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Abstract 

This thesis examines the nature of male-female affiliation in Eulemur cinereiceps, 

specifically whether it consists of special relationships or a central male social structure. 

A special relationship includes an unrelated male and female adult who preferentially 

associate and affiliate with each other over all other individuals within the group. I also 

examine the flexibility of female foraging strategies in response to changes in resource 

availability and energy requirements. I tested the resource defence hypothesis, which 

proposes that reproductive females form special relationships with males to improve 

foraging success and offset the energetic costs of reproduction. Data were collected on 

two small groups in Mahabo forest, on the southeastern coast of Madagascar. Analysis of 

social structure data suggested central male structure when resources were scarce and 

central female structure during the period of relative resource abundance. The resource 

defence hypothesis was not supported by foraging data. 
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Chapter One: Introductory Chapter 

1.1 Introduction 

Mammalian social systems are inherently complex and varied due to the different 

interests of the individual members that create the system, and the ecological and 

biological constraints that influence the interests of individuals. Social systems are 

primarily defined by the quality and intensity of interactions between individuals (Hinde 

1976), which in turn are influenced by the distribution of risk and resources, as delineated 

in socioecological models (Crook 1970; Emlen and Oring 1977; Wrangham 1980; 

Terborgh and Janson 1986; Sterck et al. 1997; Isbell and Young 2002). 

The goal of this study is to present data on aspects of the three fundamental 

components of social systems (social organization, social structure, and mating system) 

(Struhsaker 1969; Rowell 1979, 1993) for a little known and critically endangered 

species of brown lemur: the white-collared lemur (WCL) (Eulemur cinereiceps 

Grandidier and Milne-Edwards 1890). I will also present data on the availability and use 

of food resources to evaluate whether their patterns conform to aspects of predictions 

derived from the social system. 

In this chapter I describe the evolutionary history of WCL and the current 

taxonomic classification of this species. I will also be describing the geographic 

distribution, habitat use, activity patterns, and diet of WCL. Because WCL belongs to the 

brown lemur species complex, and because relatively little is known about the 

components of WCL social systems, comparisons will be made to related species. These 

components consist of the mating system (including aspects such as sexual 

dimorphism/dichromatism, female reproductive strategies, male reproductive strategies, 
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and female reproductive biology), aspects of social organization (group size, sex ratio, 

and fission-fusion dynamics), and features of social structure (female dominance and 

quality of male-female relationships). 

1.2 Evolutionary history and distribution of white-collared lemurs 

 Eulemur cinereiceps belongs to the Suborder Strepsirrhini (E. Geoffroy Saint-

Hilaire 1812) within the Order Primates (Linnaeus 1758). Within the Suborder 

Strepsirrhini are the Infraorders Lemuriformes (Gray 1821), Chiromyiformes (Anthony 

and Coupin 1931), and Lorisiformes (Gray 1821). The geographical distribution of 

Lorisiformes includes Central Africa, Sri Lanka, India, and Southern Asia, while 

Lemuriformes and Chiromyiformes are found exclusively on the island of Madagascar 

(Gray 2005). The Infraorder Lemuriformes contains four families: Cheirogalidae (Gray 

1873), Lepilemuridae (Gray 1870), Indriidae (Burnett 1828), and Lemuridae (Gray 

1821).  The Family Lemuridae is composed of five genera: Hapalemur (I. Geoffroy 

1851), Lemur (Linnaeus 1758), Prolemur (Gray 1871), Varecia (Gray 1863), and 

Eulemur (Simons and Rumpler 1988). The number of species and subspecies within the 

genus Eulemur has varied substantially over time (Mittermeier et al. 1994; Goodman et 

al. 2003; Groves 2005; Mittermeier et al. 2008) and at present is still being debated 

(Groves 2001; Mittermeier et al. 2008; Johnson et al. 2008). A lengthy discussion and 

debate regarding the taxonomy of Eulemur is beyond the scope of this research; 

discussion will thus be limited to a subset of species within the genus. 

E. cinereiceps (white-collared lemur (WCL) = grey-headed lemur) belongs to the 

brown lemur species complex, which also includes the brown lemur (E. fulvus) and the 

collared lemur (E. collaris) (Johnson 2006). Some researchers held that E. fulvus includes 
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several subspecies, although the number of subspecies varies between three and six 

(Wyner et al 1999; Pastorini et al 2000; Groves 2001; Mittermeier et al 2008). E. 

cinereiceps and E. collaris are grouped in a clade which is thought to have recently 

diverged from E. fulvus and then split into two separate species (Hamilton et al. 1980; 

Rumpler 1989; Djelati et al. 1997). Prior to diversification, brown lemurs are believed to 

have originated in the humid forests of central-north Madagascar (Meyers and Absher 

1994, in Tattersall and Sussman 1998; Tattersall and Sussman 1998). Diversification may 

then have led to a northern clade and to the southern brown lemur species complex 

(Tattersall 1992). Eulemur cinereiceps and E. collaris were traditionally classified as 

subspecies of E. fulvus, but hybrid zone field studies and genetic analysis supported their 

establishment as full species apart from E. fulvus, at least according to the biological 

species concept and the phylogenetic species concept (Djelati et al. 1997; Wyner et al. 

1999; Johnson and Wyner 2000; Wyner et al. 2002; Mittermeier et al. 2006). The 

biological species concept contends that two species must be reproductively isolated from 

one another in order to be considered distinct (Mayr 1963). E. cinereiceps and E. collaris 

satisfy the previous condition in that they cannot produce fertile hybrids (Dutrillaux and 

Rumpler 1977; Johnson and Wyner 2000; Johnson 2002; Wyner et al. 2002). When 

either E. cinereiceps or E. collaris are crossed with E. f. fulvus, however, fertile hybrids 

are produced (Buettner-Janusch and Hamilton 1979; Rumpler 1975). The phylogenetic 

species concept considers the evolutionary ancestry and relatedness of species (Cracraft 

1989); cladistic analysis supported the separation of E. cinereiceps and E. collaris as 

these taxa have diagnostic traits not shared by E. fulvus (Wyner et al. 1999). 
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 WCL have been observed in the interior corridor and forest fragments along the 

southeastern coast of Madagascar (Johnson 2002; Ratsimbazafy 2002; Irwin et al. 2005) 

(Fig 1-1). WCL are found in lowland or montane rain forest (Johnson and Overdorff 

1999), and a small population resides in the littoral forest (this study). E. collaris is also 

found in southeastern Madagascar, their range beginning where WCL ends (at the 

Mananara River) and extending to the southern tip (Fort Dauphin) (Fig 1-1) in habitats 

similar to E. cinereiceps. E. fulvus occurs in the northwest, northern, western and eastern 

regions of Madagascar in both moist montane forests and dry deciduous forests 

(Tattersall 1982) (Fig 1-1).  

Like all lemurs, Eulemur species bear a significant conservation risk due to the 

human activities of logging, farming, mining, and hunting in Madagascar. E. cinereiceps 

has been included in the list of the world‟s 25 most endangered primates since 2004 

(Mittermeier et al. 2006; Mittermeier et al. 2007). Of all the brown lemurs in 

Madagascar, it is the species with one of the lowest population densities, residing in the 

most severely fragmented habitat (Johnson and Overdorff 1999; Irwin et al. 2005). WCL 

population density and habitat quality surveys were conducted in 1995, 1997, 2000, 2007, 

and indicated consistently low population densities and habitat quality (Johnson and 

Overdorff 1999; Johnson 2002; C. Ingraldi, unpublished data). In addition, WCL groups 

at Mahabo live in critically degraded fragments of littoral forest. Mahabo forest includes 

some of the few remaining littoral forest fragments, which are among the most degraded 

animal habitats in Madagascar (Johnson 2006). 
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Figure 1-1 Geographic distributions of species within the genus Eulemur. 

 

 

From Tattersall (1982) and Johnson (2006), with modified nomenclature 

(Mittermeier et al. 2008). (E. rufifrons = E. fulvus rufus). 
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Preliminary studies on the diet, habitat, population density, social organization 

and behaviour of WCL have been conducted (Johnson 2006), but relatively little is 

known about the social structure of this species. Given the close evolutionary relationship 

of E. cinereiceps, E. fulvus, and E. collaris (Johnson 2006), data collected on E. fulvus 

and E. collaris may provide useful background information for the formulation of 

predictions regarding WCL behaviour.  

1.3 Habitat use 

Brown lemurs are primarily arboreal, and rarely travel on the ground unless 

travelling between open patches (Sussman 1974, 1977; Dagosto 1995). Several 

researchers have reported that brown lemurs are found higher in the canopy than 

sympatric competitors, due perhaps to niche separation (Sussman 1974, 1977; Freed 

1996).  Overdorff (1996) did not find any evidence, however, of vertical stratification 

among sympatric species (E. fulvus rufus and E. rubriventer) with similar diets. Johnson 

(2002), who observed differences in vertical habitat use among non-sympatric brown 

lemur populations, theorized that variation may be due to differences in forest structure 

more so than niche separation.  

1.4 Activity pattern 

Mammalian activity patterns, also known as circadian locomotor activity 

(Kappeler and Erkert 2003), are regulated by the 24-hour day-night cycle (Aschoff 1960; 

Reppert and Weaver 2002). Within primates, three types of activity pattern are observed. 

Most haplorhines are diurnal, meaning that they are active during the day, while many 

strepsirhine species are nocturnal (active at night) (Martin 1990; Kappeler and Heymann 

1996).  If an animal is cathemeral, on the other hand, its activities are distributed over the 
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entire 24-hour cycle (Tattersall 1987). Cathemerality has been observed in several 

mammalian species including some rodents (Flowerdew 2000; Halle 2000), shrews 

(Merritt and Vessey 2000), mustelids (Zielinski 2000), eastern grey kangaroos (Clarke et 

al. 1995), Przewalski horses (Berger et al. 1999), populations of howler monkeys 

(Alouatta palliata) (Dahl and Hemingway 1988), populations of owl monkeys (Aotus 

azarai boliviensis) (Wright 1989), and species within the lemur genera Hapalemur and 

Eulemur (Curtis et al. 2006). Cathemerality, although pervasive among other mammalian 

groups, is quite rare among primates (Curtis and Rasmussen 2006). WCL, like all 

Eulemur species, are cathemeral. 

1.5 Diet 

Species within the brown lemur complex, with the exception of western E. fulvus 

rufus (Sussman 1977), are primarily frugivorous, though dietary flexibility is exhibited in 

the context of resource scarcity.  The production of fruit in Malagasy rain forests is 

highly seasonal and peaks in availability and scarcity may differ from one year to the 

next (Morland 1993; Overdorff 1996).  Lemurs may adapt to unpredictable fruit 

availability by adjusting their diet. Ripe fruit is the primary food source when available, 

and flowers and leaves comprise significant secondary sources of nutrition (Johnson 

2006). The proportion of these items in the diet of WCL at Vevembe closely resembles 

that of brown lemur populations elsewhere: fruit (approximately 66%), leaves (2-26%), 

flowers (4-13%) (Tattersall 1977; Overdorff 1991, 1993; Freed 1996; Vasey 1997, 2000; 

Rasmusen 1999; Johnson 2002, 2006; Ralainasolo et al. 2008). In times of fruit scarcity 

Pandanus flowers serve as a potential fall-back resource for WCL at Vevembe, a 

resource poor environment (Johnson 2002, 2006). 
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1.6 Social Systems 

Animal social systems are a complex network of relationships between 

individuals (Hinde 1976).  The diversity in social systems is determined by the level and 

intensity of interactions between group members, differences in mating systems and 

spatio-temporal cohesiveness (Hinde 1976; Gray 1985). How one individual interacts 

with another individual, however, is strongly influenced by extrinsic factors such as 

resource availability and environmental risk (Crook 1970; Emlen and Oring 1977; 

Wrangham 1980; Terborgh and Janson 1986; Sterck et al. 1997; Isbell and Young 2002). 

The basic premise of socioecological models is that females are organized based on the 

distribution of food resources and predation and/or infanticide risk, because these factors 

limit their reproductive success, while males are organized based on the distribution of 

receptive females (Emlen and Oring 1977), since the main determinant of male 

reproductive success is a male‟s access and ability to monopolize access to receptive 

females (Bateman 1948; Trivers 1972; Kappeler 1999). 

The three fundamental components of social systems are social organization, 

mating system and social structure (Struhsaker 1969; Rowell 1979, 1993). Social 

organization is characterized by the number of individuals within a group, the male-

female sex ratio, and the spatiotemporal cohesion of that group. The mating system is 

determined by the pattern of interactions between individuals that relate to reproduction. 

Social structure describes the pattern and quality of interactions between individuals and 

the types of relationships that can arise from specific patterns (Kappeler and van Schaik 

2002). 
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1.6.1 Social organization 

1.6.1.1 Group size 

Why do some animal species opt to live in groups? One explanation is that group-

living reduces the risk of predation (Terborgh and Janson 1986).  Alexander (1974) goes 

so far as to state that the only reason group-living has evolved is because of predation 

pressure, while Wrangham (1980) asserts that an increase in feeding opportunities is the 

main advantage conferred by group-living due to increased success in inter-group 

contests. The connection between predation pressure and group size has been confirmed 

in that larger groups demonstrate higher levels of predator detection and hence have a 

lower predation risk (van Schaik et al. 1983). In addition, species in habitats with less 

predation pressure tend to have smaller group sizes (van Schaik and van Hooff 1983). An 

increased feeding opportunity in larger groups has not been supported in primates, 

however. Individuals obtain more food and expend less energy foraging when they are 

part of a small group than a large group (Janson 1998). There is thus a trade-off between 

predation risk and feeding competition where group size is considered.  

van Schaik (1983) proposes the „predation – intra-group feeding competition 

theory‟ which postulates that group-living exists due to predation pressure, but incurs 

costs of food competition within the group. If the disadvantages of intra-group 

competition are greater than the potential advantages of a larger group size for inter-

group competition, van Schaik (1983) predicts that larger groups will fission. Group size 

is thus determined by both the level of predation pressure and food availability. 

Social structure is also closely correlated with activity pattern: species active at 

night are mostly solitary, diurnal species live in groups (Terborgh and Janson 1986; 
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Clarke et al. 1995). Recent anthropogenic ecological changes in Madagascar have caused 

a cascading effect consisting of the extinction of large diurnal raptors Aquila and 

Stephanoetus (Goodman 1994a, 1994b) and perhaps the adaptation of formerly nocturnal 

strepsirhines to a diurnal or cathemeral activity pattern (van Schaik and Kappeler 1993, 

1996). In the „evolutionary disequilibrium hypothesis‟ (EVDH), van Schaik and Kappeler 

(1996) propose that formerly nocturnal lemur species, which had adapted to pair-living 

rather than being solitary to reduce nocturnal predation risk, experienced an 

incompatibility with their new diurnal activity pattern. This shaped several facets of their 

social system, including a group-living social structure and oestrous synchronization.  It 

bears noting that predation risk is not eliminated as predators may also be cathemeral, 

Cryptoprocta ferox for example (Colquhoun 2006).  

Brown lemur groups range in size from 4-17 individuals (Johnson 2002).  Brown 

lemur populations inhabiting higher quality habitats such as Ranomafana National Park, 

where food is more abundant, tend to live in larger cohesive groups (6-12 adult 

individuals) (Overdorff et al. 1999), whereas those living in relatively resource poor 

habitats such as Mahabo, live in smaller groups (3-6 adult individuals) that have a 

fission-fusion social organization (see below) (H.E. Andriamaharoa, pers. comm.; this 

study). It is worth noting that during a year of resource scarcity in Ranomafana National 

Park a formerly cohesive group fissioned (Overdorff et al. 1999; D. Overdorff, pers. 

comm., cited in Johnson 2006). The difference in group sizes between Ranomafana 

populations and Mahabo populations may also be due to species specific group sizes, or 

because of differences in predation pressure between the two locations. The brown 

lemur‟s primary terrestrial predator, the fossa (C. ferox) (Johnson 2002), is found at 
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Ranomafana National Park (Hawkins and Racey 2005) but not at Mahabo (S.E. Johnson, 

pers. comm.). 

1.6.1.2 Sex ratio 

Brown lemur groups are multi-male multi-female, with an even or a male bias in 

sex ratio (Johnson 2002). Although a male bias in infant sex ratio is not uncommon 

among primates (Clutton-Brock and Iason 1986), high male mortality usually results in a 

female biased adult sex ratio (Caughley 1977; Clutton-Brock et al. 1977; Dunbar 1987; 

Small and Smith 1986). Male-biased infant and adult sex ratios are found in several 

lemur species however: Lemur catta (Sussman 1991), Propithecus verreauzi (Richard et 

al. 1991), Varecia variegata variegata (Balko 1996), and Eulemur fulvus rufus 

(Overdorff et al. 1999), to name a few.  This adult sex ratio is an unusual trait and an 

exception to the predictions of the socioecological model given that males‟ reproductive 

success is determined by the number of reproductive females within a group (Trivers 

1972). Males would thus have lower reproductive success if fewer females are available 

to mate and intrasexual competition is higher. Unlike group-living anthropoids, there is a 

relative lack of sexual dimorphism among group-living lemurs with even or male-biased 

sex ratios, indicating that males are not attempting to control access to a group of females 

(Kappeler 1997). It is thus theorized that female brown lemurs influence the number of 

males in a group via mechanisms such as oestrous synchrony (Pereira 1991; van Schaik 

and Kappeler 1993) and tolerate potentially increased feeding competition in favour of 

the possible benefits of a male-biased sex ratio: predator detection and increased paternal 

care (van Schaik and van Noordwijk 1989; O‟Brien 1991; Kappeler 1993), although 
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these possible benefits have yet to be shown for species within the brown lemur species 

complex. 

1.6.1.3 Fission-fusion dynamics 

The spatiotemporal cohesion of a group is another component of social 

organization which refines distinctions among multi-male multi-female groups (Kappeler 

and van Schaik 2002). Fission-fusion is characterized by a temporal variation in social 

grouping patterns: a parent group separates into smaller sub-groups (fission) and reunites 

(fusion) a few hours to weeks after the fission has occurred (Kummer 1971; Terborgh and 

Janson 1986; White and Burgman 1990). Fission-fusion networks have also been 

described as the loose amalgamation of two or more closely knit and temporally cohesive 

units, or sub-groups (Ramos-Fernandez et al. 2006).The recently proposed fission-fusion 

dynamics framework outlines three dimensions for the characterization of spatiotemporal 

cohesion: variation in spatial cohesion of a group over time, variation in group size over 

time, and variation in group composition over time (Aureli et al. 2008). There are two 

types of variation in spatiotemporal cohesion: molecular and atomistic (Rodseth et al. 

1991). In molecular, or multilevel societies, smaller one-male groups with fixed 

membership aggregate into large groups at night but split apart again during the day to 

forage. This type of organization is typical of geladas (Theropithecus gelada), hamadryas 

baboons (Papio hamadryas), and snub-nosed monkeys (Rhinopithecus spp.) (Kummer 

1968; Stammbach 1987; Grüter and Zinner 2004). In atomistic, or fission-fusion 

societies, the groups frequently split into subgroups and come together again, and 

subgroups have variable composition. This organization is typical of chimpanzees (Pan 

troglodytes), bonobos (P. paniscus) (Nishida and Hiraiwa-Haegawa 1987), and black 
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spider monkeys (Ateles paniscus chamek) (Symington 1990).  A further division of the 

atomistic type is individual-based fission-fusion vs. group-based fission-fusion (van 

Schaik 1999). Individual-based fission-fusion is difficult to identify as groups may be 

very small, possibly consisting of solitary individuals, and fusion of the entire parent 

group is rare. A potential example of individual-based fission-fusion is the orangutan 

(Pongo pygmaeus) (Delgado and van Schaik 2000). Group-based fission-fusion describes 

groups with stable membership that fission into sub-groups, potentially to decrease 

resource competition, and fuse after a short delay. This behaviour has been observed in 

long-tailed macaques (Macaca fascicularis) (van Schaik and van Noordwijk 1988) and a 

population of mantled howler monkeys (Alouatta palliata) (Chapman 1989). 

Temporal variation in group composition differs according to the motivation for 

fission-fusion behaviour. Species where individuals fission for foraging activities and 

fuse at sleeping sites include the lesser bushbaby (Galago spp.) (Bearder 1987), lorises 

(Loris spp.), and mouse lemurs (Microcebus spp.) (Müller and Thalmann 2000; Schülke 

and Ostner 2005), big brown bats (Eptesicus fuscus) (Willis and Brigham 2004), and 

Bechstein‟s bats (Myotis bechsteinii) (Kerth and König 1999).  Species in which some 

degree of sexual segregation in fissioning is witnessed include red deer (Cervus elaphus) 

(Conradt 1998), bighorn sheep (Ovis canadensis) (Ruckstuhl 1998), and bottlenose 

dolphins (Tursiops spp.) (Connor et al. 2000). Sexual segregation in these cases would be 

due to differences in the activity budgets of each sex, fissioning would thus result in 

increased efficiency in coordination of activities among male sub-groups and female sub-

groups (Conradt 1998; Ruckstuhl 1998). In some species, individuals may alter their 

fission-fusion behaviour at certain times of the year. Parrotlets (Forpus conspicillatus) 
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usually maintain a molecular social organization. During the breeding season, however, 

individuals fission into breeding pair units with limited inter-pair contact (Wanker 2002). 

Ruffed lemurs (Varecia variegata) normally maintain distinct groups whose ranges do 

not overlap. During the warm season, when food is more plentiful, groups fission and 

fuse with sub-groups from other groups (Morland 1991; Vasey 1997). In some species, 

individuals form sub-groups or congregate based on food availability: spider monkey 

(Ateles spp.) groups split into foraging sub-groups (Asensio et al. 2008), and spotted 

hyenas (Crocuta crocuta) assemble to feed on carcasses (Smith et al. 2008). 

Brown lemurs typically maintain cohesive social groups (Vasey 1997; Overdorff 

and Johnson 2003; Johnson 2006). Fission-fusion social organization occurs in WCL, 

however (Johnson 2002). It has also been observed in one E. fulvus rufus population 

during a period of change in food availability (D. Overdorff, pers. comm., cited in 

Johnson 2006). This variation in social organization across species within the brown 

lemur complex, and even across populations within the same species, may be indicative 

of Eulemur spp.‟s flexible social grouping patterns in response to southeastern 

Madagascar‟s ecological stochasticity (Johnson 2002, 2006; Ratsimbazafy 2002). The 

newly refined perspective on fission-fusion dynamics allows for temporal flexibility of 

spatial cohesion patterns within a social group. It is conceivable that species within the 

brown lemur species complex are exhibiting a gradual shift from a low level of temporal 

variation in spatial cohesion (more cohesive) to a higher level, and that E. cinereiceps and 

the population of E. fulvus rufus mentioned above are the first to engage in this shift. 

Conversely, it is also plausible that fission-fusion behaviour is an artefact from an earlier 
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stage of transition, when species within the genus Eulemur converted from a nocturnal 

activity pattern to a cathemeral activity pattern (as proposed by the EVDH). 

Fission-fusion in WCL has only been described qualitatively (S.E. Johnson, pers. 

comm.) although analysis of spacing patterns in WCL groups has shown that they do 

indeed undergo fission-fusion events (Johnson 2002). There have not been any 

assessments as to the causes of this lax group cohesion (Overdorff and Johnson 2003). 

1.6.2 Mating Systems 

Reproduction in brown lemurs is highly seasonal, with only 25-50% of females in 

a group successfully reproducing per year (Overdorff et al. 1999). Brown lemur females 

have a high degree of oestrous synchrony and also mate promiscuously (Overdorff 1998; 

Ostner and Kappeler 1999). The onset of oestrus is triggered by the pituitary gland in 

response to a change in photoperiodicity (daily sunlight totals) (van Horn and Resko 

1977; Petter-Rousseaux 1980), which is determined by latitude. In Ranomafana National 

Park E. fulvus rufus reproduction occurs in early May (Overdorff 1998; Overdorff et al. 

1999; Wright 1999). Gestation length, on average, is 120 days (Overdorff et al. 1999). 

Strepsirhines are characterized by short gestation lengths, epitheliochorial placentation 

(maternal and foetal epithelium are in contact, rather than connected, which may reduce 

the diffusion of energy resources from mother to foetus), and basal metabolic rates that 

rise and fall depending on reproductive state (Rasmussen 1985; Richard and Nicoll 1987; 

Young et al. 1990; Tilden and Oftedal 1995; Kappeler 1996; Overdorff et al. 1999). E. f. 

rufus give birth to one offspring in early August, and infants are weaned at approximately 

6 months of age (Overdorff et al. 1999). These characteristics, combined with the 

ecological stress of seasonal variation in food availability, cause reproduction to be more 
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energetically expensive for strepsirhines than anthropoids of similar size. The energy 

required is increased due to raised basal metabolic rates during reproduction and reduced 

energy diffusion from mother to foetus. The energy acquired may potentially be 

decreased due to food scarcity and the resulting competition over resources (Richard and 

Nicoll 1987; Young et al. 1990; Kappeler and Heymann 1996; Tilden 1997; Overdorff et 

al. 1999).  

WCL are sexually dichromatic, as are other brown lemur species (Tattersall 

1982). The male‟s body pelage varies from dark grey to brown, while the head and tail 

are dark. WCL earn their name from the male‟s thick white collar or beard. The female‟s 

torso pelage is reddish-brown dorsally and slightly lighter ventrally, while the head is a 

dark grey. The female does not have a white collar (Mittermeier et al. 1994) (Fig 1-2). 

Sexual dimorphism in body mass appears to be absent among brown lemurs, with the 

exception of E. f. rufus in which female-biased size dimorphism is present (Johnson et al. 

2005). WCL exhibit size monomorphism but do exhibit male-biased canine dimorphism 

(Johnson 2002; Johnson et al. 2005). Male-biased canine dimorphism is also present in E. 

f. albifrons (Kappeler 1996) and in some populations of E. f. rufus (Gerson 1999, 2000; 

but see Johnson et al. 2005). The presence of canine sexual dimorphism may suggest 

male-male direct competition. Aggression is rare among WCL (Johnson 2002), however, 

and females should not be monopolizable by one male due to oestrous synchrony (Pereira 

1991; van Schaik and Kappeler 1993). Canine sexual dimorphism may thus be a vestigial 

characteristic. Earlier studies have indicated that WCL display strong sperm competition, 

evidenced by large testes size relative to body size (Johnson 2002; Johnson et al. 2005). 
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Figure 1-2 Female and male E. cinereiceps.  

 

Females are in top row, males are in bottom row. 

Large testes size and sperm competition correspond with females‟ propensity towards 

promiscuous mating (Harcourt 1991, 1994; Harcourt et al. 1981; Jolly and Phillips-

Conroy 2003; Møller 1988). Both E. cinereiceps and E. f. rufus live in multi-male multi-

female groups and employ oestrous synchrony (Overdorff 1998; Overdorff et al. 1999; 

Wright 1999; Johnson 2002), but E. cinereiceps males‟ testes are larger (Johnson et al. 

2005). Because females‟ oestrous periods are synchronized and females mate with all 
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males within the group (Overdorff et al. 1999), a male‟s reproductive success is 

determined indirectly via sperm competition. Among lemurid species, those with the 

largest testes size are characterized by promiscuous breeding and/or low group cohesion, 

traits that increase the need for indirect male-male competition due to the low 

monopolizability of females (Lemur catta: Sauther 1991; Sussman 1992; E. macaco: 

Colquhoun 1997; Varecia variegata: Morland 1991; Vasey 2000; E. cinereiceps and E. f. 

rufus: Johnson et al. 2005). 

1.6.3 Social structure 

1.6.3.1 Absence of female dominance 

Female dominance is characterized by the occurrence of male submissive signals 

directed towards females, and the absence of submissive signals from females to males 

(Pereira et al. 1990; Kappeler 1993; Overdorff et al. 2005). Female dominance is rare in 

primates, but is found in the majority of lemurs (see Wright 1999 for a detailed list of 

species). A possible function of female dominance in lemur species is that it gives 

females feeding priority in times of food scarcity and during gestation and/or lactation 

periods, both of which are times of elevated intragroup competition (Jolly 1966, 1984, 

1998; Richard and Nicoll 1987; Kappeler 1990, 1993; Young et al. 1990; Wright 1993, 

1999; Overdorff et al. 2005). 

Unlike other lemur species, brown lemurs do not exhibit female dominance over 

males (Pereira et al. 1990; Pereira and Kappeler 1997; Pereira and McGlynn 1997; 

Overdorff and Erhart 2001). Episodic targeted aggression (Vick and Pereira 1989; Pereira 

1993) is exhibited by some populations of E. fulvus rufus, however. During mating 

season, males and females target particular individuals (either male or female) within the 
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group and attack them, without notice or provocation. Though this behaviour provides 

some evidence of dominance relations in a brown lemur species, this behaviour is not 

sex-specific (Vick 1977; Colquhoun 1987; Vick and Pereira 1989; Pereira 1993; Pereira, 

unpubl. data, cited in Pereira and Kappeler 1997).   

Despite the lack of data on aggression and dominance relations in brown lemur 

species, theories derived from the function of female dominance suggest that intrinsic 

factors should predict intersexual dominance relations. Young et al. (1990) propose that 

strepsirhine species that demonstrate female dominance have higher rates of prenatal 

maternal investment and lower basal metabolic rates (BMR), the elevation of which 

during gestation and lactation incurs an energetic cost (Richard and Nicoll 1987). 

According to their maternal investment calculations, E. fulvus should be female 

dominant. Tilden and Oftedal (1995) suggest that low quality milk in E. fulvus, an 

indicator of low parental investment, offsets the costs of prenatal investment and low 

BMR. Determining the energetics of parental investment, however, is more complicated 

than considering a single factor as it consists of a balance of numerous components such 

as rate of milk delivery, length of lactation, or potential for combined maternal and 

paternal care (Buss et al. 1976; Wright 1999; Fietz and Dausmann 2003). Prenatal 

maternal investment by WCL has not been investigated. Given the purported lack of 

female dominance as a counter strategy to increases in resource competition concurrent 

with the increased energetic requirements of reproduction, WCL females may rely on 

fission-fusion to decrease competition. Females may form all-female subgroups if males 

decrease females‟ energy consumption, or male-female dyadic subgroups if males help 

females, as per the resource defence hypothesis (see below). If the latter is true for male-
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female relationships, dyadic subgroups would be most likely during females‟ lactation 

season, when their energy requirements are the highest, but primarily if a female‟s 

lactation season coincides with a season of low food availability. The preliminary 

evidence of group fission in E. fulvus rufus groups (D. Overdorff, pers. comm., cited in 

Johnson 2006), also characterized by a lack of female dominance (Pereira et al. 1990), is 

noteworthy as support for the proposition that females may rely on fission-fusion to 

decrease competition with conspecifics. 

1.6.3.2 Male-female affiliation and association 

Eulemur spp.‟s multi-male multi-female groups have been proposed to be 

aggregations of several adult male and female dyads or „pair-bonds‟ (van Schaik and 

Kappeler 1993, 1996). A pair-bond is typically formed between one adult male and one 

adult female of a monogamously breeding species and is qualified as persisting beyond 

the reproductive period (van Hooff and van Schaik 1992; Gubernick 1994). Animals that 

live in multi-male multi-female groups, such as WCL, have the opportunity to form male-

female pairs. A bond between individuals is said to exist if agonistic support and 

affiliative interactions occur at a higher frequency than what is considered the norm 

(Wrangham 1980; van Hooff and van Schaik 1992), and if they maintain close spatial 

proximity with one another (Smuts 1985; van Schaik and Kappeler 1993). A pair-bond 

can be either sexual or social, though both should be long-term, persisting for longer than 

a year or seasonal cycle (Fuentes 2002). The sexual pair-bond consists of non-kin adults 

who preferentially mate with one another over all other individuals in the group, and the 

pair is usually described as monogamous (Fuentes 1999, 2002). The social pair-bond 

consists of two unrelated adults who preferentially associate and direct affiliative 
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behaviour towards each other over all other individuals within the group (Mesnick 1997; 

Smuts 1985; Fuentes 2002). The „special relationship‟ is another term for the social pair-

bond, derived from research conducted on multi-male anthropoid societies (Takahata 

1982; Smuts 1985; Hill 1990). Pereira and McGlynn (1997) noted that the longevity of 

the special relationship can be as short as months (the number of months was undefined). 

According to this definition, it is plausible that a special relationship may begin and end 

in one seasonal cycle. 

 There are three primary hypotheses as to the function of pair-bonds: the „resource 

defence‟ hypothesis (Fuentes 2002, Overdorff and Tecot 2006), which is investigated in 

this thesis, the „infanticide prevention‟ hypothesis (van Schaik and Kappeler 1993, 1997; 

Palombit 1999, 2000), and the „predator avoidance‟ hypothesis (Dunbar 1988; van Schaik 

and Dunbar 1990; Gould 1996a, 1996b). The resource defence hypothesis proposes that 

pair-bonding arises due to a female‟s increased energetic requirements during gestation 

and lactation, and her need to receive assistance in the defence of food resources against 

conspecifics. The male thus defends the pair‟s feeding site and the female‟s reproductive 

success is not diminished by the energetic costs of resource defence (Fuentes 2002; 

Overdorff and Tecot 2006). It is also hypothesized that for lemur species in which female 

dominance does not exist females form pair-bonds with males in order to improve their 

foraging success (Pereira and Kappeler 1997; Pereira and McGlynn 1997). 

 The infanticide prevention hypothesis proposes that within a pair-bond males 

serve to decrease the risk of harm to or death of an infant by an outsider male (van Schaik 

and Kappeler 1993, 1997; Palombit 1999, 2000). Females that carry their young and are 

consequently more vulnerable to infanticide (van Schaik and Kappeler 1997) should thus 
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form close bonds with a protector adult male (Hrdy 1974; Wrangham 1979; van Schaik 

and Kappeler 1996, 1997), particularly in species that do not benefit from the protection 

of female dominance (Pereira and Weiss 1991; van Schaik and Kappeler 1993; Kappeler 

1997). Males are hypothesized to commit infanticide to create breeding prospects (Hrdy 

1974). The interbirth interval for E. fulvus rufus averages two years for surviving infants, 

but only one year if the infant does not survive (Overdorff et al. 1999). Hence a male 

who has not sired a female‟s offspring, and as a result does not have a genetic investment 

in the infant, may benefit from committing infanticide if he succeeds in subsequently 

mating with the female. A male who may have a genetic investment in a female‟s 

offspring would benefit from defending the female and her offspring from potentially 

infanticidal males (Hrdy 1974; Wrangham 1979). Alternate female counterstrategies 

against infanticide include oestrus synchrony and paternity confusion via promiscuous 

mating (Ostner and Kappeler 1999), both of which have been observed in Eulemur spp. 

(Overdorff 1998). To date, infanticidal threat has not been documented for wild groups of 

E. fulvus rufus or any other brown lemur species (Overdorff 1998). 

 The predator avoidance hypothesis suggests that within male-female dyads, the 

male provides an infant-carrying female with the service of predator detection. Male 

vigilance thus increases female and infant protection from predators (Dunbar 1988; van 

Schaik and Dunbar 1990; Gould 1996a, 1996b; Overdorff 1998). In her study of E. fulvus 

rufus social organization, Overdorff (1998) found that females, not males, were primarily 

responsible for scanning the environment and alarm calling. It was not specified whether 

all females participated in vigilance behaviours or whether it was just those with or 

without infants. If non-reproductive females, or even all females, perform vigilance 
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behaviours it would better serve a reproductive female to associate with another female 

rather than a male to reduce predation risk. 

 Another potential explanation for the occurrence of pair-bonding is male mate 

guarding. Contrary to the previously mentioned hypotheses, male mate guarding is not 

female solicited. By increasing time spent in close proximity with a receptive female a 

male may prevent her from copulating with extra-pair males (Beecher and Beecher 1979; 

Birkhead 1979; Møller and Birkhead 1991; Huck et al. 2004). In seasonal breeders, this 

behaviour by definition would only occur during the mating season, and would thus 

explain a seasonal pair-bond. Among primates mate guarding has been observed in 

moustached tamarins (Saguinus mystax) (Huck et al. 2004), long-tailed macaques 

(Macaca fascicularis) (Engelhardt et al. 2006), chimpanzees (Pan troglodytes 

schweinfurthii) (Tutin 1979), grey mouse lemurs (Microcebus murinus) (Eberle and 

Kappeler 2004), ring-tailed lemurs (Lemur catta) (Sauther 1991; Parga 2003), and 

Verreaux‟s Sifaka (Propithecus verreauxi) (Mass et al. 2009). Research on birds has 

indicated that the intensity of mate guarding behaviour is positively correlated with 

breeding synchrony (Hammers et al. 2009). Given that E. cinereiceps females exhibit a 

high degree of oestrous synchrony and promiscuous breeding, and males have not been 

observed to exhibit direct intra-sexual competition, mate guarding could be a beneficial 

male reproductive strategy. 

1.6.3.3 Pair bonds vs. central males 

 Kappeler (1993) found evidence of male-female pairing among E. fulvus groups 

within associative (huddling and proximity) and grooming contexts. Pereira and 

McGlynn (1997) had different results for each of their study groups: evidence of two 
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male-female pair-bonds was found in one study group, whereas one male sustained bonds 

with two females in the other study group thereby creating a central-male dynamic (see 

below). Overdorff (1998) also found evidence of pair-bonds, but only within feeding 

contexts and again only during a period of food scarcity. While studying the social 

organization of black and white ruffed lemurs (Varecia variegata variegata) in Nosy 

Mangabe, Morland (1991a, b) noted that this species exhibited fission-fusion behaviour 

and that their multi-male multi-female sub-groups were composed of male-female dyads. 

White (1991) found the same results for groups in Ranomafana National Park. Rigamonti 

(1993), while studying red ruffed lemurs (V. variegata rubra) on the Masoala Peninsula, 

found that sub-groups were composed of both dyads and non-bonded individuals. Given 

the similarity in the social organization of WCL and Varecia spp. and some evidence 

from other brown lemur species, it is plausible that fission-fusion bisexual groups of 

WCL may be composed of several male-female dyads or pair-bonds.  

It has also been suggested that brown lemur social organization may, at least in 

some populations, consist of the association of several females around a central male 

(Ostner and Kappeler 1999). Pereira and McGlynn (1997) described the social 

organization of one of their E. fulvus rufus study groups not as pair-bonded, but as the 

close bonds between a single male and two resident females. This result was also 

observed by Ostner and Kappeler (1999) in two wild groups of E. fulvus rufus. Females 

in both of their study groups associated and copulated at a significantly higher rate with a 

single male. In each study group that male was the same for all females within the group, 

thus the term central male. The central male was also documented as the dominant male 

in the group due to his consistent success in aggressive conflicts with peripheral males.  
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In non-female-bonded species such as Eulemur spp. (Overdorff et al. 1999) there 

is a potential for stronger bonds between females and a central male (Harcourt 1979; 

Watts 1990). It is thus plausible that the social structure of WCL may conform to the 

central male hypothesis. 

1.7 Current research goals 

The goal of this research is to find preliminary answers to two groups of 

questions:  

1. What is the nature of male-female affiliation in E. cinereiceps? Is there evidence 

for pair-bonds or a central male social structure, or are associations random? 

2. Do females employ flexible foraging strategies in response to changes in food 

availability and energy requirements? Do their association patterns change in response to 

extrinsic and intrinsic factors? In particular, do the results support the resource defence 

hypothesis? 

To answer the first question, I investigate the components of social structure 

(affiliation, association, and spatial cohesion patterns). To address the second question, I 

study the temporal variation in diet composition of E. cinereiceps in response to extrinsic 

factors (seasonal variation in food availability) and intrinsic factors (females‟ 

reproductive phase). The validity of the resource defence hypothesis for E. cinereiceps is 

verified by gauging the potential variation in females‟ foraging success in response to 

their association with males. 

By providing a preliminary answer to these two questions, I hope to provide much 

needed information regarding the social structure, diet, and reproductive strategies of this 

little-known and critically endangered species. This information should provide guidance 
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for future in-depth research of E. cinereiceps and help to generate adequate conservation 

plans in response to the dietary and social requirements for the successful reproduction 

and survival of this species. 
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Chapter Two: Methods 

2.1 Study site 

This study was conducted in Mahabo Forest, on Madagascar‟s southeastern coast. 

Mahabo Forest is located at 23°11‟12”S, 47°42‟56”E. It is a littoral forest composed of 

two fragments: inland and coastal, 900 ha and 600 ha respectively. The forest is managed 

by the Missouri Botanical Garden in collaboration with local communities (S.E. Johnson, 

pers. comm.). A concurrent and ongoing botanical study run by Reza Ludovic (Missouri 

Botanical Garden – Madagascar) qualifies the four types of forest in the Mahabo Forest 

inland fragment as sand, sand disturbed, swamp, and swamp disturbed. 

 Lemur species inhabiting this site include the eastern woolly lemur (Avahi 

laniger), greater dwarf lemur (Cheirogaleus major), mouse lemur (Microcebus rufus), 

grey gentle lemur (Hapalemur griseus), and the white-collared lemur (Eulemur 

cinereiceps) (Ratsimbazafy 2002; Mittermeier et al. 2006, H.E. Andriamaharoa, pers. 

comm.). Potential predators, including snakes and raptors, also inhabit the area 

(Ratsimbazafy 2002). 

 Elevation in this area ranges between 0 and 20 m above sea level. Average yearly 

rainfall is 2500 mm and average temperature is 23°C, with the highest temperatures from 

January to February and the lowest from June to July (Figure 2-1) (Ratsimbazafy, 2002; 

H.E. Andriamaharoa and R. Ludovic, unpublished data).  Highest precipitation occurs 

from January to March (the hot-wet season) while the least occurs from June to 

November (the cold-dry and warm-dry seasons respectively) (Figure 2-1) (Ratsimbazafy 

2002; Johnson 2002; H.E. Andriamaharoa and R. Ludovic, unpublished data).  
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Figure 2-1 Total monthly precipitation and average maximum and minimum 

temperatures at Mahabo from November 2006 to April 2008. 

 

Data missing from September 2007 to December 2007 

2.2 Study subjects 

Two Eulemur cinereiceps groups were studied (Table 2-1) in the inland fragment 

of Mahabo forest (Figure 2-2). The male composition of Group 1 has varied from 2006 to 

2007, with males leaving the group and new males entering the group during the mating 

season (H.E. Andriamaharoa, pers. comm.). The composition of Group 2 has remained 

stable over the last three years (H.E. Andriamaharoa, pers. comm.) (Table 2-1 and Table 

2-2). 
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Figure 2-2 Map of Mahabo Forest with home ranges of study groups.  

 

Research was conducted in the inland fragment. 
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Table 2-1 Composition of Study Groups 

 # Adult Males # Adult Females # Juvenile Males # Juvenile Females 

Group 1 2 2 2 - 

Group 2 2 1 1 1 

 

 

Table 2-2 Individual Members of Study Groups 

 Individual
a
 Name Comment 

Group 1 FRA1 Radio 1  

FVM Vavy Mena  

Mpl Purple Joined group in May 2007 

Mlm Lahy Mena Joined group in May 2007 

mzr Zanaky Radio Born Sep/Oct 2006 

mzm Zanaky Vavy Mena Born Sep/Oct 2006 

Group 2 FRA2 Radio 2  

Mtu Turquoise  

Mbb Black blue  

fZV Zanan vavy Born Sep 25 2006 

mzl Zanan lahy Born Sep/Oct 2005 

a
 F = adult female, M = adult male, f = juvenile female, m = juvenile male. 

2.3 Data collection 

Data were collected from June 18 to October 22 2007, resulting in 63 days of data 

collection. I conducted focal animal sampling (Altmann 1974) during daylight hours. 

Individual study subjects were identified by a combination of coloured nylon collars and 

metal tags. Each day, three individuals (males and females) were selected as focal 

subjects and observed for two hours consecutively. During focal follows, point samples 

(Altmann 1974) were conducted at 10 minute intervals. A total of 174.5 hours of data 
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were collected for Group 1 and 134.5 hours for Group 2. The numbers of complete and 

incomplete focal periods per subject are listed in Table 2-3. Incomplete focal samples that 

were less than 1 hour in duration were not used. 

Table 2-3 Number of focals and total hours of observation per individual. 

Individual 

# Complete 

Focal 

Samples 

# Incomplete Focal Samples
 

Total hours of 

observation 

2 hours 1.5 hours 1.0 hour < 1.0 hour
a
 

FRA1 19 3 1  43.5 

FVM 19 3 1  43.5 

Mpl 19 2 0  41.0 

Mlm 19 5 1  46.5 

FRA2 22 2 0  47.0 

Mtu 21 1 1  44.5 

Mbb 20 1 1 1 42.5 

Total 139 (x2 hrs) 17 (x1.5 hrs) 5 (x1 hr)  308.5 

a
Incomplete focals less than 1 hr in duration were not retained for data analysis 

Two assistants (Aba ny‟ Balaza and Aba ny‟ Seraphin) accompanied me on all 

focal follows. They aided in locating focal individuals, identifying tree species, and 

confirming distance or height estimates. 

2.3.1 Behavioural data collection 

During focal follows I recorded social interactions involving the focal animal and 

other individuals. The actor and receiver of social interactions were noted. The 

behaviours recorded included feeding and social behaviours (allo-grooming, mutual 

grooming, contact, displacement, aggression, and all approaches and leaves). Approaches 

(and leaves) were recorded when one individual moved to within 1m (or more than 1m 
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away) from a stationary individual (adapted from Pereira and McGlynn 1997). 

Aggressive behaviour included the following categories: lunges, charges, cuffs, grabs, 

bites, and chases; submissive behaviour included displacement, cowers, jumps away, and 

flees (Pereira and Kappeler 1997). Ad libitum sampling was used to record rare 

behaviours such as inter-group agonistic interactions, group fission, group fusion, and 

copulatory behaviour that happened outside of focal periods, or involving individuals 

other than the focal. When group fission or fusion events were observed, the members of 

each subgroup were noted (all definitions are listed in Table 2-4). 

 

Table 2-4 List of terms and definitions 

Term Definition 

Approach Movement of one individual towards another, crossing a 1m proximity 

“boundary” (Palombit 1995). At least 1 minute must have elapsed 

between two consecutive approaches by the same individual for them 

to be counted as two separate events. 

Break 

contact 

When an individual moves away from another individual whom he was 

physically touching. The individual may or may not remain within 1m 

of the target individual. 

Displacement An individual moves toward the target individual, who within the 

following 2 seconds physically removes itself from the location and 

away from the acting individual (adapted from McCowan et al. 2008).  

Establish 

contact 

When an individual moves towards another individual so that they are 

physically touching.  

Feeding bout The onset of a feeding bout was when the focal individual was 

observed placing a food item in its mouth. The feeding bout was 

considered terminated when the focal was not observed placing a food 

item in its mouth for at least 15 seconds (Overdorff 1998). 
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Feeding rate The number of food items (fruit only) eaten per minute of feeding bout 

(adapted from Overdorff 1998). 

Fission event Closest members of the group are 30m or further apart, and are thus no 

longer in visual or close auditory contact (Johnson 2002). 

Fusion event When sub-groups move to within 30m of each other and do not move 

more than 30m away from each other (Johnson 2002) within the 

following 30 minutes (an arbitrary time criterion which I selected to 

control for sub-groups coming in temporary proximity with one 

another but not fusing. This criterion was not applied to fission events). 

Grooming Upward scraping of procumbent toothcomb (lower incisors) through 

hair to dislodge particles, combined with tongue licks to remove 

particles (Buettner-Janusch and Andrew 1962; Vick and Conley 1976). 

Group spread The greatest horizontal and vertical distance (in meters) separating the 

two furthest individuals within the group (Waser 1974; Olupot et al. 

1997). Measured by visual estimation. 

Leave When an individual, within 1m of the target individual, but not in 

contact, moves away from the target individual and may or may not 

cross the 1m proximity boundary. At least 1 minute must have elapsed 

between two consecutive leaves by the same individual for them to be 

considered two separate events. 

Nearest 

neighbour 

while feeding 

The individual closest to the focal individual during a feeding bout, 

within a 5 meter radius (Overdorff 1998). 

Proximity Two individuals are considered in proximity when they are within 1m 

or less of each other. 

Sub-group A sub-unit of the original social group, the result of group fission.  
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All instances of feeding were recorded and timed during focal observations. The 

focal animals‟ nearest neighbour(s) within 5m was recorded at the onset of the feeding 

bout. Displacements of the focal animal from its feeding site were noted, as was the 

identity of the other individual involved. The species, the plant part selected, and the pick 

frequency were recorded when conditions permitted. The pick frequency was defined as 

the number of food items (fruit only) removed from the tree by the focal individual while 

feeding. When the focal was observed feeding on fruit, a specimen was collected and the 

length and width were measured, as well as the shape of the fruit (ovoid or spheroid) to 

calculate the volume of the fruit. Fruit was classified into small (0.0-1.9cm
3
), medium 

(2.0-29.9cm
3
), and large (>30.0cm

3
) classes based both on volume and on common name. 

Some fruit have both small and large types (i.e. Vitex oscitans, common names of fruit: 

„Sarivatoa kely‟ and „Sarivatoa be‟, where „kely‟ translates to small and „be‟ means big), 

and thus were not included in the same size class (Table 2-5). 

Point samples (Altmann 1974) were conducted at 10 minute intervals within focal 

observations during which I recorded sub-group composition and group spread as 

measures of group cohesion. Changes in sub-group composition served as an additional 

indication of fission and fusion events.  
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Table 2-5 Food species size classes: small, medium, and large. 

Food Species N Mean 

length (cm) 

Mean 

width  (cm) 

Mean  

volume (cm
3
) 

Size 

Class 

Leptolaena sp  13 0.69 0.59 0.26 small 

Vitex oscitans  8 0.85 0.78 0.55 small 

Spec. Indet. #1: Sari Kafe 4 1.25 1.18 1.86 small 

Noronhia emarginata  13 1.78 1.02 1.94 small 

Vitex oscitans  3 2.10 1.47 4.74 medium 

Noronhia emarginata  21 2.55 1.81 9.12 medium 

Uapaca sp 23 2.50 2.20 12.93 medium 

Spec. Indet. #2: Vonitra 1 3.00 2.90 26.42 medium 

Pandanus sp 2 5.80 5.65 197.68 large 

Garcinia madagascariensis 1 8.00 5.60 262.72 large 

 

2.3.2 Botanical data collection 

Data on food availability were collected every two weeks from a pre-existing 1 ha 

plot in the Mahabo Forest inland fragment. This plot was not in the home range of either 

study group but is representative of the sand type and swamp type of forest found in the 

inland fragment and in the groups‟ home ranges.  

 All adult trees with a DBH (diameter at 1.3m) >10cm (N=732) were typed to 

species level and given a presence/absence score for fruit on a bi-weekly basis. Fruit was 

of interest as it is the primary food resource for E cinereiceps, has the highest energy 

content of common primate foods (Wasserman and Chapman 2003), and yet is 

unpredictably distributed over time and space (Overdorff 1996).  
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2.4 Data Analysis 

2.4.1 Seasonal variation of fruit availability 

Seasons of fruit abundance or scarcity were determined based on variation in the 

index of food availability. The tree species that were part of the diet of the two study 

groups were determined from feeding observations. The number of food trees bearing 

fruit per phenological survey was divided by the total number of trees in the botanical 

plot, and multiplied by 100, resulting in the index of food availability. The mean index 

and standard deviation were calculated. A difference greater than one standard deviation 

between two chronologically consecutive indices indicated a change in season. This 

analysis delineates 3 seasons during the period of June 18 to October 28: Low 1 (June 18 

– August 22: 31 days of observation), the first season of fruit scarcity; High (August 23 – 

September 30: 20 days of observation), the season of fruit abundance; and Low 2 

(October 01 – October 28: 12 days of observation), the second season of fruit scarcity 

(Table 2-6). 

Table 2-6 Index of fruit availability based on percentage of trees bearing fruit 

Date Total # trees # Trees bearing fruit % fruit availability Fruit Season 

Jul 06 734 32 4.36 Low 1 

Jul 30 734 31 4.22 Low 1 

Aug 14 734 33 4.50 Low 1 

Aug 31 734 45 6.13 High 

Sep 14 733 54 7.37 High 

Sep 28 733 47 6.41 High 

Oct 11 733 32 4.37 Low 2 
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2.4.2 Reproductive seasons 

Reproductive seasons are defined as Mating, Early Gestation, Late Gestation, and 

Lactation. The Mating season is defined as beginning when a female first copulates with 

a male, and ending on the day of conception. Conception was determined a posteriori, 

after parturition was observed by counting back 120 days, the average gestation length 

for brown lemurs (Izard et al. 1993, 1995; Ostner and Heistermann 2003). Early 

Gestation is defined as beginning on the date of conception and ending 40 days later. This 

definition is based on two factors: the change in hormone levels occurring at day 41 of 

gestation as observed in E. fulvus rufus (Ostner and Heistermann 2003), and the abrupt 

rise in energy requirements after the first trimester as observed in humans (Hytten and 

Chamberlain 1980; Butte and King 2005).  Late Gestation is defined as beginning on the 

41
st
 day of gestation and ending at parturition. Lactation is defined as beginning at 

parturition, and for the purposes of this study, ending on the last day of observations 

because weaning did not occur within the study period. 

Reproductive seasons of the females in this study were not tightly synchronized; 

one female gave birth nearly two months after the other females (Table 2-1). Females 

with an infant delivery date at least 7 days apart are not considered to be oestrus 

synchronized (Pereira and McGlynn 1997). It should be noted that such a delayed (mid-

July to mid-November) and asynchronous gestation period is unusual in brown lemurs. 

 

 

 

 



38 

 

Table 2-7 Female reproductive seasons 

 FRA1 FVM FRA2 

Mating Jun 18 – Jul 17 

(11) 

 -   -  

Early Gestation Jul 18 – Aug 26 

(10) 

May 28 – Jul 06 

(9) 

Jun 04 – Jul 13 

(3) 

Late Gestation Aug 27 – Nov 14 

(18) 

Jul 07 – Sep 24 

(20) 

Jul 14 – Oct 01 

(20) 

Lactation -  Sep 25 – Oct 28 

(10) 

Oct 02 – Oct 28 

(6) 

*Number of contact days with female’s group during respective reproductive season 

in parentheses.  
 

2.4.3 Affiliation between adults 

For each focal individual, the frequency of grooming bouts during which the focal 

gave grooming to another individual was calculated. The frequency of grooming received 

was not considered. The frequency of grooming bouts between the focal and its adult 

partner were divided by the focal‟s total hours of observation, resulting in a grooming 

rate per focal individual toward the other adult in the group. Grooming rates were 

calculated overall, by season of fruit availability, and by female reproductive season. For 

reproductive seasons, grooming rates between males or between females were not 

calculated because females‟ reproductive seasons were not perfectly synchronized (i.e. 

different reproductive seasons occurred on the same dates and results could not be 

attributed to a particular reproductive period). 
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2.4.4 Association 

2.4.4.1 Time spent in proximity and contact 

Two separate measures of association were calculated: proximity score and 

contact score. Each score represented the percentage of a focal individual‟s observation 

time spent in proximity (or in contact) with a specific adult partner. In addition, these 

scores were combined for a total association score. For each focal individual, the total 

amount of time spent in proximity, in contact, or in total association with another 

individual was calculated. The total amount of time spent in proximity, contact, or total 

association (in minutes) between the focal and every potential adult partner were divided 

by the focal‟s total minutes of observation, and then multiplied by 100, resulting in a 

proximity score, contact score, and total association score per focal individual with every 

other adult in the group. Scores were calculated overall, by season of fruit availability, 

and by female reproductive season. It should be noted that for reproductive seasons, 

scores between males or between females were not calculated. 

2.4.4.2 Maintenance of proximity 

In order to determine which individual within a dyad was responsible for 

maintaining proximity Hinde Index values were generated by approach and leave 

frequencies (which also included establish contact and break contact) (Table 2-4) at the 

dyad level using the following equation: 

[UA / (UA + UB)]   -   [SA / (SA + SB)] 

where UA is the number of approaches noted for A towards B and UB is the number of 

approaches noted for B towards A, SA is the number of leaves noted for A away from B 

and SB is the number of leaves noted for B away from A. A value of +1.0 indicates that 



40 

 

A is wholly responsible for maintaining proximity with B, whereas a value of -1.0 

indicates that B is wholly responsible for maintaining proximity with A. Values around 0 

indicated that both individuals were mutually attracted or mutually indifferent to each 

other (Hinde and Atkinson 1970). Here, I choose an arbitrary threshold of between -0.29 

and +0.29 as corresponding to this situation. Hinde index values were calculated only for 

those dyads whose sum of observed approaches and leaves was at least 10 (Hinde and 

Atkinson 1970). 

2.4.5 Feeding 

2.4.5.1 Seasonal variation in diet composition 

Co-variation of seasonal changes in fruit availability with females‟ diets (% of 

ripe fruit) and association patterns was examined. I also examined female diets according 

to reproductive seasons. 

2.4.5.2 Nearest neighbour when feeding 

In nearest neighbour analyses, feeding data were not broken down by food type 

since nearly all feeding involved fruit (see Ch. 3). Data from focal individuals‟ point 

samples were used to calculate the number of feeding bouts during which the focal was 

alone, with a male, or with a female. These numbers were then divided by the total 

number of scan samples during which the focal individual was observed feeding. Results 

were compared between males and females within and across seasons of fruit availability. 

Females‟ results were compared within and across reproductive seasons. 

2.4.5.3 Feeding Rate 

Foraging rate can be recorded as the number of bites per minute of feeding bout 

(Overdorff 1998). The density of the foliage at the study site made it difficult to 
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accurately count the number of bites, however, and pick rate (a coarser measure) was 

used instead. For this study feeding rate is calculated as the number of items (fruit) eaten 

divided by the feeding bout length. Due to visibility conditions, pick rate could not be 

recorded consistently and a subset of the data was used for analyses. Mean feeding rates 

were compared between males and females, across seasons of food availability, and 

across reproductive seasons. Inferential statistics were not employed due to the low 

number of individuals in this study. 

2.4.5.4 Foraging Success 

For the purposes of this study, time spent traveling was considered a proxy 

measure of energy output. If time spent feeding is considered a proxy for energy intake, 

then time spent feeding divided by travel time (input/output) results in an indication of 

foraging success. Data from focal individuals‟ continuous focal samples were extracted 

for feeding and travel behaviours. Time spent travelling, time spent feeding, and foraging 

success were compared across sexes within and across seasons of fruit availability. 

Females‟ results were compared across reproductive seasons.  

2.4.6 Cohesion 

Due to poor visibility conditions it was not always possible to determine group 

spread and hence whether the focal individual‟s group had fissioned. Thus, as a measure 

of group cohesion, only point samples where group spread and composition were known 

were used to calculate the percentage of sub-group point samples. The mean group spread 

of the fused group was compared to the mean group spread of sub-groups. As with the 

previous results, the composition of subgroups and the mean duration of separation (time 
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between a fission and fusion event) were compared across seasons of fruit availability 

and reproductive seasons. 

2.4.7 Overall male-female association and affiliation 

Results for nearest neighbour when resting, feeding, and grooming, were 

compared for each adult. I calculated the number of point samples during which male or 

female focal individuals were at rest/feeding/giving grooming alone, with a male, or with 

a female, and divided these by the total number of point samples during which the male 

or female focal individuals were observed resting/feeding/giving grooming. Males and 

females were compared based on these three behaviour categories within and across 

seasons of fruit availability. 

2.4.8 Relationship strength 

Based on affiliative results, total association scores, and percentage of fissions in 

which a dyad was in the same sub-group, dyads were ranked on each measure from 

highest to lowest. In Group 1, dyads were given a score from 1 to 6 for each measure, 

with 6 being given to the highest ranked dyad; dyads in Group 2 were given a score from 

1 to 3 for each measure. If dyads had similar results (within two percentage points) they 

were given equal ranking. If dyads did not associate, affiliate, or form a sub-group 

together they were given a rank of 0.  Scores for each measure were then totalled per 

dyad to determine whether there was a marked difference between any dyad. 
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Chapter Three: Results 

3.1 Introduction 

The goal of this research is twofold: to determine the social structure (specifically 

the nature of male-female relationships) and group cohesion of E. cinereiceps, and to 

investigate female foraging strategies (variation in diet composition, choice of feeding 

partner, and foraging success with changes in food availability or female reproductive 

phase). For both lines of inquiry I establish whether food availability (low vs. high) 

and/or female energetic requirements (as per reproductive phase) correlate with male and 

female behaviours. Detailed descriptions of rarely observed behaviours such as 

intergroup agonism, copulation, and parturition are also provided. 

3.2 Social structure and group cohesion 

Social structure describes the pattern and quality of interactions between 

individuals and the types of relationships that are typified by specific patterns (Kappeler 

and van Schaik 2002). To determine the nature of male-female relationships I analysed 

data on affiliation, association, and sub-grouping patterns, and whether the pattern and 

quality of these interactions are affected by food availability or female reproductive 

status. 

3.2.1 Grooming 

Grooming rates were calculated for each focal and its adult partners as a 

directional measure of affiliation. Grooming rates between adults were low in the two 

study groups (Group 1: (mean ± SD) 0.16 ± 0.14 bouts/hr; Group 2: 0.09 ± 0.07 bouts/hr) 

(Fig 3-1). Grooming rates did not vary according to food availability in either group (Fig. 
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3-2). When grooming rates were calculated by reproductive season, rates remained the 

same except during Lactation (Mlm towards FVM: 1.55 bouts/hr) (Fig. 3-3). 

 

Figure 3-1 Grooming rate sociograms for Group 1 and Group 2 (Overall) 

 

The tail of an arrow indicates the focal individual, while the head of the 

corresponding arrow indicates whom the focal individual groomed. The thickness of 

the arrows represents the value of the grooming rate (# of bouts per hour) where 

thickness is directly proportional to grooming rate. 
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Figure 3-2 Grooming rate sociograms for Group 1 and Group 2 by season of fruit 

availability. 

 

Legend as in previous figure. 
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Figure 3-3 Grooming rate sociograms for Group 1 and Group 2 by reproductive 

season. 

 

 

Legend as in previous figure. 
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3.2.2 Association 

3.2.2.1 Time spent in proximity and contact 

As a measure of association, the proportion of time spent in proximity (< 1m), in 

contact, and the sum of these proportions (total association), were calculated for each 

focal individual with an adult partner. The magnitude of association between individuals 

is used to qualify the relationship. 

Focal individuals in both groups spent a low percentage of time in proximity with 

adult partners (below 6.1%). Individuals spent a greater percentage of time in contact 

with one another (Group 1: 17.0 ± 9.3%; Group 2: 12.9 ± 6.7%), reaching 82.0% in one 

case. The total percentage of time spent in association was higher (Group 1: 20.1 ± 

10.7%; Group 2: 14.8 ± 7.6%) (Appendix A: Table A.1a for Group 1; Table A.1b for 

Group 2). 

The percentage of time spent in total association between females was low (below 

3.0%). Both females in Group 1 spent a greater total percentage of time in association 

with Mlm (FRA1: 30.7%; FVM: 30.6%) than with Mpl (FRA1: 17.3%; FVM: 18.0%). 

Both males in Group 1 spent a greater total percentage of time in association with FRA1 

(Mpl: 28.8%; Mlm: 32.7%), and equally favoured FVM and each other. In Group 2, 

FRA2 spent a slightly greater total percentage of time in association with Mtu (Mtu: 

21.9% vs. Mbb: 16.4%). Both males spent a greater total percentage of time in 

association with FRA2 than with each other (Mtu: 21.1% > 5.0%; Mbb: 18.9% > 5.4%) 

(Fig 3-4).  
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Figure 3-4 Total association sociograms for Group 1 and Group 2 (Overall). 

 

The tail of an arrow indicates the focal individual, while the head of the 

corresponding arrow indicates whom the focal individual associated with. The 

thickness of the arrows represents the value of association (% of focal’s observation 

time spent in contact + proximity with adult individual) where thickness is directly 

proportional to value of association. 

 

In Group 1, a seasonal relationship of food availability with association existed 

for FVM only. FVM spent a greater total percentage of time in association with Mlm 

during the seasons of low food availability (Low 1: Mlm: 34.6% > Mpl: 16.8%; Low 2: 

Mlm: 95.4% > Mpl: 19.0%), but favoured Mpl during the season of food abundance 

(Mpl: 19.3% > Mlm: 13.7%) (Fig 3-5). A seasonal relationship of food availability with 

association was not found in Group 2. 

 Seasonal relationships of reproductive season with association were found for 

FVM and FRA2. FVM spent a greater total percentage of time in association with Mlm 

during Early Gestation (Mlm: 52.3% > Mpl: 22.2%), and Lactation (Mlm: 30.4% > Mpl: 

6.1%), but not during Late Gestation (Mpl: 22.0% ≈ Mlm: 18.8%). A similar pattern 

emerged for FRA2; although FRA2 showed a preference for one male over the other 

during Early Gestation (Mbb: 43.8% > Mtu: 24.5%) and Lactation (Mtu: 32.8% > Mbb: 

0.0%), she spent an equal total percentage of time in association with each male during 

Late Gestation (Mtu: 17.1% ≈ Mbb: 17.2%) (Fig 3-6). 
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Figure 3-5 Total association sociograms for Group 1 and Group 2 by season of food 

availability. 

 

Legend as in previous figure. 
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Figure 3-6 Total association sociograms for Group1 and Group 2 by reproductive 

seasons. 

 

Legend as in previous figure. 
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3.2.2.2 Maintenance of proximity 

Hinde‟s Index (H.I.) was calculated to determine which individual within a dyad 

was responsible for maintaining proximity, and thus which individual had a greater 

interest in maintaining the relationship. Index values above +0.29 indicated that 

individual A bore responsibility, values below -0.29 indicated that responsibility was 

borne by individual B. 

Overall, all potential pairings in Group 1 and Group 2 bore equal responsibility 

for maintenance of proximity. When analysed by season, the responsibility indices had a 

more uneven distribution. A seasonal relationship of food availability with H.I. did not 

exist between individual dyads, but it should be noted that responsibility was unevenly 

distributed during the seasons of low food availability, with males bearing responsibility, 

but equal during the season of food abundance (Fig 3-7) (Appendix B: Table B.1). 

During reproductive seasons, when individuals were not equally responsible for 

maintaining proximity, males bore the responsibility. This trend was observed in Early 

Gestation (Mpl-FVM: 0.33; Mbb-FRA2: 0.56), and Late Gestation (Mlm-FVM: 0.36) 

(Appendix B: Table B.2). 
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Figure 3-7 Hinde’s Index (H.I.) of association for Group 1 and Group 2 by season of 

food availability. 

 

Tail end of arrow indicates individual responsible for maintaining proximity with 

the individual indicated by the head of the arrow. The thickness of the arrows 

represents the value of H.I. where thickness is directly proportional to H.I. value. 
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3.2.3 Overall male-female association and affiliation 

Individuals in both groups spent a greater percentage of time resting and 

grooming with an individual of the opposite sex than with an individual of the same sex. 

Females spent more time feeding with an opposite sex partner (the female in Group 2 – 

FRA2 – did not have the choice of associating with a female), but males in both groups 

spent an equal percentage of time feeding with females and males (Group 1: 21% vs. 

15%; Group 2: 14% vs. 11%) (Fig 3-8). 

Although females in both groups spent a greater percentage of time engaged in 

behaviours alone than with a nearest neighbour, females in Group 1 spent more time 

resting with males than alone (52% vs. 31%) (Fig 3-8a). Males in Group 1 spent more 

time resting and grooming with females as their nearest neighbour than alone (rest: 44% 

vs. 18%; groom: 56% vs. 22%) (Fig 3-8a), while males in Group 2 spent an equal 

percentage of time resting and grooming with females or alone (rest: 24% vs. 27%; 

groom: 25% vs. 25%) (Fig 3-8b). Males and females in both groups spent more time 

feeding alone than with a nearest neighbour (Fig 3-8). 
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Figure 3-8 Percentage of time spent by females and males resting, grooming, or 

feeding alone or with a male or female as nearest neighbour. 

a. Group 1
a
 

 

b. Group 2
a,b

 

 

a
Instances in which the nearest neighbour was a juvenile are not included. Amounts 

thus do not add up to 100%. 

b
FRA2 in Group 2 did not have a potential female partner. Her F values are thus 

not zero, but not possible. 
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3.2.4 Cohesion 

To measure cohesion, group composition (adult individuals only) and group 

spread were noted every 10 minutes during point samples. These data provide 

information regarding the potential variation in sub-group composition, the relationship 

of fissioning with sub-group spread, and the duration of fission events. Cohesion 

measures are not available for every point sample due to poor visibility conditions or 

whether the group was travelling at the time of the point sample. Of 1863 point samples, 

group composition and group spread were not known for 510 (or 27.4%) point samples. 

Cohesion data are thus a subset of the overall data. The composition of Group 1 was 

known for 687 point samples, 9.6% of which represented group fissions. The 

composition of Group 2 was known for 666 point samples, 11.3% of which represented 

group fissions. Group fissioning did not track resource availability closely. Fissioning in 

both groups was highest in the first period of low food availability and lowest in the 

second (Table 3-1). 

Table 3-1 Percentage of point samples for which group composition was known in 

which sub-grouping occurred. 

Season 
% of sub-grouping 

Group 1 Group 2 

Overall 9.6 11.3 

Low 1 15.1 22.4 

High 6.5 10.3 

Low 2 0.0 2.1 
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For both groups, group spread was smaller when fissioned than when the groups 

were whole. In Group 1, group spread was largest during the season of food abundance 

regardless of whether the group was whole or fissioned (Table 3-2a). In Group 2, the 

spread of the group when whole did not track resource availability. Sub-group spread was 

relatively small, averaging 1.5m during the first season of low food availability and 0.0m 

(contact) during the second season of low food availability. The sub-group observed 

during the season of food abundance consisted of only one adult individual, FRA2, and 

sub-group spread was not applicable (Table 3-2b).  

In Group 1, the most common sub-group consisted of FRA1, Mlm, and Mpl. The 

second most common sub-group consisted of FVM (Table 3-3a). Though it is not known 

whether individuals not found in a sub-group formed a single sub-group of their own or 

split into multiple sub-groups, the sub-groupings mentioned above hint towards a distinct 

sub-grouping pattern during fission events. The most common sub-group in Group 2 

consisted of the two adult males, Mtu and Mbb. The second most common sub-group 

consisted of FRA2 and Mbb. (Table 3-3b). A seasonal effect of food availability on sub-

grouping pattern was not observed for either group. 

The duration of fission events was estimated from the number of consecutive 

point samples (taken at 10 minute intervals) for which a specific sub-group was observed. 

This estimate does not reflect the actual duration of fission events (they may have been 

from 0.02 to 9.98 minutes longer than the estimate), however the same estimation method 

was applied to calculate the duration of every fission event. Fission events lasted from 10 

to 180 minutes in Group 1, with an average duration of 62 minutes overall, and lasted 10 

to 330 minutes in Group 2, with an average duration of 93.8 minutes overall. A seasonal 
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fluctuation of duration of fission events with food availability was not observed for either 

group (Table 3-3). 

Table 3-2 Group spread (m) when group is whole vs. when group is fissioned into 

sub-groups. 

a. Group 1 

Season 
Whole group Sub-groups 

N Mean ± SD Range N Mean ± SD Range 

Overall 521 12.3 ± 0.3 1 - 29 62 4.1 ± 0.9 0 – 25 

Low 1 251 8.3 ± 0.4 1 - 25 45 2.5 ± 0.6 0 – 15 

High 207 16.1 ± 0.5 3 - 29 17 8.5 ± 2.5 0 – 25 

Low 2 63 14.8 ± 0.7 8 - 27 0 -  -  

 

b. Group 2 

Season 
Group whole Sub-groups 

N Mean ± SD Range N Mean ± SD Range 

Overall 500 13.2 ± 0.3 0 - 28 51 1.4 ± 0.3 0 – 10 

Low 1 139 12.0 ± 0.6 0 - 28 48 1.5 ± 0.4 0 – 10 

High 172 12.1 ± 0.5 2 - 27 22 _ _ 

Low 2 189 15.1 ± 0.4 5 - 28 3 0.0 ± 0.0 0 - 0 
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Table 3-3 Composition of sub-groups and duration of sub-grouping events 

a. Group 1 

a 
equivalent to 8 point samples. 

b. Group 2 

Date Sub-group members Individuals absent from sub-group 
Duration 

(min) 

19 - Jun FRA1  FVM, Mpl, Mlm  80
a 

19 - Jun FRA1,  FVM, Mlm  Mpl  40 

19 - Jun FRA1, Mlm, Mpl FVM 10 

20 - Jun FVM, Mlm FRA1, Mpl 100 

3 - Jul FVM FRA1, Mlm, Mpl 180 

4 - Jul FRA1, Mlm + Mpl FVM 70 

12 - Sep FRA1, Mlm FVM, Mpl 10 

12 - Sep FRA1, Mlm, Mpl FVM 10 

25 - Sep FVM FRA1, Mlm, Mpl 60 

26 - Sep FRA1, Mlm, Mpl FVM 60 

Date Sub-group members Individuals absent from sub-group 
Duration 

(min) 

10 - jul FRA2, Mtu Mbb 100 

11 - Jul FRA2, Mbb Mtu 330 

12 - Jul FRA2, Mbb Mtu 10 

20 - Aug Mbb, Mtu FRA2 10 

20 - Aug Mbb, Mtu FRA2 10 

20 - Aug FRA2, Mbb Mtu 20 

17 - Sep FRA2 Mbb, Mtu 220 

2 - Oct FRA2 Mbb, Mtu 50 
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3.2.5 Relationship strength 

High affiliation, association, and the propensity towards sub-grouping together 

indicate a strong relationship between two adult individuals. These measures were ranked 

and summed for each dyad to illustrate the configuration of relationships within each 

group.  

Analysed overall, the strongest relationships are mainly found in male-female 

dyads vs. male-male or female-female dyads (Table 3-4)  The strongest relationships in 

Group 1 are FRA1 - Mlm (strength = 16) and FVM - Mlm (strength = 14) (Table 3-4a).  

The strongest relationships in Group 2 are FRA2 – Mbb (strength = 7.5) and FRA2 – Mtu 

(strength = 7.5) (Table 3-4b).  

When analysed seasonally, in Group 1 the relationship between FRA1 and Mlm 

remained strong throughout all three seasons of food availability (Low 1: 12, High: 17, 

Low 2: 5). FVM and Mlm‟s relationship became weak only during the season of high 

food availability (Low 1: 13, High: 6, Low 2: 6). Seasonal relationships appear to involve 

a centralized configuration. During the first and second seasons of food scarcity, both 

females organized themselves around Mlm. During the season of high food availability, 

both males organized themselves around FRA1 (Table 3-5a). A seasonal effect of food 

availability on relationship strength was not observed for Group 2 (Table 3-5b). 
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Table 3-4 Strength of relationship between dyads relative to other dyads: defined as 

the total reversed rank scores for percentage of time spent grooming (affiliation), in 

association, and in sub-groups (cohesion). 

a. Group 1 

Dyad Affiliation 

% 

Rank Association 

% 

Rank Cohesion 

% 

Rank Strength 

FRA1 - Mlm 0.25 4 0.32 6 0.47 6 16 

FVM - Mlm 0.63 6 0.25 5 0.21 3 14 

FRA1 - Mpl 0.26 4 0.20 3 0.39 5 12 

Mpl - Mlm 0.27 4 0.21 3 0.30 4 11 

FVM - Mpl 0.26 4 0.20 3 0.00 0 7 

FRA1 - FVM 0.06 1 0.01 1 0.06 2 4 

 

b. Group 2 

Dyad Affiliation 

% 

Rank Association 

% 

Rank Cohesion 

% 

Rank Strength 

FRA2 - Mtu 0.21 2.5 0.21 3 0.12 2 7.5 

FRA2 - Mbb 0.23 2.5 0.18 2 0.32 3 7.5 

Mtu - Mbb 0.02 1 0.05 1 0.03 1 3 
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Table 3-5 Strength of relationship per season of food availability between dyads 

relative to other dyads: defined as the total reversed rank scores for of time spent 

grooming (affiliation), in association, and in sub-groups (cohesion). 

a. Group 1 

Low 1 High Low 2 

Dyad Strength Dyad Strength Dyad Strength 

FVM - Mlm 13 FRA1 - Mlm 17 FVM - Mlm 6 

FRA1 - Mlm 12 FRA1 - Mpl 14 FRA1 - Mlm 5 

Mpl - Mlm 8.5 Mpl - Mlm 7 FRA1 - Mpl 3 

FRA1 - FVM 8 FVM - Mlm 6 FVM - Mpl 3 

FRA1 - Mpl 6.5 FVM - Mpl 3 Mpl - Mlm 2 

FVM - Mpl 4 FRA1 - FVM 1 FRA1 - FVM 0 

 

b. Group 2 

Low 1 High Low 2 

Dyad Strength Dyad Strength Dyad Strength 

FRA2 – Mbb 6 FRA2 – Mbb 5.5 FRA2 – Mtu 6 

FRA2 – Mtu 3.5 FRA2 – Mtu 2.5 Mtu – Mbb 1 

Mtu - Mbb 2.5 Mtu - Mbb 1 FRA2 - Mbb 0 

 

3.3 Female foraging strategies 

In response to changes in food availability or energetic requirements, females may 

adopt flexible foraging strategies. These strategies could include a change in diet 

composition, association with a „helper‟ individual to increase foraging success, or social 

isolation to decrease intragroup competition over resources. 
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3.3.1 Seasonal variation in diet composition 

Variations in diet according to food availability indicate dietary flexibility. Sex 

differences in the variation of diet composition according to food availability and 

energetic requirements may suggest sex-specific foraging strategies. Fruit was the 

primary food choice for both males and females regardless of season. Females‟ use of 

fruit showed no relationship with availability, though males showed a slight decrease in 

their use of fruit during the season of abundance. Males‟ use of fruit was equal to or 

higher than females‟ during all seasons (respectively Low 1: 88.2% vs. 76.2%; High: 

86.0% vs. 86.8%; Low 2: 90.9% vs. 90.2%) (Appendix C: Table C.1). 

Depending on season, insects were 0.0 - 10.5% of females‟ diet but only 0.0 - 

0.7% of males‟ diet. Young leaves were 3.9 – 8.6% of females‟ diet and 1.3 – 11.8% of 

males‟ diet, while flowers were 1.9 – 5.9% of females‟ diet and 0.0 – 11.3% of males‟ 

diet. The proportion of females‟ diets accounted for by food other than fruit did not vary 

according to food availability seasons. Males relied more heavily on, and consumed a 

greater variety of, alternative food sources during the season of relative abundance 

(Appendix C: Table C.1). 

In contrast with resource availability, females‟ diet composition did vary 

according to reproductive state. Females‟ fruit consumption was lowest during Mating 

(75.0%) and highest during Lactation (92.1%). Females‟ diets were equally varied during 

Early and Late Gestation, but the most restricted during Lactation, when young leaves 

were the only alternative selected (Appendix C: Table C.2). 

In comparing food availability to reproductive state it should be noted that two of 

the three females were synchronous while the remaining female‟s reproductive phases 
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aligned with different food availability seasons. This particular female, FRA1, was the 

only female for whom data were collected during the Mating season. The index of food 

availability was low during this season (4.4%) (Fig 3-9). The consumption of fruit was 

lowest while insect consumption was highest during this reproductive phase (Appendix 

C: Table C.2). Early Gestation, during which females consumed 78.3% fruit and had high 

dietary variation, corresponded to low fruit availability (Fig 3-9). Fruit availability 

increased gradually during Late Gestation, tapering off only at the very end of gestation 

for two of the three females (Fig 3-9), though fruit consumption did not vary accordingly.  

During Lactation, when food availability was low (4.4%) (Fig 3-9), females consumed 

the most fruit and had the least dietary variation (Appendix C: Table C.2). 

3.3.2 Nearest neighbour when feeding 

To examine potential patterns in partner preference in the context of feeding, I 

compared focal individuals‟ feeding time with same sex adult individuals, opposite sex 

adult individuals, and alone. Females and males in both groups spent an equal or greater 

percentage of time feeding alone than with an adult nearest neighbour (Group 1: F: 

59.7% > 20.0%; M: 40.3% ≈ 41.3%; Group 2: F: 65.3% > 23.0%; M: 40.7% > 25.0%). 

When feeding with a nearest neighbour, females only fed with males (although in Group 

2 the female did not have a choice), while males did not show a clear preference for 

either females or males (Group 1: F: 21.3% ≈ M: 20.0%; Group 2: F: 14.0% ≈ M: 

11.0%). 
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Figure 3-9 Females’ reproductive seasons compared to fruit availability. 

 

Fruit availability is measured on the y-axis, while reproductive seasons are grouped 

by female above (M=Mating season: black; EG= Early Gestation: grey; LG= Late 

Gestation: thin black; L=Lactation: white). 
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A seasonal relationship of food availability with nearest neighbour when feeding 

was observed for Group 1. Females spent a lower percentage of time feeding alone 

during the season of food abundance than during seasons of low food availability (High: 

46.0% vs. Low 1: 56.0% and Low 2: 77.0%), though they also spent a lower percentage 

of time feeding with a male during the season of food abundance (High: 4.0% vs. Low 1: 

44.0% and Low 2: 12.0%) (Fig 3-10a). Males spent a greater percentage of time feeding 

alone during the season of food abundance than during seasons of low food availability 

(High: 66.0% vs. Low 1:10.0% and Low 2: 45.0%) , but it was also the only season 

during which males showed a preference for females over males as nearest neighbour 

when feeding (F: 24.0% vs. M: 5.0%) (Fig.3-10a). A seasonal relationship was not 

observed for Group 2 (Fig 3-10b). 

When analysed per reproductive season, during the Mating and Late Gestation 

seasons females spent the majority of their feeding time alone (Fig 3-11). Although it 

may appear according to Figure 3-11 that during Early Gestation females preferred 

feeding with males to feeding alone, the sample size is small and indicates that there was 

no clear preference (alone: N=2 vs. M: N=3) (Table 3-6). Results were biased during 

Lactation (Fig 3-11) by the large sample size for FVM (who only fed alone: N=17) over 

FRA2‟s lack of preference (alone: N=4 vs. M: N=5) (Table 3-6). 
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Figure 3-10 Percentage of observed feeding time spent alone, with a female (F) or 

with a male (M) as nearest neighbour (NN), per season of food availability. 

a. Group 1 

 

b. Group 2 

 

There is only one female in Group 2, and this female could not have had a female as 

nearest neighbour. Her ‘F as NN’ values are thus not zero, they are not applicable. 
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Figure 3-11 Percentage of females’ observed feeding time spent alone or with a male 

(M) as nearest neighbour (NN) per reproductive season. 

 

 

Table 3-6 Focal females’ nearest neighbour within 5m when feeding, per 

reproductive season. 

Female 
Mating Early Gestation Late Gestation Lactation 

N 
a 

alone male N alone Male N alone male N alone male 

FRA1 4 3 1 0 0 0 19 13 2 - - - 

FVM - - - 5 2 3 14 12 1 17 17 0 

FRA2 - - - 0 0 0 9 8 1 9 4 5 

a
 N= # of point samples for which the focal individual was observed feeding 

3.3.3 Feeding rate 

Focal individuals‟ feeding rates were compared when alone, with a male, or with 

a female as nearest neighbour. Feeding rate data are a subset of the general feeding data 

and were recorded only when visibility permitted. Sample sizes are thus small and 
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seasonal comparisons are limited. Overall, the feeding rates of individuals in Group 1 

observed feeding on medium-sized fruit did not demonstrate any pattern of relation with 

identity of nearest neighbour. The feeding rates of individuals in Group 2, however, were 

consistently higher when they fed alone than with a nearest neighbour. 

The highest feeding rates for both groups were observed during the season of food 

abundance. Females‟ feeding rates were highest during Late Gestation, regardless of 

whether they fed with a male or alone. Feeding rate data were minimal during Early 

Gestation and Lactation. 

3.3.4 Foraging success 

Overall, individuals in both groups spent a nearly equal percentage of time 

feeding and travelling (FRA1: 11.4% vs. 9.9%, FVM: 15.6% vs. 11.2%, Mpl: 10.6% vs. 

6.7%, Mlm: 11.5% vs. 11.3%, Mtu: 12.3% vs. 11.7%, Mbb: 12.1% vs. 10.6%), with the 

exception of FRA2 (5.4% vs. 8.5%). Mean foraging success (percent of time spent 

travelling divided by percent time spent feeding) was higher for Group 1 (1.3 ± 0.3) than 

for Group 2 (0.9 ± 0.3). There were no consistent sex differences in foraging success. 

FRA2 had the lowest foraging success (0.6), while Mpl and FVM had the highest (1.6 

and 1.4 respectively). 

Individuals‟ foraging success showed no relationship with food availability (Fig 

3-12), but did show a relationship with reproductive phase. Both FVM and FRA2 

increased their percentage of time spent feeding as they progressed from Early Gestation 

to Late Gestation and then to Lactation (FVM: 6.4% to 16.7% to 23.2%; FRA2: 3.7% to 

4.4% to 14.4%). FVM‟s travel time increased concurrently (0.6% to 12.1% to 20.5%), 

but FRA2‟s travel time decreased as she progressed through gestation to lactation (13.6%  
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Figure 3-12 Focal individuals’ travel and feeding time per season of food 

availability. 

a. Group 1 

 

b. Group 2 
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to 8.0% to 7.0%). These trends resulted in FRA2 being the only female to increase her 

foraging success over the reproductive seasons (Fig 3-13). FRA1, whose oestrous was not 

synchronized with the other two females, had her lowest feeding and travel percentages 

during her Mating season (feed: 6.8%; travel: 1.8%). Her highest feeding time was during 

Early Gestation (Fig 3-13), which for her corresponded with the season of food 

abundance (Fig 3-9). Her travel time, however, was also high during Early Gestation and 

Late Gestation, resulting in a steadily decreasing foraging success over this time period 

(Fig 3-13). 

 

Figure 3-13 Females’ travel and feeding time per reproductive season 

 

M = Mating season, EG = Early Gestation, LG = Late Gestation, L = Lactation 
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3.4 Description of rare observations 

3.4.1 Intergroup agonistic interactions 

Two intergroup agonistic interactions were observed, both during the first season 

of low food availability. The first encounter occurred on July 10, between Group 2 and an 

unknown group. The second encounter occurred on August 9, between Group 2 and FVM 

of Group 1. The composition of Group 2 was whole at the onset and end of both 

encounters. Interactions were brief, approximately two to three minutes in duration, and 

elicited loud rapid vocalizations (grunts) from all individuals involved. There was little to 

no physical contact between groups during the encounters, though rapid lunges and 

evasions were observed. In both instances Group 2 remained at the site of the interactions 

while the other groups departed. Individuals remained vigilant for a short time after the 

encounter. 

3.4.2 Copulatory behaviour 

Prior to animal collaring, I observed copulatory behaviour while conducting 

preliminary observations of Group 1. On May 23 an uncollared male (now assumed to be 

Mpl based on body size) was observed copulating with FVM at 9:18 am. FVM jumped 

rapidly from to tree to tree three times with Mpl following close behind, after which 

copulation took place. At 9:25 am and again at 12:03 pm Mpl was observed copulating 

with FRA1. Copulation consisted of 10-20 quick thrusts over a period of 15-30 seconds. 

The male produced vocalizations consisting of rapid soft grunts like a staccato humming. 

The females did not vocalize during copulations. All copulations were ventro-dorsal. It 

was not known if ejaculation occurred. Based on parturition dates for both females, these 

copulations were within FVM‟s mating season, but well before FRA1‟s conceived.  
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 Extra-seasonal copulations were observed in the month of September. On 

September 11, two weeks prior to FVM‟s parturition date, I observed two copulation 

attempts by Mlm towards FVM. The attempts were ventro-dorsal, with Mlm grasping 

FVM‟s haunches. Mlm emitted low grunts, FVM emitted high pitched squeals. It was not 

known if intromission occurred. FVM‟s most visible action to resist Mlm‟s attempt was 

when she turned her upper body and attempted to hit Mlm. Once disengaged, Mlm 

inspected and licked FVM‟s anogenital region.  

Another extra-seasonal copulation attempt was observed on September 25 of Mlm 

towards FRA1. FRA1 was sitting on a branch with her posterior angled lightly off the 

branch and her tail straight out in mid-air, to the left of her body. Mlm, who had been 

sitting behind her, hung down from the branch and attempted to mount FRA1. His thrusts 

were quick and only lasted 5 seconds. Afterwards, he moved back onto the branch 

behind. FRA1 showed no reaction. 

To summarize, copulations were observed during the normal mating season. It is 

also possible, based on these observations and FRA1‟s late lactation season that female 

WCL can cycle anew immediately after a miscarriage. In addition, extra-seasonal 

copulations were observed during females‟ gestation periods. 

3.4.3 Parturition 

On October 2 at 12:37 pm I witnessed the birth of FRA2‟s infant. At 12:14 pm, 

FRA2 fissioned from her group and positioned herself within the crown of a tree (animal 

height: 10m, tree height: 12m). She moved erratically back and forth within the crown 

until finally, after 12 minutes, she appeared to squat, shifted her weight, and pulled a 

viscous black-grey substance to her mouth and ate it. She then proceeded to lick the fluid 
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off her newborn infant and was still doing so when we ended observations 37 minutes 

later. When observations were resumed on the following morning, the group had fused, 

but FRA2, who maintained ventral contact with her newborn, did not associate closely 

with other group members. 
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Chapter Four: Discussion 

4.1 Summary of Findings 

In this study, the social organization of E. cinereiceps was similar to that described 

in previous studies. However, groups were smaller than in other locations, and though 

one group was multi-male multi-female, the other consisted of two males and one female 

(a male bias in composition). Evidence of pair-bonding or seasonal special relationships 

was not found in either group. These findings are contrary to the findings for other brown 

lemur species (Kappeler 1993; Pereira and McGlynn 1997; Overdorff 1998). Some 

evidence was found supporting seasonal centralized structures, both central-male and 

central-female, but only for Group 1. In a different environment from previous research, I 

confirm fission-fusion dynamics, even in small groups, but with no clear seasonal 

association. The highly frugivorous diet of WCL at Mahabo also was similar to that of 

brown lemurs in different types of forest (Tattersall 1977; Overdorff 1991, 1993; Freed 

1996; Vasey 1997, 2000; Rasmussen 1999; Johnson 2002, 2006; Ralainasolo et al. 2008). 

However, females did not appear to enlist the help of males to increase their food intake. 

Aggressive interactions between individuals and displacement from feeding sites were 

rarely observed. The data thus suggest that the resource defense hypothesis may not be 

supported. It is interesting to note, however, that males appear to have a greater interest 

than females in maintaining proximity. Extra-seasonal copulations, initiated by the male, 

were also observed shortly prior to parturition.  

4.2 Social system 

The small group sizes observed in the study groups may be explained by the 

relatively low predation pressure (van Schaik and van Hooff 1983). Smaller group sizes 



75 

 

may confer a feeding advantage as each individual obtains more food and expends less 

energy foraging (Janson 1998). van Schaik (1983) predicts that if the costs of intra-group 

competition outweigh the benefits for inter-group competition, larger groups will fission. 

Fission-fusion was observed, even in these small groups, but it did not track food 

availability. This could be due to the relatively small difference in food availability 

between seasons qualified as low food availability and seasons qualified as abundant. In 

her comparison of rainforest lemur species, Wright (1999) noted that sympatric species 

synchronized weaning with the period of high food availability. Since the current study 

covered only one third of the year, and the weaning phase was not within this time 

period, it is likely that the true season of abundance was not observed. Whether food 

availability influences fission-fusion dynamics in WCL, and whether it places limitations 

on group size thus requires further study. 

Group size, which arguably may be determined by proximate factors such as food 

availability and predation pressure, may also be influenced by ultimate factors. The 

evolutionary disequilibrium hypothesis posits that behaviour is determined by previous 

evolutionary forces and may be mismatched with the current environment (i.e., strong 

phylogenetic inertia). van Schaik and Kappeler (1996) propose that formerly nocturnal 

pair-living lemur species experienced an incompatibility with their new diurnal activity 

pattern which shaped several facets of their social system, including living in a group 

social structure and oestrus synchronization. Based on associative and spatial cohesion 

data, WCL social organization appears to resemble that of closely related E. fulvus rufus 

in male-biased sex ratio and the occurrence of group fissioning (Kappeler 1993; Pereira 

and McGlynn 1997; Overdorff 1998), even though the study populations live in different 
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habitats: lowland to montane rainforest for E. fulvus rufus (Overdorff 1998) and coastal 

littoral forest for WCL at Mahabo. In their study of the correlates of diversity in the 

genus Eulemur, Ossi and Kamilar (2006) noted that environmental characteristics were 

not correlated with social organization characteristics in Eulemur species from different 

habitats, but that social organization was correlated with phylogeny.  

The small sizes of the groups in this study suggest that the evolutionary 

disequilibrium hypothesis may be partially supported. These groups are smaller than 

those studied in different environments (Overdorff et al. 1999; Johnson 2002). Brown 

lemur groups in Ranomafana, for example, are larger due perhaps to environmental 

conditions such as increased predation pressure.  

It is possible that the social organization and structure observed in WCL and other 

brown lemurs may be a snapshot of a continuous and gradual evolution from pair-living 

nocturnal species to group-living diurnal species. Considering van Schaik and Kappeler‟s 

(1996) evolutionary disequilibrium hypothesis, Ossi and Kamilar‟s (2006) conclusions, 

and the current findings for WCL, it is conceivable that the social structure of brown 

lemurs is influenced by evolutionary forces (imposing group size parameters) as well as 

environmental conditions (demonstrated by the flexibility of group size within the set 

parameters). 

Eulemur spp.‟s multi-male multi-female groups have been proposed to be 

aggregations of several adult male and female dyads or „pair bonds‟ (van Schaik and 

Kappeler 1993, 1996). Strong evidence of pair bonds has not been found among brown 

lemurs but some evidence of the less strictly defined special relationships has been found 

(Kappeler 1993; Pereira and McGlynn 1997; Overdorff 1998), though none of these 
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studies found this social structure to be ubiquitous. The current study found similar 

results; evidence of permanent „pair bonds‟ was not found. This, and the previously 

mentioned findings, do not support van Schaik and Kappeler‟s (1993, 1996) theory that 

multi-male multi-female groups consist of aggregations of pair-bonded dyads, a vestige 

of the transition from a nocturnal to cathemeral activity pattern. 

Females did spend more time in association, affiliation, feeding, and in sub-

groups with males than females (Group 2 is not considered here due to limitations posed 

by group composition). According to the definition of special relationships (a more 

flexible pair bond), measures of association and affiliation had to be greater and 

reciprocal for one pair over all others and the pair needed to maintain social cohesion 

with each other. Such was not the case for any pair over all others. There is stronger 

support in Group 1 for a central-male social structure during seasons of low food 

availability, and a central-female structure during the season of high food availability. 

Throughout the study, one pair (FRA1 – Mlm) maintained a strong relationship (though 

not consistently stronger than their other pairings), and it could be that they formed the 

basis of the seasonally changing centralized configuration (FVM joined them in the low 

seasons, Mpl joined them during the high season). Due to the small size of both groups, 

any behavioural change in one individual potentially changes the social structure of the 

group (see Pochron and Wright (2003) for an example of how small group size can affect 

social system classification). 

The central female social structure finds additional support in Group 2. Both 

males significantly preferred the female in terms of association and affiliation. It should 

be noted that while the adult composition of group 1 has changed over the last two years 
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(December 2005 – October 2007) with males leaving the group and being replaced by 

new males, the adult composition of Group 2 has remained stable (H.E. Andriamaharoa, 

pers. comm.). Given that genetic data on the members of groups 1 and 2 are not available 

at the time of this study, we do not know if FRA2 is related to either Mtu or Mbb (adults 

in Group 2). If she is, then group 2 may be the structure of a monogamous family group 

composed of a pair-bonded couple and an adult male offspring. If she is not related to 

either Mtu or Mbb then it is possible that the social structure of group 2 may be female 

centred, though year-round data would be required to verify this. 

The female-centred social structure is further supported by the fact that according 

to Hinde‟s Index the males bore the responsibility of maintaining proximity with the 

central female. The question raised by these findings is whether this female-centred 

social structure is a polyandrous mating system. A polyandrous mating system consists of 

one female mating with two or more males, while males of the group mate only with that 

female (Goldizen, 1987; Tardif and Garber 1994; Garber 1997; Kappeler 1997). Social 

organization of polyandrous groups is variable: pairs as well as multi-male multi-female 

groups can be observed, although usually only one female reproduces (Kappeler 1997). 

Polyandry is rare in primates and has only been documented for New World callitrichids 

(Goldizen 1987). Promiscuous female mating and a limit of one to two reproductive 

females per group (or 50%) have been observed for lemurs within the brown lemur 

species complex (Overdorff et al. 1999). Infant grooming and handling by males was 

observed in this study shortly after parturition. Nonmaternal infant care has been 

suggested as an evolved behaviour in response to the high energetic costs of reproduction 

to smaller primates (Kleiman 1977; Leutenegger 1980; Wright 1990; Ross 1991). Though 
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the potential for this behaviour, a component of polyandry (Kappeler 1997), was 

observed for WCL, the female-centred group structure observed for both groups was 

prior to parturition, not after, and all the females in the study groups reproduced; thus 

typical primate patterns of polyandry were not present in WCL. 

Assessment of special relationships was limited by the low frequency of 

affiliative behaviour and the poor visibility conditions for recording cohesion. It is worth 

noting that the infrequency of affiliative behaviour recorded here may indicate that other 

forms of interaction are important in WCL social structure (Hinde 1976; Whitehead and 

Dufault 1999); other behavioural criteria may be needed to measure and qualify social 

relationships in WCL, such as frequency of chemical communication via scent-marking 

and inspection or frequency and direction of vocal communication. Also, data on vocal 

and olfactory communication could have been collected to assess whether sub-groups 

maintained contact with one another by these means. 

Despite the importance of phylogeny in shaping behaviour in Eulemur (Ossi and 

Kamilar 2006), there is variation in the social structure of E. cinereiceps and closely 

related species. Research on E. fulvus has found male-female dyads (Kappeler 1993; 

Overdorff 1998) and one study found both male-female dyads and central-male social 

structure in two different groups (Pereira and McGlynn 1997). Female-centred social 

structures have not previously been recorded for Eulemur spp. It is conceivable that WCL 

and other species within the brown lemur species complex have a very high degree of 

social plasticity which allows them to adapt to the stochastic environment of Madagascar. 

This social plasticity appears to be the unifying theme for brown lemur social structure 

and organization. Yet another example of this can be seen in the fission-fusion social 
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organization of WCL (Johnson 2002) which was also documented in this study. Fission-

fusion has also recently been observed in one E. fulvus rufus population (D. Overdorff, 

pers. comm., cited in Johnson 2006). This type of social organization is exceptional since 

brown lemur groups typically maintain very cohesive social groups (Vasey 1997; 

Overdorff and Johnson 2003; Johnson 2006). 

 According to data on group history, some male dispersal exists among the WCL 

groups at Mahabo. There is no record of female dispersal, but there is evidence that males 

left Group 1 in the spring of 2007 and two males (Mpl and Mlm) entered this group in 

May 2007. Whether this was a forceful group takeover, or even whether Mpl and Mlm 

are related, is not known. Overdorff et al. (1999) found evidence of male-biased dispersal 

in E. fulvus rufus. Several isolated male pairs were also observed during the study. Just as 

in this study, Overdorff et al. did not find any indication of the social structure usually 

observed in primate groups with male-biased dispersal, such as female dominance in L. 

catta (Kappeler 1990) or female-bonding in Cebus capucinus (Jack and Fedigan 2003).  

4.3 Female foraging strategies 

While the evolutionary disequilibrium hypothesis attributes unusual lemur traits 

to a partial mismatch of evolved traits with a new activity period (van Schaik and 

Kappeler 1996), the energy conservation hypothesis accredits lemur social structure to 

female energetic requirements (Jolly 1966, 1984). This hypothesis postulates that the 

stochastic nature of Madagascar‟s environment imposes significant energetic stress on 

reproductive female lemurs (Jolly 1966, 1984; Richard and Nicoll 1987; Young et al. 

1990; Wright 1993, 1999). Lemurs consequently evolved female dominance to ensure 

female feeding priority, thereby increasing reproductive success (Jolly 1984; Young et al. 
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1990). Another evolved trait in response to Madagascar‟s variable resource seasonality is 

the extreme synchronization of oestrous periods regulated by photoperiodicity (van Horn 

1975; Jolly 1984; Rasmussen 1985). Wright (1999) proposes the energy frugality 

hypothesis as a further development of the energy conservation hypothesis, incorporating 

strategies evolved to conserve energy and others evolved to capitalize on scarce 

resources. Sperm competition, oestrous synchrony, low basal metabolic rate, and small 

group sizes are all tactics that have evolved to conserve energy, while female dominance, 

weaning synchrony across sympatric species, and cathemerality are tactics employed to 

take full advantage of resources that are patchily distributed both in time and space 

(Wright 1999). In contrast, the evolutionary disequilibrium hypothesis presumes that 

cathemerality is a consequence of a reduction in diurnal predation pressure, and group 

size is moderated by predation-risk and strategies to reduce infanticide risk (van Schaik 

and Kappeler 1993, 1996; Kappeler and van Schaik 2002). 

- Energy conservation strategies 

 In accordance with the energy frugality hypothesis, the groups in this study were 

small, in fact smaller than WCL groups studied elsewhere in possibly more resource-rich 

environments (Johnson 2002). Two of the three females exhibited oestrous synchrony 

while the third may have failed to conceive during the originally synchronized oestrous 

period and cycled anew. It was not possible to verify sperm competition as copulations 

observed during the mating season consisted of one male with two females in Group 1. 

No other conceptive copulations were observed, though this is not surprising as 

observations began at the end of the mating season. Earlier studies have indicated that 

WCL show evidence of sperm competition and exhibit canine sexual dimorphism but not 
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body mass sexual dimorphism (Johnson et al. 2005). The absence of body mass 

dimorphism supports the predictions of the energy frugality hypothesis; males are as 

large as permitted by the availability of resources (Wright 1999). The presence of canine 

sexual dimorphism may contradict this hypothesis and suggests male-male direct 

competition. The energy frugality hypothesis supposes that females, not males, have 

larger canines due to female-female competition (Plavcan and van Schaik 1997), and that 

female choice results in smaller males (Small 1989); both are mechanisms that maintain 

female dominance (Wright 1999). WCL females are thus not exclusively employing 

energy conservation measures in accordance with the energy frugality hypothesis. 

- Strategies used to capitalize on scarce resources 

 According to the energy frugality hypothesis, strategies employed to capitalize on 

scarce resources include cathemerality, weaning synchrony, and female dominance 

(Wright 1999). One nocturnal observation was conducted to verify WCL nocturnal 

activity. WCL were observed to be active at night as well as during the day, thereby 

exhibiting a cathemeral activity pattern. Due to the short duration of this study it was not 

possible to note when infants were weaned, nor have data been collected on sympatric 

species to verify weaning synchrony as per Wright (1999). Female dominance over males 

is considered absent in the brown lemur species complex and they are the exception 

among gregarious lemur species (Pereira et al. 1990; Pereira and Kappeler 1997; Pereira 

and McGlynn 1997; Overdorff and Erhart 2001). Female dominance is characterized by 

the occurrence of male submissive signals directed towards females and the absence of 

submissive signals from females to males (Pereira et al. 1990; Kappeler 1993; Overdorff 
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et al. 2005). This pattern was not observed in this study, in fact a minimum amount of 

aggression was observed within the study groups.  

 Contrary to expectations regarding female energy requirements during 

reproduction, females consumed a lower percentage of fruit than males. In accordance 

with the predictions for energy requirements imposed by gestation and lactation, 

however, females ate the most fruit during Lactation, even though it was less available. 

Given the lack of female dominance in WCL, how do females maximize their access to 

resources in times of resource scarcity or during energetically expensive reproductive 

periods? During this study I tested the resource defence hypothesis as an alternate 

strategy. It is hypothesized that, for lemur species in which female dominance does not 

exist, females form special relationships with males in order to improve their foraging 

success (Pereira and Kappeler 1997; Pereira and McGlynn 1997). The findings of this 

study indicate that females‟ feeding rates were not influenced by the identity of their 

nearest neighbour and that in Group 2 feeding rates were higher when the female fed 

alone. In both groups females were observed feeding alone more often than with a male. 

Although feeding rates were highest during the season of food abundance and during 

Late Gestation, it cannot be concluded that there is a seasonal effect as feeding rate data 

were limited for other seasons, thereby biasing results. Different trends were observed by 

Overdorff (1998) in her study of E. fulvus rufus in Ranomafana National Park: in one of 

two study groups male-female dyads formed during period of resource scarcity and both 

individuals had higher feeding rates as a result. During early lactation, however, females 

isolated themselves from other group members, a behaviour not observed in the groups at 
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Mahabo perhaps due to the small group sizes and the corresponding reduction in 

competition. 

In this study, a seasonal effect of reproductive phase was observed for foraging 

success. The solitary female in Group 2 was the only female for whom a steady increase 

in foraging success was observed from Early to Late Gestation and then through 

Lactation. Both females in Group 1 increased their travel time as they progressed through 

their respective reproductive phases, and foraging success actually decreased for the 

asynchronous female (FRA1). These results, taken together with the failure to observe 

females feeding with females as nearest neighbour, and the propensity towards fissioning 

of females into separate sub-groups, could point towards strategies to reduce competition 

between females for food. Females did not appear to be seeking alliance with males as 

per the resource defence hypothesis, however. In fact, Hinde‟s Index values, when not 

indicating equal responsibility designate males as responsible for maintaining proximity 

with females. In addition, males spent more time in association and affiliation with 

females than vice versa. 

 In light of these findings, rather than males providing a service to females, are 

females providing a service to males? It is possible that females rather than males are 

more vigilant for predators and alert the group to potential dangers. Overdorff (1998) 

found that in E. f. rufus, females, not males, were primarily responsible for scanning the 

environment and alarm calling. Alternatively, females may be more proficient at mapping 

food sources than males. A male would thus benefit from maintaining close proximity to 

a female as she led the group to feeding sites. A study of V. variegata did find that certain 

individuals led group movements to feeding sites and were the first to arrive at feeding 
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sites significantly more often, but these differences were not related to sex (Overdorff et 

al. 2005).  

Another potential motivation for males to associate preferentially with females 

could be related to breeding access (mate guarding) and ensuring future group 

membership. It is not known whether female WCL actively control group membership, 

although male transfers have been observed for Group 1. Smuts (1985) proposes that if a 

male provides grooming and other services such as infant care to a female, this may 

increase his breeding priority with the female. Male infant care has been observed in E. f. 

rufus (Overdorff 1996) and within this study. Non-conceptive copulations were also 

observed shortly prior to the parturition dates of the synchronous females. The two 

females‟ reactions were opposite: FVM, who would give birth only two weeks later, 

reacted aggressively, while FRA1, the asynchronous female who would only give birth 

almost two months later, did not react. These non-conceptive copulation attempts may in 

fact be a male strategy employed to gauge whether a female is pregnant. A male‟s 

attentions may then change based on his findings. According to Huck et al. (2004), mate 

guarding behaviour is focused on a receptive female. It is possible however, that in a 

highly seasonal breeder such as E. cinereiceps, mate guarding behaviour (intensified 

maintenance of close proximity) particular to the mating season may lessen during the 

rest of the year but still remain active for the reasons postulated by Smuts (1985), namely 

to increase future breeding opportunities. More data (including paternity testing) would 

need to be collected to determine whether these behaviours do in fact increase a male‟s 

breeding opportunities.   
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4.4 Significance 

WCL surveys were conducted in 1995, 1997, 2000, 2007, and indicated 

consistently low population densities and habitat quality (Johnson and Overdorff 1999; 

Johnson 2002; C. Ingraldi, unpublished data). In 2006 E. cinereiceps was listed as one of 

the 25 most endangered primate species due to the steady threats of logging, hunting, and 

habitat loss (Mittermeier et al. 2006). In addition, the study groups at Mahabo live in a 

degraded fragment of littoral forest. Mahabo forest includes some of the few remaining 

forests of this type which are among the most disturbed animal habitats in Madagascar 

(Johnson, pers. comm.). The preservation of littoral forests is important for several 

species (Watson et al. 2005). WCL, like other lemur species, are likely a crucial element 

in its endangered ecosystem as it contributes to the reproduction of fruit trees via seed 

dispersal (Bollen et al. 2004) 

 This study provides information as to how food resources affect the reproductive 

behaviour and social structure of WCL.  Understanding E. cinereiceps’ behavioural 

responses to foraging pressures due to seasonality provides conservation organizations 

with an understanding of the basic requirements of the species. Knowledge about the 

limits of social plasticity gives managers a set of ecological boundaries within which to 

work. In particular, because the survival of a population depends in large part on the 

production and survival of viable offspring, it is essential to gain an understanding of the 

key dynamics involved in WCL reproduction, such as female reproductive and foraging 

strategies. 

 The knowledge gained from this research contributes to the ongoing debate 

regarding the hypothesized function of male-female dyads in multi-male multi-female 
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societies. The „resource defence‟ hypothesis may not be supported for WCL. In addition, 

data on the social organization (quantification of fission-fusion) and the social structure 

(bonding patterns) add a piece to the puzzle of lemur social systems. 

4.5 Directions for future research 

Information on the social structure of WCL was gained from this study, but study 

groups were small and the study period short. A longer period of study covering the 

entire year (ideally over several consecutive years), following the current study groups 

and additional larger groups from Mahabo and nearby Manombo is recommended to 

control for different environmental conditions. The study of larger groups will permit the 

re-evaluation of social structure in a context with increased partner selection options, 

providing stronger conclusions. The collection of social structure data year-round and 

over succeeding years will allow researchers to discern whether group structure fluctuates 

predictably in accordance with food availability. Following groups over successive 

reproductive seasons will also permit for the construction of life histories for WCL. It 

should be determined whether infant survival is related to female foraging success during 

gestation and lactation. The degree of oestrous synchrony in WCL requires investigation, 

as does the incidence of non-conceptive copulations. 

I further recommend that predation risk be measured for WCL to determine what 

time of day (or night) and in which season predation risk is highest, and which 

individuals in a group are responsible for predator detection. In addition, data should be 

collected on leadership of group movements towards feeding sites, and feeding priority at 

feeding sites. Fission-fusion behaviour also needs to be quantified year-round to establish 

whether it is related to seasonal fluctuations in food availability. Although intragroup 
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aggression is low in WCL it would be interesting to explore reconciliation and 

consolation behaviours, as well as potentially subtle female relationships which may be 

obscured by more obvious male-female relationships. 

Reproductive strategies, foraging strategies, and dominance strategies employed 

by WCL and other brown lemurs may have much to tell us about the evolution of similar 

traits across primates. WCL do not conform to many proposed models of lemur social 

systems and may serve to generate new hypotheses regarding the behavioural ecology 

and evolution of strepsirhines in Madagascar.  
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APPENDIX A:  

A.1. Mean proximity, contact, and total association scores overall, per season of 

fruit availability, and reproductive season.  

a. Group 1 

Season N 
a 

Proximity Contact Total association 

Mean %
b 

St. Dev. Mean % St. Dev. Mean % St. Dev. 

Overall 12 3.1 2.1 17.0 9.3 20.1 10.6 

Low 1 12 2.4 2.4 21.9 12.0 24.3 13.1 

High 12 3.6 3.1 12.4 11.7 16.0 11.5 

Low 2 12 4.1 4.3 17.3 24.5 21.3 27.0 

Mating 4 5.8 5.4 34.0 18.5 39.9 22.8 

Early Gestation 8 1.0 1.2 25.9 13.9 26.9 14.5 

Late Gestation 8 5.3 2.4 16.9 6.6 22.2 6.0 

Late Gestation 4 2.2 1.5 14.0 13.1 16.2 14.5 

 
a 

N= # of samples (dyads) 
b
 Mean %= the mean percentage of individuals’ total observation time spent 

either in proximity, contact, or proximity + contact with an adult nearest 

neighbour. 
 

b. Group 2 

Season N 
a 

Proximity Contact Total association 

Mean %
b 

St. Dev. Mean % St. Dev. Mean % St. Dev. 

Overall 6 1.9 1.4 12.9 6.7 14.8 7.6 

Low 1 6 1.3 1.2 16.1 10.3 17.4 10.2 

High 6 2.1 1.9 13.8 11.8 15.9 12.9 

Low 2 6 2.6 4.0 8.3 12.9 10.9 16.7 

Early Gestation 4 1.7 3.0 28.0 20.8 29.7 22.6 

Late Gestation 4 1.7 1.0 16.4 1.3 18.1 1.3 

Lactation 4 4.4 5.5 12.8 14.8 17.2 19.9 

 
a
 N= # of samples (dyads) 

b
 Mean %= the mean percentage of individuals’ total observation time spent 

either in proximity, contact, or proximity + contact with an adult nearest 

neighbour. 
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APPENDIX B:  

B.1. Hinde’s Index (H.I.) of maintenance of proximity per season of fruit availability  

a. Group 1 

Dyad 
Low 1 High Low 2 

N
a 

H.I. N H.I. N H.I. 

FRA1 - FVM 9 -0.15 4 0.50 0 0.00 

FRA1 - Mpl 37 0.11 71 -0.02 43 0.49 

FRA1 - Mlm 56 -0.09 91 -0.14 80 -0.19 

FVM - Mpl 38 -0.30 40 0.19 43 -0.07 

FVM - Mlm 63 -0.14 94 -0.26 84 -0.31 

Mpl - Mlm 61 -0.06 69 -0.16 22 -0.27 

a
N=total # of approaches and leaves 

b. Group 2 

Dyad 
Low 1 High Low 2 

N
a 

H.I. N H.I. N H.I. 

FRA2 - Mtu 29 0.06 54 -0.10 33 -0.22 

FRA2 - Mbb 48 -0.38 37 -0.19 0 0.00 

Mtu - Mbb 25 0.07 18 -0.22 3 1.00 

a
N= total # of approaches and leaves 

 

 

 

 

 

 



124 

 

B.2. Hinde’s Index (H.I.) of association for female-male dyads per reproductive 

season. 

a. Group 1 

Dyad 
Mating Early Gestation Late Gestation Lactation 

N
a 

H.I. N H.I. N H.I. N H.I. 

FRA1 – Mpl 26 0.11 15 0.07 108 0.15 _ _ 

FRA1 – Mlm 44 -0.13 20 0.10 159 -0.24 _ _ 

FVM – Mpl _ _ 27 -0.33 46 0.04 48 0.0 

FVM - Mlm _ _ 48 -0.21 97 -0.36 86 -0.28 

a
N= total # of approaches and leaves 

 

b. Group 2 

Dyad 
Mating Early Gestation Late Gestation Lactation 

N
a
 H.I. N H.I. N H.I. N H.I. 

FRA2 – Mtu _ _ 4 -0.50 82 -0.02 30 -0.22 

FRA2 - Mbb _ _ 32 -0.56 53 -0.13 0 0.00 

a
N= total # of approaches and leaves 
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APPENDIX C:  

C.1. Diet composition (% of feeding bouts) for each food type per season of food 

availability  

Food type 

Low 1 High Low 2 

Males 

(N
a
=76) 

Females 

(N=105) 

Males 

(N=150) 

Females 

(N=83) 

Males 

(N=55) 

Females 

(N=51) 

Fruit 88.2% 76.2% 86.0% 86.8% 90.9% 90.2% 

Young Leaves 11.8% 8.6% 1.3% 7.2% 1.8% 3.9% 

Flowers 0.0% 1.9% 11.3% 4.8% 5.5% 5.9% 

Insects 0.0% 10.5% 0.7%  1.2% 0.0% 0.0% 

Mature Leaves 0.0% 1.9% 0.7% 0.0% 0.0% 0.0% 

Fungus 0.0% 1.0% 0.0% 0.0% 1.8% 0.0% 

a
N= # of feeding bouts 

 

C.2. Diet composition (% of feeding bouts) for each food type per reproductive 

season. 

Food type 
Mating 

(N
a
=20) 

Early Gestation 

(N=46) 

Late Gestation 

(N=135) 

Lactation 

(N=38) 

Fruit 75.0% 78.3% 83.0% 92.1% 

Young Leaves 5.0% 10.9% 5.9% 7.9% 

Insects 15.0% 6.5% 4.4% 0.0% 

Flowers 5.0% 2.2% 5.2% 0.0% 

Mature Leaves 0.0% 2.2% 0.7% 0.0% 

Fungus 0.0% 0.0% 0.7% 0.0% 

 
a
N= # of feeding bouts 

 

 


