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Abstract. Intersexual dominance relationships in virtually all lemur species have been reported to be female-
biased. Although a claim of male dominance in greater bamboo lemurs (Prolemur simus) which was not sup-
ported by data is unusual against this background, it is in line with recent studies on other lemur species that
suggest the existence of a continuum of intersexual dominance relationships. We therefore studied the details
of agonistic interactions among adults of one captive group of P. simus at Cologne Zoo. This very preliminary
study confirmed male-biased dominance because the adult male of the study group won all agonistic interactions
with all three adult females, and the male was never dominated by any of the females. This result raises several
interesting questions about the mechanisms and evolution of intersexual dominance relationships in group-living
lemurs and should encourage similar future studies of additional groups of this species – ideally in the wild.

1 Introduction

The main evolutionary benefits of group formation are coun-
terbalanced by the unavoidable costs of coordination and
competition (de Waal, 1986; Majolo et al., 2008; Markham
and Gesquiere, 2017). Because members of the same species
compete for the same resources, their interactions always
entail subtle or overt forms of competition (Rowell, 1974;
Drews, 1993). If competition involves the exchange of ag-
gressive and or submissive behavioral elements, these in-
teractions are referred to as agonistic interactions (Walters,
1980). A dyadic agonistic interaction is decided whenever
only one individual displays submissive behavior, irrespec-
tive of the display of aggression by the other dyad mem-
ber (Pereira and Kappeler, 1997; de Vries, 1998). The di-
rection and consistency of repeated decided agonistic in-
teractions can be used to infer dyadic dominance relation-
ships, which, in turn, can be arranged in a dominance hier-
archy (Schjelderup-Ebbe, 1922; Sánchez-Tójar et al., 2018).
In groups of primates, individuals often cluster within a hier-
archy as a function of their sex, with either all or most males

outranking all females or – more rarely – vice versa (Haus-
fater, 1975; Bernstein, 1976; Kappeler et al., 2022a).

Because male-biased sexual dimorphism is expected and
widespread among mammals, the ability of male mammals
to dominate females has long been regarded as an unavoid-
able side effect of physical superiority and greater aggres-
siveness (Richard, 1987; Kappeler, 1993). The much rarer
opposite pattern of strict female dominance, in contrast, ap-
peared to require special explanation and generated numer-
ous hypotheses that typically invoked taxon-specific special
factors to explain the evolution of this sex role “reversal”
(Lewis, 2018, 2020; Kappeler et al., 2022b). However, re-
cent comparative studies across primates and other mam-
mals found that intersexual dominance relationships range
across a continuum, with complete male and female dom-
inance only representing extreme end points (Kappeler et
al., 2022a, b). The long-standing notion of widespread ex-
clusive female dominance in lemurs was previously partic-
ularly challenged by a report of complete male dominance
in the greater bamboo lemur (Prolemur simus). Unsystem-
atic observations of a captive group suggested that “males
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are dominant in this species” (Roullet, 2011), but no data
were presented to support this claim. Whereas no clear sex
bias in intersexual dominance relations has been reported
for brown, black and rufous lemurs (Pereira et al., 1990;
Digby and Kahlenberg, 2002; Roeder et al., 2002), challeng-
ing the ubiquity of female-biased dominance among group-
living lemurs, a male bias in intersexual dominance has not
been described for any lemur species. We therefore con-
ducted a preliminary observational study of a group of cap-
tive P. simus at Cologne Zoo, Germany, to contribute the first
quantitative data on intersexual dominance relationships in
this elusive species.

2 Materials and methods

Greater bamboo lemurs live in groups of 2–27 (mean 9.7;
N = 36 groups; including 1.4 adult males and 3.2 adult fe-
males; Peter M. Kappeler, unpublished data) individuals.
They are cathemeral and inhabit the rain forests of Eastern
Madagascar, where they feed exclusively on bamboo shoots
(Ravaloharimanitra et al., 2011; Olson et al., 2013; Nazim
et al., 2022). Adults weigh 2200–2500 g and are exceptional
among lemurs in that males are on average 13 %) heav-
ier than females (Kappeler et al., 2019). There is no long-
term study population and only a few behavioral studies of
this Critically Endangered species have been conducted (Mi-
haminekena et al., 2019; Ravaloharimanitra et al., 2020).

The study group at Cologne Zoo consisted of six indi-
viduals: one adult male (19 years), three adult females (11,
9 and 6 years) and two juvenile males 2 and 3 years old).
The oldest female was the mother of the two females and
the juveniles; the adult male was the father of all individ-
uals, including the oldest female. One of us (Lilith Sidler)
collected behavioral data during the non-reproductive sea-
son in June and July 2022. All individuals served as focal
animals, and one sampling session lasted up to 1 h. In to-
tal, we collected 112 h of data across 21 d (75 h on adult
focal animals). The animals had two indoor compartments
and two outdoor compartments available. Each indoor com-
partment was 5 m× 3.50 m= 17.50 m2 (total= 35 m2) and
each outdoor compartment was 5 m× 2.50 m= 12.50 m2 (to-
tal 25 m2). The enclosures are approx. 4 m high. Both indoor
and outdoor areas are separated from visitors by a complete
glass panel, so that the focal animals could always be seen
by the observer. The four sub-compartments provided the an-
imals with opportunities to move away and to hide.

We classified agonistic behaviors as either aggressive
(bite, charge, chase, hit, hit–push, feint-to-hit, grab, growl,
lunge, stalk) or submissive (cower, being displaced, flee,
jump away, glances, chirp), following definition in the
ethogram of ring-tailed lemurs (Pereira and Kappeler, 1997),
the sister genus of bamboo lemurs (Everson et al., 2023).
High-pitched chirping often accompanied other submissive
behaviors and was therefore regarded as a species-typical

submissive signal. After each agonistic interaction, defined
as the exchange of at least one aggressive or submissive be-
havioral element, we assigned an A (aggressive), S (submis-
sive), AS or O (other/non-agonistic) to both members of the
dyad based on the behaviors they displayed. We regarded
dyadic interactions where only one individual exhibited sub-
missive behavior as decided conflicts and all other conflicts
as undecided. We calculated the rate of conflicts, the pro-
portion of decided conflicts, the proportion of conflicts with
submissive signals and the ratio of aggressive behaviors to
submissive behaviors for each possible sex combination of
dyads, omitting interactions among juveniles. We generated
a winner–loser matrix based on all decided male–female and
female–female conflicts and used it for the calculation of
David’s score and I&SI for the computation of a dominance
hierarchy, using the functions “DS” and “ISI” in the R pack-
age “EloRating” (Neumann et al., 2011) as well as an index
of hierarchical transitivity with the function “transitivity” of
the same package.

No ethical consent was required for this study, as no ani-
mals had to be trapped or handled.

3 Results

The adult male of the study group won all agonistic interac-
tions with all three females, and the male was never dom-
inated by any of the females (Table 1). The vast majority
of inter- and intrasexual conflicts were decided and involved
submissive behaviors (Table 2). The male displayed aggres-
sive behavior in only 15 % of conflicts, and 87 % of female
submissive behavior was displayed in the absence of aggres-
sion from the male. The male never displayed any submis-
sive behaviors. There was no noticeable difference between
the mean inter- and intra-sexual conflict rates, but the varia-
tion was much higher in male–female conflicts. The highest
rate of female–female conflicts was 6 conflicts per hour and
that of male–female interactions 14 conflicts per hour. No
polyadic agonistic interactions were observed. Both ISI ranks
and David’s score generated a hierarchy with the male at the
top, followed by the females ranked from oldest to youngest
(normDS: M – 3.0; F1 – 2.0; F2 – 0.9; F3 – 0.1). There were
no unknown relationships. The dominance hierarchy had a
transitivity of Pt= 1, indicating complete transitivity.

4 Discussion

The results of this preliminary study confirm the assertion
that P. simus males can indeed dominate all females in their
group. Unlike females in all other lemur species studied to
date (Kappeler et al., 2022b), P. simus females were unable
to elicit any submissive behavior in the adult male. More pre-
cisely, whereas females of some Eulemur and Microcebus
species did not win the majority of their agonistic interac-
tions with males (Fig. 2 in Kappeler et al., 2022b), they were
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Table 1. Winner–loser matrix of agonistic interactions of a captive group of Prolemur simus in Cologne Zoo, Germany. AM: adult male;
AF: adult female (numbers: age, from oldest to youngest).

Loser

AM AF1 AF2 AF3

Winner AM – 42 77 29
AF1 0 – 36 24
AF2 0 0 – 4
AF3 0 0 0 –

Table 2. Summary of dyadic agonistic interactions of a captive group of Prolemur simus in Cologne Zoo, Germany. OT: observation time in
hours; Rate: mean conflict rate per hour and dyad; % decided: percentage of decided conflicts; % sub: percentage of conflicts with submissive
behaviors; Ratio A :S: ratio of aggressive to submissive behaviors.

N conflicts N dyads OT Rate % decided % sub Ratio A :S

Total 216 6 75 0.5± 0.6 98.1 99.1 0.23
FF 65 3 56 0.5± 0.6 98.5 98.5 0.27
MF 151 3 75 0.6± 1 98.0 98.7 0.16

% decided conflicts won by male: 100.

nonetheless able to elicit submissive behavior from males
in some conflicts or dyads. While the present study was of
relatively short duration and involved only a single group
with a single male, similar studies of other lemur species
with comparable limitations (e.g., Daubentonia: Rendall,
1993; Eulemur: Marolf et al., 2007; Digby and Kahlenberg,
2002; Microcebus: Hohenbrink et al., 2015; Propithecus: Ra-
manamisata et al., 2014; Varecia: Raps and White, 1995;
Meyer et al., 1999) yielded robust insights into intersexual
dominance relations, as revealed by subsequent studies of
the same taxa (reviewed in Kappeler et al., 2022b). A fur-
ther unavoidable shortcoming of the present study is due to
the fact that the adult male was the father of two of the fe-
males, emphasizing another preliminary aspect of our study.
Because indices of intersexual dominance tend to be vari-
able across groups and within groups over time (Balasub-
ramaniam et al., 2012; Kappeler et al., 2022a; Neumann and
Fischer, 2023), future studies of additional groups of P. simus
may reveal more variation in intersexual dominance than the
present one.

Thus, our study supports the insight that sex-biased domi-
nance hierarchies among lemurs are variable among species
and not invariably biased towards females, challenging the
universal validity of most existing hypotheses about the evo-
lution of female dominance among lemurs (summarized in
Kappeler and Fichtel, 2015; Lewis, 2020) and supporting
more recent notions about determinants of sex-specific dom-
inance (Davidian et al., 2022). From a proximate perspec-
tive, it is worth pointing out that P. simus is the only lemur
species in which males are on average more than 10 % heav-
ier than females (Taylor and Schwitzer, 2011), affording
males a physical advantage in agonistic interactions with fe-

males. Such a sex bias in sexual size dimorphism has only
been reported for one other species of Malagasy mammal
(Tenrec ecaudatus; Kappeler et al., 2019), underscoring the
question of why sexual dimorphism and intersexual domi-
nance of all lemur species are only male-biased in P. simus.

This very preliminary study of only one captive group does
not allow any firm conclusions. Yet, it indicates some poten-
tially interesting aspects of the social structure of this species
that should now be replicated in other study populations. If
confirmed by future studies, the present results have implica-
tions for understanding this – for lemurs – exceptional pat-
tern of intersexual dominance.

First, as in ring-tailed lemurs (Lemur catta; Pereira and
Kappeler, 1997), both male–female but also female–female
dyads appear to rely primarily on spontaneous submission
to regulate their conflicts. If confirmed in studies of addi-
tional groups, these observations may indicate that the use of
more submissive signals and fewer aggressive acts may not
only characterize societies where female dominance prevails
(Kappeler et al., 2022a) but that such a pattern is perhaps
more characteristic of lemurs, irrespective of their pattern of
intersexual dominance.

Second, greater bamboo lemurs are the only lemur species
with a noticeable male-biased sexual size dimorphism (Kap-
peler et al., 2019). Because male dominance has tradition-
ally been linked to male physical superiority, this species
may support the notion that the proximate determinants of
dominance relations can trump other factors, like those to
related to other aspects of intrasexual competition that have
been invoked to explain sex biases in intersexual dominance.
It would now be very interesting to investigate the mating

https://doi.org/10.5194/pb-11-13-2024 Primate Biol., 11, 13–17, 2024



16 L. Sidler et al.: Intersexual dominance in Prolemur simus

system of this species to explore the potential basis of their
sexual dimorphism.

Finally, if confirmed, male dominance in greater bamboo
lemurs would also raise interesting questions about its evo-
lution. If female dominance is indeed ancestral for lemurs
(Lewis et al., 2023), why might these bamboo lemurs or
their ancestors have lost it? Why have the environmental fac-
tors and their eco-physiological consequences that have been
implicated in general discussions of the evolution of female
dominance (reviewed in Kappeler and Fichtel, 2015) not had
the same effects in this species? If, alternatively, components
of the mating system are important predictors of male dom-
inance (Davidian et al., 2022; Huchard et al., 2024), why
might that of greater bamboo lemurs differ so fundamentally
from that of so many other lemur species? We hope that field
studies of known individuals of P. simus will be initiated be-
fore this critically endangered species has gone completely
extinct after already suffering massive reductions in their ge-
ographical range in historical times (Wright et al., 2008).

Data availability. The raw data are made available upon reason-
able request to the corresponding author.

Author contributions. LS: data collection and data analyses. LS,
JRW and PMK: conceptualization and writing.

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Acknowledgements. We thank Cologne Zoo for its practical and
logistical support of the present study. We are grateful to Christof
Neumann, Dietmar Zinner and an anonymous referee for offering
very constructive comments on an earlier version of this paper.

Financial support. The publication of this article was funded by
the Open Access Fund of the Leibniz Association.

Review statement. This paper was edited by Dietmar Zinner and
reviewed by Christof Neumann and one anonymous referee.

References

Balasubramaniam, K. N., Dittmar, K., Berman, C. M., Butovskaya,
M., Cooper, M. A., Majolo, B., Ogawa, H., Schino, G., Thierry,
B., and de Waal, F. B. M.: Hierarchical steepness and phyloge-
netic models: phylogenetic signals in Macaca, Anim. Behav., 83,
1207–1218, 2012.

Bernstein, I. S.: Dominance, aggression and reproduction in primate
societies, J. Theor. Biol., 60, 459–472, 1976.

Davidian, E., Surbeck, M., Lukas, D., Kappeler, P. M., and Huchard,
E.: The eco-evolutionary landscape of power relationships be-
tween males and females, Trends Ecol. Evol., 37, 706–718, 2022.

de Vries, H.: Finding a dominance order most consistent with a lin-
ear hierarchy: a new procedure and a review, Anim. Behav., 55,
827–843, 1998.

de Waal, F. B. M.: The integration of dominance and social bonding
in primates, Q. Rev. Biol., 61, 459–479, 1986.

Digby, L. J. and Kahlenberg, S. M.: Female dominance in blue-eyed
black lemurs, Primates, 43, 191–199, 2002.

Drews, C.: The concept and definition of dominance in animal be-
haviour, Behaviour, 125, 283–313, 1993.

Everson, K. M., Pozzi, L., Barrett, M. A., Blair, M. E.,
Donohue, M. E., Kappeler, P. M., Kitchener, A. C., Lem-
mon, A. R., Lemmon, E. M., and Pavon-Vazquez, C. J.:
Not one, but multiple radiations underlie the biodiversity
of Madagascar’s endangered lemurs, bioRxiv, 2023-2004,
https://doi.org/10.1101/2023.04.26.537867, 28 April 2023.

Hausfater, G.: Dominance and reproduction in baboons Papio cyn-
cephalus: a quantitative analysis, Contrib. Primatol., 7, 1–150,
1975.

Hohenbrink, S., Koberstein-Schwarz, M., Zimmermann, E.,
and Radespiel, U.: Shades of gray mouse lemurs: On-
togeny of female dominance and dominance-related behav-
iors in a nocturnal primate, Am. J. Primatol., 77, 1158–1169,
https://doi.org/10.1002/ajp.22452, 2015.

Huchard, E., Lukas, D., Smits, N., Fichtel, C., and Kappeler, P. M.:
The evolution of male-female dominance relations in primate so-
cieties, in review, 2024.

Kappeler, P. M.: Female dominance in primates and other mam-
mals, in: Perspectives in Ethology. Vol 10: Behaviour and Evolu-
tion, edited by: Bateson, P. P. G., Klopfer, P. H., and Thompson,
N. S., Plenum Press, 143–158, 1993.

Kappeler, P. M. and Fichtel, C.: Eco-evo-devo of the lemur
syndrome: did adaptive behavioral plasticity get canal-
ized in a large primate radiation?, Front. Zool., 12, S15,
https://doi.org/10.1186/1742-9994-12-S1-S15, 2015.

Kappeler, P. M., Nunn, C. L., Vining, A. Q., and Goodman, S. M.:
Evolutionary dynamics of sexual size dimorphism in non-volant
mammals following their independent colonization of Mada-
gascar, Sci. Rep., 9, 1454, https://doi.org/10.1038/s41598-018-
36246-x, 2019.

Kappeler, P. M., Huchard, E., Baniel, A., Canteloup, C., Charp-
entier, M. J. E., Cheng, L., Davidian, E., Duboscq, J., Fich-
tel, C., Hemelrijk, C. K., Höner, O. P., Koren, L., Micheletta,
J., Prox, L., Saccà, T., Seex, L., Smit, N., Surbeck, M.,
van de Waal, E., and Girard-Buttoz, C.: Sex and dominance:
How to assess and interpret intersexual dominance relation-
ships in mammalian societies. Front. Ecol. Evol., 10, 918773,
https://doi.org/10.3389/fevo.2022.918773, 2022a

Primate Biol., 11, 13–17, 2024 https://doi.org/10.5194/pb-11-13-2024

https://doi.org/10.1101/2023.04.26.537867
https://doi.org/10.1002/ajp.22452
https://doi.org/10.1186/1742-9994-12-S1-S15
https://doi.org/10.1038/s41598-018-36246-x
https://doi.org/10.1038/s41598-018-36246-x
https://doi.org/10.3389/fevo.2022.918773


L. Sidler et al.: Intersexual dominance in Prolemur simus 17

Kappeler, P. M., Fichtel, C., and Radespiel, U.: The island
of female power? Intersexual dominance relationships in
the lemurs of Madagascar, Front. Ecol. Evol., 10, 858859,
https://doi.org/10.3389/fevo.2022.858859, 2022b.

Lewis, R. J.: Female power in primates and the phenomenon
of female dominance, Annu. Rev. Anthropol., 47, 533–551,
https://doi.org/10.1146/annurev-anthro-102317-045958, 2018.

Lewis, R. J.: Female power: A new framework for understand-
ing “female dominance” in lemurs, Folia Primatol., 91, 48–68,
https://doi.org/10.1159/000500443, 2020.

Lewis, R. J., Kirk, E. C., and Gosselin-Ildari, A. D.: Evolution-
ary patterns of intersexual power, Animals-Basel, 13, 3695,
https://doi.org/10.3390/ani13233695, 2023.

Majolo, B., de Bortoli Vizioli, A., and Schino, G.: Costs and benefits
of group living in primates: group size effects on behaviour and
demography, Anim. Behav., 76, 1235–1247, 2008.

Markham, A. C. and Gesquiere, L. R.: Costs and benefits of group
living in primates: an energetic perspective, Philos. T. Roy.
Soc. B, 372, 20160239, https://doi.org/10.1098/rstb.2016.0239,
2017.

Marolf, B., McElligott, A. G., and Müller, A. E.: Female social
dominance in two Eulemur species with different social orga-
nizations, Zoo Biol., 26, 201–214, 2007.

Meyer, C., Gallo, T., and Schultz, S. T.: Female dominance in
captive red ruffed lemurs, Varecia variegata rubra (Primates,
Lemuridae), Folia Pirmatol., 70, 358–361, 1999.

Mihaminekena, T. H., Ravaloharimanitra, M., Randrianasy, J.,
Rakotomanana, H., Ratsimbazafy, J., and King, T.: Ontogene-
sis of behaviour in greater bamboo lemurs (Prolemur simus) at
Ambalafary, eastern Madagascar: a preliminary study during the
first four months of life, Lemur News, 22, 65–69, 2019.

Nazim, A., Reuillon, L., Randrianarijaona, A., Roullet, D., and Do-
nati, G.: Coping with habitat disturbance: camera-traps reveal
cathemerality of Prolemur simus in the community-managed
area of Tsaratanana, eastern Madagascar, Folia Primatol., 94, 87–
96, 2022.

Neumann, C. and Fischer, J.: Extending Bayesian Elo-rating to
quantify the steepness of dominance hierarchies, Methods Ecol.
Evol., 14, 669–682, https://doi.org/10.1111/2041-210X.14021,
2023.

Neumann, C., Duboscq, J., Dubuc, C., Ginting, A., Irwan, A.
M., Agil, M., Widdig, A., and Engelhardt, A.: Assessing
dominance hierarchies: Validation and advantages of progres-
sive evaluation with Elo-rating, Anim. Behav., 82, 911–921,
https://doi.org/10.1016/j.anbehav.2011.07.016, 2011.

Olson, E. R., Marsh, R. A., Bovard, B. N., Randrianarimanana, H.
L. L., Ravaloharimanitra, M., Ratsimbazafy, J. H., and King, T.:
Habitat preferences of the Critically Endangered Greater bamboo
lemur (Prolemur simus) and densities of one of its primary food
sources, Madagascar giant bamboo (Cathariostachys madagas-
cariensis), in sites with different degrees of anthropogenic and
natural disturbance, Int. J. Primatol., 34, 486–499, 2013.

Pereira, M. E. and Kappeler, P. M.: Divergent systems of agonistic
behaviour in lemurid primates, Behaviour, 134, 225–274, 1997.

Pereira, M. E., Kaufman, R., Kappeler, P. M., and Overdorff, D. J.:
Female dominance does not characterize all of the Lemuridae,
Folia Primatol., 55, 96–103, 1990.

Ramanamisata, R., Pichon, C., Razafindraibe, H., and Simmen, B.:
Social behavior and dominance of the crowned sifaka (Propithe-
cus coronatus) in northwestern Madagascar, Primate Conserva-
tion, 2014, 93–97, 2014.

Raps, S. and White, F. J.: Female social dominance in semi-free
ranging ruffed lemurs, Varecia variegata, Folia Primatol., 65,
163–168, 1995.

Ravaloharimanitra, M., Ratolojanahary, T., Rafalimandimby, J., Ra-
jaonson, A., Rakotonirina, L., Rasolofoharivelo, T., Ndriamiary,
J. N., Andriambololona, J., Nasoavina, C., and Fanomezantsoa,
P.: Gathering local knowledge in Madagascar results in a major
increase in the known range and number of sites for critically
endangered greater bamboo lemurs (Prolemur simus), Int. J. Pri-
matol., 32, 776–792, 2011.

Ravaloharimanitra, M., King, T., Wright, P., Raharivololona,
B., Ramaherison, R. P., Louis, E. E., Frasier, C. L.,
Dolch, R., Roullet, D., Razafindramanana, J., Volamp-
eno, S., Randriahaingo, H. N. T., Randrianarimanana, L.,
Borgerson, C., and Mittermeier, R. A.: Prolemur simus,
in: The IUCN Red List of Threatened Species 2020:
e.T9674A115564770, https://doi.org/10.2305/IUCN.UK.2020-
2.RLTS.T9674A115564770.en, 2020.

Rendall, D.: Does female social precedence characterize captive
aye-ayes (Daubentonia madagascariensis)?, Int. J. Primatol., 14,
125–130, 1993.

Richard, A. F.: Malagasy prosimians: female dominance, in: Pri-
mate Societies, edited by: Smuts, B. B., Cheney, D. I., Seyfarth,
R. M., Wrangham, R. W., and Struhsaker, T. T., University of
Chicago Press, 25–33, 1987.

Roeder, J. J., Duval, L., and Gosset, D.: Aggressive and neutral in-
terventions in conflicts in captive groups of brown lemurs (Eule-
mur fulvus fulvus), Am. J. Phys. Anthropol., 118, 253–258, 2002.

Roullet, D.: The role of the captive population of greater bamboo
lemurs Prolemur simus in the conservation of the species, Lemur
News, 16, 20–25, 2011.

Rowell, T. E.: The concept of social dominance, Behav. Biol., 11,
131–154, 1974.

Sánchez-Tójar, A., Schroeder, J., and Farine, D. R.: A prac-
tical guide for inferring reliable dominance hierarchies and
estimating their uncertainty, J. Anim. Ecol., 87, 594–608,
https://doi.org/10.1111/1365-2656.12776, 2018.

Schjelderup-Ebbe, T.: Beiträge zur Sozialpsychologie des
Haushuhns, Z. Tierpsychol., 88, 225–252, 1922.

Taylor, L. A. and Schwitzer, C.: Body masses of wild lemurs, Lemur
News, 16, 34–40, 2011.

Walters, J.: Interventions and the development of dominance rela-
tionships in female baboons, Folia Primatol., 34, 61–89, 1980.

Wright, P. C., Johnson, S. E., Irwin, M. T., Jacobs, R., Schlicht-
ing, P., Lehman, S., Louis, E. E., Arrigo-Nelson, S. J., Raharison,
J.-L., Rafalirarison, R. R., Razafindratsita, V., Ratsimbazafy, J.,
Ratelolahy, F. J., Dolch, R., and Tan, C.: The crisis of the Crit-
ically Endangered greater bamboo lemur (Prolemur simus), Pri-
mate Conservation, 23, 5–17, 2008.

https://doi.org/10.5194/pb-11-13-2024 Primate Biol., 11, 13–17, 2024

https://doi.org/10.3389/fevo.2022.858859
https://doi.org/10.1146/annurev-anthro-102317-045958
https://doi.org/10.1159/000500443
https://doi.org/10.3390/ani13233695
https://doi.org/10.1098/rstb.2016.0239
https://doi.org/10.1111/2041-210X.14021
https://doi.org/10.1016/j.anbehav.2011.07.016
https://doi.org/10.2305/IUCN.UK.2020-2.RLTS.T9674A115564770.en
https://doi.org/10.2305/IUCN.UK.2020-2.RLTS.T9674A115564770.en
https://doi.org/10.1111/1365-2656.12776

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Data availability
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

