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Male-female agonism varies throughout the primate order with males often dominating
females, especially in sexually dimorphic species. While intersexual agonism has been
attributed to sexually coercive contexts, it can also occur for other reasons and
intersexual dominance may be influenced by the adult sex ratio. If the proportion of
males is high, certain males will regularly lose against other males. Loser-effects may
then pave the way for some females to dominate these males, an effect that has
been described in a few primate species. Here we investigated the frequency, general
style, and context of agonism among gray langurs (Semnopithecus spp.). Data were
collected at two study sites, at Jodhpur, India (one group), and at Ramnagar, Nepal
(two groups). The adult sex ratio varied between 0.077 and 1.000 males to females. At
both sites, data on agonistic interactions (aggression and submission) were collected
in continuous focal animal and ad libitum sampling techniques during 1,945 contact
hours (including 1,220 focal animal hours, total). Although aggression intensity was low,
high directional consistency and the rare occurrence of counteraggression suggested
a despotic dominance style, a likely prerequisite for dominance effects based on adult
sex ratio. Aggression by females against males was very rare and mainly occurred in the
defense of offspring. We found little evidence for partial female dominance regardless of
adult sex ratio. In a few cases in which a female had a higher dominance index than a
male, she did not dominate this male in dyadic encounters. Agonism by males directed
at females occurred mainly in a feeding context while male policing and a sexual context
were both rare. The latter was mostly restricted to females after they had harassed a
sexual interaction or after they had behaved proceptively toward a male. Our study
suggests that across species the effect of adult sex ratio on female dominance might be
more variable than previously suggested. The fact that most agonism between males
and females occurred over food identifies intersexual feeding competition as a new
research avenue with potentially important consequences for existing ideas on the costs
and benefits of group life and composition.

Keywords: adult sex ratio, aggression, counteraggression, despotism, dominance index, offspring defense,
sexual coercion, submission
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INTRODUCTION

Agonism among the members of group-living animals is often
viewed as a sex-specific behavioral strategy. Male mammals are
commonly seen as competing with other males for access to
females (Darwin, 1871), and females are usually assumed to
compete over access to food or safety or both (Wrangham, 1980;
van Schaik, 1989). While the reality is much more complex
(Clutton-Brock, 2021), these ideas form the basis of so-called
socio-ecological models that relate to the number of males in a
group and relationships among males (Emlen and Oring, 1977;
Carnes et al., 2011; Koenig et al., 2013; Ostner and Schuelke,
2014) as well as to the links between ecology and female social
relationships (Wrangham, 1980; van Schaik, 1989; Isbell, 1991;
Sterck et al., 1997; Koenig, 2002; Koenig et al., 2013). Over the
years, however, it has become clear that these models do not
reflect the existing variation in individual behavioral strategies
and emerging social systems (van Schaik, 1996; Clutton-Brock
and Janson, 2012). Importantly, when focusing on same-sex
interactions, the interactions between members of both sexes
and their possible influence on the social structure are not being
addressed (Kappeler, 2017). As more results have accumulated,
it has become particularly evident that male dominance over
females and male aggression against females varies tremendously
across non-human primates (Hemelrijk et al., 2008; Muller
et al., 2009), but its potential impact on social structure and
competition in general has remained largely unexplored. While
intersexual relationships are certainly also affected by benefits
that males and females can provide to each other when residing
in a group together, e.g., through predator detection, during
intergroup encounters, or as coalitionary support (e.g., Rose,
1994; Perry, 1997; Ostner et al., 2013; Archie et al., 2014), in the
following we will focus on intersexual agonism and dominance.

Intersexual Agonism and Partial Female
Dominance
Based on general fighting ability and in the absence of female-
female coalitions, it is typically assumed that in sexually
dimorphic primate species, males dominate females (Smuts,
1987). While this may be true for a number of primate species,
more and more studies have emerged in which females have
been shown to exhibit frequent aggression against males or to
even dominate some or several males in their group (Smuts,
1987; Hemelrijk et al., 2020; Izar et al., 2021). Generally, such
partial female dominance has thus far only been documented
for despotic species (despotic sensu de Waal and Luttrell, 1989;
Preuschoft and van Schaik, 2000; Thierry, 2000; Flack and de
Waal, 2004) and among other factors it seems to be related to the
adult sex ratio of a study group (Hemelrijk et al., 2008; Kappeler,
2017). Females are suggested to dominate more males or a larger
proportion of the males present in a group possibly because
(i) more males can mean more contest competition among
males, increasing winner-loser effects among males, allowing
females to take advantage and dominate males who frequently
lost and/or because of (ii) generally higher and more intense
female aggression toward males in groups with more males

(Hemelrijk et al., 2008, 2020; Stroebe et al., 2017; Izar et al., 2021).
However, larger groups with more males can also mean increased
agonism of males toward females (Kappeler, 2017), which begs
the question if partial female dominance is possible under
increased male aggression. Clearly, more studies on intersexual
dominance are needed to examine if the proposed effects of adult
sex ratio on partial female dominance in despotic species hold.

Functions of Male Aggression and Partial
Female Dominance
Apart from the questions of how and when intersexual
dominance varies among non-human primates, it is equally
important to determine what primate males may achieve through
agonism toward females or conversely, what costs females are
facing at the receiving end and what they could thus gain through
intersexual dominance (Smuts, 1987; Smuts and Smuts, 1993;
Muller et al., 2009). Starting with Smuts (1987) and Smuts
and Smuts (1993) groundbreaking studies, the focus primarily
has been on sexual coercion particularly sexual harassment and
forced copulations (for a discussion of direct and indirect forms
of sexual coercion see Muller et al., 2009). In recent years, this
focus has been reinforced through detailed, long-term data for
chacma baboons, hamadryas baboons, and chimpanzees (Muller
et al., 2007, 2009, 2011; Swedell et al., 2014; Baniel et al.,
2017; Watts, 2022). From a female perspective, partial female
dominance may reduce sexual coercion and increase the extent
of female mate choice (Smuts and Smuts, 1993; Hemelrijk et al.,
2020). However, while sexual coercion can be common and can
have important implications for female and male fitness, it is not
the norm among primates (van Schaik et al., 2004). It is especially
rare in lemuroids and platyrrhines and occurs in about 50% of
catarrhines studied thus far, particularly in species that are prone
to infanticide by males (van Schaik et al., 2004; following Muller
et al., 2009, we consider infanticide as a third form of sexual
coercion in which aggression is not directed at a female herself but
her infant). To what extent this variation relates to partial female
dominance is unclear at present, making studies of intersexual
dominance in species with infanticide an important test case.

Nonetheless, male aggression against females is not solely
related to sexual coercion. It has also been suggested to
occur in four other general contexts: feeding competition, male
policing (i.e., male intervention in female-female conflicts), status
competition, and redirected aggression (Muller et al., 2009).
While male agonism against females has been well documented
in species with strong intergroup feeding competition, such as
capuchins and chimpanzees (Muller et al., 2009; Scarry, 2013),
only few detailed studies have addressed intersexual within-group
feeding competition in primates. In fact, even fewer studies have
reported the context of intersexual agonism (e.g., wedge-capped
capuchins; O’Brien, 1991; see also Smuts and Smuts, 1993). In
general, it can be expected that intersexual feeding competition
may be more prominent in species relying on monopolizable
food resources (Muller et al., 2009). Similarly, male policing
occurs for example in mountain gorillas and Thomas langurs
(overview in Watts et al., 2000), but it is unclear if male policing
can explain most of the intersexual agonistic interactions in
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these or other species. Lastly, there is little evidence for status
competition and redirected aggression as a major source of
intersexual agonism (Muller et al., 2009). Given the major impact
that sexual coercion can have on a female’s fitness, intersexual
feeding competition may be the only other source of conflict
that could have a strong impact. Judging by the effect of
scramble and contest competition on female birth rates (Pusey,
2012), males contesting with females over access to food would
heighten the already existing feeding competition among females.
Consequently, intersexual agonism by females and partial female
dominance over males would reduce both sexual coercion and
competition over food for females. However, few studies have
taken on such a functional perspective.

Study Species and Aims of the Study
Here we studied intersexual agonism and dominance among
gray langurs (Semnopithecus spp.; taxonomy following Arekar
et al., 2021). Gray langurs are suitable subjects for the topic
of intersexual agonism for several reasons. First, the study
populations in Jodhpur, India (S. entellus) and in Ramnagar,
Nepal (S. schistaceus) are characterized by despotic male-
male and despotic female-female relationships because agonism
is overall frequent and relationships are unidirectional and
transitive (Borries et al., 1991; Borries, 1993; Koenig, 2000; Lu
et al., 2008; Perlman et al., 2016; Sommer, pers. com.). This may
make it likely that male-female relationships are despotic as well.
If true, the entire social system would be despotic, a prerequisite
for partial female dominance as described by Hemelrijk et al.
(2008). Second, while female and male dominance hierarchies can
be unstable, dominance has a significant impact on reproductive
success of males and females in both populations (Sommer
and Rajpurohit, 1989; Borries et al., 1991; Launhardt et al.,
2001; de Vries et al., 2016). Thus, in addition to despotic
social relationships (despotic sensu de Waal and Luttrell, 1989),
reproductive skew is high (despotic sensu Vehrencamp, 1983).
Third, females of both populations have been shown to compete
primarily over monopolizable food resources (Borries, 1993;
Koenig et al., 1998) with most agonism occurring over food
(Koenig and Borries, 2006). Fourth, males vigorously fight over
access to females (Sommer, 1988; Borries, 2000) and males in
both populations regularly commit infanticide with more than
30% of infant mortality attributed to it (Borries and Koenig,
2000). Lastly, at Ramnagar a substantial amount of male-male
agonism also occurred over food (a quarter to one-third of the
conflicts; Koenig and Borries, unpublished).

Given the general characteristics of the study species and the
predictions about intersexual agonism and dominance, in the
current study we first tested if male-female agonistic relationships
were despotic, a prerequisite for partial female dominance. If
this would be the case then aggression would be rare, but
of high intensity, directional consistency would be high, and
counteraggression rare (de Waal and Luttrell, 1989; Preuschoft
and van Schaik, 2000; Thierry, 2000; Flack and de Waal, 2004).
Next, we examined how often and in what contexts females
behaved aggressively toward males. Following Hemelrijk et al.
(2008), we then analyzed dominance indices, expecting an effect
of adult sex ratio on partial female dominance over males, i.e.,

females being more often dominant with increasing proportion
of males in the group. Lastly, we analyzed the possible functions
of male agonism toward females by determining how frequently
the context of agonism was related to sexual coercion, feeding
competition, or male policing (cf. Muller et al., 2009). We
excluded two suggested contexts: (i) status competition because
in gray langurs males leave their natal group as immatures and
only adult males immigrate (Rajpurohit and Sommer, 1993;
Borries, 2000), and (ii) redirected aggression by a male because
it did not occur.

MATERIALS AND METHODS

Study Locations and Groups
Data were collected on one group of wild, provisioned gray
langurs (Semnopithecus entellus) near Jodhpur, India around
lake Kailana (240 m a.s.l., 26◦17’N, 72◦58’E; Winkler, 1981) as
well as two neighboring groups of wild, unprovisioned gray
langurs (Semnopithecus schistaceus) living in a semi-evergreen
forest near Ramnagar, Nepal (300 m a.s.l., 27◦44’N, 84◦27’E;
Podzuweit, 1994). Both sites are rather seasonal in weather and
food availability (Winkler, 1981; Koenig et al., 1997), although
at Jodhpur the effect of seasonality is weakened because of
provisioning and reproduction is seasonally restricted only at
Ramnagar (Sommer and Rajpurohit, 1989; Koenig et al., 1997).

All individuals in the three groups differed in their stature,
coat color, scars, broken fingers, broken tails, or other traits
so that they could be distinguished individually. Additionally,
at Ramnagar, each female had a hairless skin area ventral to
the callosities between the thighs (pubic patch; e.g., Bernstein,
1968) which was uniquely dotted with depigmented (pink) spots
(Podzuweit, 1994).

At Jodhpur, the Kailana I group (or B19; hereafter KI group)
was regularly provisioned by local people to the extent that
provisioned food amounted to one-third of the total feeding time
(Winkler, 1984). Throughout the study period, the group had one
adult male (who had been in the group for 19 months prior to the
beginning of data collection) and 13 adult females resulting in
an adult sex ratio of 0.077. No females matured during the study
period and group size ranged from 18 to 23 individuals, because
of births and infant deaths.

The two groups studied at Ramnagar, A group and O group,
varied in size and composition during the study period, but
A group was consistently the “small” group, at around 10
individuals in total (range 9–10), and O group the “big,” at
approximately 30 individuals (range 26–34; population mean
18.3 individuals; Koenig, 2000). The A group consisted of 1, 2,
or 3 adult males and 2 or 3 adult females (4–6 adult individuals
in total). The number of adults varied because of emigration (2
adult males) and death (1 adult female) as well as immigration
(1 adult female; the only immigration of an adult female ever
observed in this population; Koenig et al., 1998) resulting in
variable adult sex ratios [1.000 (3:3, 2:2), 0.667 (2:3), and 0.333
(1:3)]. O group consisted of 3 or 5 adult males and 15 adult
females (18 or 20 adult individuals). The number of adults varied
because two adult males immigrated and assumed the alpha
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and beta positions. The other three males remained as lower
ranking males. Subsequently, three infants likely fell victim to
infanticide (Borries, 1997) and one of the respective mothers
also disappeared. At the same time, one subadult female entered
the adult female hierarchy and was considered an adult. This
resulted in two different adult sex ratios of 0.200 (3:15) and 0.333
(5:15) for O group.

Data Collection
At both sites, data were collected via ad libitum and focal
animal sampling techniques (Martin and Bateson, 2007). Focal
animal samples lasted for 30 min and combined continuous and
instantaneous recording (at 30 s intervals). Within an observation
period, focal individuals were sampled evenly across all hours
of the day from dawn to dusk. As data collection involved
the study of focal animals, data were not recorded blindly;
however, the sequence of focal animals was randomized for each
observation period.

At Jodhpur, CB collected behavioral data on adult females
of KI group from January 07 to October 26, 1985 (inclusively)
during three distinct periods lasting 45, 97, and 56 days,
respectively (see Table I in Borries et al., 1991, p. 236). During the
first two periods, eight females were focal animals, and during the
last period, six females. The total contact time with KI group was
1,018.5 h of which 569.0 h were spent in focal animal sampling.

At Ramnagar, AK collected behavioral data on all adult
individuals (males and females) in A group and O group from
January 9, 1994 to January 23, 1995 (inclusively). In A group, data
were collected over seven periods (mean 7.9 days/period) and in
O group over four periods (mean: 26.3 days/period). Periods were
distributed over the course of a year to capture seasonal changes
in food availability as well as the mating and the birth season. The
total contact time with A group was 257.0 h, of which 152.0 h
were spent in focal animal sampling. In group O it was 669.3 h of
contact time with 499.0 h of focal animal sampling.

Agonistic behavior was recorded during focal animal
continuous sampling as well as via ad libitum sampling during
the entire contact time with a group. We defined agonism as
all aggression and submission. Following Rowell (1974), we
included displacement within submissive behavior, i.e., being
displaced: an individual A is giving up its place, food, social
partner, etc. in favor of an approaching individual B or following
aggression by individual B. Agonistic behaviors included in
this study were recorded as behavioral acts, which have been
described and defined elsewhere (Dolhinow, 1978; Sommer,
1985; Borries, 1989; see also Supplementary Table 1) and the
same ethogram was used at both study locations. Behaviors
considered here have previously been shown to occur in an
agonistic context (Borries, 1989; Lu et al., 2008). Because this
was not always clear for vocalizations, we did not include
vocalizations in the analyses.

While recording agonistic behavior, the context was noted
as well. The following contexts were distinguished: (i) food,
i.e., agonism occurred while one or both individuals were
feeding or one of the interactants was replaced at a feeding
site or both; (ii) place, i.e., if agonism occurred at a specific
location (e.g., regularly used to monitor or to rest) which was

initially occupied by one individual and at the end of the
interaction it was occupied by the other individual; (iii) after
a sexual harassment, i.e., a sexual interaction was interrupted
by a third individual usually via approaching and vocalizing,
whereupon the male (not the female) of the pair showed
agonism toward the harasser; (iv) sexual behavior, i.e., following
sexual behavior (which could be mating or solicitation etc.), the
male showed agonism toward the female and thus terminated
the sexual interaction; (v) policing, i.e., aggressive behavior
was directed at one of two individuals already engaged in an
agonistic interaction; (vi) social, i.e., preceding an agonistic
interaction, one individual was engaged in allogrooming or
was in body contact or was close to a (any) group member;
(vii) infant; i.e., a female fled, carrying her infant after having
been approached by a male who reached for her infant; (viii)
unknown; all remaining cases. These context definitions were
applied very conservatively in the Jodhpur study, resulting in an
overall lower percentage of identified contexts in comparison to
the Ramnagar study.

Data Analysis
In the analysis, we considered individual behavioral acts as well
as bouts. A bout was defined as a temporal cluster of agonistic
acts in an interaction between two (or more) individuals (see also
Martin and Bateson, 2007). Bouts were considered decided if one
individual won because the other individual gave up its place
or item or signaled submission (Hausfater, 1975). Bouts were
undecided if the interaction ended in a draw, e.g., no individual
gave up its place or item after one or more agonistic acts (for
coalitions see below). Because of a small sample size for females
with infants, we did not distinguish whether a female had an
infant clinging to her belly or not during an agonistic bout. For
the analysis of rates of behavior, we used data exclusively from
focal animal sampling, calculating the number of occurrences per
focal observation hour. For all other analyses, we combined data
from focal animal and ad libitum sampling.

In the results below, we first generally describe intersexual
agonism regardless of the sex of the actor by listing the occurrence
and rates of different types of agonism (aggression, submission).
Because groups differed in size and composition, we describe the
intersexual agonism per group.

In the analysis of despotism, we considered three criteria:
intensity of aggression, directional consistency of all agonistic
acts, and counteraggression (de Waal and Luttrell, 1989;
Preuschoft and van Schaik, 2000; Thierry, 2000; Flack and de
Waal, 2004). We categorized intensity of aggression following Lu
et al. (2008; see Table 3 in Lu et al., 2008; see also Supplementary
Table 1). To ease comparison with other studies, we also
provided a breakdown of contact and non-contact aggression
(Supplementary Table 1). Using the program MatMan (de Vries
et al., 1993), we evaluated directional consistency by calculating
the directional consistency index (DCI; van Hooff and Wensing,
1987) for all behavioral acts noted for intersexual agonistic
interactions. If a single adult acted against more than one adult
simultaneously, all recipients received a score. Counteraggression
by females was defined as any aggressive act by a female in
response to an aggression received by a male.

Frontiers in Ecology and Evolution | www.frontiersin.org 4 June 2022 | Volume 10 | Article 860437

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-860437 June 15, 2022 Time: 8:25 # 5

Koenig et al. Intersexual Agonism in Gray Langurs

To investigate partial female dominance, we first examined
how often and in which context females showed spontaneous
aggression toward males. This was done to understand if
aggression (and winning) by females is confined to certain
contexts or is context independent, also referred to as “spheres
of dominance” (Hand, 1986; Preuschoft and van Schaik, 2000).
Furthermore, to study the proposed relationship between partial
female dominance and adult sex ratio, we calculated dominance
indices following Hemelrijk et al. (2005, 2008). Using only
decided agonistic bouts, we first calculated the proportion of
winning for each member of a dyad. If individuals were never
observed to interact, the respective dyad was excluded from the
analysis. To rank individuals, we used the average dominance
index (ADI) for each individual, which was calculated as the
average of all its dyadic dominance indices (Hemelrijk et al.,
2005). Based on this ranking, we calculated the female dominance
index (FDI; Hemelrijk et al., 2008). Here, each male with an
ADI lower than a female was counted as one (dyad), and all
dyads in which a male ranked below a female were summed
up. In the case of a tie between a male and a female, 0.5 was
added. The sum for all male-female dyads was then divided by
the number of males each female theoretically could dominate
summed over all females (i.e., the number of males multiplied
by the number of females) to determine the female dominance
index. This FDI runs from 0.0 (complete male dominance) to 1.0
(complete female dominance).

To investigate the context of male agonism against
females, we considered bouts instead of individual acts,
which prevents context inflation because a bout may involve
several agonistic acts.

RESULTS

Male-Female Agonistic Relationships
Male-Female Dominance Style
Intersexual agonism, i.e., agonism between males and females
regardless of the actor, occurred at a rate of 0.074, 0.174, and
0.112 acts per focal hour for KI group, O group, and A group,
respectively. It was primarily characterized by submission (50.3–
88.2%; Table 1), which by itself was dominated by displacements
(see Supplementary Table 1 for details). This was also reflected
in the rates of agonistic acts. With 0.030, 0.044, and 0.013
acts per focal hour (for KI group, O group, and A group,
respectively), rates of aggression were less frequent in all three
groups compared to submission which occurred at 0.044, 0.130,
and 0.100 acts per focal hour.

Of all aggressive behaviors, low intensity ones were more
frequent than high intensity ones (59.1–100.0%, Table 1).
Unsurprisingly, the percentage of aggression, particularly of high
intensity aggression, dropped when only focal animal samples
were considered, and consequently the percentage for low
intensity aggression and submission increased. This indicates that
interactions of high intensity were discovered and thus recorded
more frequently during ad libitum sampling (see also Martin
and Bateson, 2007). This effect was larger at Ramnagar than
at Jodhpur, likely, because of the poorer visibility at Ramnagar,
which can bias toward the detection of high intensity behavior
such as chases rather than the more subtle submission.

Aggression and submission varied widely across groups
(Table 1). Aggression, and specifically high intensity aggression,
was most frequent in the single male group KI (35.3–40.9%) but

TABLE 1 | Intersexual agonistic behavior and intensity of aggression in gray langurs independent of the sex of the actor.

Group Methods Type Percentage (n) Sub-type Percentage (n)

KI Ad libitum and focal Aggression 49.7 (88) High intensity 40.9 (36)

Low intensity 59.1 (52)

Submission 50.3 (89)

Focal Aggression 40.5 (17) High intensity 35.3 (6)

Low intensity 64.7 (11)

Submission 59.5 (25)

O Ad libitum and focal Aggression 39.5 (92) High intensity 39.1 (36)

Low intensity 60.9 (56)

Submission 60.5 (141)

Focal Aggression 25.3 (22) High intensity 22.7 (5)

Low intensity 77.3 (17)

Submission 74.7 (65)

A Ad libitum and focal Aggression 23.1 (6) High intensity

Low intensity 100 (6)

Submission 76.9 (20)

Focal Aggression 11.8 (2) High intensity

Low intensity 100 (2)

Submission 88.2 (15)

For each group and method, aggression and submission sum up to 100%. Categorization by intensity follows Lu et al. (2008). For each group and method, the aggression
sub-types (high and low intensity) sum up to 100%. The number of acts are given in parenthesis. See Supplementary Table 1 for a detailed breakdown of behavioral
acts included in types and sub-types as well as a categorization into contact and non-contact aggression; ad libitum and focal: ad libitum and focal animal sampling
technique; focal: focal animal sampling technique.
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was lower than the percentage of low intensity aggression. In O
group with 3 and 5 males, aggression accounted for 25.3–39.5% of
the agonistic acts, but the percentage of high intensity aggression
out of all aggression was low (under 40%). In the smallest A group
with the most even adult sex ratio, aggression was rare, and none
was of high intensity.

Agonistic interactions between males and females had a high
directional consistency with DC indices between 1.000 and 0.796
(Table 2). The larger groups with a more skewed adult sex ratio
and many more interactions (KI and O) had lower directional
consistencies (0.796–0.948) than the small A group (DCI 1.000)
with a more even sex ratio and much fewer interactions.

Female counteraggression against males was overall very rare.
During ad libitum and focal animal sampling, a female never
responded to male agonism with aggression in groups KI and A.
In O group, female counteraggression occurred three times and
only during ad libitum sampling. In two cases, the female slapped
a male after being chased/jumped on by him. The context of these
two cases could not be determined. In a third case, the female
initially harassed a male-female consortship, which resulted in the
respective male chasing her. She responded by slapping the male.

Do Females Dominate Males and Under Which
Circumstances?
In this section, we first describe the occurrence and context of
spontaneous aggressive acts of females against males to see if
aggression is context dependent or independent. Noteworthy, an
aggressive act does not necessarily equal winning an agonistic
bout. The winner of a bout will occupy the space or item
that the loser gave up or the winner will receive submission.
These decided interactions are used in the subsequent analysis
of dominance indices and the relationship between partial female
dominance and adult sex ratio.

Although rare, spontaneous aggression by females toward
males occurred in KI and O groups (details below). It was
not observed in A group. Male submission toward a female
was even less frequent (in KI and O group), and again not
observed in A group.

In KI group we observed 13 bouts in which females behaved
aggressively toward the male, 12 of these encounters had a single
female aggressor. These 12 bouts also included 5 submissive
behaviors by the male. They occurred at a rate of 0.007 per

TABLE 2 | Directional consistency index (DCI; van Hooff and Wensing, 1987) for
intersexual agonistic acts among gray langurs.

Group n Males n Females n Agonistic acts DCI

KI 1 13 170 0.800

O 3 15 116 0.948

O 5 15 108 0.796

A 1 3 10 1.000

A 2 3 9 1.000

A 2 2 0

A 3 3 7 1.000

Because group composition varied through immigration, death, and
disappearances, DCI was calculated for each different group composition.

hour or once every 142 focal hours. In O group we observed
23 bouts in which females were the aggressor, 19 of these
encounters included a single female. These 19 bouts also included
2 submissive behaviors by males. Bouts with female aggressors
(or male submission) occurred at a rate of 0.004 per hour or once
every 250 focal hours.

Spontaneous aggression by a single female against the male
in KI group did not occur in a particular context (Table 3). For
most bouts (66.7%), no specific context could be determined. It
did occur twice in a social context, once over food, and once as
aggression redirected at the male after a female-female conflict.
In O group, aggression by a single female against a male occurred
most often when a female harassed a sexual interaction of the
male with another female (37.5%). Importantly, all these sexual
harassments were performed by the same individual female,
but her targets were different males and females. Females were
also aggressive when males came close to or approached young
infants (25.0%) and one female defended her older, weaned male
offspring against aggression by adult males (12.5%). Unknown
(12.5%), food (6.4%), and after sexual behavior were the other
remaining contexts. It is noteworthy, that aggression by coalitions
of females against males (not included in Table 3) mainly
occurred when a male approached or came close to a young infant
(KI group: 1 of 1; O group: 3 of 4, 1 = unknown context).

To determine the extent to which females dominated
males, we compared dominance indices (Table 4; see also
Supplementary Tables 2–7 for details). In KI group, females
never outranked the male and the FDI was 0.0. In other words,
the ADI of the male was higher than the ADIs of every female
in the group. In addition, while females occasionally won against
the male, never did a female win more often than the male did
(Supplementary Table 2). In O group when it had 3 adult males,
all males had higher ADIs than all females and the FDI was 0.0.
Again, winning by a female occurred, but in all dyads males won
more often than females (Supplementary Table 3). In O group
when it had 5 adult males, one of the females had a higher ADI
than two of the males resulting in an FDI of 0.03. However, this

TABLE 3 | Spontaneous aggression by a single female against a male
in gray langurs.

KI group O group

Context n Bouts Percentage n Bouts Percentage

Food 1 8.3 1 6.3

After sexual behavior 1 6.3

Sexual harassment 6 37.5

Social 2 16.7

Redirected 1 8.3

Male approaches infant 4 25.0

Support weaned offspring 2 12.5

Unknown 8 66.7 2 12.5

Total 12 100.0 16 100.0

Observations based on ad libitum and focal animal sampling techniques. Excluding
3 bouts with female counteraggression in O group. For context descriptions
and female coalitionary aggression see text. Spontaneous aggression by females
against males was not observed in A group.
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TABLE 4 | Group composition, adult sex ratio, and dominance indices for gray langurs based on decided agonistic bouts of all adult individuals.

Group n Males n Females ASR Male proportion n Decided bouts FDI Ranking from high to low based on ADI

KI 1 13 0.077 0.071 1,474 0.00 M,F,F,F,F,F,F,F,F,F,F,F,F,F

O 3 15 0.200 0.167 373 0.00 M,M,M,F,F,F,F,F,F,F,F,F*,F*,F,F,F,F,F

O 5 15 0.333 0.250 480 0.03 M,M,M,F,M,M,F,F,F,F*,F*,F,F,F,F,F,F,F,F,F

A 1 3 0.333 0.250 65 0.00 M,F,F,F

A 2 3 0.667 0.400 12 0.08 M,M*,F*,F,F

A 2 2 1.000 0.500 3 not calculated; too small sample size

Aa 3 3 1.000 0.500 16 0.17 M,M*,F*,F*,F

ASR, adult sex ratio (n males/n females); male proportion, proportion of males on all adults; FDI, female dominance index (Hemelrijk et al., 2008); ADI, average dominance
index (Hemelrijk et al., 2005). Adult sex ratios and male proportions varied because of immigration, death, and disappearances.
aOne male did not interact and was excluded, *individuals had the same ADI.

female lost all encounters with the two males who had a lower
ADI than she did. In addition, in this 5-male constellation, two
females with ADIs lower than all males, nevertheless won against
individual males (2 dyads total; Supplementary Table 4). Lastly,
in group A the FDI ranged between 0.0 and 0.17. It was 0.0 for the
constellation of one male and three females, 0.08 for 2 males and
3 females, and 0.17 for 3 males and 3 females. Noteworthy, in no
case did an individual female win against a male (Supplementary
Tables 5–7). The FDIs larger than zero are likely an artifact of
small sample size and a lack of interactions resulting in several
unknown relationships (Supplementary Tables 6, 7).

Contexts of Male Agonism Against
Females
Most of the agonism by males directed at females occurred in
a feeding context (Table 5). This could be a simple approach-
retreat interaction at a feeding location or could include
aggression. Food related agonism by males occurred most often
at Ramnagar (A group: 94.1%; O group: 57.3%) and was less
common at Jodhpur (21.5%). But given that in the latter
population most contexts (60.7%) were not determined, feeding
was also the most frequently determined context. If only known
contexts are considered, food makes up more than 50% of the
contexts in all three groups (KI group: 54.8%, out of n = 42; O
group: 73.5%, out of n = 117; A group: 100.0%, out of n = 16).

Male intervention in conflicts occurred but was rare (see
“policing” Table 5). In KI group, the male always intervened on
behalf of the loser. In three cases those were conflicts between
adult females, and in one case he supported a juvenile male in a
conflict with its mother. In O group a male intervened once on
behalf of a winner in a female-female conflict. Male interventions
were not observed in A group.

Agonism by males related to a sexual context was also rare,
occurring in two main situations: (i) directed at a female who had
harassed a sexual interaction, or (ii) after a sexual interaction with
the very female. In both KI group (1.9%) and O group (4.7%)
males behaved aggressively toward females who approached or
actively harassed a sexual interaction between the male and
another female. In the same two groups (KI group: 3.7%, O group:
1.3%), males behaved aggressively after females had directed
proceptive behavior at them. Only in the remaining two cases in
O group was a male aggressive during a sexual interaction. In one

case this happened following a harassment by another female. In
the other case, a male chased a female after a copulation attempt.

DISCUSSION

Male-Female Agonistic Relationships
Male-Female Dominance Style
We found that in gray langurs intersexual agonistic relationships
were characterized primarily by female submission toward males.
If aggression by males occurred, it was predominantly of low
intensity. Overall, the directionality of interactions was very
consistent and counteraggression by females against males was
rare. Using the criteria developed for male-male as well as for
female-female relationships, these results match to some extent
the definition of a despotic dominance style (de Waal and Luttrell,
1989; Preuschoft and van Schaik, 2000; Thierry, 2000; Flack and
de Waal, 2004). The notion of despotism is also supported by the
fact that female gray langurs use bare-teeth displays in agonistic
interactions. Such signals of submission are only expected in
despotic species (Preuschoft and van Schaik, 2000).

Contrasting with the finding of despotic intersexual
relationships is the relatively low amount of high intensity
aggression, perhaps indicating a less despotic dominance
style. Alternatively, it may suggest a weaker correlation
between directional consistency, counteraggression, and high
intensity aggression than theoretically predicted (de Waal and
Luttrell, 1989; Thierry, 2000). This would fit to the idea that
intersexual relationships in gray langurs are less despotic than,
for example, in rhesus macaque females but more despotic than
in stump-tailed macaque females, supporting the notion that the
despotic-egalitarian dominance distinction is less categorical and
more gradual (Preuschoft and van Schaik, 2000; Thierry, 2000).

The low amount of high intensity aggression does not,
however, mean that females do not potentially suffer from
aggression by males. At both study sites, the frequency of
aggression by gray langur males directed toward females was
clearly lower than what has been found, for example, in
chimpanzees, chacma baboons, or hamadryas baboons (Muller
et al., 2007, 2009, 2011; Swedell et al., 2014; Baniel et al., 2017;
Watts, 2022). Nonetheless, male aggression can reduce female
fitness because incoming males (both at Jodhpur and Ramnagar)
may attack and kill infants (Sommer, 1987; Borries, 1997). In
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TABLE 5 | Male aggression and displacements directed at females in gray langurs.

KI group O group A group

Context n Bouts Percentage n Bouts Percentage n Bouts Percentage

Food 23 21.5 86 57.3 16 94.1

Place 2 1.9 10 6.7

After harassment 2 1.9 7 4.7

Sexual behavior 4 3.7 4 2.7

Policing 4 3.7 1 0.7

Social 7 6.5 8 5.3

Infanta 1 0.7

Unknown 65 60.7 33 22.0 1 5.9

Total 107 100.0 150 100.0 17 100.0

For context definitions see methods. Observations based on ad libitum and focal animal sampling techniques.
aSingle case of a female with a young infant fleeing after a male approached and reached for the infant.

both populations, more than 30% of infant mortality could
be attributed to infanticide committed by males (Borries and
Koenig, 2000). Thus, the mainly low intensity of male aggression
directed at females in gray langurs does not equal low impact.
The sexual conflict between males and females in this species is
expressed indirectly via attacks on infants and infanticide rather
than directly through the sexual coercion of females themselves
(see in addition the discussion under section “Contexts of Male
Agonism Against Females”).

It seems noteworthy that the characterization of despotism
extends beyond male-female relationships in gray langurs. At
both sites, all agonistic relationships have been characterized as
despotic. This is true for male-male relationships at both Jodhpur
(Sommer pers. com.) and Ramnagar (Perlman et al., 2016). And
it is also true for female-female relationships at Jodhpur (Borries
et al., 1991; Lu et al., 2008) and at Ramnagar (Lu et al., 2013;
Riaz et al., in preparation). Additionally, the relationship between
rank and reproduction for males and females can be characterized
as despotic (sensu Vehrencamp, 1983), i.e., reproductive skew
is high (males Jodhpur: Sommer and Rajpurohit, 1989; males:
Ramnagar: Launhardt et al., 2001; females Jodhpur: Borries et al.,
1991; females Ramnagar: de Vries et al., 2016). This general
despotism in both agonistic relationships and reproductive skew
is, however, not the norm among non-human primates. Male
and female reproductive skew varies widely in primates (Muller
and Emery Thompson, 2012; Pusey, 2012) and may or may not
match the dominance style. Even within a single species, male and
female dominance styles can differ (Preuschoft et al., 1998).

Do Females Dominate Males and Under Which
Circumstances?
We found that aggression by females against males was extremely
rare (once every 142–250 h). Furthermore, adult females rarely
dominated adult males and the FDI was close to zero. In the few
cases when a female had an average dominance index similar to
or higher than a male, the respective female never won a single
encounter with this male. To some extent this relates to the small
sample size in A group, but it also shows that the dominance
indices overall are measures of “power” (Hemelrijk et al., 2008)
and may not necessarily reflect dyadic relationships.

The finding of rare female aggression against males and few
dyads of female dominance over males stands in contrast to
the theoretical prediction that depending on the adult sex ratio,
females show frequent aggression toward males or females may
even dominate some or several males in their group (Hemelrijk
et al., 2008, 2020; Izar et al., 2021). So far, such partial female
dominance has been shown within some non-human primate
species and humans (Stroebe et al., 2017; Hemelrijk et al., 2020;
Izar et al., 2021), as well as in a comparative analysis of male-
female agonism across a larger sample of non-human primates
(Hemelrijk et al., 2008).

An absence of the suggested relationship between partial
female dominance and adult sex ratio has previously been
found in species with more egalitarian relationships, as in
some macaques (Hemelrijk et al., 2008). However, as shown
above, gray langurs must be considered despotic in their
agonistic relationships and their reproductive skew, making this
explanation unlikely.

Another potential reason for the lack of a relationship between
partial female dominance and adult sex ratio might relate to prior
attributes of fighting ability overriding the suggested winner-
loser effects in adult males assumed to facilitate partial female
dominance. While the suggested relationship between partial
female dominance and adult sex ratio seems to hold across
primates and within species such as vervets and capuchins, it
might be absent in a single species with very strong sexual size
dimorphism. For example, mandrills and gorillas with a body
mass dimorphism greater than two have so far not been shown
to have partial female dominance (Table 4 in Hemelrijk et al.,
2008). However, gray langurs have a body mass dimorphism of
about 1.3 (Smith and Jungers, 1997), which is much lower than in
gorillas and mandrills. In fact, the dimorphism in gray langurs is
even lower than in vervets and capuchins thus also rendering this
explanation unlikely.

In addition, a relationship between adult sex ratio and
partial female dominance is predicted to occur when conflict
levels among males are high. In this situation, the winner-loser
effects among males may be stronger and females can benefit
from exploiting these effects (Stroebe et al., 2017). In gray
langur males at Ramnagar agonism consists of about equal
proportions of aggression and submission, and most aggression is
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of low intensity (75%; Koenig and Borries, unpublished), perhaps
indicating a low level of conflict. This contrasts with the finding
that injuries among males are twice as frequent as among females
(Feder et al., 2019). Thus, we are not in the position to test the idea
of winner-loser effects but contend that a low level of agonistic
conflict among males could relate to the absence of an adult
sex ratio effect.

It seems noteworthy that, while female aggression against
males was rare, it occurred in specific contexts. Interestingly,
females (in O group) behaved aggressively most frequently during
high stakes interventions, when infants or older offspring were
perceived as at risk. During these situations females even formed
coalitions with each other, a behavior that is otherwise rare
among gray langur females (Borries, 1993). While speculative,
because of the few events observed, this might indicate that
females may dominate males in specific contexts only, i.e.,
context-dependent dominance or spheres of dominance (Hand,
1986; Preuschoft and van Schaik, 2000). If true, this could
explain why a general dominance index would not yield partial
female dominance.

Overall, we note that the proposed relationship between
female aggression, partial female dominance, and adult sex ratio
does not seem to hold in gray langurs. Our study suggests
more variation in these relationships than previously thought
(Hemelrijk et al., 2008, 2020). More studies with many more
species are clearly needed to determine how general the predicted
relationships are and if the expected criteria are being met.

Contexts of Male Agonism Against
Females
We found that agonistic behavior of males against females
occurred primarily over food but was very rarely observed in a
policing or sexual context.

The near absence of male policing as a context of male
agonism seems to fit the general primate pattern (Watts et al.,
2000). Male interventions are expected to be more common when
female dispersal is common. Here, conflicts between females
may lead to the loser leaving the group and male interventions
may act to calm conflicts, facilitate female integration, and
prevent dispersal (Watts et al., 2000). In support of this idea,
male interventions seem to be more common in species with
female dispersal such as gorillas, hamadryas baboons, and some
Asian colobines (Watts et al., 2000). In contrast, female dispersal
in gray langurs is extremely rare (Borries et al., 1991; Koenig
et al., 1998) and, hence, frequent male intervention is neither
expected nor found.

We observed only two cases (in O group) regarding direct
sexual coercion that might link sexual behavior and agonism.
This does not necessarily mean that male aggression cannot
affect the behavior of receptive females, because aggression and
mating may be decoupled (Baniel et al., 2017). Gray langur
males, at least in Ramnagar, have been shown to vary in their
aggressiveness, but high aggressiveness did not lead to higher
reproductive success (Borries et al., 2017). In addition, the overall
low level of aggression, particularly high intensity aggression,
makes it unlikely that direct sexual coercion is a tactic used by

gray langur males. These results stand in contrast to the findings
of frequent sexual coercion that have accumulated over the past
years particularly for some baboons and chimpanzees (Muller
et al., 2007, 2009, 2011; Swedell et al., 2014; Baniel et al., 2017;
Watts, 2022). Importantly, in these species male aggression not
only occurs frequently, but is a tactic that increases mating and
reproductive success (Muller et al., 2007, 2011; Feldblum et al.,
2014; Baniel et al., 2017; Watts, 2022). However, our results
emphasize the need for a broader look at the causes underlying
this variation in male reproductive tactics.

Overall, most of the agonistic behavior of males directed at
females occurred over access to food. This is insofar surprising
as the potential effect of feeding competition is almost never
explicitly considered in male-male or male-female relationships
(but see Perry, 1997; Pereira et al., 2000; Schuelke, 2001;
Muller et al., 2009; Perlman et al., 2016). However, males need
appropriate food to stay healthy and to compete with other
males (Muller et al., 2009). Importantly, in the study population
at Ramnagar, male physical condition is an important aspect
relating to male dominance rank; males in better physical
condition are often higher ranking (Perlman et al., 2016). It
is thus not very surprising that male agonism even toward
females centers on food. As male reproductive success is
primarily affected by dominance rank (Launhardt et al., 2001)
and dominance rank is affected by access to food (Perlman
et al., 2016), males may compete with females over food. The
importance of feeding competition is further underscored by the
fact that agonism over food for male-male dyads was the second
most common context with more than 25% (most common
was the context unknown; Koenig and Borries, unpublished).
In addition, the proportion of intersexual conflicts over food is
very similar to female-female dyads, where it ranged between 50
and 80% (Koenig and Borries, 2006). Unfortunately, there are
very little comparative data available for male-female agonism.
In some primate species, food context may make up around 20%
of male-female conflicts (Smuts, 1987; Muller et al., 2009) and
only some species of capuchins have more frequent encounters
over food (Janson, 1985; O’Brien, 1991). The latter fits with other
observations of capuchins, in which foraging of females was
frequently interrupted by males and females formed coalitions to
supplant males from feeding sites (Rose, 1994; Perry, 1997). Thus,
while this topic has received little attention, the few available
results suggest that competition for food can be an important
factor impacting male-female relationships.

Overall, our results indicate that female gray langurs may
face not one but two major costs of living in groups with
males. They face the threat of infanticide, and also compete with
males over access to food. While we know that infanticide has
a significant impact on female fitness, the effect of intersexual
feeding competition is less clear and requires further study.
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