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Female mammals employ reproductive strategies (e.g., internal gestation) that result in
power asymmetries specific to intersexual dyads. Because the number of eggs available
for fertilization at any given time for most mammals is quite limited, having a fertilizable
egg is potentially an important source of economic power for females. Control over
mating opportunities is a source of intersexual leverage for female Verreaux’s sifaka
(Propithecus verreauxi). We examined economic factors thought to influence the value
of mating opportunities, and, thus, the extent of female leverage: kinship and market
effects. Using a longitudinal dataset of agonistic interactions collected during focal
animal sampling of all adult individuals in 10 social groups from 2008 to 2019, we
tested the effects of relatedness, female parity, reproductive season, and adult sex
ratio (population and group) on (1) the direction of submissive signaling and (2) which
sex won a contested resource. While 96% of the acts of submission were directed
from males toward females, females only won a third of their conflicts with males.
Thus, our study has implications for evolutionary explanations of female-biased power.
If female power evolved due to their greater need for food and other resources, then
intersexual conflicts would be expected to result in males more consistently relinquishing
control of resources. As expected, males were more likely to chatter submissively
toward successful mothers, during the mating season, and when the sex ratio was
male-biased. Although females generally had less power to win a conflict when their
fertilizable egg was less valuable (when they were nulliparous or unsuccessful mothers
or when interacting with male kin) and with an increasing female-bias in the sex ratio,
this ability to win additionally was influenced by which sex initiated the conflict. Our study
demonstrates that female leverage can be influenced by the supply and demand for
mating opportunities, but evoking submission does not translate into winning a resource.
Indeed, intersexual power is dynamic, contextual, and dependent on the individuals in
the dyad.

Keywords: female dominance, intersexual relationships, subordination, primate, lemur

Frontiers in Ecology and Evolution | www.frontiersin.org 1

May 2022 | Volume 10 | Article 851880


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2022.851880
http://creativecommons.org/licenses/by/4.0/
mailto:rjlewis@austin.utexas.edu
https://doi.org/10.3389/fevo.2022.851880
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2022.851880&domain=pdf&date_stamp=2022-05-13
https://www.frontiersin.org/articles/10.3389/fevo.2022.851880/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Lewis et al.

Female Leverage in Verreaux’s Sifaka

INTRODUCTION

In some animal societies, females are more powerful than males.
This phenomenon is often called “female dominance,” but both
theoretical (Hand, 1986; Smuts, 1987; Lewis, 2002, 2018, 2020)
and empirical (Lewis, 2004; Surbeck and Hohmann, 2013; Young
et al., 2017; Voyt et al,, 2019) work suggests that female power
over males can also be leverage, i.e., where female power over
males arises from an asymmetry in intrinsic economic resources
rather than an asymmetry in fighting abilities (Hand, 1986;
Lewis, 2002, 2018, 2020). For example, the reproductive cycles,
internal gestation, and lactation of female mammals can result
in operational sex ratios that are highly male skewed (Emlen
and Oring, 1977), i.e., where the number of sexually active
males in a population greatly exceeds the number of sexually
available females. Under this situation, having a fertilizable egg
can be an important source of economic power (i.e., leverage) for
females (Noé et al., 1991; Lewis, 2002, 2004, 2018, 2020). Indeed,
fertilization potential (a source of leverage) predicts intersexual
status in sifaka, but sexual size dimorphism within a dyad (a
source of dominance) does not (Voyt et al., 2019). Similarly,
mating opportunities are a source of female leverage in bonobos
that results in reduced intersexual aggression by males (Surbeck
and Hohmann, 2013). Thus, species exhibiting a female-biased
power structure can exhibit female dominance, such as in spotted
hyenas where intersexual power is determined by the combined
fighting abilities of coalitions (Vullioud et al,, 2019), female
leverage, such as in bonobos and sifaka, or a combination of
both types of female power. In fact, these and other species likely
exhibit multiple types of power simultaneously.

Empirical research on leverage suggests that it may be
central to understanding female-biased power in these societies,
especially if the extent of female economic power varies with the
value of the commodity being offered (Noé and Hammerstein,
1994, 1995; Lewis, 2002). For example, bonobo males do not
exhibit aggression toward females when mating has a high
probability of resulting in a conception (Surbeck and Hohmann,
2013), suggesting that the value of a female as a mating partner
is discounted at other times. Consistent with the hypothesis that
the value of a female’s fertilizable egg varies with her experience
and success at mothering, male sifaka are more submissive
toward successful mothers than nulliparous females or parous
females who have not yet successfully reared an infant, indicating
that successful mothers have more leverage than other females
in their relationships with males (Voyt et al., 2019). In other
words, intersexual power can be highly dynamic, contextual, and
dependent on the individuals in the dyad (Lewis, 2002).

Hypotheses for the evolution of female-biased power in
animal societies often focus on the importance of females
winning resources (e.g., Jolly, 1984; Young et al., 1990; Wright,
1999). A winner is the “contestant that expressed consummatory
behavior according to its initial goal” (Drews, 1993, 285). Despite
this emphasis on resources, “winning” is often assessed by
whether a male is submissive toward females (Pereira et al.,
1990; Pochron et al.,, 2003; Bolt, 2013; Hohenbrink et al., 2016;
Voyt et al., 2019), with the assumption that the ability to
evoke submission and the ability to command priority of access

to resources are equivalent. However, eliciting a submissive
signal and usurping resources are different scopes of power
(sensu Lewis, 2002: the outcomes that can be achieved due to
the power asymmetry in the dyadic relationship). Additionally,
winning a particular contest may be determined by either a
power asymmetry (difference in fighting ability or difference in
inalienable resources) or an asymmetry in motivational state
independent of the power relationship (Schjelderup-Ebbe, 1922;
Lewis, 2002, 2022; Allen et al., 2016). Some authors do consider
motivation along with dominance and leverage to explain power
(e.g., Surbeck and Hohmann, 2013; Vermande and Sterck, 2020),
however, we consider motivation to be an orthogonal axis
relevant to explaining the outcome of particular interactions but
not a source of power in a relationship (Lewis, 2002, 2022).
While the term “motivation” can be used to describe how an
individual might be driven to seek resources due to evolutionary
strategies (Surbeck and Hohmann, 2013), we limit our use of
the term “motivation” to refer to ephemeral physiological states
such as hunger, thirst, or exhaustion (see also Allen et al,
2016). Hypotheses about the evolution of female-biased power
endeavor to explain the pattern of asymmetries in intersexual
relationships (sensu Hinde, 1976) rather than the outcomes of any
single conflict.

The aim of this study was to test the hypothesis that
female leverage in intersexual dyads varies with the value of
mating opportunities in Verreaux’s sifaka using novel factors
that investigate different levels of commodity value. First,
female leverage over males may vary with kinship. The value
of a mating opportunity with close kin is expected to be
lower than the value of an opportunity with an unrelated
individual because inbreeding can increase the chance of
offspring being homozygous for deleterious alleles (Charlesworth
and Charlesworth, 1999). Indeed, animals often have strategies
to avoid mating with close kin (Pusey and Wolf, 1996). If
intersexual power is based primarily on female control over
mating opportunities (i.e., access to her fertilizable egg), then
females are expected to have more power over unrelated males
than male kin. Nevertheless, inbred offspring can potentially
contribute to fitness and can even be preferred due to the
inclusive fitness benefits (Kokko and Ots, 2006; Puurtinen, 2011).
Hence mating with close kin may still occur (Szulkin et al., 2013).
Consequently, control over mating opportunities may be a source
of female leverage in dyads with male kin, albeit to a lesser extent
than with unrelated males. In other words, females may only have
leverage over some males and not others because females may be
low-value mates for a subset of the male population.

Second, the proportion of females in a population may
influence the extent of female leverage (Lewis, 2004; Norscia
etal., 2009; Noé, 2017) because the supply and demand of estrous
females can potentially affect the value of mating opportunities
(Noé et al,, 1991). Female power increases as the proportion
of males in the group increases in simulated and wild monkey
studies (Hemelrijk et al., 2008; Izar et al., 2021). If female power
is based on control over mating opportunities, then females are
expected to have greater power when fewer other fertilizable
females and more reproductively available males are present in
a population (Noé et al., 1991; Nog, 2017). When mammals live
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in permanent social groups, their mating options also may be
mostly limited to the members of their social group (Isvaran and
Clutton-Brock, 2007). Thus, the ratio of fertilizable females to
males within the social group (as opposed to in the population
at large) may also influence female leverage in intersexual dyads.

Sifaka are folivorous lemurs (Richard, 1978; Lewis and Lawler,
2013) that live in small, cohesive social groups containing 0 to 3
adult individuals of each sex (Richard et al., 1991; Lewis and van
Schaik, 2007). Sex ratios can be highly variable between groups
and in the same group across time (Richard et al., 1991; Lewis
and van Schaik, 2007; Leimberger and Lewis, 2017). While both
sexes can disperse, dispersal is male-biased (Richard et al., 1993;
Leimberger and Lewis, 2017). Sifaka societies are characterized
by a female-biased power structure (sensu Lewis, 2018), often
referred to as “female dominance” (Richard, 1987; Brockman,
1994, 1999). Their highly seasonal reproduction and short estrus
duration (0.5-96 h/year: Brockman, 1999), combined with little
to no sexual size dimorphism (Lewis and Kappeler, 2005), leads
to females having leverage over males (Lewis, 2004, 2020; Voyt
et al., 2019). Sifaka chatter vocalizations can be an immediate
signal of submission in response to aggression or a spontaneous
signal about the general power status in the relationship (Lewis,
2019), depending on whether it is provoked (Flack and de
Waal, 2007). Interestingly, male sifaka frequently chatter without
provocation to other males but chatter submissively to females
often after receiving aggression (Lewis, 2019). Moreover, female
sifaka are less likely to usurp a male’s resources if he chatters
without provocation (Lewis, 2019). The combination of dynamic
grouping patterns and power relationships in Verreaux’s sifaka
provide an opportunity to study how the scope (i.e., the outcomes
that can be evoked) of female power (sensu Lewis, 2002, 2020,
2022) fluctuates with the value of their fertilizable eggs and the
concomitant leverage that extends.

Using more than a decade of longitudinal behavioral,
demographic, and genetic data collected for Verreaux’s sifaka
living in multiple social groups in the Kirindy Mitea National
Park of western Madagascar, we tested the hypotheses that
kinship and female scarcity influence the extent of female leverage
over males. The natural variation within and across social groups
in our longitudinal dataset facilitates an examination of the
relational aspect of power and how it varies across dyads. We
examined dyadic social interactions involving male-female dyads
and predicted that (1) males are less likely to be submissive
to female kin than to other females and that (2) males are
more likely to win conflicts with female kin than other females
because mating opportunities with related females should be less
valuable. We further predicted that males are more likely to be
submissive and less likely to win conflicts with females when
(3) population and (4) group adult sex ratios are male-biased
because the supply of mating opportunities is lower when fewer
reproductively mature females are available. Similar to previous
studies (Voyt et al., 2019), we further predicted that (5) males
submit most to parous females who have successfully reared
an offspring and that (6) males win less when interacting with
successful mothers than with nulliparous or unsuccessful parous
females. Finally, because the value of a mating opportunity might
be discounted when a female is unlikely to be in estrus, we also

predicted that (7) males are less likely to be submissive and (8)
more likely to win encounters outside of the mating season than
during the mating season.

MATERIALS AND METHODS
Study Population

We studied Verreaux’s sifaka at the Ankoatsifaka Research
Station (20°47°17”S, 44°10°0”E) in the dry, deciduous forest of
Kirindy Mitea National Park in western Madagascar. This highly
seasonal forest experiences substantial variation in rainfall across
years (range: 374-1,577 mm), but averages 850 mm annually,
mostly in January and February (Lewis and Axel, 2019). A grid
system of trails every 25 m is maintained within the 1-km?
study area to facilitate observations. Because the forest is not
very tall (emergent trees are 8-18 m tall: Lewis and Bannar-
Martin, 2012) and sifaka spend a substantial portion of their time
in the understory or canopy, detailed social interactions can be
observed easily.

All residents in multiple social groups within the study
area and some individuals residing in neighboring groups were
identifiable with unique nylon collars and tags or radio collars
(Rasambainarivo et al., 2014) and/or using natural markings.
Ages either were known based on when an individual was born
into a group or estimated using dental development and wear,
body size, and nipple shape (for females) assessed during annual
captures (Rasambainarivo et al., 2014). We studied intersexual
social interactions involving all adult (>5 years) and subadult (3
and 4 years) individuals for which we had kinship data and that
resided in 10 different social groups (Groups I-VI, XI-XII, Bella,
Albert). Verreaux’s sifaka groups can be impermanent, and focal
groups were observed an average of 6.2 years (SD = 4.9) across
the 12-year study period. We tested our predictions using two
age groupings, one that included only adults (N = 46 individuals)
and one that included both adults and subadults (aged > 3 years,
N = 22 additional individuals). We did this because sifaka are
reported to sometimes be sexually active as subadults and because
the age of adulthood is inconsistely applied across studies in
Verreaux’s sifaka (Lewis, 2008). For simplicity, we only present
analysis of “adults” in the main manuscript and include our
analysis of “adults + subadults” (individuals ages > 3 years) in
the Supplementary File.

Data Collection

Behavioral Data

We collected all occurrences of intragroup agonistic intersexual
interactions during 1-h focal animal sampling sessions (Altmann,
1974) of all adult and subadult sifaka, for a total of approximately
14,000 h of observation from 2008 through 2019. Insufficient
behavioral and demographic data were available for 2009-2010
because Cyclone Fanele interrupted data collection and thus were
excluded from our analysis. The identity of the initiator and of
the receiver was recorded for each interaction, and all behaviors
occurring during the interaction were recorded as occurring
either in isolation or as part of a sequence. Agonistic behaviors
were defined according to the Brockman (1994) ethogram with
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the following additions: “food rob +” (X tries to take the food
away from Y and is successful), “food rob -7 (X tries to take
the food away from Y and is unsuccessful), and “snap at” (X
bites in the direction of Y but does not make contact). In
addition, “proximity” (a concept implicit to the definition of
certain behaviors) was defined as occurring when individuals
were within 1 m of each other (Lewis, 2019).

For all agonistic encounters, we scored an individual as
“winning” a conflict if the other individual in the dyad moved
at least 1 m away from the “winner” within 10 s of the
agonistic interaction. Note that we did not limit our analysis
of “winning” to the feeding context because sifaka compete
for other resources in addition to food (e.g., water, space, sun,
shade, grooming partners, and huddling partners). Moreover, our
definition of a “win” included a broader set a behaviors than
merely “supplant” [X moves toward Y, Y immediately changes
location (within 5 s), X occupies the location previously held
by Y: cf. Brockman, 1994)]. If neither individual withdrew after
the agonistic interaction, neither individual was considered the
winner and the outcome was scored as “neutral.” The one
exception to this rule was for the “food rob” behaviors because
“food rob +” is defined as an initiator successfully gaining control
of the food resource, while “food rob - necessarily means that the
initiator was not successful. Therefore, the identity of the sifaka
that had control of the food resource at the end of the “food rob”
behavior was scored as the winner.

Sifaka often exhibit multiple aggressive and/or submissive
behaviors within an agonistic interaction. We thus used the
following rules for scoring an interaction as “win” vs. “neutral”
when multiple behaviors occurred in a sequence. If a social
interaction began with an approach, the 10 s rule started with
the time of the first non-approach agonistic behavior. If an
individual used multiple types of aggressive behaviors essentially
simultaneously (e.g., lunge and cuff), then we only scored the
first aggressive act. However, if an individual used repeated,
successive acts of aggression toward another individual (e.g.,
three cuffs within 10 s) and the receiver chattered submissively
immediately after each individual aggressive act (e.g., cuff then
chatter response, cuff then chatter response, and cuff then
chatter response), we scored each aggressive act independently,
with the assumption that the additional acts of aggression
were needed because the first aggressive act was not successful.
When animals repeatedly made a submissive chatter vocalization
spontaneously (i.e., without receiving aggression within 10 s
beforehand), we scored the agonistic events as independent
when there was at least 5 s between the end of the first
chatter and the beginning of the second chatter. To address
the issue that these repeated aggressive or submissive acts
are not entirely independent of one another, we assigned a
corresponding proximity “bout identity” to each agonistic act
and then used bout ID as a random factor in our statistical
models. A proximity bout was defined as a period of time
in which the members of a dyad were continuously within
1 m of each other within a given 1-h focal sample, and all
behaviors occurring during this period were assigned with the
same bout ID. Finally, for each agonistic interaction, we also
scored the identity of the initiator of the interaction. Note that

by definition, the winner of an interaction was always scored as
the initiator for supplants.

Demographic Data

We conducted monthly censuses of the population in the
Ankoatsifaka grid system of trails (Leimberger and Lewis, 2017;
Lewis et al., 2020). In addition to locating all groups with radio
collars and recording the identity of each individual present in
the group, we located unmarked groups and solitary individuals
by walking the trail system. While sifaka live in cohesive groups,
they sometimes visit other groups, and males occasionally roam
independently during the mating season (Richard et al., 1993;
Brockman, 1999; Leimberger and Lewis, 2017). On the rare
occasions when a known individual was not observed on the day
of the census, we nonetheless retroactively added them to the
census data for that month if the individual was observed during
behavioral data collection within 7 days of the census.

Analyses

Predictors

We examined several key factors that we predicted might
influence female intersexual leverage based on control of mating
opportunities: relatedness between members of the dyad, female
parity status, reproductive season, and the population and social
group sex ratios. We considered dyads as “related” if the two
individuals involved were either parent and offspring, full-
siblings, or half-siblings and “unrelated” otherwise. We used
multilocus microsatellite marker genotypes derived from either
fecal or tissue DNA for 56 of the 68 individuals (aged > 3 years)
included in this study to conduct genetic assessment of parentage
and relatedness between dyads. Details of the procedures used
for genotyping and for evaluating parentage and estimated
relatedness are discussed in Abondano (2014) and Perofsky
et al. (2021). Briefly, we used DNA extracted from either fecal
samples or tissue biopsies collected during captures to genotype
all individuals at a set of 14 loci known to be variable in other
populations of wild sifaka (Lawler et al., 2001; Rakotoarisoa et al.,
2006). The average allelic diversity across loci was 10.2 & 3.1 SD,
and the average H. across loci was 0.79 + 0.06. We used the
software Cervus (Marshall et al., 1998; Kalinowski et al., 2007) to
conduct likelihood-based maternity and paternity analyses for all
younger individuals, using all adult males and females sampled
in the population as candidate sires and dams, respectively. For
these analyses, we assumed a genotyping error rate of 1% and
assumed that we had sampled 90 and 75% of candidate dams
and sires, respectively. The average proportion of loci typed in
our dataset was >99%. For the panel of loci, the combined PI
and Pl values were 6.3 x 107! and 8.4 x 1077, respectively,
indicating a very low probability that any two individuals or
two full siblings could be expected to share the same multilocus
genotype by chance. Based on the distribution of likelihood scores
across candidate parents, the estimated confidence in all of our
assignments of maternity and paternity was >95%.

We also used the software Kingroup2 (Konovalov et al., 2004)
to evaluate whether, given their particular genotypes and allele
frequencies in the population at each locus, the individuals
comprising each dyad were more likely to be “related” or
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“unrelated” using likelihood ratio tests (see Perofsky et al., 2021
for further details). Briefly, this involved generating distributions
of pairwise relatedness estimates for simulated dyads of three
different levels of close kinship (parent and offspring, full-
siblings, or half-siblings) and for simulated unrelated pairs and
then examining the relative likelihood that a given dyad is drawn
from one of the close kinship categories relative to the unrelated
category. We scored a pair as “related” if the magnitude of
the likelihood ratio for one or more of the close kin-unrelated
comparisons was associated with a p value of <0.05 across
10,000 permutations.

For 16 individuals in this study, no fecal or tissue samples
were available, thus “relatedness” between these individuals and
others with whom they interacted could not be assigned. After
excluding these individuals, our final sample included behavioral
and relatedness data for 38 adults (and 18 additional subadults;
see Supplementary Material). We scored three levels of female
parity status, building on Voyt et al. (2019): “nulliparous”
(never given birth), “parous unsuccessful” (given birth but
never successfully reared an infant to age 1 year), and “parous
successful” (given birth and had an infant who survived to at
least 1 year). Eighteen adult females could be categorized as
nulliparous because we defined adult as age 5 years. The year was
divided into the mating season (January-March) and non-mating
season (April-December) because the value of a potential mating
opportunity might be discounted when a female is unlikely
to be in estrus.

Adult sex ratio was used as an estimate of supply/demand
and was defined as the proportion of adult females in the group
or population (cf. Richard et al., 2002) using monthly census
data. The population was defined as all individuals with the
Ankoatsifaka Research Station trail system and included both
marked and unmarked individuals that were solitary, roaming,
and group-living. We calculated population and group adult sex
ratios as the number of females divided by the total number of
adults. For example, the group sex ratio was calculated as the
number of adult females in a group divided by the number of total
adult females and males in the group, and the population sex ratio
was calculated as the number of adult females in the population
divided by the total number of adults in the population. Because
age class of four unmarked, transient immigrants could not be
determined with certainty, we calculated group and population
sex ratios with all individuals of unknown age scored as adults
and, again, with these individuals scored as subadults. While we
ran all statistical models with individuals of unknown age scored
as adults in the sex ratio calculations and then ran the same
models again with unknown individuals scored as subadults, the
results were essentially the same, and thus we only present the
models where these individuals were coded as adults.

Because prior work suggests that the outcome of agonistic
contests may be determined, in part, by who initiates an
interaction (e.g., bison: Lott, 1979; chimpanzees: Wittig and
Boesch, 2003), we initially included initiator sex as an additional
predictor in our models focusing on who wins contests to, in
effect, control for this variation. However, we found that initiator
sex interacted in complex ways with several of our predictors of
interest, and, thus, we ultimately decided to address the issue

of initiator sex interacting with our predictors of interest by
conducting separate analyses for when females initiated conflicts
and when males initiated conflicts.

Statistical Analysis

Submissive Chatters

We first examined the direction of submissive chatters in
intersexual dyads to assess the effects of the above factors on
the scope (i.e., consequence) of female power. We ran a set of
Bayesian binomial generalized linear mixed models (GLMMs)
using the brms package (Birkner, 2021) for the statistical
programming R version 4.1.2 (RStudio Team, 2020; R Core
Team, 2020). We used the direction of submissive chatter [female
chatter directed at a male (0) vs. male chatter directed at a female
(1)] as the binary response variable. Relatedness, female parity
status, reproductive season, and either the population (Model 1a)
or group (Model 1b) sex ratio were included as fixed effects of
interest, and male identity, female identity, and bout ID were
included as random effects. Note that for the model examining
the group sex ratio (Model 1b), we included only the dyadic
interactions for which the group membership was the same
for both individuals. Interactions occurring during intergroup
encounters or short visits were excluded. For each model we ran
four independent MCMC chains for 10,000 iterations, sampling
from the posterior distribution using the No-U-Turn sampler
(NUTS) after a warmup period of 50% of the run. This yielded
a total of 20,000 post-warmup draws, resulting in ESSs of >2,400
for all parameters.

Wins

We next examined whether and how who wins dyadic agonistic
interactions is associated with factors potentially associated with
female leverage, considering datasets of incidents initiated by
males and those initiated by females separately, as noted above.
For each of these datasets, we ran two sets of models using
different binary response variables. The first considered whether
the male in the interaction won the encounter (1) vs. either the
female winning or the outcome being neutral (0). However, we
also wanted to address the following question: when the conflict
has a clear winner, was it the male or the female? Thus, the
response variable for the second set of models was whether the
male (1) or the female (0) in the interaction won the encounter,
excluding all interactions where the outcome was neutral. Note
that this second analysis utilized a reduced dataset.

Thus, we again ran a set binomial Bayesian GLMMs for
each of the two response variables (Model 2 for male win vs.
female win or neutral and Model 3 for male win vs. female win)
using the same datasets and model variations as described above
for submissive chatters, except that female initiated and male
initiated interactions were analyzed separately. Male identity,
female identity, and bout ID were included as random effects in
all models. Again, for each model (with two exceptions) we ran
four independent MCMC chains for 10,000 iterations, sampling
from the posterior distribution using the NUTS sampler after a
warmup period of 50% of the iterations. This process yielded a
total of 20,000 post-warmup draws, ESSs of >800 for all model
parameters. For two models (6a and 6b) involving male-initiated
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contests and including data from subadults (see Supplementary
Material) we ran our MCMC chains for 20,000 iterations after
we found that initial runs of 10,000 iterations yielded low ESS
values. With these longer runs, the total number of post-warmup
draws across chains in each of these two models was 40,000, ESSs
for all parameters were >490. Finally, for male-initiated contests
with a winner and involving adults only (Models 5a and 5b), we
excluded relatedness as a predictor variable because there were no
cases in our dataset of a male initiating a contest that he won with
a close female relative.

Model Diagnostics and Interpretation

For all models, we evaluated convergence using several standard
methods implemented in the R package {shinystan} (Gabry and
Veen, 2022), including visual examination of MCMC trace plots,
graphical posterior predictive checks, and calculation of Brooks-
Gelman-Rubin convergence diagnostic (“Rhat”) values (Gelman
and Rubin, 1992; Brooks and Gelman, 1998), as well as checks
for multicollinearity among predictors of interest using variance
inflation factors. Rhat values for all parameters in all “submissive
chatter” models was <1.004 and was <1.008 in all “win” models.
VIF values for all variables in all models were low (between 1.0
and 1.1 for all “submissive chatter” models, between 1.0 and 1.6
for all “win” models initiated by females, and between 1.0 and 3.6
for all “win” models initiated by males).

Finally, we used an HDI + ROPE approach (Kruschke, 2015,
2018; Kruschke and Liddell, 2018) to evaluate which of our
variables of interest might be considered important predictors
in all of our models. This approach evaluates how much of
the credible interval for the posterior distribution around each
parameter estimate (operationalized as the 95% HDI interval)
falls within vs. outside a “region of practical equivalence” (or
ROPE). The ROPE range is defined as an area around a null
parameter value of zero within which, for practical purposes,
values are equivalent to that null (Kruschke, 2015, 2018; Kruschke
and Liddell, 2018). We calculated % in ROPE values using the
rope() function from the R package {bayestestR} (Makowski et al.,
2019). Below, we highlight as being potentially important those
predictors for which <10% of the 95% HDI posterior distribution
fell within the ROPE range. We note that we are explicitly not
making dichotomous decisions about whether these predictors
are “significant”; rather, we call attention to those predictors for
which the bulk of the posterior probability distribution for their
coefficient estimate under the model falls outside the ROPE range
and discuss those in relation to our motivating hypotheses.

RESULTS

Submissive Chatters

QOut of our initial 1,931 observations of submissive chatters, we
identified 1,437 instances of submissive chatters for 35 adults
(Nfemales = 17, Nales = 18) resulting in 39 dyads for which
the relatedness between the initiator and the receiver could be
estimated (Nipeated = 2 dyads, Nyprelated = 37). Females rarely
chattered at males (only 3.9% of the total observations of chatters;
Figure 1).
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FIGURE 1 | Outcomes of agonistic interactions in intersexual Verreaux’s sifaka
dyads. When one individual chattered submissively, males more often
chattered at females (N = 1,381) than females chattered at males (N = 56).
Percent of conflicts for which females won (N = 639 interactions) out of the
total intersexual agonistic interactions (N = 1,850 interactions). Lines represent
medians, boxes represent 25th/75th percentiles, and whiskers represent the
smallest/largest value within 1.5 times the interquartile range. Each dot
represents an individual female’s percentage of total submissive chatters
received out of all her submissive chatter interactions, and percentage of total
agonistic encounters won out of all her agonistic encounters.

In the model including population sex ratio as a fixed effect
(Model 1a), relatedness, female parity, reproductive season,
and sex ratio were all potential predictors of the direction of
submissive chatters (Table 1 and Figure 2). The odds that a
male submitted to a female were greater when the female was a
close relative, when she was parous successful (as compared to
nulliparous), but not when the female was parous unsuccessful.
The odds that a male submitted to a female were lower outside of
the mating season than during the mating season and decreased
as the population sex ratio became more female-biased.

In the model including group sex ratio as a fixed effect
(Model 1b), relatedness, female parity, and sex ratio were again
potential predictors of the direction of submissive chatters, but
reproductive season was not (Table 1). The odds that a male
submitted to a female were greater when the female was a close
relative and when the female was parous successful as compared
to nulliparous females. The odds that a male submitted to a
female again decreased as the group sex ratio became more
female-biased (Supplementary Table 1).

Wins

Of the 2,530 agonistic interactions involving adults where the
outcome could clearly be scored, the relatedness between the
initiator and the receiver could be estimated for 35 adults
(Nfemales = 17> Niales = 18) in 1,850 of the agonistic interactions,
resulting in 41 dyads (Nyelated = 2 dyads, Nyprelated = 39 dyads).
Females won 34.5% of the interactions, males won 17.6%, and
47.9% of the interactions were neutral (Figure 1).
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TABLE 1 | Summary of Bayesian binomial GLMMs modeling the direction of
submissive chatters among intersexual adult sifaka dyads.

Model 1a Model 1b
Predictor of Parameter % in Parameter % in
interest estimate ROPE estimate ROPE
(95% ClI) (95% ClI)
Intercept 7,032.08 0% 963.76 0%
(23.3310 2.73E + 06) (2.32t0 9.4E + 05)
Relatedness Inf 0.04% Inf 0.04%
(Related) (0.22 to Inf) (0.05 to Inf)
Parity (Parous 165.56 0% 192.77 0%
successful) (11.1210 3,704.48) (12.55t0 4,414.50)
Parity (Parous 0.52 12.50% 0.51 12.35%
unsuccessful) (0.10to 3.31) (0.09 to 3.03)
Reproductive 0.30 1.69% 0.51 12.95%
season (0.08 to 0.96) (0.16t0 1.48)
(Non-mating
season)
Sex ratio* 0.00 0% 0.00 0.85%
(0.00 to 0.08) (0.00 to 3.26)
N =1,437 N =1,425

Exponentiated (odds scale) coefficients and 95% HDI credibility intervals from the
regression model are presented. We indicate in bold text those predictors where
the % in ROPE value is <5.0% and in italics those predictors with % in ROPE values
between 5 and 10%. We considered predictors with % in ROPE values of <10%
as potentially important explanatory variables. “Inf” reflects estimates or credibility
interval bounds where the odds ratio exceeds 10 billion to 1.

*Sex ratios were calculated at the population level for (a) models and at the group
level for (b) models.

Male Winner vs. Female Winner or Neutral Outcome
In the model including population sex ratio as a fixed effect
with the female-initiated subset of data (Model 2a — females),
relatedness, female parity status, and sex ratio were potentially
important predictors of whether the male won the interaction,
but reproductive season was not (Table 2 and Figure 3). While
the odds that a male won were much greater when the female
was a close relative, relatedness results should be interpreted
with caution because we had very few related dyads. The odds
that a male won were lower when the female was parous
(successful or unsuccessful) as compared to nulliparous and
decreased as the population sex ratio became more female-
biased. For the same model including population sex ratio
as a fixed effect but using the male-initiated subset of data
(Model 2a — males), the results were rather different. Relatedness,
female parity status, reproductive season, and sex ratio were
potentially important predictors of whether the male won the
interaction (Table 2 and Figure 3). The odds that a male won
were greater when the female was parous unsuccessful (compared
with nulliparous) and increased (rather than decreased) as the
population sex ratio became more female-biased. The odds that
a male won were lower when the female was a close relative
(in contrast to the direction of the effect when females initiated
the conflict), were lower when the female was parous successful
(as compared to nulliparous), and outside of the mating season
(Supplementary Table 1).

In the model including group sex ratio with the female-
initiated subset of data (Model 2b - females), relatedness,

female parity, and sex ratio were potentially important predictors
of whether the male won the interaction but reproductive
season was not (Table 2 and Figure 4). The odds that a
male won were greater if the female was a close relative but
we had few related dyads in our dataset. The odds that a
male won were lower when the female was parous (successful
or unsuccessful) compared to nulliparous and decreased as
the group sex ratio became more female-biased. In the same
model including group sex ratio, but using the male-initiated
subset of data (Model 2b — males), relatedness, female parity,
reproductive season, and sex ratio were predictors of whether
the male won the interaction (Table 2 and Figure 4). The odds
that the male won were greater when the female was parous
unsuccessful (compared to nulliparous) and increased as the
group sex ratio became more female-biased. The odds that a
male won were lower when the female was a close relative, when
the female was parous successful (compared to nulliparous),
and when the conflict occurred outside of the mating season
(Supplementary Table 1).

Male Winner vs. Female Winner

We next excluded neutral outcomes and only examined
conflicts with a “winner” to explore predictors of whether
the male won or not. In the model including population sex
ratio with the female-initiated subset of data (Model 3a -
females), relatedness, female parity status, reproductive season,
and sex ratio were potentially important predictors (Table 3
and Figure 5). The odds that the male won were higher
when the female was a close relative and increased as the
population sex ratio became more female-biased. The odds
that a male won were lower when the female was parous
(successful or unsuccessful) compared with nulliparous and
when the conflict occurred outside of the mating season. In
the same model including population sex ratio, but looking
at the male-initiated subset of data (Model 3a - males),
female parity status, reproductive season, and sex ratio were
potentially important predictors (Table 4 and Figure 5). As
noted above, relatedness was excluded as a predictor in this
model because we observed no cases of males initiating
and winning an interaction against a female relative, likely
due, in part, to the small number of related dyads in our
sample. The odds that the male won were higher when the
female was parous (successful or unsuccessful) compared with
nulliparous and increased as the population sex ratio became
more female-biased. The odds that a male won were lower
when the conflict occurred outside of the mating season
(Supplementary Table 1).

In the model including group sex ratio with the female-
initiated subset of data (Model 3b - females), relatedness,
female parity status, reproductive season, and sex ratio were
important predictors (Table 3 and Figure 6). The odds that
the male won were higher when the female was a close
relative and increased as the group sex ratio became more
female-biased. The odds that a male won were lower when
the female was parous (successful or unsuccessful) compared
with nulliparous and when the conflict occurred outside
of the mating season. In the model including group sex
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FIGURE 2 | lllustration of the predicted probability of a male submissively chattering to a female based on (A) relatedness (Npejated = 2 dyads, Nunrelated = 37 dyads),
(B) female parity, (C) reproductive season, and (D) population sex ratio for Model 1a, which included population sex ratio as a fixed effect, and based on (E)
relatedness (NRelated = 2 dyads, Nunrelated = 37 dyads), (F) female parity, (G) reproductive season, and (H) group sex ratio for Model 1b, which included group sex
ratio as a fixed effect. The gray background in a panel indicates that the variable was not an important predictor in the model.

TABLE 2 | Summary of Bayesian binomial GLMMs modeling whether the male in the interaction won the encounter, examining only adult dyads.

Model 2a Model 2b
Female-initiated Male-initiated Female-initiated Male-initiated
Predictor of Parameter % in Parameter % in Parameter % in Parameter % in
interest estimate ROPE estimate ROPE estimate ROPE estimate ROPE
(95% CI) (95% CI) (95% CI) (95% Cl)
Intercept 9.45 3.51% 0.00 0% 6.31 4.19% 0.24 3.15%
(0.37 to 304.69) (0.00 to 0.0005) (0.50to 103.10) (0.00to 18,599.49)
Relatedness 1.98 8.72% 0.00 0.05% 3.26 7.10% 0.00 0.01%
(Related) (0.08 to 52.55) (0.00to0 129.92) (0.13t0 115.79) (0.00 to 1.47)
Parity (Parous 0.23 1.91% 0.16 4.58% 0.22 1.85% 0.20 4.67%
successful) (0.04 to 1.00) (0.00 to 42.34) (0.04 to0 1.02) (0.00 to 125.30)
Parity (Parous 0.40 7.62% 1.99 6.10% 0.43 9.96% 2.86 5.30%
unsuccessful) (0.10t0 1.33) (0.00to 1,088.77) (0.11 to 1.49) (0.00t0 1,746.72)
Reproductive 0.86 40.81% 0.17 3.48% 0.95 46.62% 0.07 0%
season (0.43t0 1.63) (0.01 to 1.94) (0.50t0 1.77) (0.00to0 0.71)
(Non-mating
season)
Sex ratio* 0.02 1.87% Inf 0.00% 0.04 1.90% 67.41 2.05%
(0.00 to 4.50) (7.3E + 06 to Inf) (0.00 to 2.04) (0.00to 1.34E + 09)
N=1,016 N =834 N =1,010 N =825

The two possible outcomes were that the male won (1) vs. the male did not win (0), which included interactions won by the female or with no clear winner (a neutral
outcome). Separate models were run for female-initiated vs. male-initiated confiicts. Exponentiated (odds scale) coefficients. and 95% HDI credibility intervals from the
regression model are presented. We indicate in bold text those predictors where the % in ROPE value is <5.0% and in italics those predictors with % in ROPE values
between 5 and 10%. We considered predictors with % in ROPE values of <10% as potentially important explanatory variables. “Inf” reflects estimates or credibility interval
bounds where the odds ratio exceeds 10 billion to 1.

*Sex ratios were calculated at the population level for (a) models and at the group level for (b) models.
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FIGURE 3 | Predicted probabilities from Model 2a of the male in an intersexual agonistic encounter winning a resource (1) vs. the female winning or a neutral
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(H) group sex ratio. The gray background in a panel indicates that the variable was not an important predictor in the model (see Supplementary Table 2).
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ratio with the male-initiated subset of data (Model 3b -
males), female parity status, reproductive season, and sex
ratio were potentially important predictors (Table 3 and
Figure 6). The odds that the male won were higher when
the female was parous (successful or unsuccessful) compared
with nulliparous and increased as the group sex ratio became
more female-biased. The odds that a male won were lower
when the conflict occurred outside of the mating season
(Supplementary Table 1).

DISCUSSION

Despite three decades of publications on female economic power
(e.g., Hand, 1986; Smuts, 1987; Lewis, 2018, 2020), to date
little empirical research has been devoted to examining female
leverage over males. We tested the hypothesis that female leverage
over males in Verreaux’s sifaka varies with the value of the
mating opportunity. Adult females rarely chattered submission
toward males, but their ability to evoke submission from males
was influenced by sex ratio, parity status, and mating season
(Table 4). Consistent with the hypothesis that economic factors
shape female intersexal power, females had more leverage over
males when their fertilization potential was higher, there were
fewer of them, and they had demonstrated successful mothering
skills. Interestingly, the strong unidirectionality (male to female)
of submission did not correspond with the direction of wins in
intersexual conflicts. Both female losses and neutral outcomes
were common (Figure 1). Kinship, sex ratio, parity status, and
mating season did affect a female’s ability to win an intersexual
conflict, and mostly as expected. However, female power to win

intersexual conflicts was also seemingly determined, in part, by
who initiates the agonistic interaction in question. Together, these
findings indicate that female leverage varies with the level of
commodity value and is conditional. Females have more power
over some males than others, and they are able to make males
relinquish contested resources in some situations.

Submissive Chatters

Females rarely chattered at males, but the direction of submission
in intersexual dyads was influenced by factors that affect the
value of a mating opportunity in important ways. Female
parity status had a strong effect on submission. Males were
>150 times more likely to chatter submissively to a female
who had successfully reared an offspring than to a nulliparous
female. This finding is consistent with the hypothesis that
female intersexual leverage varies with the potential benefits of
mating with a particular female. It is likewise similar to earlier
research using a different subset of the data from the same
population (Voyt et al., 2019) and research on mouse lemurs
(Microcebus murinus, M. lehilahytsara) that found parous females
evoke submission from males more than nulliparous females
(Hohenbrink et al., 2016). As with other lemurs exhibiting
female-biased intersexual power (e.g., Hohenbrink et al., 2016),
the potential to reproduce with a female was a less valuable
source of leverage outside of the mating season: females were
more likely to evoke a submissive chatter from a male during
the mating season than outside of it. Additionally, the odds
that a male submitted to a female vs. the female submitting
to him was lower when the sex ratio was more female-biased,
consistent with the idea that female leverage decreases as their
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FIGURE 4 | Predicted probabilities from Model 2b of the male in an intersexual agonistic encounter winning a resource (1) vs. the female winning or a neutral
outcome (0) when the female initiates the encounter, based on (A) relatedness (Nrelated = 2 dyads, Nunrelated = 39 dyads), (B) female parity, (C) reproductive season,
and (D) group sex ratio. The second row depicts the predicted probabilities from Model 2b of the male winning a resource vs. the female winning or a neutral
outcome when the male initiates the encounter, based on (E) relatedness (Nrejated = 2 dyads, Nunreiated = 39 dyads), (F) female parity, (G) reproductive season, and
(H) group sex ratio. The gray background in a panel indicates that the variable was not an important predictor in the model (see Supplementary Table 3).

TABLE 3 | Summary of Bayesian binomial GLMMs modeling whether the male in the interaction won (1) or the female in the interaction won (0) examining adult only
dyads.

Model 3a Model 3b
Female-initiated Male-initiated Female-initiated Male-initiated
Predictor of Parameter % in Parameter % in Parameter % in Parameter % in
interest estimate ROPE estimate ROPE estimate ROPE estimate ROPE
(95% Cl) (95% CI) (95% CI) (95% Cl)

Intercept 0.00 0.59% 0.00 0.43% 0.001 0.91% 0.24 2.20%

(0.00 to 8.05) (0.00t0 3,237.87) (0.00to 14.19) (0.00 to Inf)
Relatedness 19.28 2.38% NA NA 14.68 2.73% NA NA
(Related) (0.00to0 3.32E + 08) (0.00to0 1.33E + 08)
Parity (Parous 0.02 1.22% 461.11 1.01% 0.03 1.33% 5,759.48 0.31%
successful) (0.00t0 1.72) (0.04 to Inf) (0.00to 2.24) (0.34 to Inf)
Parity (Parous 0.31 6.96% 5.69E + 07 0.03% 0.33 6.94% 4.35E + 08 0%
unsuccessful) (0.00 to 40.61) (1.03 to Inf) (0.00 to 35.87) (5.79 to Inf)
Reproductive 0.18 4.21% 0.15 5.19% 0.17 3.08% 0.08 3.69%
season (0.00 to 2.41) (0.00to0 251.59) (0.00t0 1.77) (0.00 to 74.94)
(Non-mating
season)
Sex ratio* 1,416.75 (0.00 1.21% Inf 0.06% 15.10 2.75% 4.28E + 06 0.56%

to Inf) (0.73 to Inf) (0.00to 7.97E + 08) (0.00 to Inf)
N =637 N =327 N =634 N =326

Separate models were run for female-initiated vs. male-initiated conflicts. Exponentiated (odds scale) coefficients and 95% HDI credibility intervals from the regression
model are presented. We indicate in bold text those predictors where the % in ROPE value is <5.0% and in italics those predictors with % in ROPE values between 5 and
10%. We considered predictors with % in ROPE values of <10% as potentially important explanatory variables. “Inf” reflects estimates or credibility interval bounds where
the odds ratio exceeds 10 billion to 1.

*Sex ratios were calculated at the population level for (a) models and at the group level for (b) models.
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TABLE 4 | Factors thought to affect the value of mating opportunities with females and pattern of their effects on female leverage in intersexual dyads.

Factor

General pattern of results

What it means for female power

When can a female evoke a submissive chatter from the male?

When the dyad is related
When the female is parous successful
When it is the mating season

When the population sex ratio is
female-biased

When the group sex ratio is female-biased

e Males submit more
e Males submit more
e Males submit more
e Males submit less

o Males submit less

e Females have more power over males
e Females have more power over males
e Females have more power over males
e Females have less power over males

e Females have less power over males

Does this mean that male also loses the conflict?

When the dyad is related

When the female is parous successful

When the female is parous unsuccessful
When it is the mating season
When the population sex ratio is

female-biased

When the group sex ratio is female-biased

e Males win more if females initiate and less

in some cases if males initiate

e Males win less except in some cases if

males initiate

e Males win less if females initiate and win

more if males initiate
e Males win more

e Males win more except in some cases if

females initiate

e Male winning is variable

e Females have less power over males
except when a male initiates a conflict with
a related female

e Females have more power over males but
sometimes male initiation can overcome
female power

e Female power over males depends on
who initiates the conflict

o Females have less power over males

e Female have less power over males but
sometimes female initiation can overcome
this reduction in female power

e Unclear pattern for female power

We examined the effect of these factors on whether the male relinquishes the resource in two ways: do males win or lose and do males win or not win (lose + neutral
outcomes). When combined with initiator effects, this distinction alters the interpretation for female power.

supply increases (Noé et al., 1991; Nog, 2017). Previous primate
research has also found that sex ratios can have important
effects on female power (Hemelrijk et al., 2008; Izar et al., 2021).

Taken together, our results suggest that female power over
males is influenced by economic factors: female power to
evoke submission from males increases with the increasing
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FIGURE 6 | Predicted probabilities from Model 3b of the male in an intersexual agonistic encounter winning a resource (1) vs. the female winning (0) when the female
initiates the encounter, based on (A) relatedness (Npelated = 2 dyads, Nynrelated = 39 dyads), (B) female parity, (C) reproductive season, and (D) group sex ratio. The
second row illustrates the predicted probabilities from Model 3b of the male winning a resource vs. the female winning when the male initiates the encounter, based
on (E) female parity, (F) reproductive season, and (G) group sex ratio. (See Supplementary Table 5).

value of the fertilizable egg and decreases with increasing
supply of females.

Contrary to our expectation, however, we did not find that
females had greater leverage over unrelated males. Instead, males
were more likely to chatter submissively to close female relatives.
One possibility is that a different base (sensu Lewis, 2002, 2020)
of power, i.e., genes, is a stronger determinant of intersexual
power than mating opportunities among kin. Kin selection can
mask economic effects (Noé et al., 1991) because, like leverage
(Hand, 1986), inclusive fitness adds to the cost of winning in some
conflicts. Sex differences in the opportunity costs of inbreeding
might also influence intersexual leverage if females exhibit a
strong preference to avoid inbreeding (Antfolk et al., 2012).
While our findings regarding the effects of relatedness on female
leverage should be interpreted with caution because we had very
few related dyads in our dataset, our analyses of individuals
aged > 3 years that included > 20 related dyads found the
same unexpected effect (Supplementary Table 2). More research
is clearly needed regarding the effect of kinship on intersexual
power in sifaka, but our results suggest that female intersexual
leverage may not be consistent across all males.

Wins

Our analysis of whether a male wins an intersexual conflict
presents a different and more complicated picture of the
factors impacting female leverage. While males readily
signaled submission to females (Figure 1), it was not
uncommon for females to wuse repeated aggression to
convince a male to relinquish a resource, irrespective of
whether he chattered after each aggressive act. Females

also sometimes had to use a combination of aggressive acts
(e.g., lunge, cuff, and bite) before eventually winning the
encounter. Thus, the power to evoke submission is clearly very
different from the power needed to usurp a resource from
another individual.

For the most part, economic factors had the predicted
influence on female power (Table 4), but the sex of the individual
that initiated the conflict was an important mitigator. For
example, consistent with expectations based on market effects,
the odds that a male won a conflict increased as the supply of
females increased, but only when males initiated the conflict and
only when sex ratio was examined at the population level [(a)
models]. Our other results regarding sex ratio effects [i.e., in the
group sex ratio (b) models and in population sex ratio models
when females initiated the conflict] were inconsistent with
expectations based on market effects. Furthermore, reproductive
season was not an important determinant of which sex won
a conflict unless the male initiated, in which case, contrary to
expectations and contrary to the pattern for submissive chatters,
males were more likely to win during the mating season. Overall,
these findings suggest that economic factors may have some
influence on female intersexual power to win agonistic contests,
but these affects can be limited.

Our finding that males often are more likely to win when
they initiate may be associated with what Flack and de
Waal (2007) termed as “subordination signaling” (i.e., when
power relationships are fairly institutionalized and individuals
spontaneously communicate their lower status to higher ranking
groupmates, in contrast with reacting submissively in response
to agonism). In a study of power in the different but nearby
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Kirindy Forest population of Verreaux’s sifaka, Lewis (2019)
found that when males emit chatter vocalizations in peaceful
contexts (i.e., without provocation), females were less likely
to usurp the resource. In our data for the Ankoatsifaka
population of sifaka, an interaction could be initiated with
an approach, an aggressive act, or an unprovoked submissive
act, depending on when the agonistic interaction occurred
within a sequence of behaviors (e.g., an approach was only
scored as the initiation of the interaction if the agonism
began immediately afterward; the approach was not scored as
the beginning of the conflict if the dyad members were, for
example, in proximity for 20 min prior to the onset of the
conflict). Thus, males may be more likely to win an agonistic
interaction if they initiated it because (1) they are unlikely to
use aggression unless they have a good chance of winning,
(2) they may be more likely to win because they started
the interaction with an unprovoked, peaceful chatter, or (3)
they approached and immediately chattered (cf. “appeasement”:
Beisner and McCowan, 2014). In other words, when males
start an agonistic interaction by signaling “subordination” (i.e.,
communicating their lower status without provocation: Flack
and de Waal, 2007), they may be more likely to “win.” By
providing more information, communication can increase the
chance of a peaceful resolution to conflicts (Noé et al., 1991).
Given the seemingly importance of initiator sex for determining
who wins an intersexual conflict, further research is needed to
explore the causes and consequences of different strategies for
initiating interactions.

Neutral Outcomes

One of the most surprising results of this study is the finding
that half of sifaka agonistic encounters end with both individuals
sitting beside one another rather than a withdrawal by one of the
interactants. A central dogma of ethology is that winners gain or
maintain possession of a resource while losers retreat and avoid
further escalation (Parker, 1974). Despite this focus on the binary
results of winning and losing, sharing or tolerance is a third
possible outcome (Hall et al., 2020). Communication of lower
status in the relationship reduces usurpation of resources in sifaka
(Lewis, 2019) and may similarly increase the chance that a higher-
ranking individual will share a resource. Indeed, sifaka negotiate
their relationships using a variety of behaviors (e.g., Lewis, 2005).
While it is possible that our operational definition measured in
seconds rather than in minutes may partially explain the large
number of interactions scored as neutral, the vast majority of
outcomes would have been scored the same regardless. Moreover,
the speed with which a loser withdraws from a conflict should be
indicative of a winner’s power. Supplants involve an immediate
displacement of another individual, and exploration of our data
indicated that our results did not differ much whether we
included (as we do here) or excluded supplants from the dataset.
Our study suggests that examining neutral outcomes in more
detail may be a fruitful area of future research.

Not all Outcomes Are Equal
Our study also demonstrates the importance of examining
multiple scopes of power (sensu Lewis, 2002, 2020) within the full

landscape of power (Lewis, 2022). The consequences of female
intersexual leverage in sifaka include both evoking submissive
chatters and winning resources from males. As noted above, and
unlike some other species with female-biased intersexual power
(e.g., wooly lemurs: Ramanankirahina et al., 2011) however,
female sifaka abilities to achieve these outcomes are not the
same. Sifaka chatter vocalizations are formalized signals (Kraus
et al,, 1999; Lewis, 2019), and, as such, they unambiguously
communicate status (de Waal, 1986). These kinds of signals are
argued to be associated with a stable layer of power while winning
is associated with a more flexible layer of power (e.g., “structure”
vs. “surface structure”: Hinde, 1979; “formal dominance” vs. “real
dominance”: de Waal, 1986). Hence, when a conflict arises, a male
may be able to evoke a win or a neutral outcome with a female if
he signals with a chatter vocalization that the stable layer of power
is unchanged. Our results are consistent with the hypothesis that
a male’s communicating about formal status (de Waal, 1986; cf.
“structural power”: Hinde, 1979; cf. “relationship state”: Flack
and de Waal, 2007) reduces the chance that a female will usurp
contested resources, as was suggested by previous research on a
different population of Verreaux’s sifaka (Lewis, 2019). Our study
also highlights the value of investigating multiple scopes of power
within the same study.

Evolutionary Explanations of
Female-Biased Power

Hypotheses about the evolution of female-biased power often
point to the importance of resources for female fitness, such
as explanations centered around the energetic constraints that
females face for supporting reproduction (e.g., Jolly, 1984;
Young et al, 1990; Wright, 1999). Researchers then often
test these hypotheses by recording whether interactions are
“decided” or “undecided” based upon whether one individual
exhibits submissive behaviors (Pereira et al., 1990; Pereira
and Kappeler, 1997; Pereira, 2006). The implicit assumption
in these studies is that if a female can evoke submission
from a male, then she wins the interaction. Our study,
however, demonstrates that signaling submission and winning
access to a resource are not the same. Sifaka males often
chatter submissively to a female, but then do not relinquish
a resource to her (neutral outcome). Likewise, females also
often abandon a resource after the male communicates his
subordinate status (Lewis, 2019), effectively the male “wins.”
If food and other resources are so critically important to
female fitness that it drives the evolution of female-biased
power structures, then one would expect intersexual conflicts
to result in females more consistently usurping or maintaining
control of those resources, but our results suggest that this
is not the case, at least among sifaka. Female power in
intersexual relationships is known to incorporate a variety of
behaviors and outcomes, including aggression, submission, and
priority of access to resources (Kappeler, 1990; Radespiel and
Zimmermann, 2001; Lewis, 2018, 2020). More research into
how these behaviors and outcomes relate with one another is
needed if the evolutionary causes of female-biased power are
to be determined.
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CONCLUSION

Biological markets result in power asymmetries (Noé et al., 1991;
Noé and Hammerstein, 1994, 1995; Lewis, 2002; Noé, 2017).
Voyt et al. (2019) demonstrated that female intersexual power
in Verreaux’s sifaka is better described as “female leverage” than
“female dominance” because females seem to derive power from
their control over a resource in high demand - namely an egg
that can be fertilized to produce offspring - rather than an
asymmetry in fighting ability. Our study builds on this previous
research by demonstrating that economic factors affecting the
value and supply of reproductive opportunities influence female
leverage. The value of mating opportunities is greater when
the female has successfully demonstrated that she can translate
fertilization into surviving offspring (and presumably higher
fitness) and can be discounted outside of the mating season,
when the fertilization opportunity that a female represents may
not be available for months. However, we also found that factors
other than market effects, such as who initiates a conflict, can
impact who wins the resource, if anyone wins at all. Finally,
our finding that males are less submissive to close female kin
highlights the value in conceptualizing the phenomenon often
referred to as “female dominance” as an aggregate of multiple
social relationships. Rather than all females having power over
all males, this power can vary across and within dyads, as well
as over time and between contexts. Greater attention needs to
be placed on understanding female leverage and this relational
aspect of power. The “power framework” (Lewis, 2002, 2020)
provides useful tools for standardizing this endeavor. Power is
multi-faceted, and more studies will be needed to understand the
full power landscape (Lewis, 2002, 2020) in Verreaux’s sifaka and
other animals exhibiting female-biased power.
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