& frontiers | Frontiers in

REVIEW
published: 26 April 2022
doi: 10.3389/fevo.2022.858859

OPEN ACCESS

Edited by:
Patricia Izar,
University of S&o Paulo, Brazil

Reviewed by:

Louise Barrett,

University of Lethbridge, Canada
Gabriel Ramos-Fernandez,
National Autonomous University
of Mexico, Mexico

*Correspondence:
Peter M. Kappeler
pkappel@gwdg.de

Specialty section:

This article was submitted to
Behavioral and Evolutionary Ecology,
a section of the journal

Frontiers in Ecology and Evolution

Received: 20 January 2022
Accepted: 05 April 2022
Published: 26 April 2022

Citation:

Kappeler PM, Fichtel C and
Radespiel U (2022) The Island
of Female Power? Intersexual
Dominance Relationships

in the Lemurs of Madagascar.
Front. Ecol. Evol. 10:858859.
doi: 10.3389/fevo.2022.858859

Check for
updates

The Island of Female Power?
Intersexual Dominance Relationships
in the Lemurs of Madagascar

Peter M. Kappeler'?*, Claudia Fichtel’ and Ute Radespiel?

" Behavioral Ecology and Sociobiology Unit, German Primate Center, Leibniz Institute for Primate Research, Géttingen,
Germany, 2 Department of Sociobiology/Anthropology, University of Géttingen, Géttingen, Germany, ? Institute of Zoology,
University of Veterinary Medicine Hannover, Foundation, Hannover, Germany

The extant primates of Madagascar (Lemuriformes) represent the endpoints of an
adaptive radiation following a single colonization event more than 50 million years
ago. They have since evolved a diversity of life history traits, ecological adaptations
and social systems that rivals that of all other living primates combined. Their social
systems are characterized by a unique combination of traits, including the ability of
adult females to dominate adult males. In fact, there is no other group of mammals
in which female dominance is so widespread. Yet, recent research has indicated that
there is more interspecific variation in lemur intersexual relationships than previously
acknowledged. Here, we therefore review and summarize the relevant literature,
quantifying the extent of sex-bias in intersexual dominance relations documented in
observational and experimental studies in captivity and the wild. Female dominance is
often, but not always, implemented by spontaneous male submission in the absence
of female aggression and linked to female sexual maturation. We connect the available
evidence to the hypotheses that have been proposed to explain the evolution of female
dominance among lemurs. The occurrence of female dominance in all lemur families
and the interspecific variation in its extent indicate that it has evolved soon after lemurs
colonized Madagascar — presumably in response to particular ecological challenges —
and that it has since been reduced in magnitude independently in some taxa. Our
study contributes important comparative information on sex roles from an independent
primate radiation and provides general insights into the conditions, opportunities and
obstacles in the evolution of female-biased power.

Keywords: female dominance, intersexual relationships, social structure, lemurs, primates

INTRODUCTION

Repeated interactions among the same two individuals involve various combinations of affinitive,
affiliative and agonistic interactions, generating diverse patterns of dyadic social relationships
(Hinde, 1976). Agonistic interactions involve the exchange of aggressive and/or submissive
acts and signals (Hausfater, 1975). Dyadic agonistic interactions in which only one individual
exhibits only submissive behavior are clearly decided and can be used to unanimously determine
dominance relationships and hierarchies (Hausfater, 1975; Pereira and Kappeler, 1997); all other
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agonistic interactions are undecided. Based on the direction
and consistency of decided agonistic interactions, pairs of
individuals can establish a dominance relationship between them
(Drews, 1993), and the emergent structure resulting from all
dyadic dominance relationships among group members can be
represented as a dominance hierarchy (Allee, 1938; Landau, 1951;
Tibbetts et al., 2022). As in humans, where social hierarchies
need not rest exclusively on dominance relations and where
group perceptions can be important instead (Redhead and
Power, 2022), animals can integrate multiple overlapping social
networks of different interaction types (Finn et al, 2019),
but it is unknown whether they also navigate multiple social
hierarchies, so that their social ranks have been primarily based
on dyadic relationships and could also not be determined any
other way because inferring the perceptions of bystanders would
be extremely challenging to measure. First order intentionality
is required from individuals to keep track of all their individual
dominance relationships (Gallup, 1998). Experimental evidence
indicates that individuals in many group-living species also
dispose of second order intentionality, i.e., they are able to infer
and monitor dominance relationships between third parties and
to adjust their behavior accordingly (Jolly, 1966a; Humphrey,
1976; Cheney and Seyfarth, 1990; Bergman et al., 2003; Range
and Nog, 2005). It is therefore meaningful to study the properties,
drivers and consequences of dyadic dominance relationships at
the group level to characterize the resulting hierarchy as it does
not just reflect an artifact of human transposition.

Why two individuals establish a dominance relationship is
easily explained if one focuses on its adaptive benefits. Every
agonistic interaction is costly, especially in terms of a greater than
zero risk of suffering an injury or worse. Even small scratches can
develop into dangerous infections, and wound healing can draw
energy from other energetic demands for days or weeks (Archie
etal., 2012; MacCormick et al., 2012; Archie, 2013). It is therefore
always advantageous to minimize the potential costs of fighting
for both opponents. Two principal mechanisms are available
for this purpose. First, signals of physical strength, agility and
other species-specific determinants of fighting ability can be
assessed and used to evaluate the potential costs and benefits
of an agonistic interaction (Arnott and Elwood, 2009). Second,
whenever individuals recognize individual conspecifics and are
able to remember the outcome of previous agonistic interactions,
an established agonistic asymmetry can be acknowledged by a
subordinate by evading a confrontation altogether by an early
retreat or by displaying formal signals of submission or by either
terminating an interaction with submissive behavior (Reddon
et al., 2021). The benefits and the other costs of a dominance
relation are always asymmetrical, however, with the dominant
enjoying priority of access to resources and mates whenever the
features of a resource generate a potential for contest competition
(Isbell, 1991; Wrangham et al., 1993; Sterck et al., 1997).

Proximate explanations of why two given individuals
establish a dominance relation and how they subsequently
maintain it differ accordingly. First, in many cases there is an
asymmetry in agonistic power based on physical superiority,
aggression, age or motivation that consistently predicts the
outcome of dyadic agonistic interactions (Giles et al.,, 2015;

Holekamp and Strauss, 2016; Bonanni et al., 2017; Deniz et al,,
2021; Tibbetts et al., 2022). Second, it has been argued that
some individuals have greater leverage or power because they
control a resource that cannot be taken away by force, and this
advantage can also predict the outcome of any given conflict
(Young et al., 2017; Lewis, 2018, 2022). Power may be based
on fighting ability, but also on knowledge or control over a
mating opportunity, making it practically challenging to identify
its base, however (Hobson, 2020; Hobson et al., 2021). Third,
memories of previous interactions with known individuals can
promote a learning effect that leads individuals toward exhibiting
submissive behavior - either in response to received aggression or
spontaneously — toward certain other conspecifics (Johnsson and
Akerman, 1998; Leimar, 2021). This learning process is further
reinforced by the winner-loser effect or other self-organizing
social dynamics, according to which winning or losing a fight
increases the probability of the same outcome in the next
agonistic interaction between the two opponents (Dugatkin,
1997; Hsu and Wolf, 1999; Franz et al.,, 2015; Lerena et al.,
2021; Tibbetts et al., 2022). Finally, in some species, such as
spotted hyenas and some catarrhine monkeys, the dominance
relationship between two individuals does not exist as a result
of prior interactions, but because these species have evolved
a convergent social convention of maternal rank inheritance
(Walters, 1980; Donabedian and Cords, 2021; Ilany et al., 2021).
Accordingly, philopatric matriarchs and their female offspring
maintain a life-long dominance hierarchy among matrilines in
which the youngest daughter occupies the highest rank just below
her mother and the oldest daughter is eventually pushed to the
bottom of the within-matriline hierarchy. This system of rank
inheritance has the evolutionary benefit of reducing the number
of costly fights further because there is no need for an initial
establishment of dyadic dominance relationships.

Several types of hierarchies have been reported for various
animal societies (Chase et al., 2002). For example, a linear
hierarchy is the simplest possibility, but it is unlikely if individuals
vary little in agonistic power, and its likelihood decreases
with increasing group size (Appleby, 1983). Hierarchies with
intransitive relationships are therefore more common (Chase
etal., 2002). In some species, there are only one or two individuals
that dominate all other group members, whereas no consistent
and clear dominance relationships can be discerned among the
remaining group members (e.g., in wolves: Mech, 1999). In
addition, not all individuals may interact with all others, resulting
in various numbers of unresolved relationships. Accordingly,
hierarchies in different taxa may differ in their steepness,
linearity or other properties (e.g., uncertainty, repeatability),
and dyadic relationships within hierarchies may differ in the
intensity of aggression, the likelihood of counter-aggression or
their conciliatory tendency (de Vries et al., 2006; Sanchez-Tojar
et al, 2018; Strauss and Holekamp, 2019; Levy et al., 2020).
Importantly, sex plays a key role in structuring hierarchies,
because males and females differ in fighting strategies and
agonistic power (Pandolfi et al., 2021) and are therefore often not
distributed randomly across a dominance hierarchy, whether it is
linear or not (Kappeler, 1990a; Smuts and Smuts, 1993; Hemelrijk
etal., 2008, 2020). Thus, individuals often cluster within a group’s
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hierarchy as a function of their sex; in group-living mammals
with typically either all or most males outranking all females.
Much of the research on animal hierarchies was conducted
on non-human primates. They exhibit a rich diversity of
social systems, with stunning variation in group size and
composition, kinship structures, mating systems and patterns
of (allo-)parental care, providing a rich source for interspecific
comparisons in studies of social evolution (Smuts et al., 1987;
Kappeler and van Schaik, 2002; Campbell et al., 2010; Mitani
et al., 2012; for definitions see Kappeler, 2019). However,
what sets the social systems of primates apart from those of
other orders of mammals is the diversity and complexity of
their social structures, defined as the patterning and nature of
social relationships (Silk and Kappeler, 2017). Descriptions of
and explanations for the evolution of the diversity of female
social relationships have been in the center of socio-ecological
research for decades, resulting in a profound understanding
of their ecological and phylogenetic determinants, behavioral
mechanisms, developmental processes and fitness consequences
(Wrangham, 1980; van Schaik and van Hooft, 1983; Sterck et al,,
1997; Isbell and Young, 2002; Clutton-Brock and Janson, 2012;
Schiilke and Ostner, 2012; Thierry, 2013; Strier, 2018; Moscovice
et al,, 2020). Similarly, the causes and consequences of variation
in male-male relationships have been studied in detail (van
Hooff and van Schaik, 1994; Alberts, 2012). In contrast, most
studies of intersexual interactions focused on functions in the
immediate context of reproduction, i.e., mate choice, parental
care and infanticide (Fernandez-Duque et al.,, 2009; Kappeler,
2012a; Lukas and Huchard, 2014; but see e.g., Baniel et al,
2016). Dominance relationships between the sexes, in particular,
have not enjoyed the same theoretical and empirical attention
as same-sex dominance relations (Muller and Wrangham, 2009;
Stumpf et al, 2011; Baniel et al., 2017; Kunz et al, 2021).
Because male-biased sexual dimorphism is widespread among
mammals (Lindenfors et al., 2007), the ability of males of these
species to dominate females was presumably considered an
unavoidable side-effect of male physical superiority and greater
aggressiveness, and male dominance over females was considered
to not require specific attention and explanation (Lewis, 2018).
Yet, the endemic primate radiation of Madagascar
(Lemuriformes) offers a remarkable exception to the widespread
primate pattern of larger males dominating females (Jolly, 1984;
Richard, 1987; Kappeler, 1993; Wright, 1999; Dunham, 2008;
Lewis, 2020). Recent research has challenged the long-held
assertion that ubiquitous female dominance characterizes all
lemur species by revealing considerable interspecific variation
in this respect, however. Here, we offer an up-to-date appraisal
of the relevant studies and reports of intersexual dominance
relationships in lemurs and evaluate existing hypotheses about
the evolution of female dominance in light of these new insights.
Today, more than 120 species of lemurs are recognized (Rowe
and Myers, 2016). Phylogenetic analyses revealed that they
represent the living endpoints of an adaptive radiation following
a single successful colonization event of Madagascar more
than 50 million years ago (Karanth et al., 2005; Herrera, 2017).
Representing only one of four groups of terrestrial mammals
that successfully colonized Madagascar (Poux et al., 2005;

Kappeler et al., 2019), they subsequently diversified into 5
families and 15 genera plus at least 17 species from 8 additional
genera that went extinct within the last few centuries (Godfrey,
2016). This adaptive radiation generated diversity in all
fundamental adaptations. Their body sizes span several orders
of magnitude (from 30 g - @ 150 kg), and the corresponding
life history traits vary accordingly (Catlett et al., 2010). Lemurs
evolved diurnal activity at least twice (Santini et al., 2015), and
the diversity of their diets matches that of all other primates
combined (Richard and Dewar, 1991). Their social systems are
equally distinctive, with a wide range of socially diverse solitary
species, at least two types of pair-living species, and group-
living species in two separate families (Kappeler, 1997, 2012b;
Kappeler and Pozzi, 2019). Yet, despite this stunning diversity
in fundamental traits, lemurs differ from many better-studied
anthropoid primates in that their groups are on average smaller,
even after controlling for body size and phylogeny, the average
adult sex ratio of their groups is not female-biased, they lack
male-biased sexual dimorphism in body and canine size, females
have masculinized external genitalia and female dominance is
widespread (Richard, 1987; Kappeler and Fichtel, 2015).

Prominent reports of female dominance in ringtailed lemurs
(Lemur catta; Jolly, 1966b), sifakas (Propithecus verreauxi and
P. coquereli, Richard, 1974) and indris (Indri indri, Pollock,
1979), which were the subjects of some of the first extended
field studies, contributed to the widespread notion that all lemurs
exhibit female dominance (but see Pereira et al., 1990). Being
apparently largely confined to lemurs, female dominance never
became a mainstream topic in primatology because it appeared
to require special explanation and generated several hypotheses
that invoked lemur- or Madagascar-specific factors to explain
the evolution of this sex role “reversal.” However, recent studies
revealed several instances where lemur females only win a
proportion of agonistic interactions with males, or where females
dominate only some, but not all males, and even male dominance
has been indicated in one report, suggesting the action of diverse
selective forces. Below, we first summarize this variation in detail
before we link it to the hypotheses proposed to explain the
evolution of female dominance to facilitate the connection of
this body of literature to studies of sex-based effects on power,
status, dominance and leadership in other mammalian societies
that have begun to enter mainstream ethology and primatology as
aresult of a more general recent interest in sex roles in human and
animal societies (Gowaty et al., 2012; Schirer et al., 2012; Janicke
etal., 2016).

DIVERSITY OF INTERSEXUAL
DOMINANCE RELATIONS

In this section, we summarize the current knowledge about
patterns of intersexual dominance relations in all genera of
lemurs. We proceed taxonomically (by genus), summarizing
relevant details of male-female interactions and relationships,
including the proportion of decided conflicts and whether males
and females are able to dominate some or all members of the
opposite sex. We also note whether studies were observational
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or experimental, whether they took place in captivity or the wild,
and whether they covered periods of reproduction. To provide
context for these details, we also ask whether males and females
are permanently associated and report the degree of sexual size
dimorphism. The main variables are also summarized in Table 1.

Mouse and Dwarf Lemurs

(Cheirogaleidae)

Allocebus

No data are available on intersexual conflicts or dominance
relationships in the hairy-eared dwarf lemur, Allocebus trichotis,
the only member of this genus.

Cheirogaleus

No reports on intersexual conflicts and their outcomes are
available for any of the about 10 species of dwarf lemurs in the
genus Cheirogaleus.

Microcebus

Among the currently recognized 25 species of mouse lemurs,
genus Microcebus, some evidence on the outcomes of intersexual
conflicts and dominance relationships is available for 10 species
(40%). Among these, direct observational, quantitative data
on the outcomes of intersexual conflicts from natural forest
environments is only available for two species (M. berthae,
M. griseorufus). The intersexual conflict behavior of the other
eight species was either quantified in captivity (M. lehilahytsara,
M. murinus) or in wild animals that were observed during
social encounter experiments (M. bongolavensis, M. danfossi, M.
mamiratra, M. margotmarshae, M. myoxinus, M. ravelobensis).
For these experiments, one male and one female were temporarily
(up to 1 week) kept in one or two connected cages, observed, and
subsequently released at their point of capture.

This general scarcity of published, quantitative data for
wild mouse lemurs is due to their social organization and
difficult observation conditions for these small, arboreal,
nocturnal solitary foragers. Social encounters occur only
infrequently at night, and the identity as well as sex of
the interaction partner cannot always be ascertained,
even if some focal animals are equipped with radio-
collars. The experimental encounter paradigm solves these
problems, since the confinement of two animals to one cage
setting increases social interaction rates and eliminates the
identification problem. The determination of dominance
relationships  between animals is therefore largely
facilitated, although potential habituation problems and
the confinement to limited space constrain the external
validity of the results.

In one field study on M. berthae (188 h observation time
before and during the mating season in Kirindy Forest), females
won all (100%) observed conflicts with males, which occurred
during feeding and in the sexual context (Dammhahn and
Kappeler, 2005). The underlying number of conflicts was low
(n < 10), however, and no further details were provided. Social
encounters in wild M. berthae were rare in general (males:
0.93 encounters/h, females: 0.49 encounters/h), but intersexual

two

encounters were more frequent than encounters between females
or between males (Dammhahn and Kappeler, 2005).

A study on M. griseorufus in Berenty Reserve reported
a mixed pattern during intersexual conflicts (Génin, 2013).
Females won 47% of all observed conflicts with males (n = 34
conflicts). Although adult females were typically able to dominate
males, three heavy males were reported to win conflicts with
subadult females. In addition, females but not males were able
to monopolize fruiting trees, and females fed significantly longer
than males at these trees (Génin, 2013).

Outcomes of intersexual conflicts and intersexual dominance
were determined in social encounter experiment with six
male-female dyads of M. bongolavensis in Marosely Forest
(Evasoa et al., 2019). During 108 observation hours in the
non-reproductive season (July - August), females won 80%
of all decided conflicts, but conflicts were generally rare (0.35
conflicts/h, n = 38), only one of six females was dominant over her
male partner, and only 52.6% of all conflicts were decided (Evasoa
et al,, 2019). In fact, experimental pair partners were relatively
often observed in mutual proximity and body contact.

Outcomes of intersexual conflicts and intersexual dominance
in six male-female dyads of M. danfossi were also determined
experimentally in Anjiamangirana Forest during 108 observation
hours in the reproductive season (September - October). Two
females were in estrus, two had recently been in estrus, and one
was pregnant during the observations. The overall conflict rate
was not very high (0.97 conflicts/h, n = 105). Still, most conflicts
were decided (87.6%), females won significantly more conflicts
than their male partners, and half of the females were dominant
over their temporary mates (Evasoa et al., 2019).

Six male-female dyads of M. mamiratra were subjected to
the same social encounter experiment in Lokobe National Park
during the reproductive season (July). One female was swollen,
one had been in estrus recently, and one was pregnant during
the observations. Overall, conflicts occurred very frequently
(8.8 conflicts/h, n = 954), significantly more often than in any
other species tested with this paradigm, and most conflicts
were decided (85.6%). All six females were dominant over
their male partner and won 96.7% of all decided conflicts
(Evasoa et al., 2019).

Using the same experimental design, six male-female dyads
of M. margotmarshae were observed during the reproductive
season (August-September) in Ankaramibe Forest (Evasoa et al.,
2019). Two females had recently been in estrus and one female
gave birth and lactated during the study. Conflicts occurred
frequently (2.7 conflicts/h, n = 114) but less often than in their
sister species M. mamiratra. Three of six females were dominant
over their male partner, but one case of male dominance was also
observed. Still, females won most decided conflicts (87.6%) and
77.1% of all conflicts were decided.

In M. myoxinus, the social encounter experiment was
conducted in Bombetoka Forest in the non-reproductive season
(September - October). Conflicts were generally rare (0.28
conflicts/h, n = 30) and intersexual dominance could not be
determined in any dyad (Evasoa et al., 2019). Females still won the
majority (60%) of all decided conflicts, but most (73.7%) conflicts
were undecided. In this species, the authors suspected a high
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TABLE 1 | Life style, sexual body mass dimorphism, conflict characteristics, and intersexual dominance relationships in lemurs (Lemuriformes).

Genus Species Origin obs/  hrs Perm. MF Social Season Sexual  Reference Females Males can % decided % decided % males % females Reference
exp association organization dimorphism SSD can dominate Als won by Als subordinate subordinate dominance
(body mass, dominate females females
SSD) males
Avahi occidentalis Wild  obs 847 Yes Pairs Both 0.83 1 Yes No 100 100 100 0 7
Daubentonia madagascariensis Captive obs 160 No Solitary ~ Non-repro 1.07 1 Yes Yes 68.0 74.5 N/A N/A 8
Eulemur coronatus Captive obs N/A Yes Group Repro 1.19 1 Yes Yes 81.0 83 75.0 25.0 9
Eulemur flavifrons Captive obs 260 Yes Group Non-repro 0.86 1 Yes No 98.8 100 100 0 10, 11
Eulemur fulvus Captive both 233 Yes Group Non-repro 1.07 1 Yes Yes < 50 27.7 N/A N/A 12
Eulemur macaco Captive both 260 Yes Group Non-repro 0.99 1 Yes Yes 45.0 46 N/A N/A 12
Eulemur mongoz Wild  obs N/A Yes Pairs Repro 0.88 1 Yes No 100 100 100 0 13
Eulemur rubriventer Captive obs N/A Yes Pairs Repro 1.05 1 Yes N/A 88.2 53.1 100 N/A 9
Eulemur rufifrons Both  obs 200 Yes Group Both 0.94 1 Yes Yes < 33 33.5 100 100 14
Hapalemur alaotrensis Wild  obs > 140 Yes Group Non-repro 0.98 1 Yes Yes 83.0 N/A N/A N/A 15
Hapalemur griseus Both  obs 337 Yes Pairs Non-repro 1 1 Yes Yes 81.0 N/A 100 100 11
Hapalemur meridionalis Wild obs 1,762 Yes Group Repro 0.96 1 Yes Yes > 90 N/A 100 66.7 16
Indri indri Wild  obs N/A Yes Pairs Both 0.82 1 Yes No 100 100 100 0 17
Lemur catta Both obs 2425 Yes Group Both 0.98 1 Yes No 99.5 99.5 100 0 14
Lepilemur leucopus Wild obs 516 No Pairs Both 0.97 1 Yes No 100 100 100 0 18
Lepilemur ruficaudatus Wid  obs > 2,000 No Pairs Both 0.99 1 Yes Yes 50.3 63.3 100 100 19
Microcebus berthae Wild  obs 188 No Solitary Repro 1.00 1 Yes No 100 100 N/A N/A 20
Microcebus bongolavensis Wild exp 108 No Solitary ~ Non-repro 1.00 2 Yes No 80.0 52.6 16.7 0 21
Microcebus danfossi wild  exp 108 No Solitary Repro 0.93 2 Yes No 91.3 87.6 50.0 0 21
Microcebus griseorufus Wild  obs N/A No Solitary Both 0.97 1 Yes Yes 471 N/A N/A N/A 22
Microcebus lehilahytsara Captive exp 18 No Solitary Repro 0.87 3 Yes Yes 82.4 99.5 62.5 12.5 23
Microcebus lehilahytsara Captive exp  20.25 No Solitary ~ Non-repro 0.92 3 Yes Yes 48.0 94.4 33.3 44.4 23
Microcebus lehilahytsara Captive obs N/A No Solitary Repro 1.07 5 Yes N/A 94.2 86.3 N/A N/A 24
Microcebus mamiratra Wild exp 108 No Solitary Repro 0.84 2 Yes No 96.7 85.6 100 0 21
Microcebus ~ margotmarshae Wild  exp 108 No Solitary Repro 0.87 1 Yes Yes 87.6 771 50.0 16.7 21
Microcebus murinus Captive obs 42 Yes Solitary Repro 0.84 4 Yes No 99.9 88.7 100 0 25
Microcebus murinus Captive exp 33.75 No Solitary Repro 0.84 4 Yes No 85.3 93.0 53.3 0 23
Microcebus murinus Captive exp  29.25 No Solitary  Non-repro 1.08 3 Yes Yes 62.2 87.0 23.1 71 23
Microcebus myoxinus Wwild  exp 108 No Solitary  Non-repro 0.86 2 No No 60.0 26.3 0 0 21
Microcebus ravelobensis Wild exp 105 No Solitary ~ Non-repro 1.09 1 Yes No 84.4 58.2 33.3 0 21
Microcebus ravelobensis Wild  exp 102 No Solitary  Non-repro 1.09 1 Yes Yes 48.1 64.6 5.9 11.8 26
Mirza zaza Captive obs N/A Yes Pair-living Repro 0.97 1 No Yes N/A N/A N/A N/A 27
Phaner pallescens Wild obs 455 Yes Pair-living Repro 0.93 6 Yes No 100 84.0 100 0 28
Prolemur simus Captive obs N/A Yes Groups Both 1.13 1 No Yes 0 N/A N/A N/A 29
Propithecus coquereli Captive obs 100 Yes Groups No info 1.00 1 Yes No 100 100 100 0 30
Propithecus coronatus Wild obs 273 Yes Groups  Non-repro 0.86 1 Yes Yes 80.0 100 50.0 N/A 31
(Continued)
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degree of behavioral disturbance by nocturnal human visitors
passing nearby, since the animals were often jointly hiding in the
sleeping site during the observation.

Intersexual dominance was also assessed experimentally in
M. ravelobensis in Ampijoroa Forest in two studies during
the non-reproductive season (Eichmueller et al., 2013: June -
August, Evasoa et al,, 2019: May - June). Eichmueller et al.
(2013) observed 17 male-female dyads that could each interact
only during 6 h of supervised encounter time distributed over
four consecutive nights, adding up to a total observation time
of 102 h. This study documented 206 intersexual conflicts but
found female dominance in only one and male dominance in
two out of 17 male-female dyads. This rather low incidence
of female dominance coincided with a low rate of winning for
females (48.1%) and a low rate of decided conflicts (64.6%),
despite a moderately high overall conflict rate (2.0 conflicts/h).
Evasoa et al. (2019) observed six male-female dyads for 105 h
and detected female dominance in two out of six male-female
dyads. Conflict rates (0.52 conflicts/h) and decision rates (58.2%
of n = 55) were both rather low, but females still won 84.4% of all
decided conflicts.

These six mouse lemur species were studied with the exact
same experimental paradigm by the same observer, but differed
significantly in their levels of mutual tolerance and patterns of
intersexual dominance (Evasoa et al., 2019). The multivariate
analyses on this multi-species dataset revealed that neither
phylogenetic proximity nor habitat type (dry vs. humid forest)
could explain the observed interspecific variation in intersexual
relationships. However, reproductive activity did coincide with a
higher incidence of female dominance, and an impact of seasonal
reproduction on the frequency of intersexual conflicts in mouse
lemurs was suggested.

Significant seasonal differences in intersexual conflict rates
and the outcome of conflicts were also detected in captivity
(Hannover colony, Germany) in M. lehilahytsara. Hohenbrink
et al. (2016) employed a social encounter paradigm and
conducted a series of encounters (=2.25 h/pair) with eight dyads
during the reproductive season and with nine dyads during the
non-reproductive season. Intersexual conflicts were significantly
more frequent in the reproductive season (60.2 conflicts/h,
n = 1,084) than in the non-reproductive season (19.4 conflicts/h,
n = 393). Although the vast majority of conflicts was decided
in both seasons (reproductive season: 99.5%, non-reproductive
season: 94.4%), females won relatively more conflicts in the
reproductive season (82.4%) than in the non-reproductive season
(48%), which was also reflected in the higher proportion of
dominant females in the reproductive season (62.5%) than
in the non-reproductive season (33.3%). Conversely, males
dominated females in four of nine dyads (44.4%) during the non-
reproductive season. The seasonal change in dominance from
the reproductive to non-reproductive season happened even in
individual dyads (1x from female-dominant to male-dominant,
Ix from female-dominant to undecided, 1x from undecided
to male-dominant).

Another captive study on M. lehilahytsara was conducted in
the Masoala Hall of Zurich Zoo (Switzerland) during 2 months
after animals reappeared from seasonal torpor at the start of
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the reproductive season (Jiirges et al, 2013). Focal animals
had relatively frequent social encounters (defined as proximity
of < 10 m) with a median of 10 times/h, although the majority
of encounters (median = 75%) did not involve social interactions
(Jiirges et al., 2013). A total of 80 conflicts were observed between
males and females in different contexts (feeding, social, sexual,
unspecific), the vast majority of them being decided (86.3%,
n = 69). Females won most decided conflicts (94.2%, n = 65), in
fact significantly more than males (Jiirges, 2010).

A study on agonistic intersexual conflicts and dominance
in captive M. murinus documented unambiguous female
dominance (i.e., all females were dominant over all males) in
four study groups that were each composed of two adult males
and two adult females (Radespiel and Zimmermann, 2001) and
were observed for a total of 42 h after group formation during
the reproductive season. The study period also included the first
seasonal estrus of the females. Overall, 865 agonistic interactions
were observed with an overall rate of 20.6 conflicts/h. Most of
them were decided (88.7%) and in all but one case in favor
of females (99.9%). Intersexual conflicts occurred in various
behavioral contexts (sexual, feeding, sleeping, social, spatial).

Significant seasonal differences in intersexual conflict rates
and outcomes of conflicts were detected in a more recent
study on captive M. murinus. Hohenbrink et al. (2016)
studied experimental encounters between 15 dyads during the
reproductive season and 13 dyads during the non-reproductive
season. Intersexual conflicts were significantly more frequent
in the reproductive season (26.9 conflicts/h, n = 909) than in
the non-reproductive season (5.8 conflicts/h, n = 169). The vast
majority of conflicts was decided in both seasons (reproductive
season: 93%, non-reproductive season: 87%). Females won
relatively more decided conflicts in the reproductive season
(85.3%) than in the non-reproductive season (62.2%). This
seasonal impact was also reflected in the higher proportion of
dominant females in the reproductive season (53.3%) compared
to the non-reproductive season (23.1%). During the non-
reproductive season, one male even dominated his female partner
(same dyad: undecided during reproductive season); an outcome
that was never observed during the reproductive season. The
difference in the proportion of dominant females in both captive
studies on M. murinus was argued to be the result of the different
test paradigms (permanent group formation during estrus vs.
temporary encounters outside estrus).

Although many studies have been conducted on wild
M. murinus over the last 60 years, quantitative data on the
frequency and outcomes of intersexual conflicts have not been
published for this species to the best of our knowledge. However,
two studies at Kirindy Forest documented that some females
spatially monopolized food resources (in particular gum trees) by
chasing males, but not other females, out of gum trees (Génin,
2003, 2013). One additional early study from the reproductive
season (September — November) in Ankarafantsika National Park
reported that although gray mouse lemurs spent an overall 11%
of the observation time within 10m of conspecifics (n = 195
encounters), only 11.8% (n = 23) of the encounters included
aggressive behaviors or “rejections of contact” (Pages-Feuillade,
1988). Among these, the sex was known for both partners in

18 cases, and 83.3% (n = 15) of these occurred between the
sexes. During these intersexual conflicts, females mostly rejected
contacts attempted by males, suggesting that M. murinus females
were dominant over males, which may have been facilitated by a
female-biased body mass dimorphism (Pages-Feuillade, 1988).

Mirza

No quantitative data are available on intersexual conflicts or
dominance relationships in Mirza coquereli. Only very few data
are available on intersexual conflicts in Mirza zaza. One captive
study reported on social interactions between one adult male
and two adult females at the Duke Lemur Center (Stanger et al.,
1995). The authors observed social interactions between the sexes
during one estrous cycle of both females, and aggressive behavior
was only displayed by the male but not by the females. This
observation is suggestive of male dominance, but the lack of
systematic data precludes a conclusive assessment.

Phaner

Of the four recognized species of the genus Phaner, the social
system, including intersexual conflict and dominance, has only
been studied in Phaner pallescens (formerly referred to as
P. furcifer), which live in family groups comprised of an adult
pair and their offspring (Schiilke and Kappeler, 2003). This study
was conducted in Kirindy Forest and involved 455h of focal
observations on 15 male and 15 female pair partners. Agonistic
conflicts occurred at relatively low rates (0.49 conflicts/h, n = 225)
but still more frequently than affiliative interactions. Conflicts
occurred mostly in the feeding context (60.4%), but also during
mate guarding, meetings with neighbors, resting, and during
immigration of a new male (Schiilke and Kappeler, 2003). The
majority of conflicts (84%, n = 189) were decided, and all (100%)
were won by females. Submissive behaviors of males occurred
spontaneously (i.e., without aggression by females) in more than
half of all decided conflicts (55.6%, n = 105).

Sportive Lemurs (Lepilemuridae)

Lepilemur

Data on intersexual conflicts and dominance relationships of the
26 species of nocturnal sportive lemurs are available from field
studies on only two of them.

Social interactions between eight pairs of redtailed sportive
lemurs (Lepilemur ruficaudatus) were studied in Kirindy Forest
for 24 months (Hilgartner et al., 2012). Due to the nature of their
social organization as dispersed pairs, only 255 social encounters
between pair partners were observed. Almost half (47.3%) of
these encounters involved the exchange of agonistic behavior. Of
the 120 agonistic interactions, 63.3% were decided. On average,
half (49.7%) of them were won by males, but during the mating
season, this rate increased to 87.1% (n = 31). In contrast, males
lost most of the conflicts (78.9%, n = 38) during the birth season.
During the rest of the non-mating season, agonistic encounters
between pair partner were rare (n = 7) and wins were equally
distributed between pair partners. Notably, not a single affiliative
interaction between pair partners was ever observed.

Twenty nocturnal white-footed sportive lemurs (L. leucopus)
were observed at Berenty Reserve for a complete annual cycle.
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Despite parallel observations of the members of 7 dispersed pairs,
only 15 agonistic interactions were observed at all during 516h
of focal observations (0.03 conflicts/h) (Droscher and Kappeler,
2013). Most of them involved unidentified neighbors, and only
three agonistic interactions between members of a pair were
observed, and in all of them (100%) the female displaced the male
from a food patch (Droscher and Kappeler, 2014).

Thus, in sportive lemurs, rates of (agonistic) interactions are
extremely low. They appear to lack unambiguous submissive
behavior, contributing to relatively high proportions of
undecided conflicts. Sex did not predict the outcome of
decided conflicts in L. ruficaudatus, except during periods of
reproduction. Interestingly, during the mating season males
prevailed more often whereas females dominated males when
they had small infants. In L. leucopus, females appear to be
dominant over males, but the sample size is extremely small and
agonistic interactions are so rare that dominance may not be a
useful concept to describe the outcome of these few interactions.

Aye-Ayes (Daubentoniidae)

Daubentonia

Intersexual dominance relationships in solitary nocturnal aye-
aye, Daubentonia madagascariensis, were studied in a captive
colony at the Duke Lemur Center (Rendall, 1993). Two pairs of
wild-caught individuals were observed for 160h, but only one of
them consisted of adult individuals. Of 55 agonistic interactions
between the members of the adult pair, 74.5% were decided, and
68% of the decided (and 42.9% of 14 undecided) conflicts were
won by the female. Undecided interactions in this study were
defined as those in which one individual exhibited only aggressive
behavior, while the other responded with a combination of
aggressive and submissive behavior. In the juvenile pair, the male
was older, heavier and larger than the female. He managed to
elicit submissive behavior by the female in 87% of the decided
conflicts (n = 120) between them. However, the young female
managed to displace the male in the majority (83.4%) of 66
undecided conflicts, most of which involved access to food.
Thus, female aye-ayes appear to be able to dominate males, but
larger sample sizes and data on intersexual encounter rates in
their very large home ranges of hundreds of hectares (Sefczek
et al., 2020) are required to establish the external validity of this
preliminary study.

Indris (Indriidae)

Intersexual relationships in the Indriidae have been studied
mainly in the course of observational studies in the wild, except
for Coquerel’s and golden-crowned sifakas (Propithecus coquereli,
P. tattersalli).

Avahi

The genus Avahi consists of nine species but information
on intersexual conflicts is only available for one species, the
Western woolly lemur (Avahi occidentalis). Western woolly
lemurs are nocturnal and live in cohesive pairs. Six pairs were
observed for 847 h over a period of 8 months in the National
Park Ankarafantsika (Ramanankirahina et al., 2011). In total,
21 agonistic interactions with a median rate of 0.01/h were

observed. Of those conflicts, 15 were decided and 5 were
incompletely observed. All 15 decided conflicts between pair
partners were won by females and males showed submissive
behavior, suggesting that females are dominant over males.

Indri

Indri indri are diurnal and organized into pairs. Three pairs
with their offspring were observed over a period of 15 months
in Andasibe-Mantadia National Park (Pollock, 1979). In total,
135 social displacement including aggressive displacements were
observed in two groups, whereas 107 social displacements -
mainly in small feeding trees - were observed in the third group.
Adult female indris always displaced adult males, and are, hence,
dominant over males.

Propithecus

The genus Propithecus consists of nine species, which are all
diurnal and group-living. Information on intersexual conflicts is
available for six species. Coquerel’s sifakas (P. coquereli) were
observed in outdoor enclosures of the Duke Lemur Center
(Kubzdela et al., 1992). Two pairs of an adult female and
male were observed for 100 h each outside the reproductive
season. In total, 26 aggressive interactions were observed in
feeding contexts. Females initiated and addressed aggression
toward males during 23 events, with males responding three
times with counter-aggression. Since only females initiated and
addressed aggression toward males, females were considered to
be dominant over males, at least in the feeding context.

Three groups of crowned sifakas (P. coronatus) were
observed for 273 h in the Antrema Forest Station in north-
west Madagascar. Out of 39 agonistic interactions, female
initiated 80% agonistic interactions toward males, but could only
dominate 50% of males (Ramanamisata et al., 2014).

In diademed sifakas (P. diadema) three groups were observed
for 325 h outside the reproductive season at Tsinjoarivo. In
total, 21 agonistic interactions were observed, of which 11
occurred between the sexes and 10 between males. Females
won 88% of conflicts with males and dominated 83% of males
(Rasolonjatovo and Irwin, 2020).

In Milne Edwards sifakas (P. edwardsi), data on intersexual
relationships were obtained from observations of four groups
over a period of 15 years at Ranomafana National Park. Each focal
animal was observed for about 7.9 & 2.9 h. Milne Edwards sifakas
exhibited an aggression rate of 0.22 interactions/h. Out of 1,426
agonistic interactions 1,410 were decided (98.9%). 825 agonistic
interactions occurred between the sexes and females won 94% of
all conflicts with males, but information on the number of males
dominated by males was not provided (Pochron et al., 2003).

Four adult wild-caught golden-crowned sifakas (P. tattersalli)
were observed for 4,110 h at the Duke Lemur Center. Females
won 90% of conflicts over males and could dominate all males
(Wallace et al., 2016).

Ten groups of Verreaux’s sifakas (P. verreauxi) were observed
throughout the year for 2,808 h at Kirindy Forest. A total of
383 agonistic interactions, of which 345 were decided (90.1%)
and 38 undecided, were observed in a feeding context. Females
won 91% of intersexual conflicts and could dominate 83% of
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males (Kappeler et al, 2009). In another study, four groups
of Verreaux’s sifakas were observed for 4,965 h over a period
of 9 years in Kirindy Mitea National Park (Voyt et al.,, 2019).
A total of 483 decided agonistic interactions were observed. In
342 agonistic interactions, the age of the two conflicting partners
was known. Young females of 3 years won only 30% of conflicts
with males, females between an age of four to six won on average
more than 50% of intersexual conflicts, whereas adult females
older than 7 years won 100% of their conflicts with males. These
data suggest that female dominance becomes more unambiguous
with female reproductive maturity.

Although sifaka males are occasionally able to win individual
conflicts over females, females win the majority of fights and are
able to dominate most males in their groups. Hence, sifakas can
be clearly classified as exhibiting widespread female dominance.
Overall, all species of the indriids which have been studied so far,
exhibit female dominance.

Lemurs (Lemuridae)

The family of lemurs contains 21 species in 5 genera,
of which information on intersexual dominance relations
exists for 14 species from mostly observational studies in
captivity and the wild.

Prolemur

The social behavior of greater bamboo lemurs, Prolemur
simus, has not been systematically studied. In the wild,
they live in groups with multiple adult males and females
(Frasier et al., 2015). In captive colonies in France, however,
unsystematic behavioral observations revealed that two adult
males cannot be kept together. The same is true for unrelated
adult females and related females with offspring. According to
Roullet (2011), males can become aggressive toward keepers
and also dominate females. If confirmed by specific behavioral
studies, P. simus would be the only known lemur species with
exclusive male dominance.

Hapalemur
Information on intersexual dominance relations in pair-living
bamboo lemurs is available from three out of five species.
In Hapalemur alaotrensis, four wild groups were observed
for 4 months outside the reproductive season (Waeber and
Hemelrijk, 2003). All but one intersexual agonistic interaction
were decided, and the vast majority of them was over access
to food. Of 260 male-female conflicts, 77% involved only
submissive behavior, and in 83% of those only males exhibited
submission. Nonetheless, in some conflicts females submitted
to males, but it remains unknown how many different females
exhibited submission, whether this included some of the juvenile
females included in the study, and whether females that exhibited
submission in a conflict with a male were able to elicit submission
from the same male in other conflicts. Despite this lack of detail,
it appears fair to conclude, based on the presently available data,
that female Alaotran bamboo lemurs exhibit female dominance
in the vast majority of agonistic interactions with adult males.

A total of 428 agonistic interactions were observed in two
small groups and one pair of wild southern bamboo lemurs,

H. meridionalis, during 1,762 h distributed across a full year
(Eppley et al.,, 2017). Females initiated and won more than 90% of
these conflicts (79.8% over access to food) and were twice as likely
to target a male than males that initiated agonistic interactions.
All three study units contained one adult male and two or
one adult females, and a female took the dominant position in
all three units.

In three groups of wild gray bamboo lemurs, H. griseus,
observed over 3 months outside the reproductive season, only
seven agonistic interactions between males and females were
recorded in 337 h of focal animal observations, and in 3 (42.9%)
of them, females directed aggression toward males (Foreit, 2016),
but submissive behavior was not recorded in this study. Thus, sex
did not predict the direction of aggression, but the number of
observed conflicts is very low. A behavioral study of five captive
pairs or small family groups lasting over a year yielded details
on 42 intersexual agonistic interactions, of which the females
decided 81% in their favor (Digby and Stevens, 2007). Thus, rates
of agonistic interactions in these specialized folivores are low,
and females win most, but by far not all agonistic interactions
with adult males.

Lemur

Ringtailed lemurs, Lemur catta, were the first lemur species for
which female dominance was reported (Jolly, 1966b). They form
the largest groups of all lemurs with multiple adult males and
females. Numerous studies of wild and captive populations have
since confirmed that all adult females unconditionally dominate
all adult males. We therefore refer to only one captive and two
different wild studies with large sample sizes.

Studying two semi-free ranging captive groups at the Duke
Lemur Center, Pereira and Kappeler (1997) observed 495
agonistic interactions between males and females in more than
a year of observations, and 99.5% of them were decided in
favor of females. Most interactions consisted of spontaneous
male submission whenever males and females came into close
proximity. In a study of two wild groups at Beza Mahafaly,
Sauther (1993) recorded 2,301 agonistic interactions during
1,800 h of observations, with 86% of them occurring over
food resources. In 35 of intersexual agonistic interactions, a
male displaced a female, but the latter were all young and
nulliparous. In contrast, females won 96.9% of their agonistic
interactions with males, and the rates of their conflicts peaked
during the late lactation period. A 4-month study of two groups
at Berenty Reserve during the birth season confirmed the pattern
of unambiguous female dominance (Nakamichi and Koyama,
1997). Females were winners and males were losers in all of the
709 decided agonistic interactions between females and males,
and females were dominant over males in 90 of 91 possible
female-male dyads in these two groups; the remaining dyad
was never observed to interact. Thus, ringtailed lemurs exhibit
ubiquitous female dominance under variable environmental
conditions in all behavioral contexts.

Varecia
One field study focused on intersexual dominance relations
in black and white ruffed lemurs, Varecia variegata.
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Overdorft et al. (2005) observed two groups for more 17 months,
but they were not able to consistently decide which animals
were winners and losers. Moreover, one group was socially
instable for most of the study period. In a stable group of two
females and two males, one female dominated all other group
members, but submissive signals were rarely exchanged, and
45 of 49 submissive signals were given by one male toward the
dominant female. In a year-long study of a captive pair living
in a natural habitat enclosure at the Duke Lemur Center with
their three offspring, 76.5% of 47 agonistic interactions between
all group members were decided, and 97.1% of the decided
interactions were won by females (Raps and White, 1995). Only
25.7% of females’ 35 wins lacked female aggression, however; i.e.,
spontaneous male submission is not common. A 2-month study
of a semi-free ranging pair and their 5 offspring at Duke Lemur
Center recorded 46 agonistic interactions, of which all but one
(97.8%) were won by females (Kaufman, 1991).

Two captive groups of red ruffed lemurs, V. rubra, consisting
of a breeding pair and their offspring, were studied at
the Duke Lemur Center between September and April (i.e.
including the mating and birth season; Raps and White,
1995). All 348 agonistic interactions were decided, 96.5% of
them were won by females, and 69.5% of those involved
female aggression. A 20 h study of a captive group of three
females and two males reported 25 agonistic interactions, of
which 96% were decided; all of them in favor of females
(Meyer et al., 1999).

Thus, despite a lack of longer studies of multiple groups,
the available evidence indicates that ruffed lemur females are
generally able to dominate males and that female aggression
appears to be often required to elicit male submission.

Eulemur

Of the 12 species of true lemurs, data on intersexual dominance
relations are available for seven of them; most of them from
studies in captivity. Between September and May (i.e. including
the mating and birth season), four groups of crowned lemurs,
Eulemur coronatus, were studied at Mulhouse Zoo (Marolf et al.,
2007). A total of 83% of 424 intersexual agonistic interactions
were decided, and females won 81% of them. Females were able
to elicit much more submissive behavior from males than vice
versa, but in one of the groups, the only male dominated the only
adult female. The intersexual agonistic interaction rate increased
during the breeding season in only one group. In a captive group
at the Duke Lemur Center studied across a year, females won
97% of all decided agonistic interactions (N = 105) with males
(Pereira et al., 1990).

In two family groups of redbellied lemurs, E. rubriventer, at
Mulhouse Zoo, 53.1% of 64 agonistic intersexual conflicts were
decided, and females won 88.2% of those (Marolf et al., 2007).
Females never showed spontaneous submission toward males. In
one of the groups, most conflicts occurred during the breeding
season. The majority of intersexual agonistic conflicts in a year-
long study of two wild family groups at Ranomafana National
Park occurred in the context of infant transfer, when the mother
cuffed the male in the process of transferring an infant on his back
for carrying (Overdorft and Tecot, 2006).

Seven groups of blue-eyed black lemurs, E. flavifrons, were
studied at the Duke Lemur Center for 260 h in June and
July (ie., during the non-reproductive season; Digby and
Kahlenberg, 2002). Of 293 agonistic interactions between males
and females, females won 99% of them. Males elicited submissive
behavior from a female on only four occasions. Only 19% of
agonistic interactions involved spontaneous male submission.
In a subsequent study of the same population, females won
98.6% of 506 intersexual agonistic interactions, and 65.7% of 589
dominance interactions initiated by females involved aggression
on their part (Digby and Stevens, 2007).

In one captive group of black lemurs, E. macaco, studied
for 2 months after the mating season at the Strasbourg Primate
Center, 46% of 81 intersexual conflicts were decided and the
majority (95.6%) of decided conflicts were won by the aggressor
independent of its sex (Roeder et al., 2002). In an experimental
dominance study with black lemurs, females were dominant over
males in a competitive drinking test, but no details on the nature
of their conflicts are available (Fornasieri et al., 1993).

Two groups of brown lemurs, E. fulvus, were studied at
the Strasbourg Primate Center for 233 h outside the mating
season (Roeder et al., 2002). Of 102 intersexual conflicts, only
27.7% were decided and in 92.4% of the decided conflicts,
the initiator prevailed, independent of sex. Similarly, in an
experimental dominance study with brown lemurs, sex had no
effect on the outcome of conflicts in a competitive drinking test
(Roeder and Fornasieri, 1995).

In two groups of redfronted lemurs, E. rufifrons, studied in
natural habitat enclosures at Duke Lemur Center, only 33.5%
of 474 conflicts were decided, and less than 33% of those were
decided in favor of females (Pereira and Kappeler, 1997). Similar
results were obtained in an independent study of the same captive
population (Pereira et al., 1990), with only 31% of agonistic
interactions being decided. In a wild group at Ranomafana
National Park, this percentage was at 61% (N = 279), and females
won only 13% of the 172 decided agonistic interactions with
males (Pereira et al., 1990). Thirty-four percent of conflicts at
Ranomafana included female submission toward males and 65%
male aggression toward females. A field study of two groups
at Kirindy Forest between April and August (i.e. including the
mating season) revealed that male-male agonistic interactions
were most frequent and that more than 80% (N = 258) of
them were decided (Ostner and Kappeler, 1999). Intersexual
interactions were much rarer and only 27% of them were
decided. Only one conflict between females was observed in 1,023
observation hours. Based on decided agonistic interactions, one
male appeared on top of the dominance hierarchy of both groups.

Finally, in two wild family groups of mongoose lemurs,
E. mongoz, females were reported to have priority of access to
food in all conflicts with males, but no details on the number or
nature of conflicts was provided (Curtis and Zaramody, 1999).

Thus, intersexual dominance relations among true lemurs
are highly variable. Females are dominant in some species,
but sex has no effect on the outcome of agonistic interactions
in others. Aggression appears to be required to win agonistic
interactions and exclusive submissive behavior is rare. Feeding
and reproduction are contexts in which conflict rates are high,
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but most studies suffer from either short duration, few conflicts
or a lack of relevant detail.

The available quantitative data offer very few opportunities
for explorative statistical analyses. To assess potential impacts
of study type (observation vs. experiment), setting (captivity vs.
wild) or season (mating season included or not), not enough
studies of the same species under different conditions are
available. One strong prediction is that the ability to win agonistic
interactions with members of the opposite sex is based on
physical superiority. However, average sexual size dimorphism
among lemurs is close to 1 with a mean £ SD of 0.97 £ 0.09,
a minimum of 0.82 and a maximum of 1.19 (Table 1). Sexual
size dimorphism is nonetheless negatively correlated with the
average proportion of conflicts won by females (Figure 1;
Pearson, N = 36 species, r = -0.38, p = 0.022), but only if
Prolemur simus is included (with a value of 0% female wins;
Roullet, 2011). After excluding P. simus, this correlation is no
longer significant (Figure 1; Pearson, N = 35 species, r = -0.25,
p = 0.149), however. Hence, quantitative data from Prolemur, but
also additional species, on intersexual dominance are required to
determine whether sexual size dimorphism covaries indeed with
the proportion of conflicts females win over males.

APPRAISAL OF THE EVIDENCE

In striking contrast to most other primates and mammals, the
ability of adult females to consistently dominate adult males is
clearly widespread among the primates of Madagascar. However,
there is more variation in intersexual dominance relations among
and within species than previously acknowledged, ranging
from well-documented empirical support for invariable female
dominance in some species to possible male dominance in others.
Given the nature of the available evidence, however, only a
broad qualitative assessment of the dimensions and causes of this
variation is currently possible.

First, females in all five families and all the genera studied
so far are able to evoke submissive behavior from adult
males. Prolemur may be an exception, but only systematic
quantitative data will allow a firm assessment of this species
in the future. Given this taxonomic distribution of female
dominance, a phylogenetic reconstruction conducted for purely
illustrative purposes (Figure 2) revealed that this ability has
already characterized ancestral lemurs — perhaps even the first
colonizers - than to postulate multiple evolutionary origins
of female dominance (see also Petty and Drea, 2015; Lewis,
2018). The issue of whether the absence of male dominance
and male-biased sexual size dimorphism in lemurs is just an
idiosyncrasy of that lineage, or whether the colonization or
ecology of Madagascar have prompted adaptations that are only
rarely found in other mammals remains difficult to resolve, but
some comparative evidence suggests that a combination of these
factors might be implicated (Kappeler et al., 2019).

Second, substantial variation in the nature of intersexual
dominance among closely-related species within the same genus
indicates that environmental and/or social factors have shaped
the variation in social structure seen among contemporary lemur

species. The standardized experiments with Microcebus, but also
the various observational studies of Eulemur and Propithecus
revealed intriguing variation that is not obviously linked to a
particular habitat, season or reproductive phase. Observations of
wild species have emphasized feeding competition as a frequent
context in which females dominate males, but captive and
experimental studies have indicated that intersexual agonistic
interactions are neither limited to this situation nor particular to
any species. The phylogenetic reconstruction also indicates that
the average proportion of intersexual conflicts won by females has
been reduced independently in some taxa in all families, except
for the Daubentoniidae (Figure 1), suggesting that intersexual
dominance relations continue to evolve in response to selective
factors that remain obscure for the time being.

The same applies to contexts related to reproduction. Female
rejections of unwanted male advances and defense of vulnerable
infants provide contexts in which male and female interests
collide, and where females have greater power because they
control the resource males want (fertilizable eggs), but the studies
included in this review did not reveal a systematic increase
in female dominance during the mating season. Furthermore,
the available studies do not report data for the mating season
and non-mating season separately, precluding formal statistical
comparisons. We could only document a possible trend for a
reduction in the proportion of conflicts won by females with
an increasing size advantage of males, suggesting that physical
superiority is involved in determining intersexual dominance
relations. Using a different measure of female dominance,
Hemelrijk et al. (2008) found no correlation with sexual size
dimorphism across 22 primate species. Also, in spotted hyenas
female dominance is independent of body mass (Vullioud
et al., 2019). Ideally, however, year-round studies of multiple
groups, pairs or large samples of known individuals should
be conducted to record variation in the frequency, nature and
contexts of agonistic interactions between opposite- and same-
sex opponents to have a quantitative basis for more systematic
comparisons in the future.

Finally, and related to this last point, the level of detail
with which different studies have reported their results is highly
heterogeneous, also hampering comparative analyses aimed at
understanding the levels and sources of variation in intersexual
dominance relations. Whereas many studies of dominance in
lemurs have reported more details about the actual interactions
than studies of other primates and mammals - especially with
respect to the occurrence of submissive behavior - our review
revealed that there is no generally agreed-upon standard for
reporting data on agonistic interactions. For example, it would
be desirable - in our view - to report for each sex combination
of dyads the rate of conflicts, the proportion of decided and
undecided conflicts, the proportion of conflicts with submissive
signals and the social context of interactions. Interactions with
juveniles should be reported separately because size differences
may distort intersexual dominance relations. Moreover, at the
level of summarizing and analyzing these data for group-living
species, it should be reported whether and how these interactions
were used to generate a hierarchy, as well as their basic properties
like linearity and transitivity (see Levy et al, 2020). From
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dominance hierarchies, it is also possible to determine the
number or proportion of members of the opposite sex dominated
by any female or male to calculate a corresponding summary
statistic (see e.g., Kappeler, 2022). Finally, whereas social network
analyses may provide additional insights about the structure
of intersexual dominance relations, the groups of most lemur
species were too small to apply these methods in meaningful ways
(see e.g., Eppley et al., 2017), but new methods for small groups
are now available (Coelho et al., 2020).

THE EVOLUTION OF FEMALE
DOMINANCE

As always, a Tinbergian perspective is most helpful for
illuminating the evolution of a social phenomenon like
intersexual dominance (Bergman and Beehner, 2021; Smith et al.,
2021). First, the ability of female lemurs to evoke submission
from adult males per se is proximately not dependent on physical
superiority, but might be modulated by relatively small variation
in sexual size dimorphism, and it is also not restricted to any
particular social context like feeding or reproduction (see also
Kappeler, 1990b). The relative roles of female aggression and
male submission in generating decided agonistic interactions in
different species remains unresolved, however, until more studies
report details on the proportion of conflicts with (spontaneous)

male submission. In particular, it would be of interest to have
a more comprehensive understanding of the distribution of
submissive signals as well as their importance in intersexual, but
also same-sex interactions (Reddon et al., 2021). Focusing on
the proximate control of female aggression and masculinization
in lemurs, several studies have explored the possible role
of androgenic steroid hormones in shaping female aggressive
phenotypes (Petty and Drea, 2015). Whereas lemur females are
strikingly masculinized in their genital morphology, this line of
research has not suggested a uniform ultimate reason why female
dominance might be adaptive.

Second, an ontogenetic perspective suggests that the ability
of females to win agonistic interactions with males emerges in
close temporal proximity with sexual maturity because young
females in ringtailed lemurs (Pereira, 1993), Verreaux’s sifakas
(Voyt et al.,, 2019) and gray mouse lemurs (Hohenbrink et al.,
2015a,b) begin eliciting male submission at that developmental
stage. Because these species represent different families, this
functional relationship between female dominance and female
reproduction is presumably ancestral for lemurs, but additional
studies on the ontogeny of female dominance would be welcome.

Third, compared to other mammals, where unanimous
dyadic female dominance is limited to spotted hyenas and less
comprehensive forms of female dominance to a handful of other
species (Kappeler, 1993; Koren et al., 2006; Watts and Holekamp,
2007; Dunham, 2008; Koren and Geffen, 2009; French et al., 2013;
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2010). Female dominance varies between 0 and 100%, making a formal

Surbeck and Hohmann, 2013; Kappeler and Fichtel, 2015;
Holekamp and Sawdy, 2019; Vullioud et al, 2019), lemurs
represent an unusual taxon from a phylogenetic perspective. This
concentration of species with female dominance has engendered
evolutionary explanations that focus on idiosyncrasies of
either lemurs or Madagascar, or both. In some cases, these
hypotheses have incorporated functional aspects that offer an
ultimate explanation.

The predominant explanation for the prevalence of female
dominance among lemurs is based on a combination of
phylogenetic and functional considerations. It postulates that
lemur females face higher energetic costs of reproduction in
combination with food scarcity than other primates, so that
they benefit from priority of access to contested food resources
during energetic bottlenecks (‘energy conservation hypothesis™
Jolly, 1984; Wright, 1999), and males are selected to defer to them
because they avoid the costs of escalated fighting by doing so
(‘cost-asymmetry hypothesis, Dunham, 2008). Empirical tests of
the assumptions and predictions of this hypothesis have focused

on lemur life histories (Young et al., 1990; Meyers and Wright,
1993; Kappeler, 1996) and Madagascar’s climate and phenology
(Dewar and Richard, 2007), but have not produced unanimous
support (Federman et al., 2017). In addition, it does neither
explain the absence of male-biased sexual size dimorphism and
dominance nor the even adult sex ratios of group-living lemurs.
For a more conclusive evaluation of this group of hypotheses,
future research should generate data sets that combine details
of male-female interactions, developmental and reproductive
schedules as well as climatic and phenological variables from a
broad range of species, ideally including sets of sympatric species.

The ‘evolutionary disequilibrium hypothesis’ explained
female dominance and a complex of functionally related traits
as the result of largely non-adaptive consequences of human-
induced environmental changes in the last few millennia,
creating an evolutionary disequilibrium between current
ecological conditions and lemur traits. It posited that female
dominance is part of a complex of traits of diurnal group-living
lemurs that persisted after very recent evolutionary transitions
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from nocturnal, pair-living ancestors following the Holocene
extinction of large predatory eagles and large-bodied subfossil
lemurs (van Schaik and Kappeler, 1996). Because the absence
of sexual size dimorphism and consistent male dominance also
characterize many pair-living mammals, their prevalence among
group-living lemurs does not represent an adaptation to current
ecological conditions but rather an example of phylogenetic
inertia because a few centuries have not provided enough time
for adaptations to the new ecological niche. This hypothesis
has provoked several studies challenging its core assumption
(e.g., Kirk, 2006), and it does not explain the prevalence of
female dominance among the solitary lemur species. It is not
incompatible with the energy conservation hypotheses, however,
and also highlights links between lemur ecology and behavior.
The most recent attempt to take into account and reconcile
the existing hypotheses about underlying adaptive function
and proximate causation added a potential developmental
mechanism linking maternal stress and filial masculinization to
outline an evolutionary scenario for its canalization (Kappeler
and Fichtel, 2015). Accordingly, lemur females are assumed
to be subject to significant and unique patterns of resource
limitation, especially during reproduction, creating recurrent
energetic limitations. Lemur females, and in particular those
of larger species with gestation and lactation periods spanning
several months, are therefore potentially exposed to massive
environmental stress during many, if not most, of their lifetime
reproductive events because the exact timing of food availability
is poorly predictable. The resulting physiological stress response
would be exacerbated by feeding competition and leads to
the masculinization of daughters which ought to be better
prepared to compete with other females in adverse environments.
Thus, natural selection will enhance the effects of maternal
programming and synergistic epistasis, resulting in canalization
in competitive traits that also allow female dominance as a
by-product over evolutionary times, but the generality of the
proposed underlying processes awaits additional empirical study.
The behavioral studies summarized in this review have not
contributed new insights about the ecological and physiological
factors implicated in shaping the evolution of female dominance.
Yet, the confirmation that it has evolved in representatives of
all 5 extant families indicates that it has either characterized
the first lemurs colonizing Madagascar or that it has evolved
very soon after the colonization. Given that female dominance
is not known to occur in the lineage representing the last shared
common ancestors on the African mainland (Bearder, 1999), it
seems most parsimonious to assume that it evolved soon after the
colonization under unique ecological conditions characterizing
the various Malagasy forest habitats. The interspecific variation
in the extent of female dominance highlighted here suggests,
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