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Summary 

Sarah Hohenbrink 

Female dominance in mouse lemurs 

 

Female social dominance over males is relatively rare in mammals, but can be found 

more frequently in Malagasy lemurs, although not consistently expressed in all species. 

Female dominance in lemurs has been studied over the last 30 years, but proximate and 

ultimate reasons for this phenomenon are still unknown. More than that, systematic data on 

the expression of female dominance are missing in many lemurs, especially in nocturnal 

species. Therefore, within this thesis female dominance was investigated in two captive, 

closely related mouse lemur species with different socio-ecology, the gray and the 

Goodman´s mouse lemur (Microcebus murinus and M. lehilahytsara). Three studies were 

designed to answer specific questions about the ontogeny, expression and determinants of 

female dominance in combination with dominance-related behaviors in mouse lemurs, which 

are generally assumed to represent a suitable model for ancestral primate conditions.  

With the help of the first part of this thesis the ontogeny of intersexual dominance in 

parallel to age-related changes in dominance-related behaviors in young gray mouse lemurs 

was investigated within their first year of life. Male-female dyads were observed in encounter 

experiments in three different age categories: juvenile, adolescent and young adult. All 

occurrences of play and marking behavior, social tolerance and agonistic behavior were 

recorded and analyzed systematically. Age-dependent behavioral changes were found in play 

behavior, social tolerance, agonistic behavior and in the marking behavior of females, but not 

of males. First decided dominance relationships were established around puberty, when 

animals were adolescent and the number of dominant females further increased with age.  

Within the second part of the thesis physical and social characteristics between young 

adult and fully grown gray mouse lemurs were compared. The results showed that young 

adult gray mouse lemurs of about one year of age were sexually mature since they had 

comparable testicular volumes, regular estrus cycles and did not differ in breeding success in 

comparison to fully grown adults. Behavioral differences between both test groups indicated, 

however, that young individuals had not yet achieved the full appropriate behavioral 

repertoire of adults and were lacking complete social maturation. Therefore, this study 

presented first results that sexual maturation is preceding social maturation in this primate, 

which might be an adaption to the very high predation pressure. 
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The third part of the thesis dealt with the plasticity and different determinants of female 

dominance in gray and Goodman´s mouse lemurs. Females of both species won the majority 

but not all conflicts throughout the year resulting in a moderate form of female dominance. In 

Goodman´s mouse lemurs the expression of female dominance was described for the first 

time and the behavior was moderately stable when the agonistic behavior of two successive 

reproductive seasons was compared. Overall, the tested determinants species, season and age 

(age difference between dyad partners) were identified to influence the agonistic behavior      

– and therefore the expression of female dominance – in both mouse lemur species, although 

with varying intensities.  

The dominance status of both sexes, however, was not identified to influence the 

marking behavior of males and females, whereas species and season were identified as 

influencing factors of marking. In general, both sexes of gray mouse lemurs marked more 

frequently than Goodman´s mouse lemurs, and in both species the marking behavior of 

females, but not of males, was clearly influenced by season with higher female marking rates 

during the reproductive season. 

In conclusion, the different studies provided new insights into female dominance in 

mouse lemurs and into the complexity of this behavioral phenomenon that seems to interact 

with other dominance-related behaviors. Social and ecological differences between both target 

species were evaluated to identify possible key variables causing sex-specific cost 

asymmetries that may explain the superiority of females. Furthermore, the relevance of 

current hypotheses on the evolution of the variable pattern of female dominance in lemurs and 

in particular in mouse lemurs was discussed.  
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Zusammenfassung 

Sarah Hohenbrink 

Weibliche Dominanz bei Mausmakis 

 

Weibliche soziale Dominanz über Männchen ist bei Säugetieren vergleichsweise selten, 

wird aber relativ häufig bei madagassischen Lemuren beobachtet, obwohl sie auch hier nicht 

einheitlich auftritt. Weibliche Dominanz wurde bereits über die letzten 30 Jahre hinweg 

untersucht, die genauen proximaten und ultimaten Mechanismen, die dieses Phänomen 

ausmachen, sind allerdings noch immer ungeklärt. Darüber hinaus fehlen systematische 

Datensätze über die Ausprägung weiblicher Dominanz bei vielen Lemuren, besonders bei 

nachtaktiven Arten. Aus diesem Grund untersuchte diese Doktorarbeit weibliche Dominanz in 

zwei nahverwandten, in Gefangenschaft gehaltenen Mausmakiarten, die sich allerdings in 

ihrer Sozio-Ökologie unterscheiden, dem grauen und dem Goodman´s Mausmaki 

(Microcebus murinus und M. lehilahytsara). Insgesamt wurden drei Studien gestaltet, die 

spezifische Fragestellungen zur Ontogenese, Ausprägung und zu beeinflussenden Faktoren 

von weiblicher Dominanz in Kombination mit dominanz-relevanten Verhaltensweisen in 

Mausmakis beantworten sollen, von denen generell angenommen wird, dass sie ein 

geeignetes Modell für ursprüngliche Primatenkonditionen darstellen.  

Mit Hilfe des ersten Teils dieser PhD-These wurde die Ontogenese von intersexueller 

Dominanz in Kombination zu altersbedingten Veränderungen in dominanz-bezogenen 

Verhaltensweisen in jungen grauen Mausmakis innerhalb ihres ersten Lebensjahres 

untersucht. Männchen-Weibchen-Dyaden wurden in Begegnungsexperimenten in 

unterschiedlichen Alterskategorien beobachtet, d.h. als die Tiere juvenil, heranwachsend und 

jung erwachsen waren. Das Auftreten von Spiel- und Markierverhalten, sozialer Toleranz und 

agonistischem Verhalten wurde aufgezeichnet und systematisch analysiert. Altersabhängige 

Verhaltensänderungen wurden im Spielverhalten, sozialer Toleranz, agonistischen Verhalten 

und im Markierverhalten der Weibchen, aber nicht der Männchen, beobachtet. Erste 

entschiedene Dominanzbeziehungen wurden um den Zeitpunkt der Pubertät bei den 

heranwachsenden Tieren etabliert, und die Anzahl an dominanten Weibchen stieg mit dem 

Alter weiter an.  

Innerhalb des zweiten Teils dieser PhD-These wurden physische und soziale 

Eigenschaften zwischen jungen erwachsenen und voll ausgereiften erwachsenen Tieren 

verglichen. Die Ergebnisse zeigten, dass junge graue Mausmakis von etwa einem Jahr sexuell 

ausgereift waren, da sie vergleichbare Hodenvolumina und reguläre Östruszyklen aufzeigten, 
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und sich beim Vergleich des Reproduktionserfolgs nicht von voll ausgereiften Tieren 

unterschieden. Verhaltensunterschiede zwischen beiden Testgruppen zeigten jedoch, dass 

junge Individuen sich das volle Verhaltensrepertoire der Erwachsenen noch nicht angeeignet 

hatten und somit noch nicht komplett sozial ausgereift waren. Daher zeigte dieser Teil der 

Doktorarbeit erstmalig, dass sexuelle Reifung bei diesen Primaten der sozialen Reifung 

vorangeht, was eine Anpassung an den großen Prädationsdruck sein kann, der sich auf diese 

Lemurenart auswirkt.  

Der dritte Teil dieser Doktorarbeit beschäftigte sich mit der Plastizität und 

unterschiedlichen bestimmenden Faktoren weiblicher Dominanz in grauen und Goodman´s 

Mausmakis. Weibchen beider Arten gewannen die Mehrheit, aber nicht alle Konflikte, über 

das ganze Jahr verteilt, wodurch bei beiden Arten von einer moderaten Form der weiblichen 

Dominanz auszugehen ist. Bei Goodman´s Mausmakis wurde die weibliche Dominanz zum 

ersten Mal beschrieben, und diese Verhaltensweise zeigte eine moderate Stabilität, wenn das 

agonistische Verhalten in zwei aufeinanderfolgenden Reproduktionszeiten verglichen wurde. 

Insgesamt beeinflussten die getesteten Faktoren Art, Saison und Alter (Altersunterschied 

zwischen den Dyaden-Partnern) das agonistische Verhalten – und damit die Ausprägung der 

weiblichen Dominanz – der beiden Mausmakiarten, jedoch mit unterschiedlicher Intensität.  

Der Dominanzstatus beider Geschlechter wurde nicht als beeinflussender Faktor auf das 

Markierverhalten identifiziert, wohingegen jedoch Art und Saison einen Einfluss nahmen. 

Insgesamt markierten beide Geschlechter des grauen Mausmakis häufiger als Goodman´s 

Mausmakis und in beiden Arten wurde das Markierverhalten der Weibchen und nicht das der 

Männchen durch die Saison beeinflusst, indem sie deutlich häufiger während der 

Reproduktionszeit markierten.  

Zusammengefasst bieten die unterschiedlichen Studien neue Einsichten in die weibliche 

Dominanz bei Mausmakis und in die Komplexität dieses Verhaltensphänomens, das mit 

anderen dominanz-relevanten Verhaltensweisen zu interagieren scheint. Soziale und 

ökologische Unterschiede zwischen beiden Modellarten wurden näher beleuchtet, um 

mögliche Schlüsselvariablen zu identifizieren, die geschlechtsspezifische Kostenasymmetrien 

hervorrufen und die Überlegenheit der Weibchen erklären könnten. Darüber hinaus wurde die 

Relevanz der bereits in der Literatur existierenden Hypothesen für die Existenz weiblicher 

Dominanz bei Lemuren in Bezug auf Mausmakis und auf die in dieser Doktorarbeit neu 

gewonnenen Ergebnisse diskutiert.  
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Chapter 1 - General introduction 

 

1.1 Social dominance 

Sexual dimorphism has been described in many species. In many invertebrates, fish, 

amphibians, reptiles and birds females are larger than males [Darwin 1874, Ralls 1976; 

Coddington et al. 1997], whereas the reversed pattern can predominantly be found in 

mammals. Through direct male-male contest competition for access to females, male 

characteristics like large body size, high body mass and large weapons e.g. claws, horns or 

canine teeth were favored in evolution [Darwin 1871; Jolly 1984], and as a consequence, 

males are typically dominant over female conspecifics due to their physical superiority. In 

some mammalian species, sex dimorphism with larger females can be found [listed in Ralls 

1976], although these females do not automatically dominate their males under these 

conditions. In fact, female dominance over males represents a very rare trait among mammals. 

This behavior was suggested, for example, in the golden hamster [Payne and Swanson 1970], 

the African dwarf mongoose [Rasa 1972], the spotted hyena [Kruuk 1972] or the snowshoe 

hare [Fitzgerald and Keith 1990]. Furthermore, it was proposed for primate species like 

bonobos [Parish 1996; Vervaecke et al. 2000] and squirrel monkeys [Boinski et al. 2002]. 

However, the term “female dominance” is used inconsistently throughout the literature. It was 

referred to females dominating males by forming coalitions or being dominant in certain 

contexts or exceptional situations [see Kappeler 1993; Parish 1994]. The term was also used 

to describe dominance relationships between females in species with matrilineal hierarchies 

[Bentley-Condit and Smith 1999]. Kappeler [1993] defined female dominance as “the ability 

of all females to consistently evoke submissive behavior from all males in dyadic 

interactions” (p. 143), and in this rather strict definition it is supposed to be unique in 

Malagasy lemurs, where it can be found more frequently. This behavioral phenomenon has 

been studied in lemurs over the last 30 years, but it is still highly debated and not fully 

understood.  

 

1.2 Female dominance in lemurs 

Although female dominance exists frequently in this primate clade, which lives 

endemically on Madagascar, many species have not yet been studied, especially among 

nocturnal lemurs. Based on the current literature, it can be found in 90% of the studied lemur 

taxa, but can be variable in its expression [Ramanankirahina et al. 2011; Eichmueller et al. 

2013, see Table 1.1]. Female dominance can either be absent, as in red-fronted and collared 
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brown lemurs [Pereira and McGlynn 1997; delBarco-Trillo et al. 2012] or it can be expressed 

in three graduations [Kappeler 1990; 1993; Radespiel and Zimmermann 2001]:  

1) Unambiguous female dominance, where all adult females are able to dominate all 

males and win nearly all of the conflicts, independent from the context. This type was for 

example observed in the ring-tailed lemur [Pereira et al. 1990] and in the western woolly 

lemur [Ramanankirahina et al. 2011]. 2) In species with moderate female dominance females 

win the majority but fewer conflicts over male conspecifics and males react more frequently 

aggressive towards the females. This type of female dominance was found in red-bellied and 

crowned lemurs [Marolf et al. 2007] and in the aye-aye [Rendall 1993]. 3) In the female 

feeding priority, females are able to win conflicts which are related to food contexts, and this 

was observed in the mongoose lemur [Curtis and Zaramody 1999] and in the Alaotran gentle 

lemur [Mutschler 1999; Waeber and Hemelrijk 2003].  

In general, the variability in type and occurrence of female dominance among even 

closely related lemur species is still a basis for discussion and several hypotheses were tested 

to explain the function of this rare behavior. The most promising suggestions are that  

A) ancestral female lemurs were already dominant over males and that this behavioral 

trait has been retained in different lemur clades due to different taxon-specific reasons 

[Hrdy 1981; Jolly 1984; Eichmueller et al. 2013; Petty and Drea 2015],  

B) it is a male reproductive strategy to defer to females [in feeding contexts, White et al. 

2007] and to avoid conflicts with females but instead focus on intra-sexual 

competition for mates in the breeding season [Hrdy 1981; Jolly 1984],  

C) female lemurs have particularly high energetic demands during reproduction in view 

of the harsh and unpredictable climates and severe seasonality in Madagascar [unified 

in the energy conservation hypothesis, Jolly 1984; Wright 1999; Gould and Sauther 

2007; Dunham 2008] and high pre-/postnatal maternal investment [Jolly 1984; Young 

et al. 1990], and  

D) species-specific differences in the quality of sleeping sites (i.e., tree holes) and in 

social grouping patterns may explain the maintenance or loss of female dominance in 

solitary foragers [Eichmueller et al. 2013].  
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Table 1.1: Different types of female dominance in Malagasy lemurs. 

[1]: Radespiel and Zimmermann [2001], [2]: Génin [2013], [3]: Dammhahn and Kappeler [2005],        

[4]: Kappeler [1990], [5]: Pereira et al. [1990], [6]: Kaufman [1991], [7]: Raps and White [1995],          

[8]: Meyer et al. [1999], [9]: Digby and Kahlenberg [2002], [10]: Digby and Stevens [2007],                

[11]: Pollock [1979], [12]: Pochron et al. [2003], [13]: Ramanankirahina et al. [2011], [14]: Schülke 

and Kappeler [2003], [15]: Fornasieri [1993], [16]: Marolf et al. [2007], [17]: Ramanamisata et al.  

[2014], [18]: Rendall [1993], [19]: Curtis and Zaramody [1999], [20]: Mutschler [1999], [21]: Waeber 

and Hemelrijk [2003], [22]: Richard and Heimbuch [1975], [23]: Kubzdela [1992], [24]: Eichmueller 

et al. [2013], [25]: Pereira and McGlynn [1997], [26]: Roeder and Fornasieri [1995], [27]: Erhart and 

Overdorff [2008], [28]: delBarco-Trillo et al. [2012]. 

Type  Species Family Reference 

Unambiguous female dominance 

Microcebus murinus Cheirogaleidae [1], [2] 

Microcebus griseorufus Cheirogaleidae [2] 

Microcebus berthae Cheirogaleidae [3] 

Lemur catta Lemuridae [4], [5] 

Varecia variegata variegata Lemuridae [6], [7] 

Varecia variegata rubra Lemuridae [7], [8] 

Eulemur macaco flavifrons Lemuridae [9], [10] 

Indri indri Indridae [11] 

Propithecus diadema edwardsi Indridae [12] 

Propithecus tattersalli Indridae In [13] 

Avahi occidentalis Indridae [13] 

Moderate female dominance 

Phaner furcifer Cheirogaleidae [14] 

Eulemur macaco Lemuridae [15] 

Eulemur rubriventer Lemuridae [16] 

Eulemur coronatus Lemuridae [5], [16] 

Hapalemur griseus griseus Lemuridae [10] 

Propithecus coronatus Indridae [17] 

Daubentonia madagascariensis Daubentonidae [18] 

Female feeding priority 

Eulemur mongoz Lemuridae [19] 

Hapalemur griseus alaotrensis Lemuridae [20], [21] 

Propithecus verrauxi Indridae [22] 

Propithecus coquereli Indridae [22], [23] 

No female dominance 

Microcebus ravelobensis Cheirogaleidae [24] 

Eulemur fulvus rufus Lemuridae [5], [25] 

Eulemur fulvus mayottensis Lemuridae [26] 

Eulemur fulvus sanfordi Lemuridae In [27], [28] 

Eulemur fulvus collaris Lemuridae [28] 

 

Malagasy lemurs show a huge ecological and social variability, which makes it 

complicated to find a unifying explanation for this behavioral phenomenon. Lemurs live in 

social groups, in monogamous pairs or live predominantly solitarily with varying breeding 

systems [Richard 1987; Mittermeier et al. 2006; Gould and Sauther 2007]. Most species are 

arboreal occupying woodlands and spiny, dry or rain forests. Differences are not only found 

between lemur families, but also between closely related species of the same genus, for 

example in mouse lemurs.  
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1.3 Mouse lemurs as model species 

Mouse lemurs (Microcebus spp.) are small nocturnal strepsirrhines that live endemically 

on Madagascar. They are present throughout the island and share several characteristics like 

their nocturnal activity, their solitarily foraging, the promiscuous mating system and their 

similar use of habitats, which are partitioned in overlapping home ranges of males and 

females [Kappeler and Rasoloarison 2003; Mittermeier et al. 2006]. Nevertheless, different 

mouse lemur species colonize different forest habitats, ranging from spiny deserts (e.g., gray-

brown mouse lemur) over dry deciduous lowland forests (e.g., Madame Berthe´s mouse 

lemur) to lowland (e.g., Simmon´s mouse lemur) and highland rainforests (e.g., Goodman´s 

mouse lemur) [Mittermeier et al. 2006; Radespiel et al. 2012] and are therefore exposed to 

different ecological challenges. They differ in their use of sleeping sites as well as in their 

preferences to sleep alone, in pairs or in same-sex or mixed-sex groups [Radespiel et al. 1998; 

Randrianambinina 2001; Radespiel et al. 2003; Dammhahn and Kappeler 2005; Eichmueller 

et al. 2013] and in their expression of female dominance. Unambiguous female dominance 

has been described in gray and gray-brown mouse lemurs [Radespiel and Zimmermann 2001; 

Génin 2013] and female Madame Berthe´s mouse lemurs were at least dominant in feeding 

and sexual contexts [but results refer to only six conflicts, Dammhahn and Kappeler 2005]. In 

comparison, the golden-brown mouse lemur did not show any female dominance 

[Eichmueller et al. 2013]. 

Mouse lemurs represent an ideal model organism studying evolutionary aspects, due to 

their ancestral primate condition, which is represented by their small body sizes, infant 

parking, solitary foraging, and omnivorous feeding ecology [in: Radespiel and Zimmermann 

2001; Kessler 2014] and their interspecific diversity, e.g., expressed by genetic, 

morphological and behavioral differences [Yoder et al. 2000; Zimmermann et al. 2000; 

Radespiel et al. 2012; Eichmueller et al. 2013; Rasoloarison et al. 2013]. Generally, mouse 

lemurs can be separated in two lineages, the grayish and the reddish clade [Olivieri et al. 

2007], and one representative of each lineage will be studied within this thesis.  

Gray mouse lemurs (Figure 1.1A) are the best studied mouse lemur species and are 

distributed over the entire West coast with one Southeast population [Mittermeier et al. 2006]. 

They live in a dispersed multi-male/multi-female neighborhood system and both sexes are 

organized in overlapping home ranges [Fietz 1999; Radespiel 2000]. Gray mouse lemurs 

inhabit, for example, lowland tropical dry forests, sub-arid thorn scrubs or spiny forests 

[Mittermeier et al. 2006] and have an omnivorous diet including fruits, nectar, gum, insect 

secretion, arthropods, or even small vertebrates [Martin 1972b; Radespiel 2006; Joly and 
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Zimmermann 2007]. Typically for mouse lemurs they forage solitarily for food during the 

night, but females sleep in stable, matrilineal groups during the day [Martin 1972b; Radespiel 

et al. 1998; Radespiel 2000; Radespiel et al. 2001]. Here, they use high quality and limited 

sleeping sites (e.g., tree holes) which are used for communal breeding and infant parking 

[Martin 1972b; Eberle and Kappeler 2003; 2006]. Males, on the contrary, sleep mostly alone 

and use sleeping sites of lower quality [Radespiel et al. 1998; Radespiel 2000]. Authors of 

recent studies reported that females in this species are clearly dominant over males [Radespiel 

and Zimmermann 2001; Génin 2013]. 

The behavior and ecology of Goodman´s mouse lemurs (Figure 1.1B), however, has 

been hardly investigated so far. This species was formerly listed as M. rufus and was 

described as a new species in 2005 by Roos and Kappeler [in Kappeler et al. 2005]. 

Goodman´s mouse lemurs are highland specialists since they can be found in mountain 

rainforests in central Eastern Madagascar [Weisrock et al. 2010; Radespiel et al. 2012]. Like 

gray mouse lemurs they are polyestrous and breed seasonally [Wrogemann et al. 2001; 

Wrogemann and Zimmermann 2001; Randrianambinina et al. 2003]. No detailed information 

is available on their diet, but due to differences in regional food abundance and different 

seasonal variations in the habitats the composition of the diet might vary in comparison to 

gray mouse lemurs. Contrary to gray mouse lemurs, both sexes of the Goodman´s mouse 

lemurs sleep in unisex groups, but prefer nests rather than tree holes [Randrianambinina 2001; 

Jürges et al. 2013]. No detailed information is so far available about the expression of female 

dominance in this species [but see Jürges et al. 2013]. This thesis will help to gain new 

insights into the behavior of Goodman´s mouse lemurs. Furthermore, focusing on two mouse 

lemur species with different social and ecological backgrounds will help to further elucidate 

the proximate and ultimate mechanisms of female dominance in the genus Microcebus and 

the varying expression of this behavioral trait. 

 

 

Figure 1.1: One year old A) female gray mouse lemur and B) male Goodman`s mouse lemur.  

A B 1 cm 1 cm 
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1.4 Ontogeny of dominance and dominance-related behavior 

The general function of female dominance in lemurs is still unknown and its ontogeny 

in combination with the development of dominance-related behaviors has been rarely studied. 

In contrast, this information is available for other primates which are typically characterized 

by male dominance over females. Here, the ontogeny of young individuals including 

socialization and the acquisition of appropriate adult behavior and dominance relationships 

have been frequently studied, especially in social living primates [e.g., reviewed in: Fragaszy 

and Mitchell 1974; McKenna 1979; Pereira 1995]. In the early development of primates, 

exploration and play represent important activities that increase the infant´s experience 

[Baldwin 1986]. Play provides physical exercise, facilitates the development of motor skills, 

and trains coordination as well as communication skills [Baldwin 1986]. Furthermore, young 

individuals experience their own strength, can test the strengths of conspecifics [Poirier and 

Smith 1974; Walters 1987; Paquette 1994] and learn roles of dominant and subordinate 

positions [Baldwin 1986]. Thereby, play helps to establish dominance relationships within the 

network of adults in a social group [Baldwin 1986; Pereira 2002]. Play rates typically decline 

from infancy to adulthood [Hinde and Spencer-Booth 1967; Fedigan 1972; Fagen 2002] and 

due to different roles as adults, sex-specific differences have been found in play as well as in 

other behaviors [e.g., social grooming, territory defence, infant care and dominance-related 

activities, Fedigan 1982; Meaney et al. 1985]. Play initiation and preference of play types 

differed between the sexes [Hinde and Spencer-Booth 1967; Brown and Dixon 2000]: male 

infants played more than female peers and favored rough-and-tumble play [e.g., galagos, blue 

monkeys, baboons, macaques, gorilla: Owens 1975; Fagen 2002; Nash 2002; Maestripieri and 

Ross 2004; Foerster and Cords 2005; reviewed in Caine and Mitchell 1979] whereas females 

initiated caretaking activities more often to practice mothering skills [Fairbanks 2002]. 

Besides play, olfactory marking behavior shows sex-specific differences during ontogeny and 

can be influenced by social dominance. For example, circumgenital and sternal marking was 

first seen at an average of 4.5 – 5.0 and 8.5 – 9.5 months, respectively, in young golden lion 

tamarins and males started marking at younger ages than female conspecifics [Kleiman and 

Mack 1980]. Additionally, dominance positions influenced the marking behavior of 

individuals in this species, where dominant males marked significantly more frequently than 

subordinate males [Miller et al. 2003]. In other Callitrichid species the reproductive function 

of subordinate females is suppressed by olfactory signals of dominant females [reviewed in: 

Stockley et al. 2013; Ziegler 2013]. Moreover, social dominance was found to influence 

affiliative behavior and how individuals act with conspecifics in proximity [Yamada 1963; de 



7 
 

Waal 1986; 2002] reflecting varying degrees of social tolerance. Social tolerance was defined 

as “low competitive tendency, especially by dominants towards subordinates” [de Waal 1989, 

p. 246] and can be expected to show age-related changes in parallel to the development of 

adult dominance relationships. In young rhesus monkeys, for example, formal dominance is 

established at about three years and at that age dyads with formalized dominance relationships 

spent significantly more time in affiliative contact than dyads with unformalized relationships 

[de Waal 2002].  

The ontogeny of female dominance and dominance-related behaviors and potential sex 

differences, however, has been rarely investigated in lemurs. So far, only two studies on the 

social and diurnal ring-tailed lemur provide some information on this matter [Gould 1990; 

Pereira 2002]. Both studies reported no sex differences in the use of rough-and-tumble play in 

young animals, but differences in the development of female dominance were observed. 

Gould [1990] documented the first occurrence of female dominance in infant ring-tailed 

lemurs, which were 12 weeks old. Pereira [2002], however, found female dominance to 

develop around puberty, which was at about 16 months of age in captive animals of this 

species. Furthermore, female dominance was stated to be not completely settled at that time 

but to develop gradually about a period of further seven months [Pereira 2002].  

 

1.5 Social and sexual maturation in primates 

In comparison to other mammals most primates are proposed to have a prolonged 

juvenile period, reach the age of first reproduction relatively late, live long, and have low 

reproductive rates for their body size [Charnov  and Berrigan 1993; reviewed in: Jones 2011; 

Lonsdorf and Ross 2012; Zimmermann and Radespiel 2014]. Additionally, primates have 

large brains and this trait has been suggested to result from their complex social systems, high 

cognitive skills and their high ability for complex problem solving [reviewed in Dunbar 

2003]. Therefore, it was suggested that (1) primates need an extended juvenile period to 

develop and exercise the full skill repertoires of adults that affect their own future 

reproduction and survival rates [Pagel and Harvey 2002], and that (2) an extended juvenile 

period in primates is needed to learn how to manage a large number of complex social 

relationships [Poirier et al. 1978]. 

Besides physical maturation, which allows getting the opportunities to reproduce, 

mammals have to mature socially, which means that they have to acquire the appropriate 

behavioral repertoire of adults and need to be integrated into the social network of adult group 

members [Fragaszy and Mitchell 1974; Poirier and Smith 1974]. Therefore, social maturation 
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has been broadly defined to result from behavioral interactions and transformations [Gautier-

Hion and Gautier 1976] that occur on the way toward adulthood and has been rarely studied 

in non-human primates. In humans, however, the onset of puberty has advanced in the past 

few decades [Gluckman and Hanson 2006; Herman-Giddens 2006] and sexual maturation 

precedes psychological maturation [Gluckman and Hanson 2006]. Consequently, sexual and 

social maturation are considered separately in the human literature. In non-human primates, 

differences between both maturation processes have so far only been investigated in common 

brown lemurs [Chandler 1975], golden lion tamarins [Hoage 1982], males of eight 

cercopithecine species [Gautier-Hion and Gautier 1976] and male chimpanzees [Kraemer et 

al. 1982], where both processes of sexual and social maturation were decoupled with sexual 

maturation preceding social maturation. 

Gray mouse lemurs have relatively short gestation periods, short interbirth intervals, 

young ages at first reproduction and relatively large litter sizes in comparison to other 

primates, also primates of comparable sizes [Martin 1972a; b; Glatston 1979; Schmelting et 

al. 2000; Ernest 2003; Zimmermann and Radespiel 2014]. They reach sexual maturity 

between 7 and 12 months [Petter-Rousseaux 1964; Richard 1987], that is, young gray mouse 

lemurs are able to sire, conceive and rear offspring successfully within their first year of life 

[Glatston 1979; Perret 1992, and own observation].  

No systematic information is available whether sexual and social maturation are 

completed simultaneously in any nocturnal solitary forager from the most basal primate clade, 

the strepsirrhines. It is, therefore, not clear whether the delayed social maturation is already 

present in this group of primates, and therefore most likely represents a general and 

symplesiomorphic primate trait, or whether it evolved only later in the primate lineage.  

 

1.6 Determinants of female dominance 

Some of the current hypotheses in the literature (see chapter 1.2) were formulated to 

explain the expression of female dominance in lemurs and they imply that this phenomenon is 

caused by different reasons. One possibility is, that female dominance represents an ancestral 

trait and that is has been retained in different lemur clades due to different taxon-specific 

reasons. Testing two mouse lemur species that derive from the grayish as well as from the 

reddish mouse lemur lineage [Olivieri et al. 2007] will help to further elucidate this 

assumption.  

Further hypotheses focus on different factors that might cause female dominance. The 

sleeping site hypothesis [Eichmueller et al. 2013] suggests that species may influence the 
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expression of this behavioral trait in nocturnal, solitary foragers due to species-specific 

differences in their sleeping site ecology and sleeping pattern. The energy conservation 

hypothesis [Jolly 1984; Wright 1999; Gould and Sauther 2007; Dunham 2008] focuses on 

higher energy demands of the females during reproduction, and consequently female 

dominance should be most prominent during the breeding season and probably context 

specific (e.g., competition for food or sleeping sites which are used for infant rearing). 

Moreover, the few available studies on the ontogeny of female dominance suggest an 

influence of age on its expression, since it only starts to develop around puberty in the ring-

tailed lemur [Pereira 2002, contrary Gould 1990].  

With the investigations within this thesis it is aimed to further study the phenomenon of 

female dominance by testing the influence of species, season and age in two captive 

populations of gray and Goodman´s mouse lemurs. Species differences will be investigated, 

since both target species differ in their ecology and organization of sleeping groups and 

differences in the expression of female dominance can be expected according to the sleeping 

site hypothesis. Furthermore, comparisons between the reproductive and non-reproductive 

season will show whether the expression of female dominance is intensified during the 

breeding season and then most likely influenced by higher energy demands of females. 

Studying the ontogeny of dominance relationships and dominance-related behaviors in gray 

mouse lemurs will identify at what age females become dominant over males and at what age 

social maturation is completed in this species.  

 

1.7 Aims and hypotheses  

This thesis consists of three parts that help to investigate the phenomenon of female 

dominance in two mouse lemur species, the gray and the Goodman´s mouse lemur. Study 1 

[chapter 2, published in Hohenbrink et al. 2015a] focuses on the ontogeny of intersexual 

dominance in combination with the development of dominance-related behaviors, such as 

play, marking behavior and social tolerance. Young gray mouse lemurs are repeatedly 

observed in the same dyads (one male and one female) when they are juveniles [from time 

able to survive independently from the mother until onset of puberty, Walters 1987], 

adolescents [onset of puberty until reproduction occurs, Walters 1987] and young adults 

[sexually mature, able to sire and conceive offspring]. It is hypothesized that play behavior 

and social tolerance should decrease with age. Additionally, marking and agonistic behavior 

as well as the number of decided dominance relationships are predicted to increase with age.  
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Within study 2 [chapter 3, published in Hohenbrink et al. 2015b] the process of sexual 

and social maturation in young gray mouse lemurs is investigated. Sexual maturation is 

documented on the basis of testicular volume and breeding success, whereas social maturation 

is characterized by quantifying play and marking behavior, allogrooming, agonistic behavior, 

social tolerance and intersexual dominance. Within this study physiological and behavioral 

data between one year old gray mouse lemurs and fully grown individuals of two to ten years 

of age are compared. With this approach the study aims to compare the relative levels of 

completion of sexual and social maturation in young individuals.  

Within study 3 (chapter 4, manuscript in preparation) female dominance in gray and 

Goodman´s mouse lemurs is compared and it is aimed to test the influence of species, season 

and age on the expression and patterns of dominance. Furthermore, the influence of female 

dominance on marking behavior is investigated in both species. It is hypothesized that          

1) female dominance shows species-specific differences and should be absent in the 

Goodman´s mouse lemur, and that this pattern should be stable for at least one year, 2) female 

dominance should be mainly present in the reproductive season and 3) female dominance 

should be affected by the age difference between dyad partners. Mainly, it is tested within this 

study which of the above mentioned factors predict best the frequency and outcome of 

intersexual conflicts. The results of the three studies are summarized and discussed in chapter 5. 

 

1.8 References 

Baldwin JD. 1986. Behavior in infancy: exploration and play. In: Mitchell G, Erwin J, editors. Comparative 

Primate Biology: Behavior, Conservation and Ecology. New York: Alan R. Liss., Inc. p 295-326. 

Bentley-Condit VK, Smith EO. 1999. Female dominance and female social relationships among yellow baboons 

(Papio hamadryas cynocephalus). American Journal of Primatology 47:321-334. 

Boinski S, Sughrue K, Selvaggi L, Quatrone R, Henry M, Cropp S. 2002. An expanded test of the ecological 

model of primate social evolution: Competitive regimes and female bonding in three species of squirrel 

monkeys (Saimiri oerstedii, S. boliviensis, and S. sciureus). Behaviour 139:227-261. 

Brown GR, Dixon AE. 2000. The development of behavioural sex differences in infant rhesus macaques 

(Macaca mulatta). Primates 41:63-77. 

Caine N, Mitchell G. 1979. A review of play in the genus Macaca: social correlates. Primates 20:535-546. 

Chandler C, Jr. 1975. Development and function of marking and sexual behavior in the malagasy prosimian 

primate, Lemur fulvus. Primates 16:35-47. 

Charnov EL, Berrigan D. 1993. Why do female primates have such long life spans and so few babies? Or life in 

the slow lane. Evolutionary Anthropology 1:191–194. 

Coddington JA, Hormiga G, Scharff N. 1997. Giant female or dwarf male spiders? Nature 385:687-688. 

Curtis DJ, Zaramody A. 1999. Social structure and seasonal variation in the behaviour of Eulemur mongoz. Folia 

Primatologica 70:79-96. 



11 
 

Dammhahn M, Kappeler PM. 2005. Social system of Microcebus berthae, the world's smallest primate. 

International Journal of Primatology 26:407-435. 

Darwin C. 1871. The descent of man and selection in relation to sex. In: Barrett PH, Freeman RB, editors. The 

works of Charles Darwin. London: William Pickering. p 229-235, 521-546. 

Darwin C. 1874. The descent of man and selection in relation to sex. London: John Murray. 

de Waal FB. 1986. The integration of dominance and social bonding in primates. The Quarterly Review of 

Biology 61:459-479. 

de Waal FBM. 1989. Dominance "style" and primate social organisation In: Standen V, Foley RA, editors. 

Comparative socioecology. Oxford: Blackwell Scientific Publications. p 234–264. 

de Waal FBM. 2002. Codevelopment of dominance relations and affiliative bonds in rhesus monkeys. In: Pereira 

ME, Fairbanks LA, editors. Juvenile primates: Life history, development and behavior. Chicago: 

University of Chicago Press. p 259-270. 

delBarco-Trillo J, Sacha CR, Dubay GR, Drea CM. 2012. Eulemur, me lemur: the evolution of scent-signal 

complexity in a primate clade. Philosophical Transactions of the Royal Society of London 367:1909-1922. 

Ernest SKM. 2003. Life history characteristics of placental nonvolant mammals. Ecology 84:3402–3402. 

Digby L, Stevens AM. 2007. Maintenance of female dominance in blue-eyed black lemurs (Eulemur macaco 

flavifrons) and gray bamboo lemurs (Hapalemur griseus griseus) under semi-free-ranging and captive 

conditions. Zoo Biology 26:345-361. 

Digby LJ, Kahlenberg SM. 2002. Female dominance in blue-eyed black lemurs (Eulemur macaco flavifrons). 

Primates 43:191-199. 

Dunbar RIM. 2003. The social brain: mind, language, and society in evolutionary perspective. Annual Review of 

Anthropology 32:163-181. 

Dunham AE. 2008. Battle of the sexes: cost asymmetry explains female dominance in lemurs. Animal Behaviour 

76:1435-1439. 

Eberle M, Kappeler PM. 2003. Cooperative breeding in grey mouse lemurs (Microcebus murinus). Folia 

Primatologica 74:367. 

Eberle M, Kappeler PM. 2006. Family insurance: kin selection and cooperative breeding in a solitary primate 

(Microcebus murinus). Behavioral Ecology and Sociobiology 60:582-588. 

Eichmueller P, Thorén S, Radespiel U. 2013. The lack of female dominance in golden-brown mouse lemurs suggests 

alternative routes in lemur social evolution. American Journal of Physical Anthropology 150:158-164. 

Erhart EM, Overdorff DJ. 2008. Rates of agonism by diurnal lemuroids: implications for female social 

relationships. International Journal of Primatology 29:1227-1247. 

Fagen R. 2002. Primate juveniles and primate play. In: Pereira ME, Fairbanks LA, editors. Juvenile Primates: 

life history, development, and behavior. Chicago: University of Chicago Press. p 182-196. 

Fairbanks LA. 2002. Juvenile vervet monkeys: establishing relationships and practicing skills for the future. In: 

Pereira ME, Fairbanks LA, editors. Juvenile primates: life history, development, and behavior. Chicago: 

University of Chicago Press. p 211-227. 

Fedigan L. 1972. Social and solitary play in a colony of vervet monkeys (Cercopithecus aethiops). Primates 

13:347-364. 

Fedigan LM. 1982. Primate paradigms: sex roles and social bonds. Montréal: Eden Press. 

Fietz J. 1999. Mating system of Microcebus murinus. American Journal of Primatology 48:127-133. 



12 
 

Fitzgerald SM, Keith LB. 1990. Intra-specific and inter-specific dominance relationships among arctic and 

snowshoe hares. Canadian Journal of Zoology 68:457-464. 

Foerster S, Cords M. 2005. Socialization of infant blue monkeys (Cercopithecus mitis stuhlmanni): allomaternal 

interactions and sex differences. Behaviour 142:869-896. 

Fornasieri I, Caubere M, Roeder JJ. 1993. Social dominance and priority of access to drinking in Lemur macaco. 

Aggressive Behavior 19:455-464. 

Fragaszy D, Mitchell G. 1974. Infant socialization in primates. Journal of Human Evolution 3:563-574. 

Gautier-Hion A, Gautier JP. 1976. Croissance, maturité sexuelle et sociale, reproduction chez les cercopithécinés 

forestiers africains. Folia Primatologica 26:165-184. 

Génin F. 2013. Venus in fur: female power in mouse lemurs Microcebus murinus and M. griseorufus. In: 

Masters J, Gamba M, Génin F, editors. Leaping ahead: Advances in prosimian biology. New York: 

Springer. p 121-126. 

Glatston ARH. 1979. Reproduction and behaviour of the lesser mouse lemur (Microcebus murinus, Miller 1777) 

in captivity [PhD]. London: University of London. 

Gluckman PD, Hanson MA. 2006. Evolution, development and timing of puberty. Trends in Endocrinology and 

Metabolism 17:7-12. 

Gould L. 1990. The social development of free-ranging infant Lemur catta at Berenty Reserve, Madagascar. 

International Journal of Primatology 11:297-318. 

Gould L, Sauther M. 2007. Lemuriformes. In: Campbell CJ, Fuentes A, MacKinnon KC, Panger M, Bearder SK, 

editors. Primates in perspectives. New York: Oxford University Press. p 46-72. 

Herman-Giddens ME. 2006. Recent data on pubertal milestones in United States children: The secular trend 

toward earlier development. International Journal of Andrology 29:241-246. 

Hinde RA, Spencer-Booth Y. 1967. The behaviour of socially living rhesus monkeys in their first two and a half 

years. Animal Behaviour 15:169-196. 

Hoage RJ. 1982. Social and physical maturation in captive lion tamarins, Leontopithecus rosalia rosalia 

(Primates: Callitrichidae). Washington: Smithsonian Institution Press. 

Hohenbrink S, Koberstein-Schwarz M, Zimmermann E, Radespiel U. 2015a. Shades of gray mouse lemurs: 

ontogeny of female dominance and dominance-related behaviors in a nocturnal primate. American 

Journal of Primatology 77: 1158-1169. 

Hohenbrink S, Zimmermann E, Radespiel U. 2015b. Need for speed: sexual maturation precedes social 

maturation in grey mouse lemurs American Journal of Primatology 77: 1049-1059. 

Hrdy SB. 1981. The woman that never evolved. Cambridge: Havard University Press. 

Jolly A. 1984. The puzzle of female feeding priority. In: Small MF, editor. Female Primates: studies by woman 

primatologists. New York: Alan R. Liss, Inc. p 197-215. 

Joly M, Zimmermann E. 2007. First evidence for relocation of stationary food resources during foraging in a 

strepsirhine primate (Microcebus murinus). American Journal of Primatology 69:1045-1052. 

Jones JH. 2011. Primates and the evolution of long, slow life histories. Current Biology 21:R708-R717. 

Jürges V, Kitzler J, Zingg R, Radespiel U. 2013. First insights into the social organisation of Goodman's mouse 

lemur (Microcebus lehilahytsara) - testing predictions from socio-ecological hypotheses in the Masoala 

Hall of Zurich Zoo. Folia Primatologica 84:32-48. 



13 
 

Kappeler P, Rasoloarison R, Razafimanantsoa L, Walter L, Roos C. 2005. Morphology, behavior and molecular 

evolution of giant mouse lemurs (Mirza ssp.) Gray, 1870, with description of a new species. Primate 

Report 71:1-24. 

Kappeler PM. 1990. Female dominance in Lemur catta: more than just feeding priority? Folia Primatologica 

55:92-95. 

Kappeler PM. 1993. Female dominance in primates and other mammals. In: Bateson PPG, Klopfer PH, 

Thompson NS, editors. Perspectives in ethology: behavior and evolution. New York: Plenum Press. p 43-158. 

Kappeler PM, Rasoloarison RM. 2003. Microcebus, mouse lemurs, Tsidy. In: Goodman SM, Benstead JP, 

editors. The natural history of Madagascar. Chicago: University of Chicago Press. p 1310-1315. 

Kaufman R. 1991. Female dominance in semifree-ranging black-and-white ruffed lemurs, Varecia variegata 

variegata. Folia Primatologica 57:39-41. 

Kessler SE. 2014. Modeling the origins of primate sociality: kin recognition in mouse lemurs [PhD]. Tempe: 

Arizona State University. 

Kleiman DG, Mack DS. 1980. Effects of age, sex, and reproductive status on scent marking frequencies in the 

golden lion tamarin, Leontopithecus rosalia. Folia Primatologica 33:1-14. 

Kraemer HC, Horvat JR, Doering C, McGinnis PR. 1982. Male chimpanzee development focusing on 

adolescence: integration of behavioral with physiological changes. Primates 23:393-405. 

Kruuk H. 1972. The spotted hyena: a study of predation and social behavior. Chicago: University of Chicago Press. 

Kubzdela KS, Richard AF, Pereira ME. 1992. Social relations in semi-free-ranging sifakas (Propithecus 

verreauxi coquereli) and the question of female dominance. American Journal of Primatology 28:139-145. 

Lonsdorf EV, Ross SR. 2012. Socialization and development of behavior. In: Mitani JC, Call J, Kappeler PM, 

Palombit RA, Silk JB, editors. The evolution of primate societies. Chicago: University of Chicago Press. 

p 245-268. 

Maestripieri D, Ross SR. 2004. Sex differences in play among western lowland gorilla (Gorilla gorilla gorilla) infants: 

Implications for adult behavior and social structure. American Journal of Physical Anthropology 123:52-61. 

Marolf B, McElligott AG, Müller AE. 2007. Female social dominance in two Eulemur species with different 

social organizations. Zoo Biology 26:201-214. 

Martin RD. 1972a. A laboratory breeding colony of the lesser mouse lemur. In: Beveridge WIB, editor. Breeding 

Primates. Basel: Karger. p 161-171. 

Martin RD. 1972b. A preliminary field-study of the lesser mouse lemur (Microcebus murinus J.F. Miller 1777). 

Zeitschrift fuer Tierpsychologie Beiheft 9:43-89. 

McKenna JJ. 1979. Aspects of infant socialization, attachment, and maternal care-giving patterns among 

primates: a cross-disciplinary review. Yearbook of Physical Anthropology 22:250-286. 

Meaney MJ, Stewart J, Beatty WW. 1985. Sex differences in social play: the socialization of sex roles. In: 

Rosenblatt JS, editor. Advances in the study of behavior. Orlando: Academic Press. p 1-58. 

Meyer C, Gallo T, Schultz ST. 1999. Female dominance in captive red ruffed lemurs, Varecia variegata rubra 

(Primates, Lemuridae). Folia Primatologica 70:358-361. 

Miller KE, Laszlo K, Dietz JM. 2003. The role of scent marking in the social communication of wild golden lion 

tamarins, Leontopithecus rosalia. Animal Behaviour 65:795-803. 

Mittermeier RA, Konstant WR, Hawkins F, Louis EE, Langrand O, Ratsimbazafy J, Rasoloarison R, Ganzhorn JU, 

Rajaobelina S, Tattersall I et al. 2006. Lemurs of Madagascar. Washington, D.C.: Conservation International. 



14 
 

Mutschler T. 1999. The Alaotran gentle lemur (Hapalemur griseus alaotrensis): a study in behavioural ecology 

[PhD]. Zürich: University of Zurich. 

Nash LT. 2002. Juveniles in nongregarious primates. In: Pereira ME, Fairbanks LA, editors. Juvenile primates: 

life history, development, and behavior. Chicago: University of Chicago Press. p 119-137. 

Olivieri G, Zimmermann E, Randrianambinina B, Rasoloharijaona S, Rakotondravony D, Guschanski K, 

Radespiel U. 2007. The ever-increasing diversity in mouse lemurs: Three new species in north and 

northwestern Madagascar. Molecular Phylogenetics and Evolution 43:309-327. 

Owens NW. 1975. Social play behavior in free-living baboons, Papio anubis. Animal Behaviour 23:387-408. 

Pagel MD, Harvey PH. 2002. Evolution of the juvenile period in mammals. In: Pereira ME, Fairbanks LA, editors. 

Juvenile primates: Life history, development, and behavior. Chicago and London: University of Chicago Press. 

Paquette D. 1994. Fighting and playfighting in captive adolescent chimpanzees. Aggressive Behavior 20:49-65. 

Parish AR. 1994. Sex and food control in the "uncommon chimpanzee" - how bonobo females overcome a 

phylogenetic legacy of male dominance. Ethology and Sociobiology 15:157-179. 

Parish AR. 1996. Female relationships in bonobos (Pan paniscus): evidence for bonding, cooperation, and 

female dominance in a male-philopatric species. Human Nature 7:61-96. 

Payne AP, Swanson HH. 1970. Agonistic behavior between pairs of hamsters of the same and opposite sex in a 

neutral observation area. Behaviour 36:259-269. 

Pereira ME. 1995. Development and social dominance among group-living primates. American Journal of 

Primatology 37:143-175. 

Pereira ME. 2002. Agonistic interaction, dominance relation, and ontogenetic trajectories in ringtailed lemurs. 

In: Pereira M, Fairbanks LA, editors. Juvenile primates: life history, development, and behavior. Chicago: 

University of Chicago Press. p 285-305. 

Pereira ME, Kaufman R, Kappeler PM, Overdorff DJ. 1990. Female dominance does not characterize all of the 

Lemuridae. Folia Primatologica 55:96-103. 

Pereira ME, McGlynn CA. 1997. Special relationships instead of female dominance for redfronted lemurs, 

Eulemur fulvus rufus. American Journal of Primatology 43:239-258. 

Perret M. 1992. Environmental and social determinants of sexual function in the male lesser mouse lemur 

(Microcebus murinus). Folia Primatologica 59:1-25. 

Petty JMA, Drea CM. 2015. Female rule in lemurs is ancestral and hormonally mediated. Scientific Report 5: 9631. 

Pochron ST, Fitzgerald J, Gilbert CC, Lawrence D, Grgas M, Rakotonirina G, Ratsimbazafy R, Rakotosoa R, 

Wright PC. 2003. Patterns of female dominance in Propithecus diadema edwardsi of Ranomafana 

National Park, Madagascar. American Journal of Primatology 61:173-185. 

Poirier FE, Bellisari A, Haines L. 1978. Functions of primate play behavior. In: Smith EO, editor. Social play in 

primates. New York: Academic Press, INC. 

Poirier FE, Smith EO. 1974. Socializing functions of primate play. American Zoologist 14:275-287. 

Pollock JI. 1979. Female dominance in Indri indri. Folia Primatologica 31:143-164. 

Radespiel U. 2000. Sociality in the gray mouse lemur (Microcebus murinus) in northwestern Madagascar. 

American Journal of Primatology 51:21-40. 

Radespiel U. 2006. Ecological diversity and seasonal adaptations of mouse lemurs (Microcebus spp.). In: Gould 

L, Sauther ML, editors. Lemurs: ecology and adaptation. New York: Springer. p 211-234. 



15 
 

Radespiel U, Cepok S, Zietemann V, Zimmermann E. 1998. Sex-specific usage patterns of sleeping sites in grey 

mouse lemurs (Microcebus murinus) in northwestern Madagascar. American Journal of Primatology 46:77-84. 

Radespiel U, Ehresmann P, Zimmermann E. 2003. Species-specific usage of sleeping sites in two sympatric 

mouse lemur species (Microcebus murinus and M. ravelobensis) in Northwestern Madagascar. American 

Journal of Primatology 59:139-151. 

Radespiel U, Ratsimbazafy JH, Rasoloharijaona S, Raveloson H, Andriaholinirina N, Rakotondravony R, 

Randrianarison RM, Randrianambinina B. 2012. First indications of a highland specialist among mouse 

lemurs (Microcebus spp.) and evidence for a new mouse lemur species from eastern Madagascar. 

Primates 53:157-170. 

Radespiel U, Sarikaya Z, Zimmermann E, Bruford MW. 2001. Sociogenetic structure in a free-living nocturnal 

primate population: sex-specific differences in the grey mouse lemur (Microcebus murinus). Behavioral 

Ecology and Sociobiology 50:493-502. 

Radespiel U, Zimmermann E. 2001. Female dominance in captive gray mouse lemurs (Microcebus murinus). 

American Journal of Primatology 54:181-192. 

Ralls K. 1976. Mammals in which females are larger than males. Quarterly Review of Biology 51:245-276. 

Ramanamisata R, Pichon C, Razafindraibe H, Simmen B. 2014. Social behavior and dominance of the crowned 

sifaka (Propithecus coronatus) in Northwestern Madagascar. Primate Conservation 28:93-97. 

Ramanankirahina R, Joly M, Zimmermann E. 2011. Peaceful primates: affiliation, aggression, and the question 

of female dominance in a nocturnal pair-living lemur (Avahi occidentalis). American Journal of 

Primatology 73:1261-1268. 

Randrianambinina B. 2001. Contribution à l’étude comparative de l’écoéthologie de deux microcèbes rouges de 

Madagascar [Thèse de doctorat]: Université d’Antananarivo. 

Randrianambinina B, Rakotondravony D, Radespiel U, Zimmermann E. 2003. Seasonal changes in general 

activity, body mass and reproduction of two small nocturnal primates: a comparison of the golden brown 

mouse lemur (Microcebus ravelobensis) in Northwestern Madagascar and the brown mouse lemur 

(Microcebus rufus) in Eastern Madagascar. Primates 44:321-331. 

Raps S, White FJ. 1995. Female social dominance in semi-free-ranging ruffed lemurs (Varecia variegata). Folia 

Primatologica 65:163-168. 

Rasa A. 1972. Aspects of social organization in captive dwarf mongooses. Journal of Mammalogy 53:181-185. 

Rasoloarison RM, Weisrock DW, Yoder AD, Rakotondravony D, Kappeler PM. 2013. Two new species of 

mouse lemurs (Cheirogaleidae: Microcebus) from eastern Madagascar. International Journal of 

Primatology 34:455-469. 

Rendall D. 1993. Does female social precedence characterize captive aye-ayes (Daubentonia madagascariensis)? 

International Journal of Primatology 14:125-130. 

Richard A, Heimbuch R. 1975. An analysis of the social behavior of three groups of Propithecus verreauxi. In: 

Tattersall I, Sussman R, editors. Lemur biology. New York: Academic Press. p 313-333. 

Richard AF. 1987. Malagasy prosimians: female dominance. In: Smuts BB, Cheney DL, Seyfarth RM, 

Wrangham RW, Struhsaker TT, editors. Primate societies. Chicago: University of Chicago press. p 25-33. 

Roeder JJ, Fornasieri I. 1995. Does agonistic dominance imply feeding priority in lemurs? A study in Eulemur 

fulvus mayottensis. International Journal of Primatology 1:629-642. 



16 
 

Schmelting B, Ehresmann P, Lutermann H, Randrianambinina B, Zimmermann E. 2000. Reproduction of two 

sympatric mouse lemur species (Microcebus murinus and M. ravelobensis) in north-west Madagascar: 

First results of a long term study. In: Lourenço WR, Goodman SM, editors. Diversité et Endémisme à 

Madagascar. Paris: Société de Biogéographie. p 165-175. 

Schülke O, Kappeler PM. 2003. So near and yet so far: territorial pairs but low cohesion between pair partners in 

a nocturnal lemur, Phaner furcifer. Animal Behaviour 65:331–343. 

Stockley P, Bottell L, Hurst JL. 2013. Wake up and smell the conflict: odour signals in female competition. 

Philosophical Transactions of the Royal Society B 368:20130082. 

Vervaecke H, De Vries H, Van Elsacker L. 2000. The pivotal role of rank in grooming and support behavior in a 

captive group of bonobos (Pan paniscus). Behaviour 137:1463-1485. 

Waeber PO, Hemelrijk CK. 2003. Female dominance and social structure in Alaotran gentle lemurs. Behaviour 

140:1235-1246. 

Walters JR. 1987. Transition to adulthood. In: Smuts BB, Cheney DL, Seyfarth RM, Wrangham RW, Struhsaker 

TT, editors. Primate Societies. Chicago: University of Chicago Press. p 358-369. 

Weisrock DW, Rasoloarison RM, Fiorentino I, Ralison JM, Goodman SM, Kappeler PM, Yoder AD. 2010. 

Delimiting species without nuclear monophyly in Madagascar's mouse lemurs. Plos One 5:e9883. 

White FJ, Overdorff DJ, Keith-Lucas T, Rasmussen MA, Eddie Kallam W, Forward Z. 2007. Female dominance 

and feeding priority in a prosimian primate: experimental manipulation of feeding competition. American 

Journal of Primatology 69:295-304. 

Wright PC. 1999. Lemur traits and Madagascar ecology: coping with an island environment. American Journal 

of Physical Anthropology 110:31-72. 

Wrogemann D, Radespiel U, Zimmermann E. 2001. Comparison of reproductive characteristics and changes in 

body weight between captive populations of rufous and gray mouse lemurs. International Journal of 

Primatology 22:91-108. 

Wrogemann D, Zimmermann E. 2001. Aspects of reproduction in the eastern rufous mouse lemur (Microcebus 

rufus) and their implications for captive management. Zoo Biology 20:157-167. 

Yamada M. 1963. A study of blood-relationship in the natural society of the Japanese Macaque: an analysis of 

co-feeding, grooming, and playmate relationships in Minoo-B-troop. Primates 4:43-65. 

Yoder AD, Rasoloarison RM, Goodman SM, Irwin JA, Atsalis S, Ravosa MJ, Ganzhorn JU. 2000. Remarkable 

species diversity in Malagasy mouse lemurs (Primates, Microcebus). Proceedings of the National 

Academy of Sciences of the United States of America 97:11325-11330. 

Young AL, Richard AF, Aiello LC. 1990. Female dominance and maternal investment in strepsirhine primates. 

American Naturalist 135:473-488. 

Ziegler TE. 2013. Social effects via olfactory sensory stimuli on reproductive function and dysfunction in 

cooperative breeding marmosets and tamarins. American Journal of Primatology 75:202-211. 

Zimmermann E, Radespiel U. 2014. Life histories in primates. In: Henke W, Tattersall I, editors. Handbook of 

Paleoanthropology. Berlin: Springer. p 1527-1592. 

Zimmermann E, Vorobieva E, Wrogemann D, Hafen T. 2000. Use of vocal fingerprinting for specific 

discrimination of gray (Microcebus murinus) and rufous mouse lemurs (Microcebus rufus). International 

Journal of Primatology 21:837-852. 

  



17 
 

Chapter 2 - Shades of gray mouse lemurs: ontogeny of female dominance 

and dominance-related behaviors in a nocturnal primate 

 

Published in 2015 in the journal American Journal of Primatology 77: 1158-1169 (DOI: 

10.1002/ajp.22452) by 

 

Sarah Hohenbrink
1
, Maren Koberstein-Schwarz

1
, Elke Zimmermann

1
, and Ute Radespiel

1
 

1
 Institute of Zoology, University of Veterinary Medicine, Hannover, Germany 

 

The ontogeny and establishment of dominance relationships in young individuals have 

been investigated in various group-living, diurnal primates but respective information is 

almost entirely lacking for nocturnal, non-gregarious species. As in many other mammals 

male primates often represent the dominant sex, but the opposite phenomenon (female 

dominance) is particularly frequent in lemurs, although almost nothing is known about its 

development. Therefore, we investigated the development of intersexual dominance in 

parallel to age-related changes in other relevant behaviors in the gray mouse lemur, a solitary 

forager with female dominance. In particular, the temporal trajectories of social play, marking 

behavior, social tolerance, and agonistic behaviors were characterized in captive dyads of 

three different age categories (ACs), among juveniles (ACI: 4–5 months, N = 6), adolescents 

(ACII: 8–9 months, N = 8) and young adults (ACIII: 12–13 months, N = 8). Data were 

collected during a series of three encounter experiments between one male and one female per 

dyad and age category (total observation time: 49.5 hr). Play behavior was observed in all age 

classes, although the number of playing dyads decreased with increasing age. A significant 

age-dependent increase in marking behavior was found in females, especially in substrate 

rubbing and urine washing, but not in males. Although conflict rates did not differ 

significantly between ACs, females started to win more conflicts from ACII onwards, and 

social tolerance decreased partly with increasing age. Clear dominance relationships were not 

observed in ACI and first indications of dominant females were found in ACII with an 

increasing number in ACIII. This study provides first information about the ontogeny of 

female dominance in a nocturnal primate and shows that this behavior develops relatively late 

during ontogeny. In conclusion, this study provides evidence for significant changes in the 

social lives of maturing mouse lemurs and a rather late social maturation in this species. 
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2.1 Introduction 

Primates are characterized by an extended period of juvenile and adolescent 

development compared to other mammals [see: Walters 1987; Pereira and Fairbanks 2002; 

Lonsdorf and Ross 2012]. The prolonged immaturity enables a stepwise acquisition of certain 

motor skills or behaviors, which are essential for successful socialization. Socialization 

represents a process where young individuals learn the appropriate behavioral repertoire and 

become integrated in the social group [Fragaszy and Mitchell 1974; McKenna 1979]. Play 

behavior has been repeatedly shown to be important for socialization [Fedigan 1972; Poirier 

et al. 1978; Bekoff and Byers 1981] with play rates of nonhuman primates typically declining 

from infancy to adulthood [Hinde and Spencer-Booth 1967; Fedigan 1972; Fagen 2002]. 

Besides providing physical exercise, facilitating the development of motor skills and training 

of coordination as well as social and communication skills [reviewed in Baldwin 1986], the 

own physical strength can be experienced and the strength of conspecifics can be tested 

[Poirier and Smith 1974; Walters 1987; Paquette 1994]. Moreover, it has been argued that 

social play may help to acquire fighting skills, and that dominant as well as subordinate roles 

are learned, and thereby play helps to establish rank and dominance relationships [reviewed in 

Baldwin 1986, Pereira 2002]. In adolescent chimpanzees, for example, play behavior serves 

to impress same-aged conspecifics and to clarify rank [Paquette 1994]. 

Chemical cues can encode a great variety of information in mammals, e.g., individual 

information like sex, age or dominance, spacing or reproductive state [Ralls 1971; Johnson 

1973; Doty 1986; Stockley et al. 2013]. Some information is fixed (e.g., sex, individual 

signature), whereas other information (e.g., age, dominance, health status, reproductive state) 

is variable over time [Setchell et al. 2010]. Age-dependent changes in marking behavior and 

in the chemical composition of scent marks [Dixson et al. 1980; Hoage 1982; Palagi et al. 

2002; Macdonald et al. 2008; Setchell et al. 2010] suggest that ontogenetic changes in the use 

of olfaction occur. The olfactory signaling of social dominance can function to defend 

territories or to reduce the number of agonistic challenges [reviewed in Gosling and Roberts 

2001]. Moreover, odor signals are often used by males and females in competitive or 

aggressive interactions, and dominant animals usually mark at higher rates than subordinates 

[reviewed in: Ralls 1971; Stockley et al. 2013]. In some species reproductive function in 

subordinates can be even delayed or inhibited by the scent of dominant conspecifics 
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[reviewed in: Stockley et al. 2013; Ziegler 2013] within both sexes: In cotton-top tamarins, 

only dominant females show normal reproductive cycles and their scent marks inhibit the 

ovarian function in subordinate group members [Heistermann et al. 1989]. In mouse lemurs, 

urine of dominant males was shown to reduce the plasma testosterone concentration and to 

increase plasma cortisol level in subordinate males and thereby negatively affects their sexual 

activity [Schilling et al. 1984; Perret 1992]. 

Intersexual dominance relationships may take various forms. Males usually dominate 

females in mammals, but in Malagasy lemurs female dominance is more widespread. It was 

found in 90% of the investigated taxa [Ramanankirahina et al. 2011; Eichmueller et al. 2013], 

including the nocturnal gray mouse lemur [Radespiel and Zimmermann 2001; Génin 2013]. 

Recent studies on female dominance often refer to definitions of Pereira et al. [1990] and 

Kappeler [1993] to allow direct comparisons. Following Pereira et al. [1990], female 

dominance is defined as the ability of females to consistently evoke submissive behavior in 

males in dyadic agonistic interactions. As a consequence, females show predominantly 

aggressive but hardly submissive behavior towards males, while males behave submissively 

towards females more frequently. Despite the many reports of female dominance in different 

lemur species, only little information is available on the development of this unusual trait in 

lemurs. To our knowledge, the expression of female dominance in different developmental 

stages has so far only been investigated in one diurnal group-living lemur, Lemur catta, albeit 

with contrasting results [Gould 1990; Pereira 2002]. Gould [1990] already detected the 

expression of female dominance in 12-week old juveniles based on the decision of conflicts, 

whereas Pereira [2002] observed the first occurrence of female dominance relationships only 

with the onset of puberty at an age of about 16 months in the same species. Comparative data 

of other lemur species, in particular those of nocturnal species living in dispersed social 

systems, are missing so far. 

De Waal [1989, p. 246] defined social tolerance as “low competitive tendency, 

especially by dominants towards subordinates” and consequently social tolerance affects how 

individuals interact with conspecifics in proximity. Conversely, the degree of inter-individual 

proximity reflects the level of social tolerance and should be affected by the frequency of 

agonistic conflicts and by social dominance [McCort and Graves 1982; Rioja-Lang et al. 

2009]. Therefore, social tolerance can be expected to also show age-related changes in 

parallel to the development of adult dominance relationships. In rhesus monkeys, for 

example, the proximity rate increased in young animals at the time when the formal 
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dominance was established and was higher in formalized compared to unformalized dyads [de 

Waal 2002]. 

Within this study, we aim to analyze the development of intersexual dominance but also 

of some dominance-related behaviors, such as social play, marking behavior, and social 

tolerance, in the gray mouse lemur, a small (60–80 g), nocturnal, nonhuman primate, endemic 

to Madagascar. Gray mouse lemurs (Microcebus murinus) live in a dispersed social system 

with overlapping home ranges of both sexes and individuals forage solitarily for food during 

the night [Martin 1972b; Pagès-Feuillade 1988; Radespiel 2000]. Females are the dominant 

sex, although nothing is known about the ontogeny of these dominance relationships 

[Radespiel and Zimmermann 2001; Génin 2013]. Females form stable matrilineal sleeping 

associations and do not tolerate adult males in those groups, who usually sleep alone [Martin 

1972b; Radespiel et al. 1998; 2001]. Like other lemurs, mouse lemurs possess a rich 

repertoire of different marking behaviors [Glatston 1979; Buesching et al. 1998; Andrés et al. 

2003] which have previously been shown to be involved in mediating intrasexual dominance 

in the gray mouse lemur [Schilling et al. 1984; Perret 1992]. However, almost nothing is 

known about the development of different marking types [only little information in: Glatston 

1979; Kuhn 1989]. 

Therefore, this study aims to investigate for the first time the ontogeny of social play, 

marking behavior, social tolerance, agonistic behaviors and intersexual dominance in a 

captive population of a nocturnal female-dominant lemur species, the gray mouse lemur. 

Controlled intersexual encounter experiments were conducted under laboratory conditions 

with male-female pairs in three different age classes. We predicted an age-related decrease in 

play behavior and social tolerance, whereas marking and agonistic behaviors as well as the 

number of decided dominance relationships should increase with age. 

 

2.2 Methods 

Ethical considerations 

The behavioral observations in this study were non-invasive and were performed 

according to the NRC Guide for the Care and Use of Laboratory Animals, the European 

Directive 2010/63/EU on the Protection of Animals Used for Scientific Purposes, and the 

German Animal Welfare Committee (licensed by the Bezirksregierung Hannover, reference 

number AZ 33.9-42502-05-10A080). This study adhered to the Principles for the Ethical 

Treatment of Non-human Primates of the American Society of Primatologists. 
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Study animals and housing conditions 

All gray mouse lemurs were born and kept in the animal facility of the Institute of 

Zoology at the University of Veterinary Medicine Hannover, Germany (licensed by 

Ordnungsamt, Gewerbe- und Veterinärabteilung, Landeshauptstadt Hannover, AZ 42500/1H, 

see Hohenbrink et al. [2015] for housing conditions and management). In each single 

experiment (taking place between August 2010 and June 2012) one male and one female 

encountered each other. The animals were paired according to the following criteria: 1) they 

had never been housed as social partners before, 2) they were not closely related (r ≤ 0.125), 

3) upon their first encounter, both partners were of rather similar body mass and preferably 

without large age differences (see Table 2.1 for detailed information about age and body mass 

differences). Based on these criteria, a total of eight ontogenetic dyads were available for 

testing. The same animals were observed in different age categories (ACs). In ACI the 

animals were juveniles and 4–5 months old (N = 6), in ACII they were adolescents and 8–9 

months old (N = 8), and in ACIII they were young adults and 12–13 months old (N = 8). 

All young females underwent their first estrus between being tested in ACII and ACIII. 

Furthermore, at the time of the experiments they had already experienced their second (N = 7) 

or third estrus cycle (N = 1). One of the young females was pregnant in ACIII from another 

independent experimental encounter with the same male during her second estrus, whereas all 

other females were in interestrus. All dyads were tested three times per age category (mostly 

within one week, maximal time span: 16 days), and each single experiment lasted for 45 min 

(total observation time 49.5 hr). 
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Table 2.1: Age at first test in different groups for females and males and age as well as body mass 

differences. 

 

 

Experimental procedure and experimental set-up 

The animals were individually habituated to the experimental set-up in a total of 2 to 19 

habituation sessions per individual. All animals underwent at least one new habituation 

session before being tested again in ACII and ACIII. The experimental cage (0.8 x 0.98 x 

0.5 m) contained two sleeping boxes, three wooden beams and a drinking bottle filled with 

juice. The access to the bottle was narrowed by a wire mesh tunnel [for detailed information 

about the experimental procedure and habituation see Hohenbrink et al. 2015]. 

 

Behavioral observations and conflict decisions 

Play and marking behavior [consisting of three types, which are described for mouse 

lemurs: substrate rubbing, anogenital marking, urine washing, Glatston 1979; Buesching et al. 

1998] as well as agonistic behaviors and social tolerance were analyzed systematically for 

both dyad partners (for definitions see Table 2.2). Play behavior was first subdivided into 

pulling tail, play catching and in rough and tumble play. Later on, pulling tail was excluded 

from the analysis, because it mainly occurred in one dyad. The two other types of play were 

combined, because no notable difference was found in their development (results not shown). 
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All agonistic behaviors (avoiding, chasing, fleeing, displacing, fighting) were recorded 

and assigned to conflicts, see Hohenbrink et al. [2015] for further definitions and procedure. 

Conflict decisions were evaluated and the number of won conflicts (winner = the animal 

which received submissive behavior) was compared between the dyad partners to determine 

their dominance relationship. 

Social tolerance was investigated on the basis of two parameters: the total duration the 

two dyad partners spent together in a confined space (time together in the same sleeping box 

plus time together in the drinking tunnel, not necessarily in body contact) and the total 

duration (sum of all non-agonistic body contacts with a duration of > 1 sec) in non-agonistic 

body contact. 

 

Table 2.2: Definition of observed behaviors based on/modified after: [1] Glatston 1979; [2] Petter-

Rousseaux 1964; [3] Fagen 1981; [4] Nash 2003; [5] Buesching et al. 1998; [6] Pereira and Kappeler 

1997. 

 

 

Data analyses and statistics 

All behaviors were analyzed on the basis of the video files with the software The 

Observer XT 10 (Noldus, Wageningen, The Netherlands) and the results were exported and 

edited with Excel 10. For all behaviors the sum of the three experiments was used, thus all 

results refer to 135 min. During the video analyses it turned out that in the case of two dyads 

in ACII one video of the sleeping box camera could not be analyzed due to recording errors. 

In these two cases the individual mean values of certain behaviors (marking, playing, initiator 
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of playing, number of decided and undecided agonistic conflicts (rounded for binomial test, if 

necessary), duration of body contact) of the two other sleeping box videos of the same dyad 

were calculated and used as dummy values for the third, missing video. 

Statistical tests were performed in STATISTICA 12 (StatSoft Inc., Tulsa, OK), using 

Friedman-ANOVAs (ANOVA) to analyze the ontogeny of certain behavior types from ACI 

to ACIII. Fisher permutation tests [Fisher perm., Siegel 1985] were conducted in GNUOctave 

Version 3.2.4 [Eaton et al. 2008] and used as post-hoc analyses to compare two age categories 

(when the Friedman-ANOVA showed a significance), but also within one age category, for 

example when behaviors of males and females of the same dyad were compared. Binomial 

tests implemented in the program R 2.13.1 (Free Software Foundation, Inc., Boston, MA) 

were used to determine whether a clear dominance relationship existed in single dyads based 

on the number of decided conflicts. For all analyses P < 0.05 was chosen as significance 

level, whereas P < 0.1 was referred to as a statistical trend. The Binomial and Fisher 

permutation tests were performed two-tailed. Due to tests of several parameters with the same 

hypothesis, we used the Fisher Omnibus Test to control for multiple testing by combining 

multiple P-values [Haccou and Melis 1994; Barelli et al. 2011; Scheumann et al. 2012]. 

 

2.3 Results 

Ontogeny of play behavior 

Play behavior was expected to decrease with age. However, it was observed in all three 

age categories, but with a decreasing number of playing dyads from ACI to ACIII (Figure 

2.1). Although the mean duration of play decreased markedly from ACI to ACIII, this decline 

was not significant (ANOVA: X
2
 = 1.83, df = 2, P = 0.40, N = 6, meanACI = 236 sec, meanACII 

= 175 sec, meanACIII = 15 sec), probably due to the small sample size. In most playing events 

both animals started to play simultaneously, and if an initiator could be defined, both sexes 

initiated play equally often (Figure 2.2). 

 



25 
 

 

Figure 2.1: Proportions of playing and non-playing dyads in different age categories (ACI N = 6, all 

other groups N = 8). 

 

 

 

Figure 2.2: Number of play events initiated by males, females and both individuals in different age 

categories (playing dyads ACI N = 6/6, ACII N = 6/8, ACIII N = 3/8). 

 

Ontogeny of marking behavior 

Marking behavior was expected to change and increase with age. All three types of 

marking behavior were observed in both sexes from the first age category onwards and were 

included in the analysis. Concerning the total marking frequency, there was no significant 

difference in the marking behavior of males between the three age categories (ANOVA: X
2
 = 

4.33, df = 2, P = 0.115, N = 6). In contrast, there was a significant change in the total marking 
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frequency of females in the three age categories (ANOVA: X
2
 = 9.33, df = 2, P = 0.009, N = 

6) with a significant increase in marking behavior from ACI to ACIII (Fisher perm.: ACI vs. 

ACIII: P = 0.008, N = 6; ACI vs. ACII: P = 0.117, N = 6; ACII vs. ACIII: P = 0.033, N = 8, 

Figure 2.3). 

 

 

Figure 2.3: Frequency of marking in males and females in different age categories (ACI N = 6, all 

other groups N = 8). * = P < 0.05, ** = P < 0.01. 

 

When the types of marking were analyzed separately, no significant changes in the 

frequency of substrate rubbing, anogenital marking and urine washing were found in males 

from ACI to ACIII (ANOVA: substrate: X
2
 = 1.83, P = 0.401, df = 2, anogenital: X

2
 = 2.21, 

P = 0.331, df = 2, urine washing: X
2
 = 5.70, df = 2, P = 0.058, N = 6, respectively). Females, 

however, increased the frequency of substrate rubbing (ANOVA: X
2
 = 7.0, df = 2, P = 0.030, 

N = 6) and urine washing (ANOVA: X
2
 = 9.33, df = 2, P = 0.009, N = 6) significantly from 

ACI to ACIII, but not that of anogenital marking (ANOVA: X
2
 = 1.83, df = 2, P = 0.401, N = 

6). 

The comparison of both sexes showed that they marked equally often in ACI and ACII 

(Fisher perm.: ACI, P = 0.234, N = 6, ACII, P = 0.137, N = 8), but that females in ACIII 

marked with significantly higher frequencies than their dyad partners (Fisher perm.: P = 0.02, 

N = 8). The detailed analysis revealed that no significant sex differences existed in anogenital 

marking (Fisher perm: ACI, P = 0.094, N = 6, ACII, P = 0.188, N = 8, ACIII, P = 0.152, N = 

8), but females used substrate rubbing significantly more frequently than males in ACII 

(Fisher perm.: P = 0.031, N = 8) and ACIII (Fisher perm.: ACIII, P = 0.045, N = 8, ACI, P = 
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0.133, N = 6). Additionally, females in ACIII showed urine washing significantly more 

frequently than males (Fisher perm.: ACIII, P = 0.004, N = 8, ACI, P = 0.250, N = 6, ACII, 

P = 0.125, N = 8). 

 

Tolerance of social contact 

An age-related decrease was expected in the tolerance of the animals to spend time 

together in non-agonistic body contact or in a confined space. The duration of non-agonistic 

body contact did not change significantly over time (ANOVA: X
2
 = 4.33, df = 2, P = 0.115, 

N = 6), whereas the tolerance to stay with a dyad partner in a confined space did so (ANOVA: 

X
2
 = 7, df = 2, P = 0.030, N = 6). More specifically, the time spent together in a confined 

space increased significantly from ACI to ACII (Fisher perm.: P = 0.016, N = 6), but 

decreased from ACII to ACIII (Fisher perm.: P = 0.002, N = 8), whereas no difference was 

found between ACI and ACIII (Fisher perm.: P = 0.141, N = 6). 

 

Ontogeny of agonistic behavior 

Conflicts were observed in all age categories, but contrary to our expectations the mean 

rate of conflicts per hour did not vary significantly between the three age groups (ANOVA: 

X
2
 = 0.33, P = 0.846, df = 2, N = 6, meanACI = 6.3, meanACII = 7.8, meanACIII = 13.8 

conflicts/hr). Similarly, the percentage of decided conflicts did not differ significantly among 

the three ACs (ANOVA: X
2
 = 0.33, df = 2, P = 0.846, N = 6), although there was an 

increasing percentage of conflicts won by females across the three age classes (Figure 2.4). 

However, when the absolute number of decided conflicts was compared between the sexes, 

there was a statistical trend in ACII and a significant difference in ACIII (Fisher perm.: ACI: 

P = 0.250, N = 6; ACII: P = 0.080, N = 8; ACIII: P = 0.027, N = 8), indicating that in these 

age groups females won more conflicts than males. 
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Figure 2.4: Development of undecided conflicts and of conflicts which were decided for males or 

females in different age categories (ACI N = 6, all other tested groups N = 8). + = P < 0.1, * = P < 

0.05. 

 

Neither males nor females changed the frequency of aggressive (ANOVA: males, X
2
 = 

0.09, P = 0.957, df = 2, N = 6; females, X
2
 = 1, P = 0.607, df = 2, N = 6) or spontaneous 

submissive behavior (ANOVA: males, X
2
 = 1.73, P = 0.422, df = 2, N = 6; females, X

2
 = 2.35, 

P = 0.309, df = 2, N = 6) over time. A direct comparison between the sexes in each age 

category revealed that males tended to be more spontaneously submissive than their female 

dyad partners in ACI and ACIII (Fisher perm.: ACI, P = 0.094, N = 6; ACII, P = 0.246, N = 

8; ACIII, P = 0.063, N = 8). The analysis of the aggressive behavior between the sexes 

showed that females were significantly more aggressive than males from ACII onwards 

(Fisher perm., ACI, P = 0.125, N = 6; ACII, P = 0.043, N = 8; ACIII, P = 0.008, N = 8), 

which was also reflected in the establishment of dominance relationships (see below). 

 

Ontogeny of intersexual dominance 

An increasing number of decided dominance relationships was expected with increasing 

age. Clear intersexual dominance was not observed in ACI, but some dyads with decided 

intersexual dominance were found in ACII (N = 3, 37.5%) and in ACIII (N = 3, 37.5%). 

However, whereas male (N = 1) and female dominance (N = 2) could both be observed in 

ACII, only female dominance was diagnosable in ACIII (N = 3, see Table 2.3). 
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Table 2.3: Number of decided conflicts which were won by the male or the female together with the 

P-value of the binomial test and the decision about the dominance relationship. 

 

 

Fisher Omnibus test 

The results of the Fisher Omnibus test showed that the significant differences could not 

be explained by chance, neither for behaviors with expected decreasing frequency (play and 

social tolerance, X
2
 = 37.79, df = 12, P < 0.001), nor for behaviors with expected increasing 

frequency (marking and agonistic behaviors, X
2
 = 139.93, df = 56, P < 0.001). Likewise, the 

results of the binomial tests, deciding the dominance relationships, could not be explained by 

chance (X
2
 = 128.25, df = 38, P < 0.001). 

 

2.4 Discussion 

Development of play behavior 

In view of the postulated functions of social play in terms of age-related learning, 

training and social evaluation processes [e.g., Fedigan 1972; Poirier and Smith 1974; Bekoff 

and Byers 1981], it was hypothesized that play behavior should decrease with increasing age 

and approaching adulthood in gray mouse lemurs. Although this study did not show a 

significant overall decrease in play behavior with increasing age, the number of playing dyads 

decreased with age. Interestingly, three of the eight young adult dyads were still observed 

playing, although social play behavior in gray mouse lemurs has so far only been described in 
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adult-infant dyads [mother-offspring, Petter-Rousseaux 1964; Petter 1965; Glatston 1979; 

Kuhn 1989], but not between adults [Burghardt 2005]. Typically, adult mammals are playful 

when young individuals are involved, but pure adult-adult play is relatively rare [Aldis 1975; 

Fagen 1981]. However, it has been described for some species [e.g., Olympic marmot, spotted 

hyena, common genet, European rabbit, see Fagen 1981; several macropoids, see Watson 

1998; gray wolf, Cordoni 2009] and can be found more frequently in adult primates [reviewed 

in Pellis and Iwaniuk 2000], including lemurs [Pagés 1983; Palagi 2009], where it is supposed 

to play an important role in courtship behavior [Aldis 1975; Pellis and Iwaniuk 2000]. In the 

current study, the behavioral observations were performed during the reproductive season, but 

the females were in interestrus and did not tolerate any sexual behavior. Thus, play behavior 

in ACIII might be present due to other reasons than courtship behavior. No unifying 

characteristic could be identified in the three playing dyads, which still showed play behavior: 

playing dyads were neither younger nor more closely related compared to other experimental 

dyads, nor were the testes of the males smaller than those of other experimental males (data 

not presented). Although the proximate reason for the continued social play in three pairs 

could not be identified, the results indicate that at least these playing young adults were not 

yet fully socially mature [Hohenbrink et al. 2015]. 

Sex was expected to influence social play [reviewed in Fagen 1981] and could have 

been visible here in form of sex-dependent differences in play initiation [Hinde and Spencer-

Booth 1967; Brown and Dixon 2000]. However, no sex-specific differences in social play 

were found in this study. Sex differences in play behavior mainly occur in species with strong 

sexual dimorphism and different sex-specific roles as adults, as seen for example in vervet 

monkeys, tufted capuchins, Japanese macaques or chimpanzees and gorillas [Fedigan 1982; 

Maestripieri and Ross 2004; Paukner and Suomi 2008]. In contrast, play behavior of young 

males and females should be rather similar if the acquisition of underlying skills is equally 

important for both sexes [Paukner and Suomi 2008]. Since gray mouse lemurs show a 

seasonally fluctuating sexual dimorphism in body mass [Schmid and Kappeler 1998], but are 

otherwise sexually monomorphic [Fietz 1998; Schmid and Kappeler 1998], the lack of sex-

specific play behavior may not be too surprising. Moreover, under natural conditions, both 

sexes occupy non-exclusive home ranges and forage solitarily [Martin 1972a; b; Radespiel 

2000] and therefore face similar challenges during the night [mostly scramble and contest 

resource competition and high predation pressure, Goodman et al. 1993; Eberle and Kappeler 

2002; Lutermann et al. 2006; Dammhahn and Kappeler 2010]. 
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However, the results of this study should be interpreted cautiously: first, the number of 

observed decisions about play initiations was relatively low. Second, only mixed-sexed dyads 

were observed and the play behavior might differ more clearly between the sexes if same-

sexed pairs were observed. Male immature baboons, vervet and rhesus monkeys, for example, 

prefer to play with same-sexed conspecifics, whereas no such preference was found in 

females [Fedigan 1972; Cheney 1978; Ehardt and Bernstein 1987]. Third, the expression of 

play behavior can differ between captive and wild populations [Stevenson and Poole 1982; 

Thompson et al. 2010]. 

 

Development of marking behavior 

In order to test whether olfaction may have been used by the animals to signal their 

developing dominance status, the development of marking behavior was documented in 

parallel to that of dominance relationships. Three different marking types are known from 

mouse lemurs: urine washing, substrate rubbing and anogenital marking [Glatston 1979; 

Buesching et al. 1998]. Glatston [1979] found all types of marking behavior to be absent in 

infant gray mouse lemurs and urine washing was first seen between days 38 and 42 [Glatston 

1979; Kuhn 1989]. However, no information was available about the two other marking types 

and their development towards adulthood. In our study all three types of marking were 

present in the youngest age category (4–5 months) and therefore must have developed already 

before that time. However, whereas males did not show significant differences in the use of 

the three marking types across the three age classes, females marked significantly more often 

in ACIII compared to ACI. Sex differences in marking behavior were found in ACII and 

ACIII with females showing significantly more substrate rubbing than males in ACII and 

ACIII and more urine washing than males in ACIII. 

Several explanations may help to interpret the development of marking behavior and the 

sex differences that were found in this study on the gray mouse lemur. First, under natural 

conditions, males significantly enlarge but do not defend their home range at the beginning of 

the mating season in search for estrus females [Radespiel 2000; Eberle and Kappeler 2004]. 

In this scenario, females may benefit from informing males about their sleeping sites [Braune 

et al. 2005], their nocturnal travel routes [Joly and Zimmermann 2011] and their reproductive 

state [Buesching et al. 1998]. Giving this information can attract males, can increase 

encounter rates, and thereby can help to ensure fertilization during the very short period of 

receptivity [2–4 hr, Perret 1992]. Females have been observed to meet with 2–15 males 

during this receptive period [Eberle and Kappeler 2004], which not only guarantees 



32 
 

pregnancy but may also facilitate female choice [Craul et al. 2004; Schwensow et al. 2008]. 

As males compete by scramble competition for access to females [Eberle and Kappeler 2002], 

they may not benefit from increased marking behavior as much as females. 

Second, scent marking often correlates with aggressive behaviors and is also used in the 

context of intrasexual competition [see Heistermann et al. 1989]. It is known from captive 

male mouse lemurs that the urine of dominant males negatively affects sexual activity in 

subordinate individuals [Schilling et al. 1984; Perret 1992]. Therefore, the increasing female 

marking behavior in ACII and ACIII might also have conveyed a signature of their emerging 

dominance to males. 

Finally, the higher frequency of substrate rubbing in females than in males might also be 

explained by the importance of sleeping sites as resource for females. In gray mouse lemurs, 

females sleep in stable groups at high-quality sleeping sites [Radespiel et al. 1998]. Those 

sleeping sites serve to protect the females from predation and hypothermia, are important for 

raising offspring [Radespiel et al. 1998; Schmid 1998; Eberle and Kappeler 2006; Lutermann 

et al. 2006; 2010], and were seen to be marked by individuals [Braune et al. 2005]. During the 

experiments of the present study, substrate rubbing occurred mainly inside the sleeping boxes 

(data not presented), which leads to the suggestion that it could have been this resource that 

was marked by the female. A further investigation of the individual use of certain marking 

types in both sexes and in specific contexts would be needed to determine the functions, costs 

and benefits of the different marking behaviors shown by these solitary foragers. 

 

Tolerance of social contact 

In the context of the development of the intersexual dominance relationships in the gray 

mouse lemur, a decline in intersexual social tolerance was predicted in parallel to the 

establishment of female dominance. The duration of non-agonistic body contact and duration 

of stay in a confined space of both partners were used as measurements for social tolerance in 

the present study. Whereas the duration of body contact did not change over time, the time 

spent together in a confined space first increased from ACI to ACII but then decreased from 

ACII to ACIII. These results may be partly explained by the explorative behavior of the 

juveniles in ACI: for the first time, the animals were exposed to a new environment and 

paired with a new individual other than their mother or siblings. They were very explorative 

and body contacts or times when the two individuals remained together in the sleeping boxes 

were typically short (Hohenbrink, pers. observation). The encounters in ACII were conducted 

at the end of the non-reproductive season, during which gray mouse lemurs are generally less 
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active and have undergone seasonal fattening [Génin and Perret 2000; Rasoazanabary 2006]. 

Consequently, it is not surprising that the partners spent more time resting together in the 

sleeping boxes. The decrease in time they spent together in ACIII can be explained by the 

increased activity related to the reproductive season, but also by a general separation of the 

sexes outside the mating context and thereby a low social tolerance. In fact, females always 

reject males outside their receptive period [Radespiel et al. 2002]. Under natural conditions, 

male mouse lemurs generally search for potential mates during the breeding season, but the 

sexes meet only occasionally, and both sexes are more active and rest less often than in the 

non-reproductive season [e.g., Atsalis 1999; Génin and Perret 2003; Randrianambinina et al. 

2003; Eberle and Kappeler 2004]. Given that the captive animals used in this study were 

under no other behavioral constraints (e.g., feeding, predation) and females were not in estrus, 

the time spent in close proximity was probably driven mostly by social tolerance and the 

development of intersexual dominance relationships. Under these conditions there are two 

mechanisms by which the duration in close proximity can decrease: dominant animals might 

not accept subordinate animals in close proximity or subordinate might not feel comfortable 

in close proximity of dominant individuals. The data of this study, however, do not allow us 

to differentiate between these two mechanisms. 

 

Development of agonistic behavior 

Agonistic behavior includes both offensive (= aggressive) and defensive (= submissive) 

behaviors [Huber and Kravitz 2010]. It is observed in inter- as well as in intrasexual conflicts, 

for example, as regulating access to territories, food resources, mates or as establishing 

dominance hierarchies [Scott 1992]. Sexual differences and age-related changes in the 

expression of aggression have been reported in many species, often accompanied by an 

increase during ontogeny [Hoage 1982; reviewed in Floody 1983; Singh 1989; Pereira 2002]. 

Agonistic behavior develops during ontogeny and was expected to increase in frequency from 

juvenility to adulthood in the gray mouse lemur. However, the mean rates of conflicts per 

hour did not vary significantly between the three age categories of mouse lemurs in the 

present study, neither did the number of decided conflicts. This observation was unexpected, 

because even if the agonistic rates did not increase age-dependently, conflict rates should 

increase at least at the onset of the reproductive season. It is, however, possible that a 

potential increase in agonistic rates may have been compensated by an increasing familiarity 

between the partners. Such a familiarity effect was already described in gorillas, chimpanzees 
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and pigtail and rhesus monkeys [Erwin et al. 1973; Bernstein et al. 1979; see Wikberg et al. 

2014]. 

Interestingly, the percentage of conflicts won by females increased with age in the 

present study. In the oldest age category females won significantly more conflicts than males, 

which reflects the establishment of female dominance which has been described for this 

species [see below, Radespiel and Zimmermann 2001; Génin 2013]. 

 

Development of dominance relationships 

In mammals, males usually dominate females, but in Malagasy lemurs female 

dominance is widespread and was found in 90% of the previously investigated taxa 

[Ramanankirahina et al. 2011; Eichmueller et al. 2013], including the gray mouse lemur 

[Radespiel and Zimmermann 2001; Génin 2013]. The young gray mouse lemurs in this study 

did not show any decided intersexual dominance relationships in ACI, i.e., during juvenility. 

Decided dominance relationships were first found in the adolescent age group ACII with two 

cases of female dominance and one case of male dominance, although only one of them 

remained stable until ACIII. Finally, even in young adults from the age class ACIII, only 

three clear cases of female dominance (37.5%) could be identified, although females won 

significantly more conflicts than males on the whole. The lack of female dominance in five 

dyads during ACIII was partly due to even winning rates of the male and female in one case 

and to an overall rarity of conflicts in four cases (Table 2.3). Taken together, these results 

suggest that even at the age of about 12 months, female dominance may not yet be fully 

developed in the gray mouse lemur [Hohenbrink et al. 2015]. Studies on the ontogeny of 

female dominance are rare with ring-tailed lemurs forming a notable exception: Pereira 

[2002] reported that female dominance starts around puberty and that it develops over a 

further seven months until it is fully established. Gray mouse lemurs also started to form their 

first decided intersexual dominance relationships during puberty (ACII), but stable female 

dominance could only be observed in young adults (ACIII) and was even then not detected in 

all dyads. These findings together with the continued observation of play behavior suggest 

that the young adults in ACIII might not have fully completed social maturation, despite 

having achieved sexual maturation [Hohenbrink et al. 2015]. Further studies concerning these 

two processes are needed to better understand the adaptive value of the rather late 

development of full female dominance in grey mouse lemurs. 
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The life history of mammals underlies a fast–slow continuum, ranging from “slow” 

species with large body size, delayed sexual maturation, low fertility, and long lifespan, to 

“fast” species showing the opposite traits. Primates fall into the “slow” category, considering 

their relatively low offspring numbers and delayed juvenile development. However, social 

and sexual maturation processes do not necessarily have to be completed simultaneously. The 

comparison of the timeframes for sexual and social maturation is largely lacking for primates, 

with the prominent exception of humans. Here, we compare both maturation processes in a 

basal primate, the gray mouse lemur, which ranges in many aspects at the fast end of the 

slow–fast life history continuum among primates. We compared the patterns and frequencies 

of various social and solitary behaviors in young adults (YA, 12–13 months old) and older 

individuals (A, ≥2 years) of both sexes outside estrus. Observations were conducted during 

mix-sexed dyadic encounter experiments under controlled captive conditions (eight dyads per 

age class). Results indicate that although all young adults were sexually mature, social 

maturation was not yet completed in all behavioral domains: Age-dependent differences were 

found in the number of playing dyads, female marking behavior, female aggression, and 

social tolerance. Thus, this study provides a first indication that social maturation lags behind 

sexual maturation in an ancestral nocturnal primate model, indicating that these two 

developmental schemes may have been decoupled early and throughout the primate lineage. 

 

Key words: Microcebus murinus; behavioral development; social tolerance; dominance; 

social play; maturation 
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3.1 Introduction 

Life history theory aims to explain how organisms achieve evolutionary persistence or 

reproductive success by using different trade-offs during their lifetime, and why species-

specific variations in life cycles exist [Stearns 2000; Jones 2011]. Life history results from 

three biological processes: maintenance, growth, and reproduction, and its variation is 

affected by demography, genetics, various trade-offs, and lineage-specific constraints 

underlying natural selection [Gadgil and Bossert 1970; Stearns 2001]. Important trade-offs are 

those between the number of offspring and the juveniles´ survival rate, and between 

reproductive investment and adult survival [Stearns 2001]. The life history of mammals is 

traditionally described as fast–slow continuum, in which “slow” species are characterized by 

large body size, delayed sexual maturation (= late age at first reproduction), high juvenile and 

adult survival rates, low fertility, and long lifespan, whereas “fast” species show the opposite 

traits [Oli 2004]. “Fast” species, such as rodents and lagomorphs, as one extreme, are 

relatively short-lived but breed extensively, producing high numbers of low-quality offspring. 

The other extreme, “slow” species, such as whales, elephants and primates, have long 

lifespans, modest reproductive rates, and show extensive parental care [Jones 2011]. Primates, 

in particular, show a prolonged juvenile period, reach the age of first reproduction relatively 

late, live long, and have low reproductive rates compared to other mammals [reviewed in: 

Jones 2011; Lonsdorf and Ross 2012; Zimmermann and Radespiel 2014]. The period of 

juvenility also roughly coincides with the period of social maturation. Social maturation has 

been broadly defined to result from behavioral interactions and transformations [Gautier-Hion 

and Gautier 1976] that occur on the way toward adulthood. Functionally, socially maturating 

young individuals learn the appropriate behavioral repertoire of adults and are integrated into 

the social network of adult group members [Fragaszy and Mitchell 1974; Poirier and Smith 

1974]. 

More recently, however, it has become increasingly clear that different life history traits 

can be decoupled from each other, that is, not all of them must be uniformly “fast” or 

uniformly “slow” in a given species [Leigh and Bernstein 2006; Leigh and Blomquist 2007; 

Raguet-Schofield 2010; Raguet-Schofield and Pavé 2015] and mixed fast and slow life 

history strategies can exist. For example, caviomorph rodents reach sexual maturity 

comparably early, but have long gestation periods and produce small litters of large neonates 

[Kraus et al. 2005]. Such a decoupling of traits can even occur within the same ontogenetic 

period, for example, during the extended juvenile period of primates. For example, female 

baboons reach brain, somatic, and dental maturation before they are sexually mature [Leigh 
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and Bernstein 2006]. Sexual maturation, however, is completed before social maturation in 

males of eight tested cercopithecine species and in both sexes of the common brown lemur 

[Chandler 1975; Gautier-Hion and Gautier 1976]. This pattern is also found in modern 

humans, in which the onset of puberty is quite advanced [Gluckman and Hanson 2006; 

Herman-Giddens 2006], and sexual maturation significantly precedes psychosocial 

maturation [Gluckman and Hanson 2006]. Consequently, sexual maturation and social 

maturation are considered separately in the literature on human development. Surprisingly, 

the schedules of sexual and social maturation are only rarely differentiated and compared in 

other mammals or non-human primates. 

The ultimate reasons for the decoupling of sexual and social maturation remain unclear, 

although it is generally assumed that the extended juvenile period of primates allows 

differential energy allocation to growth, reproduction, and the development of socio-cognitive 

abilities at different times [Leigh and Blomquist 2007], and different maturation processes 

may consequently not be completed simultaneously. 

To our knowledge, sexual and social maturation processes have been studied 

simultaneously only in males of eight cercopithecine species, in golden lion tamarins and in 

the common brown lemur [Chandler 1975; Gautier-Hion and Gautier 1976; Hoage 1982]. 

Concordant with the vast literature on human social and sexual maturation, all three studies 

provided first evidence for a decoupling of social and sexual maturation in their study species 

with sexual maturation preceding social maturation. 

However, no systematic data are so far available from any nocturnal solitary forager 

from the most basal primate clade, the strepsirrhines. It is, therefore, not clear whether the 

delayed social maturation is already present in this group of species, and therefore most likely 

represents a general and symplesiomorphic primate trait, or whether it evolved only later in 

the primate lineage. 

The aim of the present study is to investigate and compare the social and sexual 

maturation in one of the smallest strepsirrhines, the nocturnal gray mouse lemur (Microcebus 

murinus). The gray mouse lemur has previously been regarded as a suitable model for the 

ancestral primate condition due to its small body size, infant parking, solitary foraging, and 

omnivorous feeding ecology [in: Radespiel and Zimmermann 2001; Kessler 2014; Schopf et 

al. 2014]. It lives in a dispersed multi-male/multi-female neighborhood system and is known 

to possess female dominance [Radespiel 2000; Radespiel and Zimmermann 2001; Génin 

2013]. Furthermore, these animals suffer from a very high predation pressure and have high 

turnover rates in natural populations, especially in young individuals [Goodman et al. 1993; 
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Lutermann et al. 2006]. Under these conditions, natural selection can be expected to favor fast 

developmental schemes in all domains, that is, fast sexual maturation coinciding with fast 

social maturation. In fact, M. murinus belongs to one of the four “fastest” primate species, 

reaching sexual maturity after only 4.5% of its lifetime [data from Ernest 2003; Zimmermann 

and Radespiel 2014]. They reach sexual maturity between 7 and 12 months [Petter-Rousseaux 

1964; Richard 1987], that is, young animals are able to sire, conceive and rear offspring 

successfully within their first year of life [Glatston 1979; Perret 1992; own observation]. 

We conducted our study on sexual and social maturation in the gray mouse lemur in a 

captive population with complete long-term records of individual reproductive careers. 

Behavioral comparisons were made between young adult and sexually mature individuals 

(YA, ca. 1 year old, mean age 1.03 years, ±SD 0.06 years) and a group of fully grown and 

experienced adults of both sexes (A, ≥ 2 years old, mean age 5.57 years, ±SD 2.24 years). If 

social maturation occurs in synchrony with sexual maturation, we expect these young adults 

not to differ in their behavioral profiles from the grown adults. Behavioral observations were 

conducted during experimental social encounters between one male and one female outside 

their respective home cages. This encounter paradigm simulates the occasional social 

encounters that are known to occur under natural conditions for these solitary foragers [Pagès-

Feuillade 1998; Radespiel 2000; Dammhahn 2008]. Various behaviors like play behavior, 

changes in scent marking, allogrooming, and agonistic behaviors were found to be good 

indicators of social maturation and the beginning of adulthood in other non-human primates 

[Hinde and Spencer-Booth 1967; Chandler 1975; Gautier-Hion and Gautier 1976; Hoage 

1982; Pusey 1990; Alberts and Altmann 1995; Watts and Pusey 2002]. Concordantly, social 

maturation in gray mouse lemurs was characterized by quantifying play behavior, marking 

behavior, allogrooming, and agonistic behavior. Furthermore, we added social tolerance and 

intersexual dominance as important behaviors in this species with female dominance. Sexual 

maturation was documented on the basis of testicular volume and breeding success of each 

age group and corresponding values were compared between young individuals and the older 

group. 

 

3.2 Methods 

Ethical considerations 

The behavioral observations in this study were non-invasive and were performed 

according to the NRC Guide for the Care and Use of Laboratory Animals, the European 

Directive 2010/63/EU on the protection of animals used for scientific purposes, and the 
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German Animal Welfare Committee (licensed by the Bezirksregierung Hannover, reference 

number AZ 33.9-42502-05-10A080). This study adhered to the Principles for the Ethical 

Treatment of Non-human Primates of the American Society of Primatologists. 

 

Study animals and housing conditions 

All animals were born and kept in the animal facility of the Institute of Zoology at the 

University of Veterinary Medicine Hannover, Germany (licensed by Ordnungsamt, Gewerbe- 

und Veterinärabteilung, Landeshauptstadt Hannover, AZ 42500/1H, see Joly et al. [2014] for 

information about the origin of the colony). The animals were housed under a reversed light 

cycle with short days (10L/14D) from October to January and long days (14L/10D) from 

January to September (3.5-week transition time) at 22–25°C and 50–60% humidity. Animals 

were kept in cages (width x height x depth: Type I: 0.8 x 1.5 x 0.5 m per animal, Type II: 1.4 

x 1.7 x 0.76 m usually for up to three individuals) with their mother and siblings for the first 6 

months of life. At an age of about 6 months, they were grouped with up to three other 

members of the same sex. Cages contained at least one sleeping box per individual and were 

equipped with branches or wooden beams. The ground of Type II cages was covered with 

sawdust and paper on top, whereas the ground of Type I cages was covered with paper, which 

was changed twice a week. The diet changed daily, alternating between seasonal 

fruits/vegetables and a banana rice pulp, which was enriched with minerals, vitamins, cream, 

and eggs [Wrogemann and Zimmermann 2001]. Additionally, mealworms (3x/week), locusts 

(1x/week) and occasionally dried fruits and nuts were provided. Water was available ad 

libitum in one drinking bottle per cage. 

In each social encounter experiment (taking place in one of two breeding seasons: a) 

between April and June 2011 and b) between February and June 2012), one male encountered 

one female. The animals were paired according to the following criteria: (1) they had never 

been permanently housed together, (2) they were not closely related (r = 0.25 in two dyads, 

all other pairs r ≤ 0.125, determined on the basis of colony reproductive records), (3) young 

adult dyad partners were both born in the previous breeding season, and therefore of a similar 

age, and (4) young females had undergone at least two normal estrus cycles (verified by daily 

vaginal washings, [Wrogemann et al. 2001], see Table 3.1 for detailed information about age 

and body mass). 
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Table 3.1: Age and body mass for captive females and males of Young Adults (YA) and fully grown 

Adults (A). 

 

 

Given that mouse lemurs reach sexual maturity at a maximum of 12 months [Richard 

1987], we tested eight dyads of young adults (YA) aged between 12 and 13 months that 

consequently should have completed sexual maturation. One of the young adult females (dyad 

G) was pregnant from an independent experimental encounter during her second estrus with 

the same male, whereas all other females were in interestrus. The behavior of the male and 

female of dyad G did not differ from that of other dyads with one single exception: the young 

male showed a comparably higher marking frequency than the other males of his age group. 

However, the overall results did not change when he was excluded from the analysis of 

marking behavior, and therefore dyad G was kept in the dataset. 

Behavioral and morphological data of the YA dyads were compared to eight dyads 

consisting of fully adult animals of 2 years or older (A, adult group, see Table 3.1). All 

individuals in the adult group were sexually experienced, that is, had been housed in breeding 

pairs in at least one of the previous breeding seasons, whereas all YA animals were sexually 

naïve (i.e., had not been paired permanently with individuals of the opposite sex outside the 

experiments). All dyads were tested three times (always the same two dyad partners, maximal 

time-span between experiments: 5 days), and each single experiment lasted for 45 min (total 

observation time: 36 hr). Fur markings on the back or on the tail were used to distinguish the 

animals during the experiments. 
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Morphological and reproductive data 

All gray mouse lemurs of the colony were handled routinely by animal keepers once a 

week to check their health status. During this procedure, animals were weighed, testes were 

measured, and the reproductive states of the females were assessed visually and by vaginal 

washings [Glatston 1979; Buesching et al. 1998; Wrogemann et al. 2001]. During the 

breeding season, the females´ reproductive states were assessed 3 days a week or daily as 

soon as a proestrus or estrus had been detected. 

The testes volume of YA and A males was calculated according to Dixson et al. [1980] 

and Bercovitch and Rodriguez [1993]: V = (Π x W² x L)/6, whereW² is the total width of both 

testes and L is the average length of both testes. The testes volume was calculated based on a 

mean value consisting of measurements of calendar weeks 6 and 7, wherein most females of 

the colony were in estrus, representing a first peak in the reproductive season. 

Finally, colony-wide reproductive data were available for young adults and fully grown 

adults between the years 1998 and 2014 for comparison: (1) the number of female estrus 

cycles per breeding season and (2) the number of offspring sired by YA males and borne by 

YA females. These data were taken to evaluate the reproductive capacity of young gray mouse 

lemurs in comparison to older individuals of both sexes. The breeding success was measured 

by the number of birth (independent from litter size) with offspring being alive for at least 2 

days. In the case of multiple breeding events in the same year, for example, two litters per 

female or one male breeding with multiple females, the individuals were included only once 

in the statistics. 

 

Experimental procedure and experimental set-up 

All animals were individually habituated to the experimental set-up in sessions of 30-

min duration until they fulfilled the following two criteria: (1) leaving the sleeping box within 

5 min and (2) drinking from a bottle within 10 min. A total of one to nine habituation sessions 

were needed for the initial habituation per individual. 

The daily food was given to animals only after an experiment. Just before the beginning 

of their nocturnal activity, the individuals were locked in their sleeping boxes and these 

sleeping boxes were used to transfer the animals from their home cage to the experimental 

room. Here, they were transferred individually to two experimental sleeping boxes, which 

were equipped with Plexiglas at the back to allow recording of behaviors within the boxes 

with a video camera. All tests were conducted under red light. The experimental cage (0.8 x 

0.98 x 0.5 m) contained two sleeping boxes, three wooden beams, and a drinking bottle filled 



48 
 

with juice (mixed half and half: peach nectar and banana nectar, K Classic, Kaufland 

Warenhandel GmbH and Co. KG, Neckarsulm, Germany). Access to the bottle was narrowed 

by a wire mesh tunnel (6.5 x 5.0 x 12 cm). The first author was present during all encounters 

and recorded the occurrence of selected behaviors (see below for the list of recorded 

behaviors) continuously [Altmann 1974] via the microphone of one video camera. In total, 

three video cameras with night-shot options were used to record behavior. The first camera 

(SONY HDD DCR-SR35, Sony Germany, Berlin) filmed the whole cage, whereas the second 

one (SONY HDD DCR-SR210) filmed a close-up of the drinking bottle. The third camera 

(SONY HDD DCR-SR55) was located inside a cardboard box, which covered and surrounded 

the sleeping boxes. For better recording of the inside of the sleeping boxes, the inside of the 

box was illuminated by an infrared spotlight (50 x 72 x 18 mm, Kemo Electronic GmbH, 

Langen, Germany). Two connected LED-lights were connected to the outside of the 

experimental cage and adjusted accordingly to be visible on all three camera views. Thus, a 

single light impulse at the beginning of the experiment was later used to synchronize the 

video files in the analysis. After finishing the experiments both animals were returned to their 

home cages. The cage, sleeping boxes, and the tip of the bottle were cleaned with hot water 

and dried after each experiment. 

 

Behavioral observations 

We used marking behavior, allogrooming, social play, and agonistic behavior as 

parameters for measuring social maturity. In addition, we characterized social tolerance and 

intersexual dominance as relevant maturation parameters for this species under these 

experimental conditions. In particular, marking behavior [consisting of three types, which are 

described for mouse lemurs: substrate rubbing, anogenital marking, urine washing, Glatston 

1979; Buesching et al. 1998], duration of non-agonistic body contact, allogrooming, agonistic 

behaviors and play (play catching and rough and tumble play combined) were analyzed 

systematically for both dyad partners. The different marking types were combined for the 

analysis because no differences in single marking behaviors were found. Social tolerance was 

investigated on the basis of two parameters. First, the total duration of non-agonistic body 

contact and second, the duration the two dyad partners spent together in a confined space 

(time together in the same sleeping box plus time together in the drinking tunnel, not 

necessarily in body contact). 

All agonistic behaviors (consisting of avoiding, chasing, fleeing, displacing, fighting) 

were recorded and assigned to conflicts. Avoidance was recorded whenever animal A moved 
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or jumped away quickly after a direct or indirect approach of animal B. As a result of this 

behavior, the inter-individual distance between the animals increased. Together with fleeing, 

this behavior was coded as submissive behavior. A conflict was defined as a succession of 

agonistic behaviors, which ended when the agonistic behavior stopped for at least 1 sec. 

Subsequent agonistic behaviors marked the beginning of a new conflict. Based on Pereira et 

al. [1990] and Pereira and Kappeler [1997], decided conflicts require that (1) one animal 

shows only aggressive behavior and the other one shows only submissive behavior, or (2) no 

aggressive behavior is observed, but one individual shows submissive behavior, which would 

typically be observed when one animal avoids the other (= spontaneous submission in the 

actual study). These criteria were transferred to the actual study and additionally, we defined a 

conflict to be decided when (3) both animals were aggressive in the beginning, but the 

conflict was ended by submissive behavior of one of the dyad partners. Each conflict was 

categorized as decided or not and all decided conflicts were assigned to be either won or lost 

for each dyad partner. 

 

Data analysis and statistics 

All behaviors were analyzed on the basis of the video files with the software The 

Observer XT 10 (Noldus, Wageningen, The Netherlands) and the results were exported and 

edited with Excel 10. For all behaviors, the sum of the three experiments was used, thus all 

results refer to 135 min. Statistical tests were performed in STATISTICA 12 (StatSoft Inc., 

Tulsa, OK), using (1) Mann–Whitney U-tests (two-tailed) to compare variables between 

young adults (YA) and adults (A), namely testicular volume, play duration, marking behavior, 

allogrooming, non-agonistic body contact, stay in confined space, conflict rates, and 

percentage of decided conflicts, as well as submissive and aggressive behavior and (2) Chi-

squared tests to compare the breeding success between YA and A and the number of playing 

dyads between both groups. For all analyses, P < 0.05 was chosen as significance level, 

whereas P < 0.1 was referred to as a statistical trend. A Fisher permutation test [Siegel 1985] 

was conducted in GNU Octave version 3.2.4 [Eaton et al. 2008] to compare the number of 

conflicts, which were won by males and females of the same dyad and of the same age class. 

Due to our small sample size (N = 8 per group), we estimated effect sizes (r for Mann–

Whitney U-tests, φ for Chi-squared tests, or d for the Fisher permutation test) for better 

describing the size or importance of the effect independent from sample size [Fritz et al. 

2012]. Formulas were used based on Fritz et al. [2012]: r = Z/√N, φ = √(X²/N), d = (meanA – 

meanB)/σ, with Z and X² representing the respective test statistics, N = total sample size, and 
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σ = population standard deviation. The strength of the relationship was interpreted for r and d 

as large ≥ 0.5, as medium ≥ 0.3, or small ≥ 0.1 (association between d and r see Fritz et al. 

[2012]). The effect size φ was strong for values between 0.8 and 1.0, moderate between 0.2 

and 0.4, and weak between 0.1 and 0.2 [reviewed in Kotrlik et al. 2011]. 

Additionally, we used Fisher´s Omnibus Test to control for multiple testing, as we tested 

several parameters to examine the same hypothesis. This method tests whether the 

distribution of multiple independent P-values differs from a chi-squared distribution by 

combining these P-values with degrees of freedom equaling twice the number of P-values 

[Haccou and Melis 1994; Barelli et al. 2011; Scheumann et al. 2012]. 

 

3.3 Results 

Sexual maturation 

The comparison of testicular volumes between YA and A males at the first peak of the 

breeding season (= period of first estrus of females) showed no statistical difference, thus 

young males had an equal testicular volume to fully adult males (89.6% of adult values, ±SD 

22.4%, Mann–Whitney U-test: Z = -0.89, P = 0.382, r = -0.2). The first estrus occurred at 

approximately 0.7 years of age (±SD 0.07 years) in the YA females. Therefore, they had 

already experienced their second (N = 7) or third estrus cycle (N = 1) when the experiments 

were conducted. 

Between 1998 and 2014, a total of 148 breeding pairs were formed in the Hanover 

colony, including 42 individuals of 1 year of age, representing the age category of young 

adults. No statistical difference was found between the breeding success of these 42 young 

and 112 adult animals (Chi-squared test: X² = 0.14, df = 1, P = 0.706, φ = 0.1, Nyoung successful = 

26, Nyoung not successful = 16, Nadult successful = 73, Nadult not successful = 39). During the analyzed 17 

years, 55.6% of young females conceived during their first estrus, whereas this was the case 

in only 26.0% of the adult females. 

 

Social maturation 

No significant differences were found in the duration of play (see Table 3.2 for test 

results). However, no single case of play was observed in A, whereas this behavior was 

present in three of eight dyads in YA (37.5%), resulting in a statistical trend for a difference 

between both groups (Chi-squared test: X² = 3.69, df = 1, P = 0.055, φ = 0.5, relatively strong 

effect size). 
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When marking behavior was compared, all three types of marking behavior were 

observed in both experimental groups but not at the same rate. When comparing both age 

classes within the sexes, no significant difference could be detected between the overall 

marking behavior of YA and A males (see Table 3.2). However, when the total marking 

frequency of females was compared, a statistical trend for an increase was found in A 

compared to YA with a medium effect (see Table 3.2). 

No statistical difference between age groups was found in the duration of allogrooming, 

but this behavior showed high variations between different pairs and nevertheless a moderate 

effect was found (see Table 3.2). In contrast, significant differences were found in social 

tolerance between both age groups, namely in the duration of non-agonistic body contact and 

in the duration to remain with the dyad partner in a confined space (see Table 3.2 and Figure 

3.1A). In both cases, behaviors had a shorter duration in A than in YA animals. 

With regard to agonistic behavior, A showed a higher median, minimum, and maximum 

rate of conflicts, although no statistical difference was detected in comparison to YA, possibly 

due to the high variability of conflict rates in A (see Table 3.2 and Figure 3.1B). When the 

number of aggressive and spontaneous submissive behavior was compared, males of both 

groups showed comparable frequencies of both behaviors (see Table 3.2 and Figure 3.1C). 

Females, on the other hand, were equally often submissive in both age groups, but were more 

aggressive in A than in YA (see Table 3.2 and Figure 3.1C). Conflicts were typically decided 

in both YA and A dyads and the comparison of the relative proportion of decided conflicts 

revealed no difference between the age groups (see Table 3.2). In total, females won 

significantly more conflicts than males in both groups (Fisher permutation test: YA: P = 0.027, 

N = 8, d = 0.7, medium effect size; A: P = 0.002, N = 8, d = 1.2, large effect size). The 

Fisher´s Omnibus test revealed the significant behavioral differences, which were found in 

this chapter study between the YA and the A age group cannot be explained by chance as a 

result of multiple testing (Fisher´s Omnibus test: X² = 57.10, df = 28, P < 0.001). 
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Figure 3.1: A: Comparison of the duration of non-agonistic body contact and duration of stay in a 

confined space between dyads of young adult gray mouse lemurs and fully adult individuals.             

B: Average rate of conflicts per hour in dyads of young gray mouse lemurs and fully adult individuals. 

C: Frequency of aggressive behavior between the sexes of young adult and fully adult gray mouse 

lemurs. YA, young adults, A, fully grown adults, * P < 0.05, ** P < 0.01. 
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Table 3.2: Median, minimum, maximum, and quartiles of analyzed behaviors in Young Adults (YA, 

N = 8) and Adults (A, N = 8) and test statistics of comparisons between both groups via Mann–

Whitney U-tests (MWU). The r value describes the effect size representing the strength of an effect 

independent from sample size with a = strong, b = medium, and c = small [see Fritz et al. 2012; 

Kotrlik et al. 2011]. The durations (in seconds) or frequencies, unless otherwise stated, refer to the 

sum of 135-min observation time. 

 

 

 

Table 3.3: Summary of the comparisons performed between Young Adults (YA) and fully grown 

Adults (A). Statement if results were similar in both groups or not. Additional notes, if comments are 

necessary for better understanding. 
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3.4 Discussion 

Gray mouse lemurs clearly differ in several life history traits from other primates, for 

example, with their relatively short gestation period, short interbirth interval, young age at 

first reproduction, and relatively large litter sizes [Martin 1972a; b; Glatston 1979; 

Schmelting et al. 2000; Zimmermann and Radespiel 2014]. This suite of traits positions them 

at the “fast” end of the life history continuum. These high reproductive rates are most likely 

the result of very high predation rates, since mammals with high mortality tend to reproduce 

early and age-specific mortality affects maturation [Promislow and Harvey 1990]. 

In the current study, the young adult gray mouse lemurs of about 1 year of age were 

sexually mature, as shown by the fully developed testes of the young adult males, the repeated 

regular estrus cycles of the young adult females, and a similar breeding success of young 

adults compared to older individuals in our breeding colony. Social maturation, on the other 

hand, was not fully completed in the young adult individuals, as the behavior of YA animals 

still differed partly from the behavior of the fully adult animals in all behavioral domains (see 

Table 3.3). Specifically, significant differences were found in social tolerance and in the 

aggressiveness of females. Besides, statistical trends existed for a difference in play and 

female marking behavior, which could potentially turn significant with a larger sample size. 

The congruence or incongruence of single behaviors will be discussed in detail in the 

following. 

Social play behavior in adult gray mouse lemurs has so far only been described in adult-

infant dyads [mother-offspring, Petter-Rousseaux 1964; Petter 1965; Glatston 1979], but not 

between adults [reported by Burghardt 2005]. Similarly, in this study, no single case of play 

was found in the group of fully grown adults, but three of eight YA dyads showed this 

behavior. Based on the general lack of play among older mouse lemurs, we conclude that not 

all YA animals were socially mature at the time of the experiments with regard to play. 

The frequency of marking behavior of males was similar in both age classes, but A 

females tended to mark more often than YA females with a medium effect size. The lack of 

statistical significance may, therefore, be due to the small sample size and some variability of 

marking frequencies within the age groups. Marking behavior may serve different functions 

in mouse lemurs, including (1) the olfactory demarcation of high-quality sleeping sites by 

female groups that use such sites for co-sleeping and communal breeding [Radespiel et al. 

1998; Braune et al. 2005], (2) the advertisement of reproductive status [Buesching et al. 

1998], and (3) the indication of dominance [Perret 1992]. Within the scope of this study, we 

cannot explain which of the three possible functions is responsible for the increased marking 
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activity of older females. Further experiments, especially in same-sexed dyads under varying 

conditions (e.g., season, established dominance relationship, with or without sleeping site) 

could help to answer these questions. Our results, however, suggest that at least female mouse 

lemurs were not fully socially mature at the age of 12–13 months with regard to their marking 

behavior. 

Social tolerance between dyad partners appeared to decrease with age. Although the 

duration of allogrooming did not differ significantly between both age classes, both the 

duration of non-agonistic body contacts and the duration of staying in a confined space with a 

dyad partner was longer in the YA group compared to the A group. Social tolerance is 

essential in group-living species and was suggested to play an important role for the evolution 

of large primate multi-male/multi-female groups to offset the higher competition in larger 

groups [see Blanckenhorn 1990]. Gray mouse lemurs live in a dispersed and promiscuous 

multi-male/multi-female system in which males typically disperse and females frequently 

remain in their natal home range [Fietz 1999; Radespiel 2000; Radespiel et al. 2003]. 

Although females form stable matrilineal sleeping groups, both sexes forage solitarily for 

food during the night [Radespiel 2000]. Home ranges of both sexes overlap and there are 

periodic episodes of agonistic, as well as affiliative encounters between the sexes [Fietz 1999; 

Radespiel 2000] with higher frequencies during the breeding season. Therefore, a high degree 

of social tolerance between the sexes is not necessary for the functionality of the social 

organization of this species. 

Most agonistic behaviors did not differ between the two age classes. Males were equally 

rarely aggressive and frequently submissive toward their female partners and won conflicts 

significantly less often than females in both age classes. Females, on the other hand, were the 

more aggressive sex in both age groups. However, the level of aggression was significantly 

higher in A than in YA females. Although the clear female bias in aggression and the high 

proportion of decided conflicts in both age classes can be well explained by the existence of 

female dominance in this species [Radespiel and Zimmermann 2001; Génin 2013], the 

increased aggressiveness of older females again suggests incomplete social maturation in the 

YA females. Detailed data on the ontogeny of female dominance in mouse lemurs are missing 

so far, whereas some information is available for another lemur species, the ring-tailed lemur 

(Lemur catta). Pereira [2002] found that female dominance starts around puberty in this 

species and that it develops over a further 7 months until it is fully established. The 

development over several months suggests that dominance relationships in young adults may 

still be variable, but become increasingly manifest over time. These dynamics of intersexual 
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relationships may be driven by an increasing aggressiveness of females toward males that 

leads to a diminishing intersexual social tolerance. This interpretation is supported by results 

of the actual study and by De Waal [2002], who found higher rates of agonism in rhesus 

monkeys with decided dominance relationships. 

 

3.5 Conclusion 

This study provides evidence that captive young adult and sexually mature gray mouse 

lemurs differ in some behavioral aspects compared to fully adult individuals. This decoupling 

of sexual and social maturation is thereby explicitly shown for the first time in a nocturnal 

strepsirrhine primate and in a primate with a dispersed social system. The question arises as to 

why social maturation is lagging behind sexual maturation or why, alternatively, sexual 

maturation may have been advanced to precede social maturation in this primate model that is 

often taken as a model for the ancestral primate condition? First, accelerated reproductive 

activity and development may have been favored in mouse lemurs by natural selection as a 

response to very high predation pressure [Cole 1954; Burnham et al. 2013]. A similar trade-

off is already known in baboons in whom a relationship was established between fertility 

(duration of interbirth intervals) and predation [Lycett et al. 1998]. Gray mouse lemurs suffer 

from a very high predation risk in the wild and most individuals never achieve reproduction 

[median survival rate 10 months, Lutermann et al. 2006]. However, of those which survive 

until their first reproductive season, almost half also survive until their second breeding 

season [Lutermann et al. 2006]. An accelerated sexual maturation, thus, enables young gray 

mouse lemurs to start producing offspring in their first year of life, even if the whole social 

behavioral repertoire of adults is only acquired later on. Given that natural matrilineal female 

groups are often composed of females of different ages [mothers, daughters, sisters, aunts, 

nieces, etc., Radespiel et al. 2001; Lutermann et al. 2006], young females may also benefit 

from the presence and experience of other adult females in the sleeping group in the context 

of marking and defending sleeping sites or communal rearing of offspring [Braune et al. 

2005; Eberle and Kappeler 2006; Lutermann et al. 2006]. These matrilineal groups may, 

therefore, even partially compensate for the time lag in the full development of the social 

repertoire of its young members. In conclusion, the discordance between sexual and social 

maturation in gray mouse lemurs shows that these two traits may have been decoupled rather 

early in primate evolution and may, therefore, be a symplesiomorphic trait for this taxonomic 

group. In view of the biology and life history of mouse lemurs, it can be hypothesized that 

natural selection stabilized the decoupling in this model species as a means to advance the age 
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at first reproduction in view of a very high mortality. A later completion of their social 

maturation enables mouse lemurs to use this time period for an extended period of adolescent 

learning without losing reproductive opportunities. The lack of certain social skills or 

capacities during that time may be typically compensated by the presence of other socially 

mature and older females in the group. 
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In contrast to other mammals, female social dominance over males can be regularly 

found in Malagasy lemurs, but its proximate causation and its determinants have only been 

rarely studied systematically. Current hypotheses from the literature suggest that female 

dominance represents an ancestral trait (ancestral primate condition hypothesis) or male 

strategy. Furthermore, its expression is supposed to be caused by sex-specific differences in 

energy demands (energy conservation hypothesis) or species-specific differences in the 

sleeping site ecology (sleeping site hypothesis). In order to investigate relevant factors that are 

connected to these hypotheses the present study was conducted to test the effects of species, 

season and age on agonistic behavior, on the expression of female dominance and on marking 

behavior, while the influences of individuality, body mass, breeding experience and 

habituation were controlled. 

Seasonal variations in intersexual dominance relationships were investigated in two 

captive nocturnal mouse lemur species, the gray and the Goodman´s mouse lemur. Data were 

collected during a series of encounter experiments between one male and one female (gray 

mouse lemur: N = 15 dyads; Goodman´s mouse lemur: N = 9 dyads) during the reproductive 

and non-reproductive season. Moderate female dominance was expressed in both species with 

females winning the majority of conflicts year-round and independently from context. 

However, effects of season and of species were found in conflict rates and in the number of 

dominant females. Moreover, age difference between dyad partners and the females´ breeding 

experience influenced whether a conflict was decided in favor of the male or the female. 

Conflict rates were 3.6 times higher in the reproductive season compared to the non-

reproductive season and the probability of females to win conflicts during that time was 4.1 

times higher. Furthermore, conflict rates were 2.5 times higher in Goodman´s mouse lemurs 

than in gray mouse lemurs. Finally, female dominance was described for the Goodman´s 

mouse lemurs for the first time and its pattern was stable across two subsequent breeding 

seasons in the vast majority (86%) of the dyads for which long-term data were available (N = 
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7, Goodman´s mouse lemur). This study provides further information about female 

dominance in mouse lemurs and illuminates species, season and age difference in 

combination with breeding experience of females as determinants on this behavioral 

phenomenon. Furthermore, the evolution of female dominance in mouse lemurs is probably 

connected to species-specific differences in the composition of sleeping groups as well as to 

sex-specific cost asymmetries in food requirements depending on species-specific habitats.  

 

Key words: Microcebus murinus; Microcebus lehilahytsara, female dominance, seasonal 

influence, sleeping site ecology 

 

4.1 Introduction 

Female dominance is a rare phenomenon among mammals. Males usually dominate 

females due to a physical superiority which is typically visible as a sexual dimorphism in 

body size, weapons (e.g., canine teeth, horns) and more aggressive temperament in males 

[Darwin 1871; Jolly 1984]. Female social dominance over males, however, is not 

automatically found in mammalian species where females are larger than males (e.g., in bats, 

rabbits or whales) and some larger females are even dominated by smaller males [Ralls 1976]. 

Female dominance has been reported in some rodents, carnivores and also primates [Ralls 

1976; Sherman et al. 1991; Dunham 2008; Hemelrijk et al. 2008], and occurs particularly 

frequently in Malagasy lemurs [Ramanankirahina et al. 2011; Eichmueller et al. 2013; Petty 

and Drea 2015]. Here, this behavior has been defined as “the ability of all females to 

consistently evoke submissive behavior from all males in dyadic agonistic interactions” 

(p. 143), and was suggested to be unique among mammals in this form [Kappeler 1993].  

The majority of lemurs are monomorphic and several evolutionary hypotheses have 

been suggested over the years, which try to explain why this specific characteristic is more 

common in this primate clade than in other primate or mammalian clades. It was suggested 

that A) ancestral female lemurs were already dominant over males and that this behavioral 

trait has been retained in different lemur clades due to different taxon-specific reasons [Hrdy 

1981; Jolly 1984; Eichmueller et al. 2013; Petty and Drea 2015], B) it is a male reproductive 

strategy to defer to females [in feeding contexts, White et al. 2007] and to avoid conflicts with 

females but instead focus on intra-sexual competition for mates in the breeding season [Hrdy 

1981; Jolly 1984], C) female lemurs have particularly high energetic demands during 

reproduction in view of the harsh and unpredictable climates and severe seasonality in 
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Madagascar [unified in the energy conservation hypothesis, Jolly 1984; Wright 1999; Gould 

and Sauther 2007; Dunham 2008] and high prenatal maternal investment [Young et al. 1990].  

Some of these hypotheses imply that the expression of female dominance should 

depend on context (i.e. feeding) or season, and should be most prominent during the breeding 

season. Moreover, the few available studies suggest an influence of age on female dominance, 

since it only starts to develop around puberty in the ring-tailed lemur as well as in the gray 

mouse lemur [Pereira 2002; Hohenbrink et al. 2015a; in both species external indicators, e.g., 

behavioral changes and growth of genitals, are used to describe puberty, since its 

endocrinology has rarely been studied in prosimians in general].  

Ninety percent of the investigated taxa of lemurs show some form of female dominance, 

but information about many species is still missing [Kubzdela et al. 1992; Eichmueller et al. 

2013]. If female dominance is present, its form varies with three different graduations 

between species [Pereira et al. 1990; Radespiel and Zimmermann 2001]. The strongest form 

is unambiguous female dominance, where all females, independently of age or context, are 

able to dominate all males. The second form is moderate female dominance, where females 

win the majority of conflicts, but males can occasionally be aggressive towards females. In 

the third form, the female feeding priority, females typically win conflicts in the feeding 

contexts but not necessarily in other situations. The variability in type and occurrence of 

female dominance even between closely related species leads to the suggestion that its costs 

and benefits may vary greatly between species.  

Eichmueller et al. [2013] hypothesized that the presence or absence of female 

dominance in nocturnal solitary foragers such as mouse lemur species might be caused by 

species-specific differences in grouping patterns and the quality of sleeping sites. Female gray 

mouse lemurs, for instance, use high quality sleeping sites for communal breeding, e.g., tree 

holes in 80-86%, and form stable matrilineal sleeping groups, whereas male gray mouse 

lemurs sleep mostly alone and use low quality sleeping sites [Radespiel et al. 1998; Radespiel 

et al. 2003]. In this ecological setting female gray mouse lemurs may monopolize the high 

quality sleeping sites by means of female dominance. Both sexes of the golden-brown mouse 

lemur, on the other hand, sleep in mixed-sex groups [Weidt et al. 2004], use tree holes less 

often [0-46%, Randrianambinina 2001; Radespiel et al. 2003] and use sleeping sites of lower 

quality regularly [e.g., branches, lianas, leaves or leaf nests, Radespiel et al. 2003]. This 

species did not show female dominance [Eichmueller et al. 2013]. 

Whether female dominance is expressed in the Goodman´s mouse lemur (Microcebus 

lehilahytsara, described by Kappeler et al. [2005], formerly listed as M. rufus), a highland 
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specialist occurring in the mountain rainforests of central eastern Madagascar, is not known 

so far and will be investigated systematically in this study for the first time. Given that this 

species predominantly sleeps in unisex groups and prefers to sleep in nests (79%) rather than 

high quality tree holes (21%) [Randrianambinina 2001; Jürges et al. 2013], we expect the 

Goodman´s mouse lemur to differ from the gray mouse lemur and not to show female 

dominance. 

The aim of this study is to test the following hypotheses for the expression of female 

dominance in two closely related but ecologically different mouse lemur species: 1) female 

dominance shows species-specific differences and is absent in the Goodman´s mouse lemur in 

concordance with the sleeping-site-hypothesis [Eichmueller et al. 2013], 2) female dominance 

is stable and particularly expressed in the reproductive season in concordance with the energy 

conservation hypothesis [Jolly 1984; Wright 1999; Gould and Sauther 2007; Dunham 2008], 

and 3) female dominance is affected by the age difference between dyad partners, resulting in 

a stronger expression in dyads with older females, based on an age-dependent social 

maturation in mouse lemurs [Pereira 2002; Hohenbrink et al. 2015a; b]. When investigating 

the role of these three possible determinants of females dominance (species, season and age), 

we control for the effects of individuality (represented by the factor dyad), body mass 

difference between dyad partners, breeding experience and social habituation (represented by 

the factor number of experiment) between the social partners. Furthermore, the context of 

each conflict is assessed. Finally, within this study it was also investigated how female 

dominance affects the olfactory marking behavior of gray and Goodman´s mouse lemurs. 

  

4.2 Methods 

Ethical considerations 

The behavioral observations in this study were non-invasive and were performed 

according to the NRC Guide for the Care and Use of Laboratory Animals, the European 

Directive 2010/63/EU on the protection of animals used for scientific purposes, and the 

German Animal Welfare Committee (licensed by the Bezirksregierung Hannover, reference 

number AZ 33.9-42502-05-10A080). This study adhered to the Principles for the Ethical 

Treatment of Non-human Primates of the American Society of Primatologists. 

 

Study animals and housing conditions 

Both mouse lemur species were kept in the animal facility of the Institute of Zoology at 

the University of Veterinary Medicine Hannover, Germany (licensed by Ordnungsamt, 
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Gewerbe- und Veterinärabteilung, Landeshauptstadt Hannover, AZ 42500/1H). All animals 

were born in the colony, with the exception of the male in dyad S. He was wild-caught in 

Andasibe in Madagascar in 2005 (Direction Générale de l’Environnement, des Eaux et Forêts, 

Export license DB6-C-EA-03-MG-05) with a minimum age of one year and housed in the 

Zoo of Zurich, Switzerland, until 2007 when he was transferred to Hanover (Bundesamt für 

Naturschutz, Import license E1107/06). Since the exact year of birth is unknown, his age 

represents a minimum estimate. All animals were fed once a day and housed as described in 

Hohenbrink et al [2015b] with the following variations for Goodman´s mouse lemurs: this 

species was housed under 50-70% humidity and regularly socialized with up to four 

individuals in Type II cages (width x height x depth: 1.4 x 1.7 x 0.76 m).  

In each social encounter experiment (taking place between April 2011 and Mai 2013) 

one male encountered one female. The animals were paired according to the following 

criteria: 1) they had never been housed together as social partners before, 2) they were not 

closely related (r = 0.25 in four dyads, all other pairs r ≤ 0.125, determined on the basis of 

colony reproductive records, see Table 4.1 with additional information about age and body 

mass differences between dyad partners). The experiments were conducted during interestrus. 

One gray mouse lemur female was pregnant from an independent experimental encounter 

during her second estrus in the same season with the same male. However, the behavior of 

this dyad did not differ from the analyzed behavior of the other animals and was therefore 

included into this study. Additionally, some animals of both species were sexually 

experienced, this is, had been housed in breeding pairs for several months in at least one 

breeding season whereas others were sexually naïve, because outside the experiments they 

had not been paired with unfamiliar individuals of the opposite sex before (see Table 4.1). All 

dyads were tested at least three times in a given season (always the same two dyad partners, 

maximal time-span between single experiments: 27 days, mean 3.2 days, median 0). In 

addition, seven dyads of Goodman´s mouse lemurs were tested in a second reproductive 

season (2013) to test for the long-term stability of agonistic behaviors and dominance 

expression. A single experiment lasted for 45 minutes, resulting in 117 hours total observation 

time for this study. Fur markings on the back or on the tail were used to distinguish the 

animals during the experiments. 
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Table 4.1: Age and body mass differences between dyad partners and state of sexual experience. # = 

female was pregnant, + = male was originally wild-caught, • = coeffition of relationship r = 0.25. 

Dyad Species 
∆ Age [days] 

female - male 
∆ Body mass [g] 

female - male 
Sexual experience 

female; male 

First reproductive season 2012 

A mur -35 18.3 no; no 

B mur -4 3.4 no; no 

C mur -4 16.7 no; no 

D mur 8 5.6 no; no 

E
#
 mur 61 35.2 no; no 

F mur -2941 20.4 yes; yes 

G
•
 mur 791 42.3 yes; yes 

H mur -1382 9.8 yes; yes 

I mur -711 22.1 yes; yes 

J mur -1095 18.1 yes; yes 

K mur -307 12.9 yes; yes 

L mur 1060 35.9 yes; yes 

M
•
 mur 730 -1.4 yes; yes 

N mur 1833 -2.0 yes; yes 

O mur 1448 32.0 yes; yes 

P
•
 lehi -796 -1.2 yes; yes 

Q lehi 821 20.4 yes; yes 

R lehi 984 4.6 yes; yes 

S
+
 lehi -477 12.8 yes; yes 

T lehi 1885 6.3 yes; no 

U lehi 1885 -12.6 yes; no 

V lehi -1835 4.5 yes; yes 

W lehi -697 27.4 no; no 

Non-reproductive season 

A mur -35 48.2 no; no 

B mur -4 23.3 no; no 

C mur -4 44.7 no; no 

D mur 8 15.4 no; no 

E mur 61 -21.7 no; no 

F mur -2941 2.6 yes; yes 

H mur -1382 -8.9 yes; yes 

I mur -711 11.2 yes; yes 

K mur -307 66.8 yes; yes 

L mur 1060 18.6 yes; yes 

M
•
 mur 730 -14.5 yes; yes 

N mur 1833 2.5 yes; yes 

O mur 1448 21.3 yes; yes 

P lehi -796 9.1 yes; yes 

Q lehi 821 17.6 yes; yes 

R lehi 984 4.2 yes; yes 

S
+
 lehi -477 8.8 yes; yes 

T lehi 1885 1.1 yes; no 

U lehi 1885 10.4 yes; no 

V lehi -1835 -10.9 yes; yes 

W lehi -697 12.7 no; no 

X
•
 lehi -2102 22.7 yes; yes 
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Table 4.1: continued. 

Dyad Species 
∆ Age [days] 

female - male 
∆ Body mass [g] 

female - male 
Sexual experience 

female; male 

Second reproductive season 2013 

P lehi -796 23.3 yes; yes 

Q lehi 821 19.8 yes; yes 

R lehi 984 -16.8 yes; yes 

S
+
 lehi -477 12.8 yes; yes 

T lehi 1885 1.4 yes; no 

U lehi 1885 -19.7 yes; no 

W lehi -697 31.4 no; yes 

 

Morphological and reproductive data 

All mouse lemurs of the colony were handled routinely by animal keepers once a week 

to check their health and reproductive status. During this procedure all animals were 

weighted, and the reproductive state of the females was visually assessed and further specified 

by vaginal washings [Glatston 1979; Buesching et al. 1998; Wrogemann et al. 2001]. If the 

encounter experiments spanned a period of several weeks, a mean body mass value was 

calculated for each animal and encounter series based on the weekly values.  

 

Experimental procedure and experimental set-up 

All animals were individually habituated to the experimental set-up in sessions of 30 

minutes duration until they fulfilled two criteria: a) leaving the sleeping box within five 

minutes and b) drinking from a bottle as specified below within ten minutes. A total of 1 to 12 

habituation sessions were needed for the initial habituation per individual and all animals 

underwent at least one new habituation session after a break of ten weeks or longer without any 

experiments.  

Just before the beginning of the animals´ nocturnal activity the individuals were locked 

in their sleeping boxes and transported to the experimental room. Here, they were transferred 

individually to two experimental sleeping boxes, which were equipped with Plexiglas at the 

back to allow recording of behaviors within the boxes with a video camera. All tests were 

conducted under red light. The experimental cage (0.8 x 0.98 x 0.5 m) contained two sleeping 

boxes, three wooden beams and a drinking bottle filled with juice. The access to the bottle 

was narrowed by a wire mesh tunnel (6.5 x 5.0 x 12 cm) to limit the access to one animal at a 

time. After finishing the experiments both animals were returned to their home cages. The 

cage, sleeping boxes and the tip of the bottle were cleaned with hot water and dried after each 

experiment [see Hohenbrink et al. 2015b for details on habituation and experimental 

procedure].  
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Behavioral observations 

All experiments were filmed with three video cameras [for details see Hohenbrink et al. 

2015b], and the first author was present during the experiments and recorded all occurrences 

of certain behaviors of interest acoustically on one of the video cameras. Behaviors of interest 

were A) all agonistic behaviors (see below) and B) all marking behaviors [substrate rubbing, 

anogenital marking, urine washing, Glatston 1979; Buesching et al. 1998]. The different types 

of marking behaviors were combined, because no notable differences in single marking 

behaviors were found.  

All agonistic behaviors (consisting of avoiding, chasing, fleeing, displacing, fighting) 

were recorded and assigned to agonistic conflicts, [Hohenbrink et al. 2015a; b]. Conflict 

decisions were evaluated and the number of won conflicts (winner = the animal which 

received submissive behavior) was compared between the dyad partners to determine their 

dominance relationship. Furthermore, each conflict was assigned to one of five contexts 

[based on Eichmueller et al. 2013]:  

1: Feeding context: one or both dyad partners drink at the drinking bottle immediately 

preceding the conflict. 

2: Sleeping box context: one or both dyad partners sit in or in front of the sleeping box 

immediately preceding the conflict. 

3: Social context: both animals had a non-agonistic physical contact (other than overlapping 

tails) immediately preceding the conflict. 

4: Sexual context: mounting behavior and attempted or successful copulation immediately 

precedes the conflict. 

5: Unspecific context: none of the contexts 1–4 was observed. 

 

Data analysis and statistics 

All behaviors were analyzed on the basis of the video files with the software The 

Observer XT 10 (Noldus, Wageningen, The Netherlands) and the results were exported and 

edited with Excel 10 (Microsoft Corporation, Redmond, WA, USA). Statistical analyses were 

conducted in R version 3.1.2 (Free Software Foundation, Inc., Boston, MA, USA), using the 

packages xlsx [Dragulescu 2014], reshape2 [Wickham 2014], lme4 [Bates et al. 2014], car 

[Fox et al. 2015], plyr [Wickham 2015] and lmerTest [Kuznetsova et al. 2015].  

We used linear and generalized linear mixed models (LMMs and GLMMs, see Table 

4.2 for details) with varying fixed factors such as species (M. murinus, M. lehilahytsara), 

season (reproductive, non-reproductive season), age and body mass differences, absolute age 
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and breeding experience (yes, no), conflict rate, dominance type (decided, undecided), 

dominance status (dominant, subordinate, undecided), dyad and year (2012, 2013). As 

dependent variables we used 1) conflict rates per encounter experiment, 2) the outcome of 

single conflicts (whether male or female winner or undecided), and 3) the total marking 

frequency of males and females, represented by the number of markings per sex and per 

single experiment. LMMs and GLMMS were calculated with lme4 [Bates et al. 2014] and 

LmerTest [Kuznetsova et al. 2015]. 

Furthermore, dyad, season, number of experiment and year were used as random 

factors to reflect the hierarchical design with variance between dyads, variance between 

seasons within a given dyad, and finally between the repeated experiments within a given 

dyad and season. Dyad reflects the individuality of single pairs and number of experiment 

controlled for habituation effects between repeated experiments by considering successive 

experiments 1-3 in a given season.  

 

Table 4.2: Variables that were used to build linear mixed models (LMM) and generalized linear mixed 

models (GLMM). 

Dependent variable Model Random factors Fixed factors 

1 
conflict rate per 

encounter 

GLMM, poisson distribution,  

log-link 

dyad, season, 

number of 

experiment 

species, season, age 

difference, body mass 

difference, breeding 

experience 

2 

outcome of 

single 

encounters 

GLMM, binomial distribution 

logit-link 

dyad, season, 

number of 

experiment 

species, season, age 

difference, body mass 

difference, breeding 

experience 

3 

conflict 

outcome 

(stability) 

GLMM, binomial distribution 

logit-link 
dyad, year dyad, year 

4 
marking 

behavior 

LMM for log-transformed 

duration times 

dyad, season, 

number of 

experiment 

species, season, absolute age, 

body mass difference, 

breeding experience 

 

Variance inflation factors (VIFs) were computed for a joint model including all 

relevant predictors to assess collinearity. Regarding the two factors absolute age (of males 

and females) and age difference, only age difference was included in the model and later 

analyses, since it represents the more relevant biological variable. The only exception was the 

analyses of marking behavior where absolute age was used. Highest VIFs were observed for 

male (VIF = 2.58, see Table 4.3) and female (VIF = 2.53) breeding experience, but values < 5 

do not reflect dependencies between included factors (Zuur et al. 2009, Rogerson 2010).  
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Table 4.3: Variance inflation factors (VIFs)  

Parameter VIF 

body mass difference 1.03 

age difference 1.48 

breeding experience male 2.58 

breeding experience female 2.53 

 

Subsequently, the influence of single factors was tested in separate models with only 

one predictor, and mean differences between categories of the predictor (or the corresponding 

regression slopes) were used to estimate the explanatory power of single predictor, that is, for 

example between M. murinus and M. lehilahytsara or between reproductive and non-

reproductive season (see Appendix 4.7 for single values). Here, for the fixed effect parameters 

of generalizes linear mixed models fits, profile likelihood intervals are reported; in case of 

computational problems Wald-type intervals are reported instead. Afterwards, we built a 

complex model including species, season and age difference (absolute age for investigating 

marking behavior), since these factors are biologically relevant and refer directly to our 

hypotheses (see Appendix 4.7 for basic models). Then, single factors were successively added 

to this model to find the best composite model. Likelihood Ratio tests were used to compare 

different models and to evaluate whether additional factors improved the basic model or not 

(see Appendix 4.7 for full models). 

The stability of conflict rates in seven dyads between two successive breeding seasons 

in the Goodman´s mouse lemur was tested based on a one-way analysis of variance 

(ANOVA) that is typically used to estimate the repeatability of behavior. The repeatability r 

indicates whether the behavior of an individual is consistent over a certain time and is 

formally defined as the variance among individuals divided by the variance within individuals 

plus the variance among individuals [Lessells and Boag 1987]. The ANOVA as well as the 

calculation of the repeatability were based on the log-transformed conflict rates.  

Furthermore, two-tailed Binomial tests were used to determine if a clear dominance 

relationship existed in each dyad based on the comparison of the number of conflicts that 

were decided for the male vs. female in each season. For all analyses P < 0.05 was chosen as 

significance level, whereas 0.05 < P < 0.1 was referred to as a statistical trend. 

 

4.3 Results  

Agonistic behavior 

In total, 2555 agonistic conflicts were observed in this study, 1078 by gray mouse 

lemurs and 1477 by Goodman´s mouse lemurs. Only a small proportion of the conflicts were 
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undecided (5%), with this proportion being higher in the non-reproductive than in the 

reproductive season in both species (Table 4.4). Overall, females won the majority of 

conflicts in both species (M. murinus 76%, M. lehilahytsara 75%), but this proportion was 

higher in the reproductive than in the non-reproductive season in both species (Table 4.4).  

 

Table 4.4: Number of conflicts in both species and both seasons (R = reproductive season, in gray; 

NR = non-reproductive season) with corresponding percentages of conflicts which were won by 

males, females or undecided.  

  R NR 

Species  Conflicts % Conflicts % 

M. murinus 

Male 124 14 56 33 

Female 722 79 92 54 

Undecided 63 7 21 12 

Total 909  169  

M. lehilahytsara 

Male 190 18 145 37 

Female 889 82 226 58 

Undecided 5 <1 22 6 

Total 1084  393  

 

Determinants of conflict rates 

The basic model represented the best model indicating that conflict rates were 

significantly influenced by species and season (see Table 4.5). The marginal models revealed 

that conflict rates were increased by factor 3.6 (95% CI = 2.0 - 6.3) in the reproductive season 

compared to the non-reproductive season and that conflict rates of Goodman´s mouse lemurs 

were 2.5 times (95% CI = 1.3 - 5.0) higher than of gray mouse lemurs.  

 

Table 4.5: Best model of factors influencing conflict rates. Predictor variables: species, season, and 

age difference. Dyad, season and number of experiment were included as random factors. Significant 

influences of factors are shown in bold.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.129 0.279 7.638 <0.001 

Species -1.006 0.316 -3.187 0.001 

Season 1.310 0.269 4.872 <0.001 

∆ Age <-0.001 0.044 -0.005 0.996 

 

Determinants of the outcome of conflicts 

Only species was found to significantly influence whether a conflict was decided or 

remained undecided, whereas season influenced the outcome as a statistical trend (Table 4.6). 

The relation of undecided to decided conflicts was increased by factor 7.8 (95% CI = 2.0-

30.5) in gray mouse lemurs in comparison to Goodman´s mouse lemurs and in both species 

the relation of undecided to decided conflicts was 2.8 times higher (95% CI = 0.7-10.0) 
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during the non-reproductive season compared to the non-reproductive season. No significant 

improvement of the basic model was observed by adding other factors, thus it remained the 

best model. 

 

Table 4.6: Best model of factors influencing the outcome (decided or undecided) of conflicts (N = 

2555). Predictor variables: species, season and age difference. Dyad, season and number of 

experiment were included as random factors. Significant influence of factors is shown in bold.  

Predictor variable Estimate ±SE Z Value P 

Intercept -4.459 0.628 -7.099 <0.001 

Species 2.033 0.645 3.151 0.002 

Season -1.104 0.602 -1.834 0.067 

∆ Age -0.120 0.085 -1.417 0.157 

 

Determinants of conflict decisions  

Season, age difference and the breeding experience of the females were identified as 

significant predictors of the conflict decision (Table 4.7). The probability of females to win 

conflicts was 4.1 times higher in the reproductive season (95% CI = 1.9 - 9.1) than in the non-

reproductive season. Additionally, females were able to decide more conflicts with increasing 

age difference towards their dyad partner, and they won 5.0 times less conflicts (95% CI = 1.7 

- 25.0) when they had no breeding experience compared to those with breeding experience.  

 

Table 4.7: Best model of factors influencing the outcome (won by male or female) of conflicts (total 

N = 2445). Predictor variables: species, season, age difference and breeding experience (breeding 

exp.) of females. Dyad, season and number of experiment were included as random factors. Significant 

influences of factors are shown in bold. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.362 0.468 0.773 0.439 

Species 0.877 0.523 1.687 0.093 

Season 1.329 0.375 3.541 <0.001 

∆ Age 0.146 0.073 2.008 0.045 

Breeding exp. female -1.688 0.572 -2.950 0.003 

 

Dominance relationships 

The numbers of conflicts decided in favor of males and females were used to determine 

the dominance relationships between both dyad partners. In the reproductive season, 14 of 23 

dyads (61%) had a decided dominance relationship, while only one dyad (dyad D) had too 

few conflicts for statistical testing (4%, Table 4.8). In all but one case with decided 

dominance, females were dominant over their male dyad partners (93%). The exception was 

one Goodman´s mouse lemur dyad in which the male was dominant over his female partner 

(dyad W, Table 4.8). In the non-reproductive season, two dyads had too few conflicts to 

determine their intersexual dominance (9%), whereas only 11 out of 22 dyads (50%) had 
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decided dominance relationships. Additionally, five males (45% of these decided dominance 

relationships) were dominant over their female dyad partners, resulting in a much higher 

percentage of male dominance within this season. Notably, four of the five cases of male 

dominance occurred in the Goodman´s mouse lemur (Table 4.8).  

 

Table 4.8: Number of decided conflicts which were won by the male (M) or the female (F) in the 

reproductive (R, in gray) and non-reproductive (NR) season together with the P-value (P) of the 

Binomial test and the decision about the dominance relationship (D). Significant results are shown in 

bold. U = dominance relationship undecided, MD = dominant male, FD = dominant female, --- = too 

few conflicts, no statistical test possible, empty cells = no data available, # = female was pregnant in 

R, + = male was wild-caught, † = animal was one year old.  

 Decided conflicts    

   R NR  

Species  Dyad M F P D M F P D  

M. murinus 

 A 7† 5† 0.453 U 1 4 0.375 U  

 B 31† 26† 0.600 U 9 1 0.0215 MD  

 C 9† 64† <0.001 FD 15 6 0.078 U  

 D 1† 2† --- --- 5 3 0.727 U  

 E# 1† 25† <0.001 FD 1 4 0.375 U  

 F 26 37 0.207 U 6 18 0.027 FD  

 G 6 22 0.004 FD      

 H 7 31 0.001 FD 4 14 0.031 FD  

 I 14 101 <0.001 FD 0 4 --- ---  

 J 2 7 0.180 U      

 K 0 110 <0.001 FD 1 7 0.070 U  

 L 3 141 <0.001 FD 5 13 0.096 U  

 M 2 7 0.180 U 1 9 0.021 FD  

 N 18 141 <0.001 FD 2 8 0.110 U  

 O 2 3 1 U 6 1 0.125 U  

M. lehilahytsara 

2012 

 P 50 147 <0.001 FD 19 3 <0.001 MD  

 Q 0 115 <0.001 FD 3 40 <0.001 FD  

 R 18 391 <0.001 FD 2 14 0.004 FD  

 S+ 15 16 1 U 0 1 --- ---  

 T 11 37 <0.001 FD 15 135 <0.001 FD  

 U 6 148 <0.001 FD 18 16 0.864 U  

 V 28 19 0.243 U 34 0 <0.001 MD  

 W 62 16† <0.001 MD 23 2 <0.001 MD  

 X     31 15 0.026 MD  

M. lehilahytsara 

2013 

 

 

 P 41 204 <0.001 FD      

 Q 0 12 <0.001 FD      

 R 5 137 <0.001 FD      

 S+ 6 190 <0.001 FD      

 T 22 69 <0.001 FD      

 U 54 81 0.025 FD      

 W 47 20 0.001 MD      
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Context of agonistic conflicts 

Agonistic conflicts of both species and both seasons were not restricted to a certain 

context. They were observed in all contexts, although the majority of conflicts was 

categorized as unspecific (Figure 4.1 A-D).  

Besides the unspecific context the majority of conflicts in the Goodman´s mouse lemur 

during the reproductive season occurred in the sleeping box context (24%, see Figure 4.1A), 

whereas most conflicts belonged to the food and social context in the non-reproductive season 

(10% and 11%, see Figure 4.1B). The sleeping box context (22%) also caused many conflicts 

during the reproductive season in the gray mouse lemur (see Figure 4.1C), but more conflicts 

were observed in the social context (26%), which also played a major role during the non-

reproductive season in this species (38%, see Figure 4.1D).  

 

 

Figure 4.1: Relative proportion of the different conflict contexts in A) Goodman´s mouse lemur in the 

reproductive season (N = 8 dyads), B) Goodman´s mouse lemur in the non-reproductive season (N = 9 

dyads), C) gray mouse lemur in the reproductive season (N = 15 dyads), D) gray mouse lemur in the 

non-reproductive season (N = 13 dyads). 
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Long-term stability of dominance in the Goodman´s mouse lemur 

The repeatability and thereby the stability of conflict rates between the two successive 

breeding seasons was r = 0.4 (±0.19, 95% CI = 0.06 – 0.86) as calculated from values 

provided by the ANOVA [see Table 4.9, r calculated after Lessells and Boag 1987]. This 

value indicates a moderate degree of stability [Harper 1994]. Indeed, the dyadic results 

showed some variability, with two dyads decreasing their conflict rates by more than 50% 

whereas two dyads showed an increase by more than 100% between the two breeding seasons 

(Table 4.8). The remaining three dyads had roughly stable conflict rates across the two years 

(see Figure 4.2 for variability of conflict rates between dyads).  

 

Table 4.9: Results of the ANOVA used to calculate the repeatability of conflict rates. Repeatability 

was calculated from MSA = 4620, MSW = 913, n0 = n = 7, based on Lessels and Boag [1987]. 

 df Sum Sq Mean Sq F  P 

Dyad 6 27720 4620 5.061 <0.001 

Residuals 35 31950 913   

 

 

 

Figure 4.2: Number of conflicts in three experiments per dyad (= conflict rate) during the reproductive 

seasons in 2012 and 2013, respectively.  

 

Since only twelve conflicts were undecided in both reproductive seasons the 

comparison between the relation of decided and undecided conflicts was not further 

investigated. The comparison of the models revealed that the factor dyad had an influence 

whether a conflict was decided in favor of the male or of the female, that is, that dyads 

differed in their conflict decisions (Likelihood Ratio Test, X
2
 = 22.95, df = 6, P < 0.001).  
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In contrast, the successive addition of the factor year did not improve the model 

significantly (Likelihood Ratio Test, X
2
 = 0.30 df = 1, P = 0.588) indicating that both years 

did not differ significantly from each other. The analysis of the dominance on the dyadic level 

revealed that 86% of dominance relationships were stable for at least one year, including the 

one case of male dominance in dyad W. Only one dyad (S, 14%) changed its dominance 

relationship from undecided (year 1) to female-dominant (year 2).  

 

Determinants of marking behavior 

The model that best explained the total marking behavior of males and females included 

the factors species, season, and absolute age of male or female in combination with 

dominance status. The results of the model (Table 4.10) revealed that species had a significant 

influence in both sexes, whereas season only had a significant impact in females (2.3 times 

higher marking rate during the reproductive season; 95% CI: 1.5 - 3.8). Furthermore, both 

sexes of the gray mouse lemurs marked more frequently than the Goodman´s mouse lemurs 

(females: 7.3 times more, 95% CI: 3.6 - 15.0; males: 1.7 times more, 95%CI: 0.8 - 3.4). 

 

Table 4.10: Best model of factors influencing the marking behavior males or females. Predictor 

variables: species, season, and absolute age as well as dominance status of males or females. Dyad, 

season and number of experiment were included as random factors. Significant influences of factors 

are shown in bold. DomMsub = subordinate male, DomMundec = undecided dominance relationship, 

DomFsub = subordinate female, DomFundec = undecided dominance relationship. 

Sex Predictor variable Estimate ±SE Z Value P 

Males 

Intercept 1.163 0.597 1.949 0.051 

Species 0.910 0.442 2.056 0.040 

Season 0.400 0.336 1.193 0.233 

Absolute age males 0.043 0.070 0.619 0.536 

DomMsub -0.643 0.638 -1.008 0.314 

DomMundec -1.080 0.602 -1.793 0.073 

Females 

Intercept 0.393 0.546 0.720 0.472 

Species 1.960 0.357 5.485 <0.001 

Season 0.619 0.273 2.269 0.023 

Absolute age females 0.108 0.071 1.525 0.127 

DomFsub -0.513 0.542 -0.947 0.344 

DomFundec -0.361 0.326 -1.108 0.268 

 

4.4 Discussion 

Female dominance in gray and Goodman´s mouse lemurs  

Females in both species were able to win the majority of conflicts (M. murinus 76%, M. 

lehilahytsara 75%), even when seasonal changes were considered. However, the percentages 

of conflicts won by females were markedly higher in the reproductive season (Table 4.4). 

Since the superiority of females was not limited to the feeding context, female dominance 
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extended beyond a female feeding priority in both species of mouse lemurs. Overall, the gray 

and the Goodman´s mouse lemur showed a moderate form of female dominance, contrary to 

the expectations. This study is the first one investigating female dominance in Goodman´s 

mouse lemurs, whereas intersexual dominance relationships have been studied before in gray 

mouse lemurs in captivity as well as in the wild [Radespiel and Zimmermann 2001; Genin 

2003; Génin 2013]. In contrast to the results in this study, female gray mouse lemurs were 

previously found to be unambiguously dominant over males. Possibly, these differences could 

be explained by methodological differences: the studies of Génin [2003; 2013] were 

conducted on small numbers of wild as well as captive individuals in the non-reproductive 

season and the expression of female dominance was closely connected to the feeding context. 

Radespiel and Zimmermann [2001] observed female dominance in the reproductive season 

(during estrus) in animals, which were permanently grouped with members of the opposite 

sex for 20 days.  

This study also presents data on agonistic behavior in the reproductive season, but the 

females were in interestrus. On the basis of the existing data, we cannot decide whether the 

stage of the estrus cycle and housing conditions may have intensified the female dominance in 

the study of Radespiel and Zimmermann [2001]. In addition, the present study recorded all 

behaviors of both partners with three different cameras, allowing observations even in areas 

with restricted view (e.g., in nest boxes) and detailed frame-by-frame analysis of behaviors, 

which is an advantage compared to the former studies.  

 

Female dominance in mouse lemurs 

So far, female dominance has only been investigated in five out of 21 currently 

described mouse lemur species [Rasoloarison et al. 2013] and the question about the existence 

of female dominance in other species needs to be further elucidated. Female dominance is at 

least suggested to be present in the gray, gray-brown, Goodman´s and Madame Berthe´s 

mouse lemur [Radespiel and Zimmermann 2001; Dammhahn and Kappeler 2005; Génin 

2013, and this study], whereas this behavior is absent in the golden-brown mouse lemur 

[Eichmueller et al. 2013]. Due to the presence of female dominance in Goodman´s mouse 

lemurs (this study) it is likely that female dominance indeed represents an ancestral trait at 

least for mouse lemurs, since it seems to be equally present in the grayish as well as in the 

reddish mouse lemur clade, which originated from the same mouse lemur ancestor [Olivieri et 

al. 2007]. The absence of female dominance in the golden-brown mouse lemur might 
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represent a case of a species-specific loss of this behavior, as seen in the genus Eulemur 

[Petty and Drea 2015]. 

Given the omnivorous and solitary foraging habits of mouse lemurs, it was previously 

suggested that food may not be the principal resource that the sexes may compete for. The 

sleeping site hypothesis [Eichmueller et al. 2013] suggests ecological differences in shelter as 

a basis for the variable expression of female dominance in mouse lemurs. Female gray mouse 

lemurs form stable sleeping groups in tree holes and perform communal breeding [Martin 

1972; Radespiel et al. 2001; Eberle and Kappeler 2003; 2006], whereas males are not 

involved in raising offspring and typically sleep alone at sleeping sites of lower quality 

[Radespiel et al. 1998; Radespiel 2000]. Consequently, females depend more on restricted 

tree holes for reproduction, especially during the reproductive season and this sex-specific 

difference or cost asymmetry might cause the relatively high intolerance of females towards 

males or the expression of female dominance in this species [Dunham 2008; Eichmueller et 

al. 2013]. The golden-brown mouse lemur, on the contrary, sleeps in mixed-sex groups in 

nests of lower quality and does not express female dominance [Weidt et al. 2004; Eichmueller 

et al. 2013]. This species lives sympatrically with gray mouse lemurs in northwestern 

Madagascar and it is unknown so far whether interspecific competition between the gray and 

the golden-brown mouse lemur has forced the latter species to use alternate sleeping sites to 

tree holes. However, golden-brown mouse lemurs built sleeping nests by themselves in both 

sites of sympatry and allopatry, which are successfully used for infant rearing [Thorén et al. 

2010]. Although the sleeping site hypothesis might apply to the sympatrically living gray and 

golden-brown mouse lemur, it cannot be easily transferred to the Goodman´s mouse lemur as 

shown by the results of the present study. In contrast to the expectation, moderate female 

dominance was indicated in this species at least in the reproductive season, although it 

naturally seems to prefer sleeping in nests rather than high-quality tree holes 

[Randrianambinina 2001]. Thus, there must be other key variables besides high-quality 

sleeping sites which cause intersexual conflicts favoring female dominance in some mouse 

lemur species. 

Although the expression of female dominance in Goodman´s mouse lemurs was not 

limited to feeding contexts in this study, food might still represent an important key resource 

for female dominance in this species. The captive Goodman´s mouse lemurs were housed 

under photoperiodic changes but under constant high temperature and constant food supply. 

In contrast to most mouse lemur species in the wild [reviewed in Schülke and Ostner 2007], 

these captive animals do not enter prolonged seasonal torpor, although they show typical 
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seasonal variations in body mass, tail fattening and reproduction [Wrogemann et al. 2001; 

unpublished colony data]. In their natural habitat, however, all mouse lemur species were 

found to exhibit some degree of heterothermy, ranging from daily torpor (e.g., Madame 

Berthe´s mouse lemurs) to hibernation over several month (e.g., gray mouse lemur), and the 

type of inactivity depends on habitat, possibly sex and individual body condition [Dausmann 

2014]. Except of Madame Berthe´s and golden-brown mouse lemurs, all other Microcebus 

species also undergo periods of prolonged seasonal torpor or hibernation [Dausmann 2014]. It 

was suggested that the small body size of Madame Berthe´s mouse lemur and its low body 

weight [30 - 31g, Rasoloarison et al. 2000] is probably not sufficient to accumulate enough fat 

reserves to be inactive for extended periods [Dausmann 2014]. The bigger and heavier 

golden-brown mouse lemur [56 - 87g, Rasoloarison et al. 2000], however, could potentially 

exhibit prolonged torpor, but seasonal torpor has not been reported, which might be due to 

this species´ natural habitat in northwestern Madagascar [Schülke and Ostner 2007].  

Wild Goodman´s mouse lemurs were found to exhibit prolonged seasonal torpor 

during the non-breeding season [Randrianambinina et al. 2003] and their hibernation depends 

on ambient temperature as well as the body mass of the animals [Randrianambinina et al. 

2003]. In concordance with other mouse lemur species [reviewed in: Schülke and Ostner 

2007; Dausmann 2014], hibernation was more frequently used by females [Randrianambinina 

et al. 2003]. Goodman´s mouse lemurs prefer fruits over leaves [Ganzhorn 1988] and 

consequently females might depend more on availability of high quality food to gain enough 

weight and to obtain the necessary threshold to enter seasonal torpor. This scenario would 

cause a sex-specific difference helping to explain the expression of female dominance in this 

and also in other mouse lemur species. It needs to be further investigated whether competition 

in feeding situations plays a major role in wild Goodman´s mouse lemurs in contrast to the 

golden-brown mouse lemur, and which other factors might function as determinants of female 

dominance in this species.  

 

Influence of season  

The energy conservation hypothesis focuses on the idea that female dominance is an 

adaptation to high energetic demands during reproduction, to the seasonality in food 

abundance and to the climate unpredictability in Madagascar [Jolly 1984; Young et al. 1990; 

Wright 1999; Gould and Sauther 2007; Dunham 2008]. Although the females of the two 

mouse lemur species in this study won the majority of conflicts over the whole year, there 

was a strong seasonal influence. Total conflict rates were higher in the reproductive season 
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with an increased proportion of decided conflicts. Additionally, seasonal changes were visible 

in the number of decided dominance relationships on the dyadic level with a drastic decrease 

in female dominance relationships in the non-reproductive season. Seasonal changes in 

dominance expressions have also been found in other animals, e.g., in snowshoe hares where 

males are dominant during winter and females are dominant during spring and summer [Graf 

1981]. In many bird species, female dominance is restricted to the breeding season [listed in 

Smith 1980]. The results of the present study indicate that female dominance in the two tested 

mouse lemur species is predominantly present in the reproductive season, supporting the 

predictions made by the energy conservation hypothesis.  

 

Influence of age 

Individuals in various social systems establish their social dominance over time by 

interacting repeatedly with conspecifics [de Waal 1989; Pereira 1995] and age plays a major 

role in the settlement of dominance relationships since it is linked to different levels of 

experience [Fedigan 1983; Festa-Bianchet 1991; Clutton-Brock et al. 2001]. Only limited 

information is so far available about the influence of age on female dominance. Studies about 

the ontogeny of female dominance in ring-tailed lemurs [Pereira 2002] and gray mouse 

lemurs [Hohenbrink et al. 2015a] revealed that females start to become dominant around 

puberty (about 16 months age in ring-tailed lemurs and about 9 months age in gray mouse 

lemurs). Young female ring-tailed lemurs need a period of further seven months until their 

dominance is settled [Pereira 2002], whereas it is unknown at what age female dominance is 

completed in the gray mouse lemur. It is only known that one-year old gray mouse lemurs, 

which are sexually mature and breed successfully, are still socially immature [Hohenbrink et 

al. 2015b]. It was recently reported that especially young female gray mouse lemurs still 

differ in some social behaviors when being compared to fully grown individuals and they still 

show reduced aggressive behavior which in turn affects their dominance status [Hohenbrink 

et al. 2015b]. No information is so far available on the ontogeny of female dominance in the 

Goodman´s mouse lemur. Hohenbrink et al. [2015b] argued that in gray mouse lemurs sexual 

maturation precedes social maturation to compensate for their high predation pressure. 

Information on predation pressure on Goodman´s mouse lemurs is so far limited. Goodman et 

al. [1993] found remains of this species in barn owl pellets and additional predators [such as 

fossas, ring-tailed mongooses, harrier hawks and snakes, see Biebouw et al. 2009], which 

regularly prey on lemurs and are present in the natural habitat of Goodman´s mouse lemurs. 

Thus, a high predation risk can be also assumed for this mouse lemur species. Goodman´s 
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mouse lemurs are also able to sire and raise offspring within their first breeding season at 

about one year of age [Zimmermann and Radespiel 2014; unpublished colony reproductive 

data]. Thus, young individuals of this species might also be sexually mature but possibly not 

yet socially mature within their first breeding season. This might explain the occurrence of 

male dominance in the reproductive season in dyad W. The female was only one year old 

during the first series of experiments in the reproductive season and two years younger than 

her male partner. Under these conditions, it might be possible that her social immaturity led to 

the relatively high number of conflicts that were won by the older male. Interestingly, this 

case of male dominance remained stable even until the following reproductive season which 

supports the idea of long-term stability of the social relationships in mouse lemurs (see 

below).  

Finally, breeding experience of the female also had an influence on whether a conflict was 

decided by the male or female, because experienced females won more conflicts than 

inexperienced ones. Since older females were more likely to have been paired for breeding in 

the colony, this effect might also be influenced by the absolute age of females, which has not 

been further investigated within this study. Interestingly, only the experience of females 

influenced the results, indicating that they might have to learn how to dominate males 

[Radespiel and Zimmermann 2003], but this suggestion needs to be further investigated. 

 

Stability of female dominance in Goodman´s mouse lemurs 

Within primates, dominance relationships can be stable for several years, as it has been 

observed in vervet monkeys, baboons or Japanese macaques, often influenced by matriline 

effects [Bramblett et al. 1982; Hausfater et al. 1982; Chapais et al. 1991]. Nevertheless, 

periods of long stability can also be punctuated by periods of instability and rank changes 

[Samuels et al. 1987; Sapolsky 1992].  

In lemurs, intersexual dominance relationships and especially the stability of intersexual 

dominance relationships have been rarely investigated [but see Kappeler 1999]. Long-term 

studies showed stable female dominance in ring-tailed lemurs [in Kappeler 1993; Koyama et 

al. 2005], crowned lemurs [in Kappeler 1993] and in the Milne-Edwards´ sifaka [Pochron et 

al. 2003], although seasonal variations were not directly investigated. Furthermore, 

intersexual dominance relationships in the Alaotran gentle lemur were at least stable for 

several months during observations in the non-breeding season [Waeber and Hemelrijk 2003].  

One dyad with undecided dominance in the reproductive season (2012) changed to a 

female-dominant relationship when the two successive reproductive seasons in 2012 and 2013 



82 
 

were compared. All other dyads, which were decided in 2012, remained stable in their 

dominance expression when repeatedly tested in the successive reproductive season, 

indicating the stability of this behavior. The value for repeatability of conflict rates (r = 0.4) 

indicated moderate stability [Harper 1994]. This value matched well with the average 

repeatability of r = 0.37 of various behaviors that were recently evaluated in a meta-analysis 

across numerous taxa [Bell et al. 2009]. These findings led to the suggestion that the 

intersexual dominance relationships in the Goodman´s mouse lemurs were reasonably stable 

over time.  

The conflict rates on the dyadic level, however, differed significantly between dyads. In 

principle, stable variation of social behavior between dyads could indicate the existence of 

different personalities in mouse lemurs which may also govern their social and agonistic 

relationships with members of the opposite sex. Activity, exploration, boldness and shyness 

are personality traits which have already been described in gray mouse lemurs [Dammhahn 

2012; Dammhahn and Almeling 2012; Verdolin and Harper 2013], but the existence of 

personality in the social domain has not been investigated yet. However, only three dyads (P, 

U, W) had relatively stable conflict rates, whereas other dyads markedly decreased (Q, R) or 

increased (S, T) their number of conflicts between the two years. Based on the moderate 

repeatability and stability of conflict behavior it was not to decide with certainty whether the 

observed differences in dominance relationships between the pairs of Goodman´s mouse 

lemurs may result from different social personalities forming the dyads. Further studies need 

to clarify whether aggressive or amiable/peaceful characters in male as well as female mouse 

lemurs exist and how these personal traits might influence individual intersexual 

relationships.  

  

Influences on marking behavior 

Scent marks or the deposition of urine or feces may give information about an 

individual´s sex, age, spacing or reproductive state, but also about its dominance status [Ralls 

1971; Johnson 1973; Doty 1986; Setchell et al. 2010; Stockley et al. 2013]. Odor signals are 

used in intrasexual competition [Heistermann et al. 1989] and can delay or inhibit the 

reproductive function in subordinates [reviewed in: Stockley et al. 2013; Ziegler 2013], also 

in gray mouse lemurs [Schilling et al. 1984; Perret 1992]. In general, intrasexual comparisons 

of marking frequencies revealed that dominant males and dominant females mark at higher 

rates in comparison to subordinates [reviewed in: Ralls 1971; Stockley et al. 2013].  
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To our knowledge, intersexual comparisons and the influence of female dominance on 

marking behavior has not been investigated so far. The results of this study showed an 

improvement of the basic models when dominance was included, although the influence of 

dominance on marking behavior was not significant in one of the sexes. 

Female marking behavior, but not of the males, was influenced by the season with 

females marking significantly more frequently during the reproductive season. Mouse lemurs 

breed highly seasonally with a very short period of receptivity [2 - 4 hr, Perret 1992] and 

females may benefit from informing males about their sleeping sites [Braune et al. 2005], 

their nocturnal travel routes [Joly and Zimmermann 2011] and their reproductive state 

[Buesching et al. 1998] to increase encounter rates. Since mouse lemurs perform female mate 

choice [Craul et al. 2004; Schwensow et al. 2008] and males compete by scramble 

competition for access to females [Eberle and Kappeler 2002], it might be possible that males 

do not benefit from increased marking behavior as much as females. Likewise, studies on the 

ontogeny and maturation processes in gray mouse lemurs found sex-specific differences in the 

development of marking behavior and significantly higher marking rates in young females 

compared to young males [Hohenbrink et al. 2015a; b]. Furthermore, species-specific 

differences in social organization and ecology may explain why the gray mouse lemurs had 

higher marking frequencies than the Goodman´s mouse lemur in this study. Female gray 

mouse lemurs rely on high quality sleeping sites, which are marked after leaving the site at 

dusk [Braune et al. 2005]. More than that, they sleep in stable matrilineal groups, showing a 

high sleeping site fidelity by using a limited number of sites repeatedly [Radespiel et al. 1998; 

Radespiel et al. 2003] and scent marks might help to monopolize these places. In captivity, 

sleeping boxes were heavily marked by female gray mouse lemurs via substrate rubbing, 

resulting in a sex difference in marking behavior [Hohenbrink et al. 2015a]. Since Goodman´s 

mouse lemurs prefer to sleep in temporary nests in their natural environment 

[Randrianambinina 2001], which are probably changed more frequently, high marking rates 

related to sleeping sites might not be required. 

 

4.5 Conclusion  

This study elucidates that female gray and Goodman´s mouse lemurs win the majority 

of conflicts throughout the year, but that conflict rates and conflict decisions show species-

specific differences and are mainly influenced by season. The increase of conflict rates during 

the reproductive season in combination with the decrease of dominant females in the non-

breeding season highlights the importance of that time period, especially in females. Female 
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gray mouse lemurs sleep in unisex matrilineal groups and rely on high quality sleeping sites 

[Radespiel et al. 1998; Radespiel et al. 2003], which are used for cooperative breeding and 

infant parking [Martin 1972; Radespiel et al. 2001; Eberle and Kappeler 2003; 2006]. 

Consequently, females depend more on restricted tree holes for reproduction than males, 

which typically sleep alone [Radespiel et al. 1998], and this resource might represent a key 

variable for this species [Eichmueller et al. 2013]. This sex-specific difference or cost 

asymmetry in the use of sleeping sites may also explain the relatively high intolerance of gray 

mouse lemur females towards males or the expression of female dominance in this species 

[Dunham 2008; Eichmueller et al. 2013]. Contrary to our initial hypothesis, moderate female 

dominance was also found in Goodman´s mouse lemurs. This species predominantly sleeps in 

unisex groups preferring nests [Randrianambinina 2001; Jürges et al. 2013]. Therefore, the 

quality of sleeping sites seems to play a minor role in this species and other factors have to 

explain the occurrence of female dominance in this species. Wild Goodman´s mouse lemurs, 

especially females, were found to exhibit prolonged seasonal torpor during the non-breeding 

season [Randrianambinina et al. 2003]. However, prolonged inactivity found to be dependent 

on ambient temperature but also on body mass [Randrianambinina et al. 2003]. Under these 

conditions, any strategy that enables individuals to accumulate energy reserves may be 

beneficial, and female dominance may allow females to acquire that critical body condition 

more easily. This assumption needs to be further investigated, since female dominance in 

Goodman´s mouse lemurs was not exclusively expressed in feeding contexts within this 

study, which might, however, be due to constant food supply in captivity. 

Furthermore, this study documents the occurrence of female dominance in 

representatives of the reddish clade of mouse lemurs [Olivieri et al. 2007] for the first time, 

implying that this phenomenon indeed represents an ancestral trait at least for mouse lemurs 

and has been retained or disappeared [e.g., as in the golden-brown mouse lemur, Eichmueller 

et al. 2013] due to species-specific reasons [Hrdy 1981; Jolly 1984; Eichmueller et al. 2013; 

Petty and Drea 2015]. Further studies need to investigate the occurrence of female dominance 

in other mouse lemur species and its dynamics across the reproductive and non-reproductive 

season. Additionally, more behavioral and ecological data need to be collected to clarify 

which differences between species and/or sexes might explain the various expression of the 

phenomenon of female dominance within this genus and in lemurs in general.  
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4.7 Appendix 

Factors influencing the conflict rate 

Appendix 4.7.1: Results of the marginal model testing the influence of species on the conflict rate. 

Predictor variable = species. Dyad, season and number of experiment were included as random factors. 

mur = M. murinus. 

Predictor variable Estimate ±SE Z Value P 

Intercept 2.738 0.283 9.690 <0.001 

Species (mur) -0.914 0.360 -2.541 0.011 
 

 

Appendix 4.7.2: Results of the marginal model testing the influence of season on the conflict rate. 

Predictor variables = season. Dyad, season and number of experiment were included as random 

factors. R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 1.517 0.235 6.443 <0.001 

Season (R) 1.275 0.276 4.612 <0.001 
 

 

Appendix 4.7.3: Results of the marginal model testing the influence of age on the conflict rate. 

Predictor variables = age difference. Dyad, season and number of experiment were included as random 

factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.167 0.188 11.499 <0.001 

∆ Age 0.013 0.055 0.238 0.812 
 

 

Appendix 4.7.4: Results of the marginal model testing the influence of body mass difference on the 

conflict rate. Predictor variables = body mass difference. Dyad, season and number of experiment were 

included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.113 0.199 10.606 <0.001 

∆ Body mass 0.008 0.010 0.809 0.419 

 

 

Appendix 4.7.5: Results of the marginal model testing the influence of breeding experience of males 

on the conflict rate. Predictor variables = breeding experience of males Dyad, season and number of 

experiment were included as random factors. M (yes) = males had breeding experience. 

Predictor variable Estimate ±SE Z Value P 

Intercept 2.038 0.315 6.469 <0.001 

Breeding exp. M (yes) 0.201 0.392 0.513 0.608 
 

 

Appendix 4.7.6: Results of the marginal model testing the influence of breeding experience of females 

on the conflict rate. Predictor variables = breeding experience of females. Dyad, season and number of 

experiment were included as random factors. F (no) = females had no breeding experience. 

Predictor variable Estimate ±SE Z Value P 

Intercept 2.365 0.216 10.969 <0.001 

Breeding exp. F (no) -0.682 0.403 -1.693 0.091 
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Appendix 4.7.7: Results of the basic model testing the influence of species, season and age on the 

conflict rate. Predictor variables = species, season and age difference. Dyad, season and number of 

experiment were included as random factors. mur = M. murinus, R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 2.129 0.279 7.638 <0.001 

Species (mur) -1.006 0.316 -3.187 0.001 

Season (R) 1.310 0.269 4.872 <0.001 

∆ Age <-0.001 0.044 -0.005 0.996 
 

 

Appendix 4.7.8: Results of the full model testing the influence of species, season, age, body mass 

difference and breeding experience on the conflict rate. Predictor variables = species, season, age 

difference, body mass difference and breeding experience of males and females. Dyad, season and 

number of experiment were included as random factors. mur = M. murinus, R = reproductive season, 

M (yes) = male had breeding experience, F (no) = female had no breeding experience.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.492 0.531 4.639 <0.001 

Species (mur) -0.883 0.314 -2.809 0.005 

Season (R) 1.257 0.292 4.303 <0.001 

∆ Age -0.022 0.049 -0.438 0.662 

∆ Body mass <0.001 0.007 0.097 0.923 

Breeding exp. M (yes) -0.337 0.549 -0.614 0.539 

Breeding exp.F (no) -0.692 0.591 -1.171 0.242 
 

 

Factors influencing whether a conflict was decided or undecided 

Appendix 4.7.9: Results of the marginal model testing the influence of species on whether a conflict 

was decided or undecided. Predictor variables = species. Dyad, season and number of experiment were 

included as random factors. mur = M. murinus. 

Predictor variable Estimate ±SE Z Value P 

Intercept -5.141 0.613 -8.394 <0.001 

Species (mur) 2.056 0.695 2.958 0.003 
 

 

Appendix 4.7.10: Results of the marginal model testing the influence of season on whether a conflict 

was decided or undecided. Predictor variables = season. Dyad, season and number of experiment were 

included as random factors. R = Reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept -3.324 0.577 -5.760 <0.001 

Season (R) -1.031 0.691 -1.494 0.135 
 

 

Appendix 4.7.11: Results of the marginal model testing the influence of age on whether a conflict was 

decided or undecided. Predictor variables = age difference. Dyad, season and number of experiment 

were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept -3.932 0.403 -9.762 <0.001 

∆ Age -0.152 0.101 -1.512 0.131 
 

 

Appendix 4.7.12: Results of the marginal model testing the influence of body mass difference on 

whether a conflict was decided or undecided. Predictor variables = body mass difference. Dyad, 

season and number of experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept -0.048 0.441 -9.179 <0.001 

∆ Body mass 0.013 0.018 0.727 0.467 
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Appendix 4.7.13: Results of the marginal model testing the influence of breeding experience of males 

on whether a conflict was decided or undecided. Predictor variables = breeding experience of males 

Dyad, season and number of experiment were included as random factors. yes = males had breeding 

experience.  

Predictor variable Estimate ±SE Z Value P 

Intercept -3.884 0.644 -6.033 <0.011 

Breeding exp. (yes) -0.100 0.764 -0.131 0.896 
 

 

Appendix 4.7.14: Results of the marginal model testing the influence of breeding experience of 

females on whether a conflict was decided or undecided. Predictor variables = breeding experience of 

females. Dyad, season and number of experiment were included as random factors. no = females had 

no breeding experience. 

Predictor variable Estimate ±SE Z Value P 

Intercept -4.009 0.473 -8.472 <0.001 

Breeding exp. (no) 0.218 0.798 0.273 0.785 
 

 

Appendix 4.7.15: Results of the basic model testing the influence of species, season and age on 

whether a conflict was decided or undecided. Predictor variables = species, season and age difference. 

Dyad, season and number of experiment were included as random factors. mur = M. murinus, R = 

reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept -4.459 0.628 -7.099 <0.001 

Species (mur) 2.033 0.645 3.151 0.002 

Season (R) -1.104 0.602 -1.834 0.067 

∆ Age -0.120 0.085 -1.417 0.157 
 

 

Appendix 4.7.16: Results of the full model testing the influence of species, season, age, body mass 

difference, and breeding experience of males and females on whether a conflict was decided or 

undecided. Predictor variables = species, season, age difference, body mass difference, breeding 

experience of males (M) and females (F). Dyad, season and number of experiment were included as 

random factors. mur = M. murinus, R = reproductive season, yes = males had breeding experience, no 

= females had no breeding experience.  

Predictor variable Estimate ±SE Z Value P 

Intercept -3.195 1.056 -3.025 0.002 

Species (mur) 2.230 0.672 3.316 <0.001 

Season (R) -1.257 0.615 -2.043 0.041 

∆ Age 0.183 0.097 -1.881 0.060 

∆ Body mass 0.018 0.015 1.179 0.239 

Breeding exp. M (yes) -1.546 1.145 -1.350 0.177 

Breeding exp. F (no) -1.528 1.194 -1.279 0.201 
 

 

Factors influencing whether a conflict was decided by the male or the female 

Appendix 4.7.17: Results of the marginal model testing the influence of species on whether a conflict 

was decided by the male or the female. Predictor variables = species Dyad, season and number of 

experiment were included as random factors. mur = M. murinus. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.702 0.554 1.267 0.205 

Species (mur) 0.762 0.710 1.073 0.283 
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Appendix 4.7.18: Results of the marginal model testing the influence of season on whether a conflict 

was decided by the male or the female. Predictor variables = season. Dyad, season and number of 

experiment were included as random factors. R = Reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.341 0.404 0.843 0.400 

Season (R) 1.422 0.375 3.790 <0.001 
 

 

Appendix 4.7.19: Results of the marginal model testing the influence of age on whether a conflict was 

decided by the male or the female. Predictor variables = age difference. Dyad, season and number of 

experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.166 0.325 3.582 <0.001 

∆ Age 0.184 0.093 1.993 0.046 
 

 

Appendix 4.7.20: Results of the marginal model testing the influence of body mass difference on 

whether a conflict was decided by the male or the female. Predictor variables = body mass difference. 

Dyad, season and number of experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.115 0.378 2.954 0.003 

∆ Body mass 0.006 0.016 0.394 0.693 
 

 

Appendix 4.7.21: Results of the marginal model testing the influence of breeding experience of males 

on whether a conflict was decided by the male or the female. Predictor variables = breeding 

experience of males. Dyad, season and number of experiment were included as random factors. yes = 

males had breeding experience.  

Predictor variable Estimate ±SE Z Value P 

Intercept 0.654 0.584 1.119 0.263 

Breeding exp. (yes) 0.786 0.724 1.085 0.278 
 

 

Appendix 4.7.22: Results of the marginal model testing the influence of breeding experience of 

females on whether a conflict was decided by the male or the female. Predictor variables = breeding 

experience of females. Dyad, season and number of experiment were included as random factors. no = 

females had no breeding experience. 

Predictor variable Estimate ±SE Z Value P 

Intercept 1.725 0.360 4.793 <0.001 

Breeding exp. (no) -1.891 0.655 -2.889 0.004 
 

 

Appendix 4.7.23: Results of the basic model testing the influence of species, season and age on 

whether a conflict was decided by the male or the female. Predictor variables = species, season and 

age difference. Dyad, season and number of experiment were included as random factors. mur = M. 

murinus, R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept -0.047 0.523 -0.091 0.928 

Species (mur) 0.690 0.625 1.102 0.270 

Season (R) 1.381 0.371 3.721 <0.001 

∆ Age 0.181 0.087 2.089 0.037 
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Appendix 4.7.24: Results of the full model testing the influence of species, season, age, body mass 

difference, and breeding experience of males and females on whether a conflict was decided by the 

male or the female. Predictor variables = species, season, age difference, body mass difference, 

breeding experience of males (M) and females (F). Dyad, season and number of experiment were 

included as random factors. mur = M. murinus, R = reproductive season, yes = males had breeding 

experience, no = females had no breeding experience.  

Predictor variable Estimate ±SE Z Value P 

Intercept 0.722 0.843 0.856 0.392 

Species (mur) 0.918 0.527 1.741 0.082 

Season (R) 1.342 0.393 3.417 <0.001 

∆ Age 0.122 0.086 1.413 0.158 

∆ Body mass <-0.001 0.013 -0.017 0.987 

Breeding exp. M (yes) -0.443 0.865 -0.512 0.609 

Breeding exp. F (no) -2.041 0.897 -2.274 0.023 
 

 

Factors influencing the marking frequency of males 

Appendix 4.7.25: Results of the marginal model testing the influence of species on the frequency of 

marking behavior in males. Predictor variables = species. Dyad, season and number of experiment 

were included as random factors. mur = M. murinus. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.857 0.370 2.319 0.020 

Species (mur) 0.553 0.465 1.189 0.234 
 

 

Appendix 4.7.26: Results of the marginal model testing the influence of season on the frequency of 

marking behavior in males. Predictor variables = season. Dyad, season and number of experiment 

were included as random factors. R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.951 0.302 3.155 0.002 

Season (R) 0.486 0.354 0.375 0.169 
 

 

Appendix 4.7.27: Results of the marginal model testing the influence of age on the frequency of 

marking behavior in males. Predictor variables = total age males. Dyad, season and number of 

experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.073 0.424 2.534 0.011 

Total age males 0.029 0.082 0.356 0.722 
 

 

Appendix 4.7.28: Results of the marginal model testing the influence of dominance status on the 

frequency of marking behavior in males. Predictor variables = dominance status males. Dyad, season 

and number of experiment were included as random factors. DomMsub = male was subordinate, 

DomMundec = male dominance status was undecided.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.645 0.525 3.134 0.002 

DomMsub -0.112 0.602 -0.185 0.853 

DomMundec -0.510 0.581 -0.878 0.380 
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Appendix 4.7.29: Results of the marginal model testing the influence of conflict rate on the frequency 

of marking behavior in males. Predictor variables = conflict rate. Dyad, season and number of 

experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 0.965 0.271 3.562 <0.001 

Conflict rate 0.013 0.006 2.080 0.380 
 

 

Appendix 4.7.30: Results of the basic model testing the influence of species, season and age on the 

frequency of marking behavior in males. Predictor variables = species, season and total age of males. 

Dyad, season and number of experiment were included as random factors. mur = M. murinus, R = 

reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.496 0.542 0.914 0.361 

Species (mur) 0.526 0.470 1.118 0.264 

Season (R) 0.454 0.353 1.284 0.199 

Total age males 0.035 0.079 0.439 0.661 
 

 

Appendix 4.7.31: Results of the full model testing the influence of species, season, age, dominance 

status, and conflict rate on the frequency of marking behavior in males. Predictor variables = species, 

season, total age of males, dominance status of males and conflict rate. Dyad, season and number of 

experiment were included as random factors. mur = M. murinus, R = reproductive season, DomMsub 

= male was subordinate, DomMundec = male dominance status was undecided.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.020 0.617 1.652 0.099 

Species (mur) 1.078 0.467 2.306 0.021 

Season (R) 0.230 0.336 0.685 0.493 

Total age males 0.052 0.072 0.720 0.472 

DomMsub -0.907 0.655 -1.384 0.166 

DomMundec -1.090 0.594 -1.833 0.067 

Conflict rate 0.011 0.006 1.712 0.087 
 

 

Factors influencing the marking frequency of males 

Appendix 4.7.32: Results of the marginal model testing the influence of species on the frequency of 

marking behavior in females. Predictor variables = species. Dyad, season and number of experiment 

were included as random factors. mur = M. murinus. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.946 0.278 3.401 <0.001 

Species (mur) 1.984 0.344 5.762 <0.001 
 

 

Appendix 4.7.33: Results of the marginal model testing the influence of season on the frequency of 

marking behavior in females. Predictor variables = season. Dyad, season and number of experiment 

were included as random factors. R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 1.724 0.281 6.130 <0.001 

Season (R) 0.849 0.226 3.754 <0.001 
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Appendix 4.7.34: Results of the marginal model testing the influence of age on the frequency of 

marking behavior in females. Predictor variables = total age females. Dyad, season and number of 

experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 1.896 0.530 3.580 <0.001 

Total age females 0.064 0.108 0.595 0.552 
 

 

Appendix 4.7.35: Results of the marginal model testing the influence of dominance status on the 

frequency of marking behavior in females. Predictor variables = dominance status females. Dyad, 

season and number of experiment were included as random factors. DomFsub = male was subordinate, 

DomFundec = male dominance status was undecided.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.544 0.294 8.652 <0.001 

DomFsub -1.782 0.584 -3.052 0.002 

DomFundec -0.264 0.357 -0.740 0.459 
 

 

Appendix 4.7.36: Results of the marginal model testing the influence of conflict rate on the frequency 

of marking behavior in females. Predictor variables = conflict rate. Dyad, season and number of 

experiment were included as random factors.  

Predictor variable Estimate ±SE Z Value P 

Intercept 2.019 0.286 7.054 <0.001 

Conflict rate 0.008 0.005 1.433 0.152 
 

 

Appendix 4.7.37: Results of the basic model testing the influence of species, season and age on the 

frequency of marking behavior in females. Predictor variables = species, season and total age of 

females. Dyad, season and number of experiment were included as random factors. mur = M. murinus. 

R = reproductive season. 

Predictor variable Estimate ±SE Z Value P 

Intercept 0.019 0.424 0.045 0.964 

Species (mur) 2.029 0.329 6.171 <0.001 

Season (R) 0.784 0.227 3.461 0.001 

Total age females 0.114 0.066 1.728 0.084 
 

 

Appendix 4.7.38: Results of the full model testing the influence of species, season, age, dominance 

status and conflict rate on the frequency of marking behavior in females. Predictor variables = species, 

season, total age of females, dominance status of females and conflict rate. Dyad, season and number 

of experiment were included as random factors. mur = M. murinus. R = reproductive season. DomFsub 

= male was subordinate. DomFundec = male dominance status was undecided.  

Predictor variable Estimate ±SE Z Value P 

Intercept 0.206 0.566 0.364 0.716 

Species (mur) 2.048 0.364 5.620 <0.001 

Season (R) 0.526 0.272 1.930 0.054 

Total age females 0.106 0.070 1.505 0.132 

DomFsub -0.406 0.536 -0.755 0.450 

DomFundec -0.225 0.332 -0.677 0.499 

Conflict rate 0.006 0.005 1.073 0.283 
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Chapter 5 - General discussion 

 

The phenomenon of female dominance was analyzed in three separate studies in two 

captive mouse lemur species, the gray and the Goodman´s mouse lemur. In the wild, the 

behavior of mouse lemurs is difficult to study due to their nocturnal activity, small body size 

and lifestyle. Therefore, observations in captivity have numerous advantages and the 

experiments within the scope of this thesis were conducted under controlled conditions 

minimizing external influences. The results, however, can be influenced by captivity effects 

(see chapter 5.3) and cannot be transferred automatically to wild populations.  

First, the ontogeny of female dominance in combination with the development of 

dominance-related behaviors in young gray mouse lemurs was investigated. Second, and 

based on the results of the first study, the schedules for the completion of the sexual and 

social maturation in this species were compared in more detail. Finally, several proximate 

determinants of female dominance were evaluated in both species. In particular, it was tested 

whether the factors species, season and age influence conflict rates, conflict decisions and the 

expression of female dominance.  

This thesis provides important and new information about the development of 

behavioral traits and the expression of female dominance and its determinants in gray and 

Goodman´s mouse lemurs. Additionally, the relevance of possible key variables that could 

cause sex-specific cost asymmetries and therefore might explain the superiority of female 

mouse lemurs will be discussed in the following as well as the relevance of current 

hypotheses on the evolution of the variable pattern of female dominance in lemurs. More than 

this, some results of the actual thesis raise new questions and give potential for further 

investigations in captivity as well as in the wild (see below). 

 

5.1 Ontogeny of dominance-related behaviors  

Development of play behavior 

The comparison between juvenile, adolescent and young adult gray mouse lemurs 

revealed that the number of playing dyads decreased with increasing age and that also the 

duration of play was reduced, although not significantly. Adult-adult play exists in several 

primate species [reviewed in Pellis and Iwaniuk 2000] including diurnal [Palagi 2009] and 

nocturnal lemurs [Pagés 1983]. In adult gray mouse lemurs, however, only mothers were 

reported to play with their offspring [Petter-Rousseaux 1964; Petter 1965; Glatston 1979; 

Kuhn 1989], but not in adult-adult combinations [Burghardt 2005]. Consequently, the 
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decrease in play behavior most likely illustrates the stepwise adaptation to the behavioral 

repertoire of adults (see chapters 3 and 5.2).  

Although play behavior changed over time, it was not influenced by sex in young adult 

gray mouse lemurs. In mammals in general, sex differences can be found for example in play- 

or fearfulness, aggression, or marking behavior [Gray 1971; Fadem and Cole 1985; Brown 

and Dixon 2000; Pochron et al. 2005; Clapham et al. 2014] and consequently, the behavior of 

males and females may develop differently during ontogeny. In primates, sex differences in 

play behavior mainly occur in species with strong sexual dimorphism and different sex-

specific roles in adults, as seen for example in vervet monkeys, tufted capuchins, Japanese 

macaques or chimpanzees and gorillas [Fedigan 1982; Maestripieri and Ross 2004; Paukner 

and Suomi 2008]. For example, young female primates often show greater interest in infants 

than males, whereas males are more playful than female peers and prefer rough-and-tumble 

play [Owens 1975; Caine and Mitchell 1979; Fedigan 1982; Meaney et al. 1985; Fagen 2002; 

Fairbanks 2002; Nash 2002; Maestripieri and Ross 2004; Foerster and Cords 2005]. This play 

type helps to acquire fighting skills and to prepare males for later intrasexual competition for 

high dominance ranks and for the access to receptive females by exploring their own strength. 

Due to the connection between play, the development of physical strengths, fighting 

capabilities and later dominance positions, reversed sex roles in play could be suggested in 

species with female dominance. It might be possible that females of female-dominant species 

prefer more aggressive play types compared to male peers or in comparison to females of 

male-dominant species. However, this could not be shown in this study, since no sex-specific 

differences in play initiation or in the preference of a certain play type were found in gray 

mouse lemurs (see chapter 2). Likewise, no sex difference in play behavior was found in ring-

tailed lemurs, a species where adult females are also dominant over male conspecifics [Gould 

1990; Pereira 2002]. The lack of sex-specific differences in play behavior in gray mouse 

lemurs might be caused by similar adult roles of males and females. Gray mouse lemurs are 

sexually monomorphic [Fietz 1998; Schmid and Kappeler 1998] with the exception of a 

seasonally fluctuating sexual dimorphism in body mass [Schmid and Kappeler 1998]. Both 

sexes occupy non-exclusive home ranges and forage solitarily [Martin 1972a; b; Radespiel 

2000] and therefore face similar challenges during the night. Thus, play behavior in young 

males and females may not show any differences, since its preparatory function for their 

nocturnal and semi-solitary lifestyle may not be so different for the two sexes of mouse 

lemurs. 
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Development of social tolerance 

Social tolerance (i.e., the duration of stay in a confined space) decreased over the first 

year of life in young adult gray mouse lemurs (chapter 2). In principle, both the degree of 

tolerance and the motivation for social contact might vary between species, sexes, and 

seasons, and may vary with age and dominance status and can therefore change considerably 

over time. Especially dominance relationships can shape social tolerance. On the one hand, 

the duration to stay in close proximity can decrease, if dominant animals do not accept 

subordinate animals in close distance, or because subordinate might not feel comfortable in 

close proximity to dominant individuals. On the other hand, high social tolerance may reflect 

a low competitive potential, if dominant animals explicitly accept subordinates in close 

proximity [de Waal 1986a; de Waal 1989].  

In the actual thesis, the tolerance to stay in a confined place first increased when the 

animals developed from juveniles to adolescents, but decreased when adolescent gray mouse 

lemurs became young adults. Based on the actual results it cannot be concluded whether the 

changes in social tolerance resulted from age- or seasonal-dependent differences in the 

animals´ activity or from changes in tolerance connected to the development of dominance 

relationships around puberty. Furthermore, it might be possible that social tolerance plays a 

minor role between male and female gray mouse lemurs in comparison to group-living 

primates, where social tolerance was suggested to be important for the evolution of large 

multi-male/multi-female groups [see Blanckenhorn 1990]. Since both sexes of mouse lemurs 

forage solitarily for food during the night and meet only occasionally, tolerating individuals of 

the opposite sex, for example in close proximity at feeding sites, might not be relevant. Male 

and female gray mouse lemurs intend to meet only during the reproductive season for 

breeding during the short receptive period of females [Perret 1992].  

Intrasexual social tolerance, in comparison, should be important for female gray mouse 

lemurs. Females sleep in stable matrilineal groups during the day [Radespiel 2000; Radespiel 

et al. 2001] and rear their offspring communally in group nests [Eberle and Kappeler 2006] 

and the acceptance of other females in close proximity might therefore be relevant, in 

particular among related individuals [de Waal 1986b]. So far, a comparison of aggression 

among female primates revealed low agonism between female strepsirrhines in comparison to 

other primate suborders [Wheeler et al. 2013]. However, only three strepsirrhine species 

(Propithecus verrauxii, Varecia variegata, Eulemur fulvus) were included, none of them 

strictly nocturnal or living in a comparable social organization to gray mouse lemurs. 

Therefore, the interesting question remains, whether female gray mouse lemurs might be 
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more tolerant towards other females (especially kin) than towards males, and how this 

intrasexual tolerance develops or changes over time.  

 

Development of marking behavior 

Age-dependent changes in marking behavior and in the chemical composition of scent 

marks [Dixson et al. 1980; Hoage 1982; Macdonald et al. 2008; Palagi et al. 2002; Setchell et 

al. 2010] lead to the suggestion that ontogenetic changes occur in the use of olfaction. Three 

different types of marking behavior are known from mouse lemurs: substrate rubbing, 

anogenital marking and urine washing [Glatston 1979; Buesching et al. 1998]. All three types 

of marking were present in the youngest age category (4 – 5 months) of mouse lemurs and 

therefore must have developed before that time. No significant developmental change in the 

use of the three marking types was found in males across the three age classes, whereas 

females marked significantly more often when being young adult compared to being juvenile. 

Additionally, sex differences in marking behavior were found in adolescents and young adults 

with females showing significantly more substrate rubbing and urine washing than males 

(chapter 2). Although the precise function of single marking types in gray mouse lemurs is not 

known so far, these sex differences might be due to varying functions of marking behavior in 

males and females. Under natural conditions, males significantly enlarge but do not defend 

their home range at the beginning of the mating season in search for estrus females [Radespiel 

2000; Eberle and Kappeler 2004]. Females, however, may benefit from informing males 

about their sleeping sites [Braune et al. 2005], their nocturnal travel routes [Joly and 

Zimmermann 2011] and their reproductive state [Buesching et al. 1998] by olfactory cues. 

Providing this information olfactorily can attract males, can increase encounter rates, and 

thereby can help to ensure fertilization during the very short period of receptivity [2 - 4 hr, 

Perret 1992]. Therefore, and in this scenario, the marking of substrate might play a major role 

for the successful reproduction of solitarily ranging females but may be of less relevance for 

males.  

Furthermore, the higher frequency of substrate rubbing in females in comparison to 

males might also be explained by the importance of sleeping sites as a resource for females. 

Within this thesis, substrate rubbing occurred mostly within the sleeping boxes (data not 

presented), that is, the sleeping site itself was marked. In gray mouse lemurs, females sleep in 

stable groups in high-quality sleeping sites [Radespiel et al. 1998] that are limited resources 

[Lutermann et al. 2006]. Natural sleeping sites serve to protect the females from predation and 

hypothermia, are important for raising offspring [Radespiel et al. 1998; Schmid 1998; Eberle 
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and Kappeler 2006; Lutermann et al. 2006; 2010], and were seen to be marked by individuals 

[Braune et al. 2005]. Given that sleeping sites are frequently changed but used repeatedly 

[Radespiel et al. 1998], females might use substrate rubbing to mark those places as their 

property and to thereby prevent their use by other probably competing sleeping groups. 

Further investigations are needed to elucidate the individual use of certain marking types in 

male and female gray mouse lemurs in specific contexts to determine the functions, costs and 

benefits of the different marking behaviors in this species.  

 

5.2 Sexual and social maturation in gray mouse lemurs 

According to the literature, gray mouse lemurs reach their sexual maturity relatively 

early in comparison to other primates. This becomes obvious when the mean age of sexual 

maturation (represented by the age of first reproduction in females) relative to the mean 

maximal recorded life span is compared between different primate genera [data from: Ernest 

2003; Zimmermann and Radespiel 2014]. As a result, gray mouse lemurs belong to the four 

“fastest” primates out of 135 species, reaching sexual maturity after only 4.5% of their 

lifetime. A similarly early sexual maturity can only be found in a few other strepsirrhines 

(Loris tardigradus, Varecia variegata and Galago moholi). In general, strepsirrhines 

complete their sexual maturation when approximately 9.5% of their lifetime have passed [N = 

36 species, range 4.2% - 33.3%, data from Ernest 2003; Zimmermann and Radespiel 2014], 

whereas haplorrhines reach sexual maturation approximately after 14.8% of their lifetime 

(N = 99 species, range 5.9% - 57.1%).  

The time of completion of social maturation in primates, that is, the time when young 

individuals have acquired the behavioural level and repertoire of adults has been rarely 

studied. The comparison of physiological and behavioral features between young adult and 

fully grown gray mouse lemurs (chapter 3) confirmed that young animals, aged about 12-13 

months, have reached sexual maturity within the first breeding season. Young adult males had 

similar sized testes compared to fully adult animals; young adult females had repeated regular 

estrus cycles and both sexes had a similar breeding success when being compared to older 

individuals. Social maturation in gray mouse lemurs was characterized by quantifying play 

and marking behavior, allogrooming, and agonistic behavior as well as social tolerance and 

intersexual dominance. It was shown not to be completed simultaneously to sexual 

maturation, since young adult individuals and fully grown adults still differed in some 

behaviors. Play behavior was still observed in some young dyads, whereas play between 

adults is absent in gray mouse lemurs [Burghardt 2005]. Furthermore, differences were found 



102 
 

in the marking behavior and agonistic behavior in females, with higher rates in fully grown 

animals. Additionally, young individuals stayed together in direct contact or close proximity 

longer than older animals, which indicated higher social tolerance in this age group. Although 

females won the majority of conflicts in both age groups, only three out of eight young adult 

females were dominant over their male partner in the reproductive season (37.5%), whereas 

eight out of 15 fully grown females (53.3%) were dominant over their male partners. Only 

very limited information about different maturation processes in primates are available and 

the proximate and ultimate reasons for a decoupled social maturation remain unclear, but 

some important points will be discussed in the following.  

First of all, it is likely that the decoupling of sexual and social maturation represents an 

ancestral primate trait. Sexual maturation precedes social maturation in gray mouse lemurs 

(chapter 3) and in common brown lemurs [Chandler 1975], which both belong to the most 

basal primate clade, the strepsirrhines. Furthermore, sexual and social maturation are, for 

example, decoupled in platyrrhines [golden lion tamarins, Hoage 1982], male catarrhines 

[eight cercopithecine species, Gautier-Hion and Gautier 1976], male chimpanzees [Kraemer 

et al. 1982] and humans [Gluckman and Hanson 2006; Herman-Giddens 2006]. Although the 

proximate mechanisms of decoupling of both maturation processes are unknown, the 

accelerated reproductive activity and sexual development in mouse lemurs may have been 

favored by natural selection as a response to very high predation risks. Gray mouse lemurs 

suffer from a very high predation pressure and have high turnover rates in natural populations, 

especially in young individuals [Goodman et al. 1993; Lutermann et al. 2006]. Many young 

individuals do not survive until first reproduction [median survival rate 10 months, 

Lutermann et al. 2006] and if they do, only half of them survive until their second breeding 

season [Lutermann et al. 2006]. Under these conditions, natural selection can be expected to 

favor fast developmental schemes and accelerated sexual maturation. It is thereby ensured that 

young gray mouse lemurs may reproduce within their first breeding season, whereas the full 

social behavioral repertoire of adults is acquired later on. 

Second, it is likely that natural selection acts differently on male and female gray mouse 

lemurs. Interestingly, age-related changes in this thesis were found in pair behaviors (play 

behavior, duration of body contact and social tolerance) or in female behavior (female 

marking and aggressive behavior), but not in male behaviors. Consequently, there should be 

some reasons why a) young male gray mouse lemurs reach social maturation faster than 

same-aged females or, alternatively, why b) females need an extended time for their social 

maturation in comparison to same-aged males. Both sexes of young gray mouse lemurs have 
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to face similar challenges during the night, that mainly differ in two aspects: 1) females are 

predominantly philopatric whereas males usually disperse from their natal home ranges when 

they are up to seven months old [Radespiel et al. 2003a; Eberle and Kappeler 2004] and 2) 

females sleep and rear their infants in stable groups consisting of close kin of varying ages 

[Radespiel et al. 2001; Eberle and Kappeler 2006], whereas males mostly sleep alone 

[Radespiel et al. 1998]. The presence of mothers increased the survival rate of their daughters 

to their first breeding season [Lutermann et al. 2006] and it is possible and highly likely that 

young females also benefit from the presence and experience of other older adult females in 

the sleeping group in the context of sleeping site defense and communal rearing of offspring 

[Braune et al. 2005; Eberle & Kappeler 2006; Lutermann et al. 2006]. These matrilineal 

groups may therefore partially compensate for the time lag in the full development of the 

social repertoire of its young members and may even facilitate the stepwise acquisition of the 

complete behavioral repertoire of adult females. A comparable social environment is missing 

in young males, since young male gray mouse lemurs have already left their natal groups at 

the beginning of their first reproductive season [Radespiel et al. 1998]. Therefore, they 

probably have to complete social maturation faster than same-aged females, because they 

have to find and establish their own home range by themselves to prevail in intraspecific 

competition and to be accepted as potential mates by females. Within the scope of this thesis 

this assumptions cannot be further tested and more behavioral data on young male and female 

gray mouse lemurs need to be investigated to further test this assumption.  

 

5.3 The evolution of female dominance in mouse lemurs 

Different hypotheses have been formulated to explain why the phenomenon of female 

dominance can be more frequently found in Malagasy lemurs than in other mammals. Most 

promising are suggestions that female dominance A) represents an ancestral trait [Hrdy 1981; 

Jolly 1984; Eichmueller et al. 2013], B) is a male reproductive strategy [Hrdy 1981; Jolly 

1984], C) functions to satisfy higher energetic demands of females during reproduction 

[energy conservation hypothesis, Jolly 1984; Wright 1999; Gould and Sauther 2007; Dunham 

2008] or D) helps to monopolize high quality sleeping sites, especially in nocturnal solitary 

foragers [sleeping site hypothesis, Eichmueller et al. 2013].  

These hypotheses predict that the expression of female dominance should depend on 

phylogeny, reproductive season, certain contexts (e.g., feeding) or species-specific traits (e.g., 

preference of sleeping sites), respectively. The influence of the factors species and season on 

the expression of female dominance in mouse lemurs was tested in chapter 4 of this thesis. 
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Since the expression of female dominance was found to be age-dependent and developed over 

time in ring-tailed lemurs [Gould 1990; Pereira 2002], age was additionally included as a 

potential influencing factor. On the basis of these findings, the relevance of the existing 

hypotheses explaining female dominance in gray and Goodman´s mouse lemurs will be 

discussed in the following. 

 

Ancestral primate condition hypothesis 

So far, female dominance has only been studied systematically in gray and golden-

brown mouse lemurs [Radespiel and Zimmermann 2001; Eichmueller et al. 2013]. Both 

mouse lemur species belong to two different mouse lemur lineages, the grayish (e.g., gray 

mouse lemur) and the reddish lineage (e.g., golden-brown mouse lemur) that split apart about 

nine million years ago [Olivieri et al. 2007; Thiele et al. 2013]. Since female dominance was 

present in gray mouse lemurs [Radespiel and Zimmermann 2001], but absent in golden-brown 

mouse lemurs [Eichmueller et al. 2013], it was unclear whether this behavioral trait might be 

present in the reddish lineage at all. It could be shown in this thesis, however, that female 

Goodman´s mouse lemurs won the majority of conflicts year-round and moderate female 

dominance was expressed, especially during the reproductive season. Therefore, the 

expression of female dominance in a mouse lemur representative of the reddish lineage has 

been described for the first time and the results support the hypothesis that female dominance 

represents an ancestral trait, at least for mouse lemurs. 

A recently published study by Petty and Drea [2015] extended the hypothesis of female 

dominance representing an ancestral lemur trait. Female hormone profiles were investigated 

comparing female-dominant and non-female-dominant Eulemur species. Interestingly, 

dominant Eulemur females showed more masculine endocrine signatures compared to 

Eulemur species with females being co-dominant with males. Based on these results the 

authors suggested that female dominance, a consequence of female masculinization, may 

represent an ancestral lemur condition. So far, it is only known that female brown mouse 

lemurs (M. rufus, reddish clade) do not have higher testosterone levels than males [Zohdy et 

al. 2014], but it is unknown whether females are dominant over males in this species. 

Additionally, mouse lemur hormone profiles for female-female comparisons are currently not 

available, but the approach made by Petty and Drea [2015] is promising and should also be 

expanded to other lemur genera which are equally characterized by species-specific variations 

in the expression of female dominance.  
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Male strategy and energy conservation hypothesis 

Both, the hypothesis that female dominance is the result of a male reproductive strategy 

[Hrdy 1981; White et al. 2007] and the energy conservation hypothesis [Jolly 1984; Young et 

al. 1990; Wright 1999; Gould and Sauther 2007], indirectly implicate a stronger expression of 

this behavioral trait in the reproductive season and shall therefore be discussed together. The 

results of this thesis show that female dominance was indeed influenced by the factor season 

in both mouse lemur species. Although female gray as well as female Goodman´s mouse 

lemurs won the majority of conflicts throughout the year resulting in the overall expression of 

moderate female dominance, seasonal changes in agonistic behavior were observable. The 

conflict rates in the reproductive season were much higher and were accompanied by lower 

proportions of undecided encounters and a high number of conflicts that were won by 

females. Furthermore, more dominance relationships were decided in favor of the females on 

the dyadic level during that time. Interestingly, several males became dominant in the non-

reproductive season, especially in the Goodman´s mouse lemurs. During that time, male 

Goodman´s mouse lemurs were more often aggressive towards their female dyad partners in 

comparison to the reproductive season and females increased their submissive behavior 

towards males (data not presented). The function of this reversed dominance pattern remains 

unclear, but it is in concordance with the male strategy hypothesis. According to this, males 

would avoid intersexual conflicts during the reproductive season to save energy for 

intrasexual fights over potential mates [Hrdy 1981; Jolly 1984]. In the non-reproductive 

season, however, intra- and intersexual fights can be of equal importance and aggression 

towards females may reach a similar level as aggression towards other males. Further 

experiments with male-male dyads need to investigate whether males are more aggressive in 

intrasexual conflicts during the reproductive season and if male-male aggression is 

comparable to male-female aggression in the non-reproductive season.  

Overall, the results of this thesis clearly show that female gray and Goodman´s mouse 

lemurs are more aggressive during the reproductive season, but the proximate mechanism 

remains unclear. It is possible, however, that females invest more into fights, since they 

depend more on certain resources (e.g., food, shelter) during that time. Further behavioral 

observations investigating male-female dyads by comparing non-pregnant, pregnant and 

lactating females may help to clarify whether females differ in their aggression rates during 

particular reproductive states that are energetically more demanding than others. If so, it is 

expected that pregnant or lactating females fight more intensively for food than, for example, 

non-pregnant females to cope with their higher energetic demands. Proximately, it is likely 
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that changes in aggression levels of female mouse lemurs may be triggered by hormonal 

changes coinciding with different cycle stages and reproductive status. Female rhesus and 

vervet monkeys, for example, showed elevated aggression during the premenstrual period 

[Sassenrath et al. 1973; Rapkin et al. 1995]. Behavioral observation of male-female dyads in 

mouse lemurs with females in proestrus, estrus, metestrus and interestrus [for definitions see: 

Glatston 1979; Buesching et al. 1998] in combination with the assessment of hormone 

profiles could help to test the hypothesis that changes in aggression might be related to 

changes in the females hormone profiles.  

 

Sleeping site hypothesis 

Mouse lemur species differ in their sleeping site ecology and their grouping pattern 

during the day. As already mentioned female gray mouse lemurs sleep in stable groups 

heavily relying on limited high quality sleeping sites such as tree holes. In this species, tree 

holes are used for communal breeding and consequently, females depend more on this 

restricted resource for reproduction than males, which typically sleep alone at sites of lower 

quality [Radespiel et al. 1998]. Therefore, this resource might represent a key variable in this 

species [Eichmueller et al. 2013], since the sex-specific difference or cost asymmetry in the 

use of sleeping sites might act as a selective driver of the relatively high intolerance of gray 

mouse lemur females towards males and the maintenance of female dominance in this species 

[Dunham 2008; Eichmueller et al. 2013]. In line with this argument, the lack of female 

dominance in the golden-brown mouse lemur was explained by its different sleeping site 

ecology and group organization [Eichmueller et al. 2013]. Here, animals sleep in mix-sexed 

groups, preferring self-built nests, which are also used for successful infant rearing [Radespiel 

et al. 2003b; Randrianambinina et al. 2003; Weidt et al. 2004; Thorén et al. 2010]. Therefore, 

sleeping sites probably do not represent a key variable in this species, since they do not seem 

to be a limited resource. Furthermore, it is possible that the disappearance of female 

dominance in this species is also linked to the socialization of males and females in mix-sexed 

sleeping groups. The co-dominance of both sexes might be energy saving and less stressful 

compared to the maintenance of dominance ranks. Additionally, the number of fights is 

potentially reduced and consequently the risk of severe injuries is decreased.  

In Goodman´s mouse lemurs, both sexes sleep in unisex groups [Jürges et al. 2013] and 

prefer nests rather than tree holes for sleeping [Randrianambinina 2001]. Nevertheless, it 

could be shown in this thesis in contrast to the sleeping site hypothesis that female dominance 

is expressed in this species. Consequently, the need for high quality sleeping sites does not 
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seem to explain female dominance in this species and other cost asymmetries between the 

sexes must have caused that female dominance is retained in Goodman´s mouse lemurs.  

Alternatively, food might represent an important key resource in Goodman´s mouse 

lemurs and may explain the occurrence of female dominance in this species. Although the 

feeding context was not very prominent under the captive conditions in this thesis, more 

conflicts in the feeding context may occur under natural conditions. The diet of Goodman´s 

mouse lemurs in their natural habitat has not been studied in detail so far. It is known that 

they prefer fruits over leaves [Ganzhorn 1988] and that they are challenged by high seasonal 

climatic variations especially in temperature [Randrianambinina et al. 2003]. In contrast to the 

mouse lemurs in northwestern Madagascar, both sexes of Goodman´s mouse lemurs – but 

mainly females – showed prolonged seasonal torpor at low ambient temperatures during the 

months of the non-reproductive season in the montane rainforests of eastern Madagascar 

[Randrianambinina et al. 2003]. The potential to enter seasonal torpor or hibernation most 

likely depends on the ambient temperature and the individual body condition [Dausmann 

2014], and this also applies to Goodman´s mouse lemurs [Randrianambinina et al. 2003]. The 

variable distribution of seasonal torpor in mouse lemurs across Madagascar alone indicates 

that the energetic demands for mouse lemurs are not evenly distributed across the island. 

Accumulating enough fat reserves to allow seasonal torpor and thereby increase the survival 

rate and save energy in the subsequent lean season may explain why female Goodman´s 

mouse lemurs and maybe some other mouse lemur species as well benefit from and retain 

female dominance in the rather harsh environments of the island.  

Accordingly, female gray mouse lemurs employ seasonal torpor during the dry season 

in Kirindy [Schmid and Kappeler 1998] and they accumulate fat reserves in advance [Schmid 

2001]. Furthermore, only heavier animals use torpor whereas lighter ones stay normothermic 

[Schmid 2001]. Therefore, food might indeed represent the second key resource in this 

species besides high-quality sleeping sites explaining the expression of female dominance 

observed across Madagascar. Golden-brown mouse lemurs, however, lack the phenomenon of 

female dominance [Eichmueller et al. 2013] and are one of two species of mouse lemurs 

which do not hibernate [Randrianambinina et al. 2003; Schülke and Ostner 2007]. The second 

species, the Madame Berthe´s mouse lemur, use daily torpor, but does not hibernate since it is 

probably too small to accumulate enough fat reserves to be inactive for extended periods 

[Dausmann 2014]. The larger and heavier golden-brown mouse lemur, however, could 

potentially exhibit prolonged torpor, but neither this species nor the sympatric gray mouse 

lemur does employ this energy saving strategy in northwestern Madagascar, which might be 
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due to relatively relaxed environmental conditions in these natural habitats (e.g., longer rainy 

season, higher temperatures) [Schülke and Ostner 2007]. Thus, it remains an interesting 

question whether competition in the feeding context plays a major role in wild Goodman´s 

mouse lemurs and which other factors might function as key drivers of female dominance in 

this species.  

 

5.4 Overall conclusion 

This thesis presents new information about the behavioral phenomenon of female 

dominance in mouse lemurs. Similar to diurnal ring-tailed lemurs, the first occurrence of this 

behavioral trait was documented in young gray mouse lemurs around puberty. Female 

dominance relationships, however, were not completely settled within the first year and 

further investigations need to clarify at what age gray mouse lemurs become socially mature 

and have acquired the behavioral repertoire of adults. The actual results provide first evidence 

that social maturation lags behind sexual maturation in this ancestral primate model, 

indicating that these two developmental schemes may have been decoupled early and 

throughout the primate lineage, representing a symplesiomorphic trait. In gray mouse lemurs, 

the accelerated reproductive activity in males and females might be an adaption to very high 

predation pressures in this species. Additionally, the results of this thesis indicate that natural 

selection probably acts differently on males and females, and that females may become 

socially mature at later ages than males. If so, there are two possibilities: 1) either social 

maturation is delayed in females compared to males or, alternatively, 2) social maturation is 

advanced in males compared to females. Both directions could potentially be explained by 

sex-differences in the social structure and organization of mouse lemurs and further 

investigations need to clarify if one assumption can be supported.  

Furthermore, the expression of female dominance in a representative of the reddish 

mouse lemur lineage, the Goodman´s mouse lemur, is demonstrated for the first time. These 

findings support the established hypothesis that female dominance most likely represents an 

ancestral trait in lemurs and that its expression remains or disappears due to species-specific 

reasons. Recently, high quality sleeping sites were suggested to represent one key variable 

explaining the dissimilar species-specific expression of female dominance in gray and golden-

brown mouse lemurs. Within this thesis it is suggested that food in combination with the 

exhibition of prolonged seasonal torpor represents a second key variable that causes sex-

specific cost asymmetries in mouse lemurs and consequently influences the expression of 

female dominance.  
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In conclusion, this thesis provides new insights into the development and expression of 

female dominance in mouse lemurs and offers new aspects for further investigations. More 

behavioral and ecological data need to be collected to test the new assumptions and to clarify 

which differences between species and/or sexes might explain the evolution of various 

expressions of female dominance within mouse lemurs and in lemurs in general.  
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