2009a, 2011).

Studies of four eastern chimpanzee communities (Kanyawara:
Muller et al., 2007, 2009a, 2011; Kasekela: Feldblum et al., 2014;
Ngogo: Reddy et al., 2021; Sonso: Kaburu & Newton-Fisher, 2015)
have demonstrated that adult males achieve mating or paternity
advantages with the females toward whom they direct the most
aggression (reviewed by Muller, 2017). Importantly, adult males direct
more aggression toward females with sexual swellings than those who
are pregnant or lactating, supporting a reproductive function to this
aggression (Muller et al., 2009a). Females have been shown to incur
significant costs from adult male aggression in the form of physical
injuries (Muller et al., 2009a; cf. western chimpanzees, Novak &
Hatch, 2009) and heightened glucocorticoid levels (Emery Thompson
et al.,, 2010, 2020; Muller et al., 2007). Despite these costs, females
preferentially approach coercive males for copulations on the days
that they are most fertile, suggesting that females perceive the alter-
native of avoiding these males, or mating more promiscuously, to be
even more costly (Muller et al., 2011).

In contrast to the four eastern chimpanzee communities in which
sexual coercion has been documented, aggression was not correlated
with mating success in the Mahale M-group. Instead, males appeared

to trade grooming for mating access (Kaburu & Newton-Fisher, 2015).
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Additionally, a study of western chimpanzees found little evidence for
sexual coercion (Stumpf & Boesch, 2010), though the authors primar-
ily focused on direct coercion. At present, a sound comparison of sex-
ual coercion between eastern and western chimpanzees is limited by
differences in research methods across study sites (reviewed
by Muller et al., 2011).

Adolescent males are sexually mature and capable of eliciting sub-
missive responses from females (Pusey, 1990). Consequently, in chim-
panzee populations where adult males employ sexual coercion, a
coercive function of female-directed aggression by adolescent males
is also plausible. Alternatively, adolescent male aggression toward
females could be primarily motivated by dominance striving. Research
on eastern chimpanzee populations in Gombe National Park, Tanzania
and the Mahale Mountains National Park, Tanzania clearly documents
struggles for dominance between the sexes. Early in the juvenile
period (ages five through 8 years), male chimpanzees start to provoke
females by waving branches or throwing sticks in their direction,
though females typically ignore these behaviors (Nishida, 2003;
Pusey, 1990). Ignoring aggressive advances becomes harder as males
grow larger and more intimidating. During the first half of adolescence
(ages nine through 11 years), males employ more serious threats than
before, including charging displays, which often result in either female
retaliation or submission (Nishida, 2003; Pusey, 1990). By the second
half of adolescence (ages 12 through 14 years), male aggression inten-
sifies beyond threats and displays to include overt attacks (e.g., slaps,
kicks, and bites), prompting females to react more fearfully
(Pusey, 1990).

Extensive research on captive western chimpanzees in the Arn-
hem Zoo illustrates the same pattern of female-directed aggression
across male development as in Gombe and Mahale (Adang, 1984,
1985, 1986; de Waal & Hoekstra, 1980). In both captivity
(Adang, 1984, 1985) and the wild (Nishida, 2003), female responses
influenced male persistence, with adolescents typically escalating their
aggression if a female reacted by retaliating or submitting, but ending
their harassment sooner if she ignored them. Nishida (2003) con-
cluded that adolescent male aggression toward females at Mahale ini-
tiated the process of dominance striving against members of the
opposite sex, as a precursor to challenging mature males for status in
the adult male hierarchy.

Despite a robust literature on the use of sexually coercive aggres-
sion by adult male chimpanzees, the ontogeny of such aggression
remains largely unexplored (but see Reddy et al., 2021). In this article,
we analyze 21 years of aggression and copulation data from the Kan-
yawara community of chimpanzees in Kibale National Park, Uganda to
test predictions from two central hypotheses.

If adolescent males direct aggression against adult females in
order to increase their relative mating access (H1, sexual coercion
hypothesis), we predict that, like adult males, (1a) adolescent males
will direct higher rates of aggression toward cycling than non-cycling
females; and (1b) adolescent males will engage in higher rates of copu-
lation with the individual cycling females toward whom they direct
the most aggression (Table 1). Alternatively, adolescent males may

direct aggression toward adult females primarily to dominate them

(H2, social dominance hypothesis). Following this hypothesis, we pre-
dict that (2a) males will direct less aggression toward females after
they have successfully dominated them. If female-directed aggression
by adolescent males functions to dominate females as part of a male
strategy of rising in rank (Muller et al., 2009a; Nishida, 2003), we pre-
dict that (2b) adolescent males will tend to dominate all females
before successfully dominating any adult male, and (2c) the majority
of aggression that a male initiates prior to adulthood will be directed
toward adult females, rather than adult males.

Pusey (1978, 1990) suggested that male chimpanzees are better
able to sexually coerce females after having dominated them. Accord-
ingly, we hypothesize that adolescent males will show stronger evi-
dence for sexual coercion after formally dominating a female (H3,
dominance-contingent coercion hypothesis). Following this hypothe-
sis, we predict that (3a) a female's cycling status will predict rates of
adolescent male aggression more strongly after she has been formally
dominated; and (3b) rates of adolescent male aggression toward indi-
vidual cycling females will predict rates of copulation with those
females more strongly after they have been dominated.

TABLE 1 Summary of hypotheses and predictions

Prediction for adolescent

Hypothesis males Support?

H1: Sexual coercion
hypothesis

1a: More aggression No
toward cycling than non-
cycling females

1b: More copulations with Weak
females targeted most
frequently with

aggression by male

2a: Less aggression No
directed toward females
after dominating them

H2: Social dominance
hypothesis

2b: Dominate all females Yes
before dominating any
adult male

2c: Majority of aggression Yes
toward adult females,
rather than adult males,
prior to adulthood

3a: Female cycling status No
predicts male aggression
more strongly after
dominance

H3: Dominance-
contingent coercion
hypothesis

3b: Male aggression No
predicts copulations
more strongly after
dominance

H4: Female-rank-based
aggression hypothesis
(complements other
hypotheses)

4a: Initiate aggression Yes
against low- before high-
ranking females

4b: Dominate low- before Yes
high-ranking females
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Finally, we hypothesize that female rank influences the pattern of
female-directed aggression by adolescent males (H4, female-rank-
based aggression hypothesis). This question has not yet been directly
explored in wild chimpanzees, but in his study of captive western
chimpanzees, Adang (1986) found that adolescent males tended to
establish dominance relationships with females by starting from the
bottom of the female hierarchy. Additionally, recent research from
Gombe shows that while females did not compete for rank once
established in the female hierarchy, they did compete for their entry
ranks, which varied depending on how successful they were against
resident females (Foerster et al., 2016). This suggests that female rank
reflects at least some level of fighting ability, such that low-ranking
females are generally less capable of winning agonistic encounters
than higher-ranking females. Based on these previous studies, we pre-
dict that (4a) adolescent males will initiate aggression against low-
ranking females before high-ranking females; and (4b) adolescent
males will dominate low-ranking females before high-ranking females.
Hypotheses are summarized in Table 1.

2 | MATERIALS AND METHODS

2.1 | Study population and data collection

This study is based on long-term behavioral observations of the Kan-
yawara community of wild chimpanzees (P. t. schweinfurthii) in Kibale
National Park, Uganda. This population has been continuously
observed since 1987, so all individuals had already been habituated to
human presence before the period of data collection for this study.
Here, we include data spanning 21 years, from January 1996 to
December 2016. Data were collected by university-based researchers
and Ugandan field assistants employed by the Kibale Chimpanzee
Project. Working in teams of two to four, observers recorded
instances of aggression and copulations during attempted or com-
pleted full-day party-level follows of chimpanzees.

Because chimpanzees can flexibly join and separate from sub-
groups, or “parties” (Goodall, 1986; Nishida, 1968; Sugiyama, 1968),
throughout the day, observers noted which individuals were present
in the social party every 15 min. Both aggression and copulation data
were recorded via all-occurrence sampling and included the individ-
uals involved, the sequence of events, and the duration of the interac-
tion. A total of 1771 copulations and 1812 instances of male-initiated
aggression were observed between adolescent males and adult
females. In addition, 6134 copulations and 6177 instances of male-
initiated aggression were observed between adult males and adult
females. All field observations were conducted in accordance with the
ethical standards and approval of the Uganda Wildlife Authority,
the Uganda National Council for Science and Technology, and the
Institutional Animal Care and Use Committees of Harvard University,
Tufts University, and the University of New Mexico.

During the study, the community size ranged from 40 to 54 chim-
panzees. Observations include a total of 15 adolescent males, 21 adult

males (10 of which transitioned from adolescence during the study

period), and 42 adult females. Our data span 44,665 h of observation
of social parties in which at least one adolescent male was present.
Males were considered adolescents from ages nine through 14 years,
and adults starting at 15 years, the mean age at which males began to
consistently and successfully challenge adult males. We included adult
males in our analyses of sexual coercion to better contextualize ado-
lescent male behavior. A female was considered an adult from the
date of her first maximally tumescent sexual swelling onward if natal,
and from the date of her entry into the community if an immigrant (all
immigrants exhibited sexual swellings on or soon after their first
observation, suggesting that they were sexually mature upon dis-
persal). We considered females to have 'maximal' sexual swellings if
the sex skin was fully tumescent, with a tense and shiny appearance.
One male (“MX”) in our sample occasionally engaged in agonistic
interactions with adult females during adolescence and young adult-
hood. However, MX lost both of his feet to snare injuries by early
adolescence and was a common target of aggression, unusually low-
ranking for his age, and relatively solitary when not with his mother.
We therefore present data on his dominance relationships with

females separately.

2.2 | Definition of aggression and calculation of
dominance ranks

Aggression took several forms, including physical attacks, chases, and
charging displays directed toward a target, as defined by Muller (2002).
Each targeted aggressive interaction was coded for the initiator (male,
female, mutual, or unclear) and outcome (win, loss, tie, or unclear). We
classified an interaction as a win for the aggressor if the victim pro-
duced a pant-grunt vocalization (i.e., a formal signal of subordinacy:
Bygott, 1979) or responded submissively to an act of targeted aggres-
sion by fleeing, screaming, pant-barking, or whimpering. We scored an
interaction as a tie if the initial target of aggression retaliated, and
both individuals fled screaming, or neither fled screaming.

For the calculation of dominance ranks, we used the Elo-rating
method, which assigns relative ranks for all individuals in the hierarchy
at any point in time, based on the actual sequence of interactions
(Albers & de Vries, 2001; Neumann et al., 2011). For the female domi-
nance hierarchy, we followed Glickman and Doan's (2010) recommen-
dation regarding sample size by excluding females who were involved
in <9 interactions (N = 9/42 adult females) from rankings in the hier-
archy. All females who were adults at the beginning of the study
period were assigned a starting score of zero. Natal females were
given a starting score at adulthood that considered all of their agonis-
tic interactions with adult females during the previous 5 years, and
immigrant females were assigned a starting score that considered
their interactions with adult females during their first 6 months in the
community. This resulted in a mean starting score of — 112 for natal
females (N = 14) and — 101 for immigrant females (N = 8). We set
the constant k in the Elo-rating equation to 20 (higher values of
k resulted in rank changes that were less consistent with observed
dyadic dominance relationships), and we applied the rating method to
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1457 agonistic interactions observed between adult females. We then
assigned ordinal ranks according to the relative order of females' Elo
scores and standardized the ranks based on the number of females in
the hierarchy, such that ranks ranged from O (lowest-ranked) to 1. We
considered females with ranks below 0.5 as low-ranking, and females
with ranks equal to or above 0.5 as high-ranking. Due to insufficient
observations of female-female agonism prior to 2004, we were
unable to calculate female ranks until that year. This resulted in the
exclusion of 16 intersexual dyads across four males from our two
social dominance analyses involving female rank.

To assess male-male dominance relationships, we calculated
ranks from 12,091 agonistic interactions among adolescent and adult
males during the study period (plus 354 interactions from 1993 to
1995, which allowed us to more accurately estimate the relative ranks
of males at the beginning of the study period). For males who were
already adolescents or adults in 1993, we used a starting score of
zero. For males who matured into adolescents after 1993, we
assigned a starting score corresponding to one point below the
lowest-ranking adolescent male (excluding MX) on the date of their

first interaction after reaching 9 years of age.

2.3 | Sexual coercion analyses (H1)

To test whether adolescent males preferentially targeted females
for aggression in reproductive contexts, we calculated rates of
male-initiated aggression separately for female cycling and non-
cycling periods. A non-cycling period for an adult female began on
the day that she gave birth and ended on the day before she
resumed cycling (after experiencing lactational amenorrhea). A
cycling period began on the first day of maximal sexual swelling
that followed lactational amenorrhea (or on the day of a female's
first-ever maximal swelling if nulliparous) and ended when the
female became pregnant. The date of pregnancy for a female was
determined by back-calculating 230 days before the birthdate of an
infant and assigning conception to the end of the most proximate
sexual swelling phase (Emery Thompson, 2005). In some cases, we
were able to narrow down conception windows more tightly with
hormonal evidence.

We used a generalized linear mixed model (GLMM) to determine
whether adolescent males directed higher rates of aggression toward
cycling than non-cycling females (prediction 2a). We designated the
number of male-initiated instances of aggression per dyad as the out-
come variable, hours spent together as an offset, female cycling status
(yes/no) as a predictor, female parity (nulliparous/parous) as a control,
and male ID and female ID as random effects. We included parity as a
control in this and the following models because male chimpanzees
exhibit more mating interest in and direct more aggression toward
parous females (Muller et al., 2006, 2007, 2011; Tutin, 1979;
Wrangham, 2002). The unit of analysis for this model was the dyad,
entered more than once if a female's cycling status or parity changed.
To help contextualize adolescent male behavior, we ran this same

model separately for adult males.

To test the second prediction of the sexual coercion hypothesis,
we used a GLMM to determine whether aggression directed by an
adolescent male toward each cycling female predicted the rate of cop-
ulation between the male and female. Due to a large number of cases
where the cycling aggression rate was zero, we included both a binary
predictor of whether any cycling aggression occurred within the dyad,
and a second continuous predictor for the rate of aggression. We des-
ignated the number of copulations as the outcome variable. The rest
of the model contained hours spent together in the same party (when
the female was swollen) as an offset, female parity (nulliparous/par-
ous) as a control, and male ID and female ID as random effects. The
unit of analysis was the dyad, entered twice if a female's parity chan-
ged. Because previous reports indicate that male aggression through-
out the full cycling period is predictive of mating success
(e.g., Feldblum et al., 2014; Muller et al., 2011), we calculated cycling
aggression rates relative to the number of hours in which the dyad
was observed in the same party and the female was cycling (either
swollen or not). Because copulations occur almost exclusively when
females have maximal swellings, the offset variable was limited to the
hours when the male and female were in the same party and
the female had a maximal swelling. As above, we also ran this model

for adult males.

24 | Social dominance analyses (H2)
We considered a male to have formally dominated a female on the
date that the male was first observed to receive a pant-grunt from her
or to have initiated aggression against her and won. Approximately
half of the male-female dyads (N = 57/115; 49.6%) in our social dom-
inance analyses contained a period of uncertainty in dominance sta-
tus, during which the female still achieved one or more wins against
the male after losing or pant-grunting to him for the first time. In order
to ensure that the male had decisively dominated the female in these
57 dyads, we designated the date of dominance as the date of the
first male-initiated male win or female pant-grunt after which there
were no subsequent female wins. We ran an alternative set of ana-
lyses to explore the possibility that a liminal period of time was
required for the dominance status of a dyad to be considered defini-
tive, following this date of dominance. Accordingly, we added
6 months to each date of dominance in all analyses involving domi-
nance status, and found that the results were qualitatively the same.
To be conservative in our assessment of dominance status, we only
included dyads that were observed together for an average of at least
100 h per year and contained a combined sample of at least five pant-
grunts and/or acts of aggression. This resulted in averages of
18.4 + 5.9 (SE) pant-grunts and 42.3 + 9.0 instances of aggression in
either direction per male-female dyad, across 13 males for which we
had sufficient data on intersexual dominance during adolescence.

To determine whether males were less aggressive toward females
after successfully dominating them (prediction 2a), we ran a GLMM
containing an outcome variable of aggression count, an offset term

for hours that the male and female were observed together, a
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categorical predictor indicating whether the period occurred during
the 12 months before or after the interaction that marked a male's
dominance over a female, and random effects for male ID and female
ID. The unit of analysis for this model was the dyad, with most dyads
(N = 92/99) entered twice to represent the year before and the year
after dominance. For all analyses involving rates of aggression, we
included dyads or dyad-years (depending on the analysis) in which the
male and female were observed in the same party for at least 100 h.

The final two predictions of the social dominance hypothesis
required contrasts of intersexual and intrasexual dominance. For the
first of these predictions, we determined whether there was any over-
lap between the dates of the last female dominated and the first male
dominated by each male. For the last prediction, we tested whether
the majority of all adult-focused aggression initiated by each adoles-
cent male was directed toward females rather than males.

We also include a section at the end of the results containing
descriptive statistics from several additional social dominance ana-
lyses. Specifically, we quantified the average time required for a male
to establish dominance over a female, conducted a comparison
between MX (the male missing both feet) and the rest of the males in
the study, and explored third party interventions in conflicts resulting

from adolescent male-initiated aggression against females.

2.5 | Dominance-contingent coercion
analyses (H3)

To determine whether the dominance status of male-female dyads
influenced the relationship between female cycling status and the rate
of male aggression toward the female (prediction 3a), we ran the same
GLMM as for prediction 1a, but incorporated two additional predic-
tors. The first was a categorical indication of whether the male had
dominated the female (yes/no), and the second was an interaction
between this variable and female cycling status. To examine whether
dominance status influenced the relationship between rates of male
aggression toward females and rates of copulation with those females
(prediction 3b), we ran the same GLMM as for prediction 1b, but
added a categorical predictor of whether the male had dominated the
female (yes/no), and an interaction between this variable and cycling
aggression rate. The unit of analysis for these models was the dyad,
entered more than once if a dyad's dominance relationship or a
female's cycling status or parity changed.

2.6 | Female-rank-based aggression analyses (H4)

To test whether males initiated aggression against low-ranking before
high-ranking females (prediction 4a), we determined whether male
age was positively correlated with the average rank of female targets.
This allowed us to determine whether males were generally more
aggressive toward lower-ranking females early in adolescence and
higher-ranking females later in adolescence. Males typically targeted

most of the females in the community at least once during each year

of adolescence. Thus, in order to more accurately quantify males' allo-
cation of aggression toward particular females, we weighted female
rank by the proportion of a male's overall aggression received by each
female (corrected for the amount of time each dyad was observed
together). Finally, we tested whether males dominated low-ranking
before high-ranking females (prediction 4b) by determining whether
the order in which males dominated females was positively correlated

with average female rank.

2.7 | Maternal relatedness

Before testing our hypotheses, we investigated whether aggression
and sexual behavior differed between maternally related versus non-
maternally related male-female dyads. Using a GLMM containing
both male and female ID as random effects, we determined that ado-
lescent males directed substantially less aggression toward their
mothers and maternal sisters than toward other females (f = — 2.068
+0.261 (SE), X2 = — 7.9, p < 0.001, N = 171 dyads during periods in
which the male had a living mother or adult maternal sister in the
community; Table S1, Figure 1). Adolescent males were 17.3 times
less aggressive toward their maternal relatives when comparing
medians, and 8.9 times less aggressive when comparing means. Sexual
behavior within maternally related dyads was also rare (i.e., an adoles-
cent male was observed copulating with a maternally related female
in only two of 14 such dyads). Therefore, we excluded dyads with
mothers and maternal sisters from all analyses. After removing mater-
nal relatives, our study contained 225 adolescent male-adult female

dyads and 455 adult male-adult female dyads.

2.8 | Model selection and validation

We used R 3.6.3 (R Core Team, 2020) for all analyses. We ran our
models with the Ime4 package (Bates et al., 2015) and executed likeli-
hood ratio tests with the Imtest package (Zeileis & Hothorn, 2002).

3 0.020

<

5

‘w 0.015 :

1%}

o

(=]

&

o 0.010-

©

=

£ 0.005-

(]

172}

K

) . ]

‘g 0.000- = = -

Mothers and Other females

maternal sisters

FIGURE 1 Rates of adolescent male-initiated aggression directed

toward adult females who were either maternally related to the male
(“Mothers and maternal sisters™) or not (“Other females”). The plot
contains 171 male-female dyads across 13 adolescent males and

30 adult females
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Because our data were overdispersed, we used a negative binomial
distribution and log link function to run all of our GLMMs. We
inspected residuals and Q-Q plots to check model assumptions and
used likelihood ratio tests for model validation. Variance inflation fac-
tors ranged from one to three, indicating that our models were not
influenced by multicollinearity. We used z-scores to standardize con-
tinuous predictor variables before running models. Whether we
included both male ID and female ID as random effects, or either one
individually, our model results did not qualitatively differ. For all corre-
lational analyses, we visually inspected the data to determine that our

results were not driven by particular males.

3 | RESULTS

3.1 | Sexual coercion (H1)

Confirming prior reports on sexual coercion at Kanyawara, adult males
directed higher rates of aggression toward cycling than non-cycling
females (B = 0.792+0.059, X? =133, p<0001, N =772
Table S2a). However, adolescent males did not (8 = —0.082 + 0.112,
X2 =_-07, p = 0.462, N = 366; Table S2b). Whereas adult males cop-
ulated most frequently with the females toward whom they were
most aggressive (B = 0.258 + 0.058, X? = 4.4, p < 0.001, N = 357;
Table S3a), aggression by adolescent males did not significantly pre-
dict their rates of copulating with their victims (B = 0.106 + 0.056,
X2=1.9,p=0.057, N = 138; Table S3b).

This difference was magnified when we considered aggression
against females with maximal sexual swellings, that is, those most
likely to be mating. While adult males were more aggressive to
these females than to those who were not cycling or cycling but
not maximally swollen, adolescent males were less aggressive to
them (Figure 2). Aggression toward maximally swollen females was
a strong predictor of copulation success for adult males
(p = 0.200 + 0.054, X*> = 3.7, p < 0.001, N = 357; Table S4a), but
did not predict the copulation success of adolescent males
(B = 0.003+0.068, X2 =0.04, P =0.970, N = 138; Table S4b).
Overall, we found a sharp distinction between adult and adolescent
males, with only adult males using female-directed aggression to
sexually coerce females.

Nevertheless, among adolescent males, female-directed aggres-
sion was a near-significant predictor of copulation rates in the model
containing cycling aggression (i.e., p = 0.057). Therefore, we further
explored adolescent male behavior by considering nulliparous and par-
ous females separately and comparing copulation rates of individual
males with cycling females toward whom they directed relatively
more or less aggression (above or below the median for that male;
Figure S1). Most adolescent males (N = 9/10) copulated more often
with the cycling, nulliparous females that they targeted for aggression
than with those toward whom they were less aggressive (Figure S1a).
Several adolescent males (N = 5/8) showed a pattern like that of
adults, whereby they succeeded in copulating at higher rates with the

cycling, parous females that they had targeted (Figure Sib). Still,
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FIGURE 2 Rates of adolescent male-initiated aggression (box
plots) directed toward adult females who were (1) cycling and
maximally swollen, (2) cycling but not maximally swollen, or (3) non-
cycling. The plot contains 16 females represented in at least three
dyads with adolescent males in each reproductive state, and

20 females represented in at least three dyads with adult males in
each reproductive state. Rates of adolescent male aggression were
significantly lower against cycling, maximally swollen females than
against cycling but not maximally swollen females (paired Wilcoxon
signed-rank test: V = 598, p < 0.001, N = 95 dyads) or non-cycling
females (V = 608, p < 0.001, N = 88). Rates of adolescent male
aggression did not differ between the latter two reproductive states
(V=12392,p=0.535N=101)

the models described above did not clearly support a sexually coercive
function to adolescent male aggression.

3.2 | Social dominance (H2)

Males were not less aggressive toward females in the year after they
dominated them compared to the previous year (f = 0.034 + 0.135,
X2 =0.3, p = 0.802, N = 191; Table S5). With the exception of MX,
the nine adolescent males who became adults over the course of the
study dominated all adult females (with whom they were observed for
an average of at least 100 h per year and with whom they interacted
at least five times) by a mean age of 15.7 years (range: 14.1-
18.4 years; Figure S2). Six of the males dominated all adult females
before dominating any adult male (Figure S2). Furthermore, these six
males experienced a substantial delay (473 + 138 (SE) days) between
dominating all adult females and dominating their first adult male. The
remaining three males had surpassed only one adult male (i.e., the
lowest-ranking, other than MX) in rank before achieving dominance
over all adult females (Figure S2).

Our test of the final prediction of the social dominance hypothe-
sis showed that all adolescent males directed a majority of their
aggression toward adult females rather than adult males. Specifically,
out of 1870 total instances of aggression initiated by adolescent
males against adults of either sex, 1812 (95.9% * 2.0% (SE)) were
directed toward adult females, and only 58 were directed toward
adult males. In their agonistic encounters with adult females, juvenile
males were more likely to be victims than aggressors (Figure 3). How-

ever, by 10 years of age, males initiated more than half of the male-
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FIGURE 3 The percentage of intersexual aggression between males and adult females that was initiated by the male, rather than the female.
Each point represents the mean percentage of male-initiated aggression at a given male age. The plot contains 94 male-years across 15 males.
Error bars represent one standard deviation above and below the mean, and the horizontal, dashed line at 50% indicates when males and females
are equally likely to initiate aggression against each other. The x-axis ranges from 6 years (the youngest male age at which there was a sufficient
sample size of intersexual aggression to perform this analysis) through 18 years (the oldest male age by which all females had submitted to

a male)
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FIGURE 4 Ranks of females against whom males initiated
aggression at ages nine through 15 years. Each point represents the
mean rank of females who were aggressive targets of a male at a
given age (yearly average). The plot contains 52 male-years across
10 males. Error bars represent one standard deviation above and
below the mean. The x-axis range of 9-15 years spans from the
earliest age that any male dominated a female to the age of male
adulthood, by which time most males had dominated all females

female aggression in which they engaged, and by the start of adult-

hood, they initiated nearly all such aggression (Figure 3).

3.3 | Dominance-contingent coercion (H3)

We hypothesized that adolescents would be more effective at sexu-
ally coercing females after formally dominating them. Our analyses,
which considered interactions between cycling status and the male-
female dominance relationship, did not support this hypothesis. A
female's cycling status did not predict rates of adolescent male

aggression more strongly after she had been formally dominated

(interaction between cycling status and dominance status:
B=—0.227+0.217, X?> = —1.0, p = 0.294, N = 366; Table S6). Like-
wise, adolescent male aggression did not predict rates of copulation
more strongly after a female had been dominated (interaction
between aggression rate and dominance status: p = 0.074 + 0.109,
X2=0.7,p =0.500, N = 123; Table 57).

3.4 | Female-rank-based aggression (H4)
As males aged, they initiated aggression against females with increas-
ingly high rank (Pearson's r = 0.66, p < 0.001, N = 52 male-years; Fig-
ure 4). During the first half of a male's period of adolescence, his female
targets were primarily low-ranking (i.e., those below 0.5 in the female
hierarchy), whereas during his last year of adolescence and
the beginning of adulthood, they were primarily high-ranking (Figure 4).
Adolescent males dominated low-ranking females before high-
ranking females (female rank vs. the order in which males dominated
females, r = 0.64, p < 0.001, N = 94 dyads; Figure 5). Similarly, male
age on the date that a female formally submitted predicted her rank
(r=0.53, p < 0.001, N = 99 dyads; Figure 6). It was not until the sec-
ond half of adolescence that males tended to dominate females
ranked in the top half of the hierarchy. The same patterns hold,
though not as strongly, when female age replaces female rank in the

analyses (see Figures S3, 54, S5).

3.5 | Additional social dominance analyses

On average, we observed 9.2 acts of aggression from a male toward a

given female prior to her submission. Some males successfully
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FIGURE 5 Adolescent males dominated low-ranking females
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first female who formally submitted to each male, averaged across
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FIGURE 6 Female rank by male age on the date that the female

submitted to the male. Each point represents a male-female dyad.
The plot contains 99 dyads across 10 males and 18 adult females, and
a LOESS curve fitted to the points (the shaded area indicates the 95%
confidence interval)

dominated a female with their first recorded instance of aggression
against her, but this occurred for only 10 of 105 dyads (i.e., 9.5%). In
most cases, males initiated multiple acts of aggression against females
before dominating them (N = 75/105 dyads; 71.4%). In fact, there
were five dyads (including three unique males) in which the male initi-
ated 40 or more instances of aggression against the female prior to
dominating her. These five dyads involved the four highest-ranking
females. An average of 2.7 years elapsed between a male's first
recorded initiation of aggression against a female and his achievement
of dominance over her. For 20.0% of dyads (N = 21/105), more than
5 years separated these milestones.

In contrast to the other nine males who completed adolescence
during the study, MX (the male missing both feet) never outranked all
of the females in the community and never surpassed an adult male in
rank. By the time that MX was nearly 19 years old (at the end of the
study period), only three low-ranking adult females had submitted to

him, while the remaining 11 females had not.

Third party interventions to impartially break up male-female
conflicts resulting from adolescent male-initiated aggression or to aid
the targeted female were uncommon (N = 157/1812 instances of
adolescent male-initiated aggression; 8.7%). Interventions were initi-
ated by a maternal relative of the female target in 11 cases (7.0%), an
unrelated adult male in 83 cases (52.9%), an unrelated adult female in
50 cases (31.8%), and an unrelated adolescent male in 16 cases
(10.2%,; percentages sum to more than 100% because several inter-

ventions involved support from more than one individual).

4 | DISCUSSION

Our test of the social dominance hypothesis (H2) suggested that ado-
lescent males used aggression against females to increase their domi-
nance rank. Across maturation, males succeeded in dominating all
adult females before, or soon after, dominating their first adult male.
Our analyses involving female rank (H4) additionally showed that
males directed aggression toward females approximately in the order
of the females' own ranks, from the bottom to the top of the female
hierarchy. Females also submitted to males in the same general order,
from low to high female rank. However, males did not reduce the
aggression that they directed toward females after dominating them,
suggesting additional functions for female-directed aggression during
late adolescence. One such function could be continued practice
intimidating females, facilitating a transition to the utilization of
aggression for sexual coercion in late adolescence and early
adulthood.

Our social dominance analyses revealed that males persistently
competed for status with females during adolescence. In more than
half of the male-female dyads in our study, the male initiated multiple
instances of aggression against the female before she submitted to
him. The most extreme cases (i.e., 40+ acts of observed aggression
prior to submission) showed that the most difficult females to domi-
nate were those occupying the top positions in the female hierarchy.
On average, 2.7 years of effort were required before a male's aggres-
sion toward a female resulted in her formal submission. These findings
build on previous studies of intersexual aggression in chimpanzees
(e.g., Adang, 1986; Nishida, 2003; Pusey, 1990; Reddy &
Mitani, 2020) by quantifying the aggressive effort needed for adoles-
cent males to dominate the females of the community, and by detail-
ing the extent of variation in this process across dyads. Additionally,
our inclusion of female rank revealed that males were mostly unable
to dominate females in the top half of the hierarchy until late adoles-
cence, suggesting that the highest-ranking females possess the
greatest fighting ability. This finding accords with previous research
on captive western chimpanzees, which showed that adolescent
males started from the bottom of the female hierarchy when dominat-
ing the females of the group (Adang, 1986).

Why do male chimpanzees engage in the arduous process of
dominating females during adolescence? Why not wait to challenge
females until fully mature, when winning against them would be more

certain? One possibility is that establishing dominance over females
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and routinely attacking them throughout adolescence (as evident in
our finding of sustained male aggression even after dominating
females) allows males to practice intimidating females so that they
may coerce them more effectively in early adulthood. Or, as
suggested by Pusey (1990), the process of dominating females could
be an effective way for adolescent male chimpanzees to evaluate and
hone their competitive skills in relatively low-cost interactions, before
ultimately challenging adult males. Similarly, Adang (1984, 1985) pro-
posed that immature male chimpanzees harass adult females to learn
about the competitive aspects of their social environment (reviewed
and further supported by Boose & White, 2017, in a study of imma-
ture captive bonobos, Pan paniscus). Like chimpanzees, adolescent
male mountain gorillas exhibit a propensity for aggressively targeting
females before establishing dominance over them (Watts &
Pusey, 1993), but further research is needed on intersexual aggression
prior to adulthood in this species to facilitate more complete compari-
sons with chimpanzees.

In contrast to our findings of support for the social dominance
hypothesis, we found only limited evidence for a sexually coercive
function to adolescent male aggression (H1). Both predictions of the
sexual coercion hypothesis were largely unsupported. In addition, we
did not find any evidence that adolescent males were more effective
at coercing females after having dominated them (H3), which could be
due to an overall lack of coercive aggression during adolescence. In
comparison to adolescent males, evidence for sexual coercion was
clear and compelling in adult males. This finding reaffirms, with a
larger dataset, results from earlier studies at Kanyawara, which
showed that adult males exhibited sexually coercive aggression
(Muller et al,, 2007, 2009a, 2011). Recently, Reddy et al. (2021)
reported that adolescent males were capable of sexually coercing
females at Ngogo. However, the authors treated age as a continuous
variable and focused on adolescence through early adulthood (ages
nine through 20 years). Consequently, it is unclear how effective ado-
lescent males were at sexual coercion, compared to adult males as a
comprehensive age class.

While our formal tests of the two predictions of the sexual coer-
cion hypothesis did not show evidence for coercion by adolescents,
additional analyses indicated that some adolescent males mated more
frequently with the cycling females toward whom they were
more aggressive. This was especially true for nulliparous females, indi-
cating that males may first practice employing sexual coercion
through their interactions with these less attractive and lower-ranking
females. Young adult males who have not yet achieved high rank
might similarly focus on coercing nulliparous females. More generally,
increases in the effectiveness of sexual coercion may take place grad-
ually across male maturation, rather than abruptly upon reaching
adulthood. Reddy et al. (2021) found support for this idea in their
study of adolescent and young adult male chimpanzees at Ngogo,
such that female-directed aggression predicted male mating success
more strongly with each unit increase in male age. This study also
emphasized the relatively high frequency with which adolescent males
mated with nulliparous, rather than parous, females (see also

Watts, 2015). In the same way, adolescent males in our study

copulated at relatively high rates with nulliparous females. This likely
reflects efforts to minimize competition with adult males, who are
more interested in mating with parous females (Muller et al., 2006).

Several studies have shown that competition with adult males
reduces adolescent males' ability to mate with the most fecund
females (Hasegawa & Hiraiwa-Hasegawa, 1983; Muller et al., 2020;
Pusey, 1990; Watts, 2015). For example, in the M-group chimpanzees
of the Mahale Mountains National Park, even the presence of adult
males in the social party deterred adolescent males from mating with
maximally swollen females (Hayaki, 1985). Takahata et al. (1999)
suggested that adult males similarly suppress adolescent male copula-
tion rates in chimpanzees' close genetic relatives, bonobos. Additional
research is required to determine the extent to which adult males
tend to limit adolescent male success with sexual coercion of particu-
lar females at Kanyawara. Overall, our data suggest that the ability to
sexually coerce females is constrained during adolescence as com-
pared to adulthood. This result is consistent with previous reports that
indirect coercion is employed most effectively by high-ranking males,
who are most capable of monopolizing females (Feldblum et al., 2014;
Muller et al., 2009a). In summary, we cannot dismiss a role for sexual
coercion in the aggressive behavior of adolescent males at Kanyawara,
but, in our data, any such role was weaker than that of intersexual sta-
tus competition.

Evidence is mounting that sexual coercion in many species,
including humans, is most effectively employed by males with greater
sexual experience and mating opportunities, rather than males who
may be unattractive to females or unable to compete through conven-
tional means (e.g., Kanin, 1985; Lalumiére et al., 1996, 2005; reviewed
by van Schaik et al., 2004; Emery Thompson, 2009; Emery Thomp-
son & Alvarado, 2012; Muller, 2017). In keeping with this generaliza-
tion, it was not the low-ranking adolescents with limited sexual access
to females who most clearly exhibited coercion in our study commu-
nity of chimpanzees, but rather the higher-ranking adult males with
the most mating opportunities. Future research on other chimpanzee
communities and other species could help develop a more complete
understanding of sexual coercion by similarly exploring patterns of
male aggression against females prior to male adulthood.

In our study, adolescent males rarely targeted their mothers or
maternal sisters with aggression, in comparison to non-maternally
related females, toward whom adolescents directed more aggression
by approximately an order of magnitude. These findings accord with
Adang's (1984, 1985, 1986) observations of intersexual aggression in
captive western chimpanzees, which showed that juvenile and adoles-
cent males seldom directed aggression toward their mothers, prefer-
ring instead to target females outside of their maternal sub-group.
Given that males risk incurring inclusive fitness costs by competing
with their maternal relatives, it is not surprising that mothers and
maternal sisters were largely exempt from adolescent males' struggle
for dominance over members of the opposite sex. Low rates of
aggression from adolescent males toward their mothers might reflect
an attempt to retain one's mother as a source of agonistic support
during this age period. For instance, Reddy and Sandel (2020) recently

suggested that adolescent male chimpanzees rely on their mothers for
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agonistic support during conflicts. Mothers similarly provide varying
forms of support to maturing and even fully adult sons in bonobos
(Surbeck et al., 2011), humans (Chapais, 2008), and killer whales
(Orcinus orca: Brent et al., 2015). Such support may be of limited value
in chimpanzees, however, as data from seven study sites found no
effect of having a mother alive in the group on paternity success in
males aged 10 years or older (Surbeck et al., 2019).

In sum, we found strong evidence that adolescent male aggres-
sion toward females functioned to establish social dominance over
them, as part of a male strategy of rising in rank by first dominating
the lowest-ranking adults in the community. By frequently challenging
females during adolescence, males likely learn how much persistence
and force is required to ultimately outrank members of the opposite
sex, preparing them to challenge even more intimidating adult males
during late adolescence and early adulthood. In contrast to our find-
ings for social dominance, we found only limited evidence that adoles-
cent male aggression toward females functioned as sexual coercion.
While some adolescent males attempted to sexually coerce females,
they were much less successful than adult males, who exhibited clear
evidence for sexual coercion. Our study highlights that the inability to
effectively compete with larger, more powerful adult males can con-

siderably shape males' behavioral tactics during adolescence.
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