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Abstract 

 

Male reproductive skew in multimale social groups of Verreaux’s 

Sifaka (Propithecus verreauxi) at Kirindy Mitea National Park, 

Madagascar 

 

Laura Alejandra Abondano, M.A. 

The University of Texas at Austin, 2014 

 

Supervisor:  Anthony Di Fiore 

 

In many non-human primates living in multimale groups, reproductive success among 

males is usually skewed towards dominant individuals. Models of reproductive skew 

have proposed that dominant males’ reproductive success depends on their ability to 

monopolize female reproduction. These models predict that female monopolization by 

males depends on the number of receptive females that can be monitored by the dominant 

male and the number of males in the group that might constitute competitors for access to 

females. However, female reproductive strategies might hinder dominant males’ 

monopolization of matings and provide reproductive opportunities to non-dominant and 

extra-group males. In this study, we explored male reproductive skew in a population of 

Verreaux’s sifaka (Propithecus verreauxi) living in Kirindy Mitea National Park, 

Madagascar. Using genetic data, we analyzed maternity paternity for 32 individuals born 

in five different social groups between 2007 and 2012, and examined whether the 
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distribution of paternity was influenced by demographic variables or social factors such 

as the number of males, the number of females, male dominance rank, and male tenure. 

We successfully assigned maternity and paternity to 28 and 27 individuals, respectively, 

and found that 85% of offspring we born to either the single male resident in the group at 

the time of conception or to the resident dominant male in multimale groups. Although in 

groups with more than one resident male the dominant male sired 71% of offspring, this 

result was not significantly different from an even distribution of paternities among 

dominant and subordinates. In general, male reproductive skew in our study population is 

not significantly biased towards males either that are more dominant or that have had 

longer tenure in the group. Although dominant males in multimale groups were unable to 

completely monopolize female matings, subordinates’ reproductive success did not 

increase when more females were present in the group, contradicting previous models of 

male reproductive skew. Our study suggests that in this female-dominant species, 

females’ mating decisions may play an important role in paternity distribution due to the 

nature of dominance relationships that prevents males from monopolizing and controlling 

female reproduction entirely. 
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INTRODUCTION 

Many non-human primate species live in multimale-multifemale social groups, 

where reproductive success within each sex can vary according to multiple social, 

ecological and genetic factors (Kutsukake & Nunn 2009). Females often mate with one or 

multiple males within the group; but, despite having multiple males capable of mating 

and successfully fertilizing females, reproductive success among males is usually skewed 

heavily towards dominant individuals (e.g., Cowlishaw & Dunbar 1991; Boesch 2006). 

Therefore, groups are said to have high reproductive skew when one or a few individuals 

monopolize paternities, while low reproductive skew indicates a more even spread of 

reproduction among all group members (Johnstone 2000).  

Ever since Altmann (1962), studies of male reproductive skew in primates have 

focused on the priority-of-access model (POA), which postulates that a dominant male’s 

reproductive success depends on his ability to monopolize access to females in the 

window of time around conception. Given that a male’s reproductive success (i.e., the 

number of offspring sired) is mainly limited by access to mates (Bateman 1948; Trivers 

1972), males are expected to attempt to mate with as many possible reproductively active 

females. However, group-living primates often have multiple males in the group that can 

jeopardize the dominant male’s ability to fully monopolize matings of all females 

(Cowlishaw & Dunbar 1991).  

Given that dominant males usually have physical and social traits that make them 

more attractive to females and that make them more effective competitors than other 

males, the POA model predicts that the highest-ranking males father most, or all, 
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offspring in the group (Altmann 1962; Alberts et al., 2003). However, as the number of 

synchronously receptive females increases, dominant males lose control over females 

providing opportunities for subordinate or extra-group males to copulate with unwatched 

females (Altmann 1962; Cowlishaw and Dunbar 1991; Alberts et al., 2003; Ostner et al., 

2008). In small-sized groups, females are presumed to be easily monopolized by a single 

male (Clutton-Brock 1989, 1998), which may result in complete paternity skew. 

However, as the number of males increases, male-male intragroup competition for 

females is stronger (Cowlishaw and Dunbar 1991); moreover, as the number of females 

increases, the dominant male is also less likely to be able to mate guard all of them 

effectively hindering the dominant’s monopolization over reproduction (Alberts et al., 

2003).  

Different models for male reproductive skew have been proposed to explain the 

relationship between dominant and subordinate males and to understand why groups with 

multiple males are so ubiquitous in primates (reviews in Kutsukake & Nunn 2009; Port & 

Kappeler 2010). Although these models predict that male-male competition for females 

may result in the exclusion of rivals to fully monopolize females (Clutton-Brick 1989; 

Kappeler 1999), under certain conditions, dominant males might also benefit from having 

other males of a lower rank in their group (Veherencamp 1983; Reeve & Ratniecks 

1993). Under transactional models of reproductive skew, a trade-off is presumed to exist 

between dominant and subordinate males, where the former provides mating 

opportunities to the latter in return for some type of benefit provided (Reeve 2000). In 

groups with multiple males, then, a dominant male may benefit from increased infant 
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survivability due to help from other males in rearing offspring (Goldizen 1987; Sussman 

and Garber 1987; Koenig 1995), increased vigilance against predators and/or potentially 

infanticidal extra-group males (van Schaik & Hostermann 1994; Clutton-Brock & Parker 

1995; Treves 2000, 2001), or in intergroup encounters to fight against extra-group males 

that may attempt to steal copulations from females within the group (Cheney 1987; van 

Schaik et al., 1992). Therefore, having multiple males might actually increase a dominant 

male’s fitness, and in return, dominant males might be tolerant of subordinate males and 

provide incentives, such as mating opportunities, for them to stay in the group. In 

contrast, tug-of-war (or compromise) models of male reproductive skew suggest that all 

group males have egoistic interests and compete against each other to attain female 

copulations (Reeve et al., 1998; Cant 1998; Clutton-Brock 1998). Therefore, similar to 

the POA model, tug-of-war models predict that a dominant’s mating success always 

decreases as the number of subordinate males increases due to a power struggle among 

males. 

Although these models have contributed greatly to the understanding of the 

existence of multimale groups and male reproductive skew in primates, studies have 

yielded variable results among different taxa or within a single species (van Noordwijk 

and van Schaik 2004; Kutsukake and Nunn 2006; Cowlishaw and Dunbar 1991). These 

models are heavily biased towards interpreting male reproductive strategies in terms of 

how they influence male fitness, paying little attention to the role females play in males’ 

mating or reproductive success given that these models often assumed that females are 

indifferent to male monopolization (van Noordwijk and van Schaik 2004). Therefore, 
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these models minimize the importance of female reproductive strategies, although these 

obviously can potentially influence male reproductive skew. Observations of females 

copulating with non-dominant males and genetic evidence of paternity by lower ranking 

or extra-group males (e.g. Cant et al., 1999; Schülke et al., 2004; Boesch et al. 2006; 

Lawler 2007; Kappeler and Port 2008), for example, indicate that dominant males cannot 

monopolize all reproductive opportunities. Additionally, evidence that lower-ranking and 

extra-group males sires sometimes offspring suggests that female mate choice may 

override male dominance and hinder males’ abilities to monopolize fertilizations, hence 

modifying the degree of reproductive skew among males (Paul 2002; Manson 2007). 

Some studies of nonhuman primates living in multimale groups have also shown that 

paternities are skewed towards males with longer tenure in a group (Engh 2002; East et 

al., 2003; Alberts et al., 2003), which may indicate that these males (rather than dominant 

ones) are preferred by females. Therefore, female reproductive strategies can skew 

paternity probabilities to particular sires in spite of promiscuous mating behavior (Nunn 

1999; Kappeler 2012; Palombit 2012). Moreover, in species where infanticide is 

common, females might copulate with multiple males during a single conceptive cycle 

(Kappeler 2012) as a strategy to confuse paternity and reduce the risk of infanticide 

(Palombit 2012), and such a strategy might also result in offspring being sired by non-

dominant males and thus modify the distribution of paternity across males within a group.  

 Although models of reproductive skew and mating preferences have greatly 

contributed to our general understanding of primate behavior and social systems, studies 

of this topic have thus far focused primarily on cercopithecines (e.g., Cowlishaw and 
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Dunbar 1991; van Noordwijk and van Schaik 2004; Katsukake and Nunn 2009; Gogarten 

and Koenig 2013), which are characterized by being male-dominant, highly sexually 

dimorphic (Plavcan et al., 1997), and living in large harem groups (Cords 2012). 

However, a lot of variation in these traits exists among primates, and phylogenetic 

constraints for each taxon can be different (Di Fiore and Rendall 1994; Rendall and Di 

Fiore 1995), therefore generalizations for the entire order might not be appropriate. Far 

fewer studies of reproductive skew have been conducted for primates with small-group 

sizes or for monomorphic primate species where male and female dynamics might be 

very different to those of cercopithecoids. 

Lemurs in particular differ greatly from cercopithecoids and other primate species 

in that group sizes are routinely small and groups do not, on average, contain more than 

five females (Kappeler 2000). Additionally, sexual dimorphism is minimal (or reversed) 

in most lemurs, and sex ratios tend to be even or slightly male-biased (Richard 1992;, 

Kappeler 2000; Lewis and Kappeler 2005; Kappeler et al., 2009). Moreover, lemur 

species tend to be female-dominant (Richard 1987; Kappeler 1993), and they have short 

mating seasons (Jolly 1966; Sauther 1991; Richard et al., 1991), which can further limit 

males’ ability to monitor all receptive females in the group. By virtue of their power over 

males, females are expected to be able to exercise mate choice more freely, which could 

be directed towards males other than the resident dominant male (Lawler et al., 2007; 

Kappeler and Port 2008). Consequently, lower control over females should result in 

reduced reproductive skew towards the dominant male in the group. Still, despite female 

dominance over males, female choice can still be constrained. Among Verreaux’s sifaka 
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(Propithecus verreauxi), for example, evidence exists for risk of infanticide (Lewis et al., 

2003; Littlefield 2010), thereby perhaps constraining females in their mating decisions. 

Therefore, females have developed reproductive counterstrategies, such as mating with 

multiple males, as a strategy to confuse paternity and avoid infanticide risk (Hrdy et al., 

1995; Sterck et al., 1997), which can also reduce male reproductive skew. Although male 

harassment of females and sexual coercion can still occur when females are more 

powerful than males (Wright 1995; Brockman et al., 1996), female dominance likely 

modulates the extent to which male harassment and coercion influences females and 

probably constraints the effects of harassment to be lower than in male-dominant species.  

The aim of this study was to explore the proximate causes of male reproductive 

skew in Verreaux’s sifaka (Propithecus verreauxi), a lemur species that displays an array 

of traits that make them an ideal species to study male reproductive skew models in 

lemurs. Verreaux’s sifaka live in small social groups of variable composition (Richard 

1985; Lewis and van Schaik 2007), but most groups are composed of few males and 

females that mate with one or more available members of the opposite sex (Brockman 

1999; Norscia et al., 2009; Mass et al., 2009). The lack of or reversed sexual dimorphism 

seen in the species (Richard 1992; Lewis & Kappeler 2005), and the fact that females are 

dominant to males (Richard 1987; Richard and Nicoll 1987; Kappeler 1993; Brockman 

1994), might constrain the degree in which males can monopolize given that females may 

be less intimidated or coerced by males, thereby potentially allowing them to exert mate 

choice more freely. However, hierarchical relationships do exist among males (Lewis and 

van Schaik 2007; Brockman 1999), potentially providing reproductive advantages to 
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those that are dominant. Females have short breeding seasons of approximately 3 months, 

with very restricted estrous periods of 0.5 to 96 hours (Brockman and Whitten 1996; 

Brockman 1999). The lack of female synchrony makes it possible for a single male 

within a group to monopolize matings, if he can effectively keep other males away from a 

female during that brief estrus period. Females appear to mate primarily with the 

dominant resident male of their social group (Brockman 1999; Mass et al., 2009), or with 

resident males that offer a commodity (e.g., grooming) in exchange for female access 

(Norscia et al., 2009). Nonetheless, copulations between females and both subordinates 

and non-resident males are also observed (Brockman et al., 1996; Brockman 1999; 

Norscia et al., 2009; Mass et al., 2009), providing evidence of the lack of female 

monopolization by dominant males. Previous studies of Verreaux’s sifaka have shown 

that despite female dominance and asynchronous ovulations, reproduction is sometimes 

heavily skewed towards dominant males. In Kirindy Forest, for example, 91.2% of the 

offspring were sired by dominant, resident males (Kappeler and Schäffler 2008). 

However, paternity analyses from at Beza Mahafaly Special Reserve indicated that at 

least 55% of offspring born in the population over a 10-year period were sired by extra-

group males (Lawler 2007). Therefore, females are clearly adept at exercising choice and 

copulating with non-dominant males, at least in some populations. 

We investigated patterns of male reproductive skew in a third population of P. 

verreauxi to examine how social (male rank and group tenure) and demographic (number 

of males and females in the social group) factors may be influencing male 

monopolization of females. In this population, some groups contain single resident adult 
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males while others contain two or more adult males. We predicted that the resident male 

would completely monopolize paternities in single-male groups and that the dominant 

male would sire the majority of infants born in groups where more than one non-natal 

male was present. Additionally, if dominant males in multimale groups are unable to 

monopolize female mating entirely, then we expected non-dominant or extra-group males 

to father some of the offspring within the group. However, given that dominance rank 

might not be the only variable explaining the patterns of male reproductive skew, we also 

investigated whether demographic variables or social factors, such as the number of 

males, the number of females, and male tenure within the group, also influenced patterns 

of paternity. We predicted that single-male groups would have greater male reproductive 

skew than multimale groups due to reduced male-male intragroup competition. Likewise, 

we expected that groups with fewer females would also have greater skew, given that it 

increases the chances of female monopolizability, allowing a more biased distribution of 

paternity towards a single male.  
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METHODS 

Study population  

We studied a population of Verreaux’s sifaka living in the Ankoatsifaka Research 

Station in the Kirindy Mitea National Park (KMNP), located on the central west coast of 

Madagascar.  The KMNP is one of the largest protected areas in Madagascar, covering 

~153,000 ha, including a transition between three ecosystems: western dry forest, 

southern spiny desert and mangroves (Lewis and Rakotondranaivo 2011). Verreaux’s 

sifaka have been studied at this research station since 2006. Nine social groups 

comprising approximately 70 individuals have been identified in the study area (a 100 

hectare areas covered by a 100x100 m grid of trails). Each year, individual animals have 

been captured, collared with identification tags and measured. Four of the nine groups in 

the area have been the subjects of long-term behavioral and census data collection since 

2007, and one group has been assessed opportunistically. Census data collected monthly 

from 2007 to 2012 provided information on group composition (age and sex category), 

transfers, disappearances, deaths, and births for each of the nine social groups identified 

in the study area. 

 

Sample collection and DNA extraction 

Animals were captured using a blow gun or CO2 gun that delivers 3/8 inch darts 

loaded with Telazol 
TM

 following Lewis (2009) protocol. This protocol was approved by 

the University of Texas at Austin Animal Care and Use Committee (Protocol ID: AUP-

2011-00143) and complies with all established IACUC guidelines and Malagasy law.  
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During animal captures, we collected ear tissue samples from 72 individuals, including 

resident adult males and adult females from nine social groups, as well as from infants 

from six birth cohorts (from 2007 to 2012). Tissue samples were collected in 70-90% 

ethanol for DNA preservation. For uncaptured animals, fecal samples were collected 

opportunistically during behavioral follows and were stored immediately either in 

RNALater solution (Ambion) or in a homemade nucleic acid preservation (NAP) buffer 

(Camacho-Saenz et al., 2013). Samples were kept at room temperature until they could 

be transported out of the field site. Samples were then exported to the Primate Molecular 

Ecology and Evolution Laboratory at the University of Texas at Austin and stored at −20 

°C until DNA extraction. Ten infants born during the study period died or disappeared 

before a genetic sample could be collected and thus could not be included in our analysis. 

Thus, our sample consisted of 69% (N = 32) of all offspring born in five study groups 

across six birth seasons. 

We extracted DNA from tissue using the DNeasy
®

 Blood & Tissue Kit (Qiagen, 

Valencia, CA, USA) and following the manufacturer’s protocol. To extract DNA from 

fecal samples, we used the QIAamp
®
 DNA Stool Mini Kit (Qiagen) according to the 

manufacturer’s protocol but including the following modifications: (i) we agitated 250 uL 

of the feces+preservation buffer slurry in ASL buffer at 56 °C for 12 to 24 hours in a 

thermal mixer before extraction; (ii) we used only one-half of an InhibitEx tablet per 

sample; (iii) the stool particles and inhibitors from the InhibitEX matrix were centrifuged 

for 6 minutes instead of 3 minutes; (iv) samples were subjected to proteinase K digestion 

at 70°C incubating for 30 min rather than 10 min, with the samples being vortexed every 
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10 minutes during incubation; and (v) DNA was eluted from the spin column with 100μl 

of AE elution buffer; the buffer was heated to 70°C before being added to the spin 

column and the column was incubated at room temperature for 30 minutes before elution. 

 

Marker choice and PCR-based genotyping 

We first tested a set of 21 published microsatellite marker loci specific for 

Propithecus verreauxi (Lawler et al., 2001; Rakotoarisoa et al., 2006). From a 

preliminary analysis with 13 individuals, we identified 14 microsatellite markers that 

were variable in our study population and amplified reliably (Table 1). This panel of 

markers was then used to genotype all sampled juveniles born between 2007 and 2012, as 

well as the set of candidate mothers and fathers for these juveniles. We analyzed samples 

for 32 juveniles, using 14 candidate mothers and 26 candidate fathers. Candidate mothers 

included those that were assigned as dams from behavioral observations as well as any 

other adult females present in the population. Candidate fathers included all sub-adult 

males (4 years of age) and adult males (≥ 5 years of age) present in the population during 

the mating season prior to the date of birth for each infant.  

For genotyping, we used a three-primer PCR for each locus, consisting of: (1) one 

locus-specific primer flanking the microsatellite locus (e.g., the “forward” primer) that 

also includes a 5’ 19-bp “tail” identical to the sequence of an M13 sequencing primer 

(which has no homology with the target genome); (2) a second locus specific primer 

(e.g., the “reverse” primer) that was untailed, and (3) a third, universal M13 sequencing 

primer fluorescently labeled at the 5’ end with either a 6-FAM or HEX fluorescent dye at 
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5’ (Oetting et al., 1995). The primer with the M13 “tail” provides a complementary 

sequence to the universal fluorescent primer that in latter rounds of PCR produces a 

fluorescent product that can be detected by an automated DNA analyzer (Oetting et al., 

1995; Guo and Milewicz 2003).  

Initial PCR reactions for DNA extracted from tissue samples were carried out in a 

total volume of 8μl that included 4.0 μl of 2X QIAgen multiplex PCR master mix, 1.6μl 

of the primer mix, and 0.5μl of unquantified DNA extract. Each primer mix included 

0.16μl of the fluorescently-labeled M13 primer, 0.04μl of the primer (forward or reverse) 

with the 19-bp “tail”, and 0.16μl of the primer (forward or reverse) without the 19-bp 

extension. For DNA extracted from fecal material, the PCR reaction had a total volume 

of 8μl that included 4.0μl of 2 X Qiagen multiplex PCR master mix, 1.2μl of the primer 

mix and 1.5μl of unquantified DNA extract. For subsequent replicates for each tissue 

sample, PCR reactions were done in a total volume of 5μl that included 2.5μl of 2 X 

Qiagen multiplex PCR master mix, 1.0 μl of the primer mix, and 0.5μl of extracted DNA, 

while for fecal samples, replicate PCRs were performed in a total volume of 5 μl that 

included 2.5μl of 2 X Qiagen multiplex PCR master mix, 0.7 μl of the primer mix, and 

1.0 μl of extracted DNA. For all samples, cycling conditions for PCR amplification were 

as follows: initial denaturation at 95 °C for 15 minutes; 37 cycles of 94 °C for 30 seconds 

(denaturation step), 55 °C for 1.5 minutes (annealing step), and 72 °C for one minute 

(extension step). To improve the resolution of sizing, some of the samples were 

replicated using a slightly higher or slightly lower annealing temperature (53-57°C) in the 

PCRs to help resolve unclear genotypes. Initial PCR products were visualized following 
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electrophoresis in 2% agarose gels to confirm successful amplification. After successful 

amplification was confirmed, PCR fragments were separated and visualized on an ABI 

3730 DNA Analyzer and sized by reference to a GeneScan 500-ROX size standard 

(Applied Biosystems). Automated allele calling was carried out using the 

GENEMAPPER 4.0 software (Applied Biosystems) with all allele calls subsequently 

confirmed by visual inspection. To minimize possible genotyping errors due to allelic 

dropout, we replicated heterozygote genotypes at least twice and homozygote genotypes 

at least three times (Taberlet et al., 1996; Morin et al., 2001). 

 

Paternity assessment 

We conducted maternity and paternity analyses for a total of 32 infants born 

between 2007 and 2012. We used the software CERVUS 3.0 (Marshall et al., 1998; 

Kalinowski et al., 2007) to estimate population-level allele frequencies, the 

heterozygosity at each locus, and null allele frequency as well as to screen the loci for 

possible deviations from Hardy-Weinberg genotype frequency expectations and to 

conduct parentage analyses. This program determines the most likely parents using 

maximum likelihood combination of parents based on the allele frequency data in the 

population. Before paternity analysis, we confirmed mother-offspring relationships 

inferred from field observations by allowing CERVUS to choose the most likely mother 

for each infant from any of the females present in the population at the time of the 

offspring’s birth. We then conducted paternity analyses incorporating the genotypes of 

the assigned mothers to increase confidence in paternity assignment. CERVUS assigns 
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the most likely dams and sires as those individuals with the highest logarithm of odds 

(LOD) values from among the set of candidates, who are presumed to represent a user-

defined proportion of all possible candidates from the population. Confidence intervals 

are calculated by CERVUS comparing the difference in LOD values of the most likely 

candidate parent with the distribution of LOD values for simulated candidate parents. To 

determine LOD values for the most likely parent, we ran 10,000 simulations and used the 

results of simulated prior allele frequency analyses, the estimated rate of mistyping error 

(estimated to be 1%), and the proportion of males and females sampled in the population. 

Given the presence of roaming males in our population, not all reproductively active 

males in the population could be sampled; we thus assumed that our sample included 

only 75% of potential sires. For females, we assumed that our sample included 90% of 

the potential mothers for the infants sampled. The rate of mistyping error was estimated 

to be 1%. We evaluated paternity assignments at both the 85% and 98% confidence 

levels. Demographic data from monthly census records was used post-hoc to assign each 

sire’s social group and dominance status at the time of their offspring’s conception. Male 

dominance rank was assessed by visual identification, given that dominant males develop 

a reversible “stain” on their chests made up of accumulated sebaceous gland secretions, 

while subordinates have “clean” chests (Lewis and van Schaik 2007).  

 

Data analysis 

We compared our paternity results with demographic data collected from the 

censuses conducted between 2007 and 2012 to examine how paternity within multimale 
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groups (n = 14 infants) was related to male dominance rank and tenure. We used 

binomial tests to determine whether offspring were sired significantly more often than 

expected by dominant or longer-resident males than by subordinate or shorter-resident 

males. Given our small sample size, we used Fisher exact tests to explore whether 

significant differences existed in the paternity success of dominant versus subordinate 

males when only one female was present in a group versus when multiple females were 

present.  We used the same analysis to test whether male tenure length, rather that 

dominance, influenced the proportion of offspring sired in the presence of one versus 

multiple females in the group. Data on number of males, number of females, and male 

dominance and relatively tenure were extracted from census records collected during the 

mating season (January through March) prior to the birth of each infant. We used 

absolute number of females present in the group as well as sex ratios to identify patterns 

of paternity among males of different dominance rank and tenure. For analyses using sex 

ratios, we transformed female-to-male ratios into a categorical variable with three 

categories: groups that were female-biased (# females > # males), male-biased (# females 

< # males) or with equal sex ratios (# females = # males).  

 

 

 

 

 

 



 16 

RESULTS 

Parentage analysis 

For the panel of 14 polymorphic microsatellite markers in our population, mean 

observed heterozygosity was 0.78 (range = 0.63–0.90), and the mean number of alleles 

per locus was 9.4 (range = 6–15, Table 1). This panel yielded an individual combined 

non-exclusion probability value of 4.6 X 10
-17

 and a PIsib of 9.9 X 10
-7

 indicating a very 

low probability that any two individuals and any two full siblings, respectively, chosen at 

random would have an identical multilocus genotype given allele frequencies in the 

population. Deviation from Hardy-Weinberg equilibrium for 13 loci was not significant 

(P > 0.05). For one locus (47HDZ75), the low combined frequency for homozygotes was 

too low to conduct the CERVUS Chi Square test for deviation from Hardy-Weinberg 

equilibrium (Table 1). 

Our parentage analysis successfully assigned maternity and paternity for 28 and 

27 out of 32 individuals, respectively, who were known or estimated to have been born in 

2007 or afterwards (Table 2). For all successful assignments maternity and paternity 

separately, a single most likely dam and sire was estimated for each offspring at the 98% 

confidence level. For the 27 offspring that had both a most likely sire and most likely 

dam from within the population identified in separate maternity and paternity tests, we 

repeated our parentage analysis asking CERVUS to identify the most likely dam and sire 

simultaneously.  In this analysis, parentage was assigned to 25 individuals with a 98% 

confidence, and to 2 individuals with confidence between 98% and 85% (Table 2). In all 

cases, the most likely dams and sires identified in the separate and combined parentage 
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analyses were identical. Twenty-one offspring were assigned paternity without any 

mismatches between the offspring and their putative parents, while for 6 offspring 

parentage was assigned with one mismatch between offspring and one of the parents 

assigned; in all of these cases, the observed mismatch was consistent with allelic dropout 

in either the offspring or one of the putative parents. 

 

Parentage in relation to male dominance rank and group tenure 

In six out of 28 cases where maternity could be confidently assigned, the 

maternity estimates from likelihood parentage analysis did not match the expected 

offspring-mother relationships assigned from field behavioral observations (see 
a
 in Table 

2).  However, in all of these cases the dam assigned by parentage analysis was the other 

resident female in the social group. Thus, we inferred that either there was 

misidentification on the infant from behavioral observations, or there was a problem in 

the process of sample collection or labeling. 

Dominant males sired most of the offspring born between 2007 and 2012 in each 

of the 5 social groups included in our analyses (Figure 1a). For offspring whose paternity 

could be assigned (n = 27), we found that 23 (85%) of the sires were dominant resident 

males (Table 2). Half (n = 14) of the offspring included in the study were sired in groups 

with only one non-natal resident male present, and in all but one of these cases, the single 

resident dominant male of the group was identified as the most-likely sire of the infant. 

For one infant (Harrieta) from group III (see Table 2), we could not assign any of the 
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candidate males from the population as a sire with high confidence, suggesting that an 

unsampled male from outside of the social group sired that infant.  

Out of the 14 cases when offspring were born in groups with two or more non-

natal male present during the mating period prior to the date of birth, the dominant 

resident male was identified as the most-likely sire for 71% (n = 10), while for 29% (n = 

4) a resident but non-dominant male was assigned paternity (Figure 1b, Table 3). A 

binomial test indicated that offspring were not more likely to be sired by a dominant 

resident male than by a non-dominant resident (p = 0.180, n = 14), assuming that both 

types of males were equally likely to sire offspring. Likewise, paternity success in 

multimale groups was not related to a male’s residency length (longer versus shorter: p = 

0.774, n = 12). In two cases, tenure length relative to other males in the group could not 

be determined; in one case both males were already present in the group when the study 

started, and in the other case both males present were recorded to have arrived to the 

group at the same time (Table 3).   

Finally, neither the absolute number of females present in multimale groups nor 

the sex ratio (number of females per male) predicted male reproductive success according 

to male dominance rank or tenure. We could not reject the null hypothesis for Fisher 

exact tests for either dominance (p = 0.066, n = 14) or tenure (p = 0.546. n = 12) tests, 

indicating that males that were subordinate or were resident in the group for less time did 

not sire significantly more offspring when there was more than one female present in the 

group during the mating season than when a single female was present.  We found similar 

results for tests using sex ratios, demonstrating that neither dominance (p = 0.600) nor 
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tenure (p = 0.468) predicted the distribution of paternity across males when groups were 

female-biased, male-biased, or had equal sex ratio.  
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DISCUSSION 

In this study of parentage for 28 offspring born over 7 birth seasons in 5 groups of 

wild Verreaux's sifaka, we found that 85% of offspring were born to either the sole male 

resident in the group at the time of conception or the dominant of two to three resident 

males. In those groups with more than one resident male, the dominant male sired 71% of 

offspring. Although we predicted that non-dominant males sire significantly more than 

expected as the number of females increased in the group, our results were not 

significant.  

Genetic techniques for parentage analysis have provided a groundbreaking tool to 

understand kin based relationships in primates (e.g., Goldberg and Wrangham 1997; Pope 

2000; Kappeler et al., 2002; Di Fiore 2003, 2012; Langergraber et al., 2007, 2009). 

Theories behind many behavioral studies are based on mother-offspring relationships; 

however, if these relationships are inferred wrongly, this inaccurate assumption can lead 

to misleading conclusions about the nature of behaviors among kin. In this study we 

observed that in 6 cases, mothers assigned based upon behavioral observations did not 

match the mother assigned by likelihood-based methods for parentage analyses (Table 2), 

which could have happened due to misidentification of individuals. Misidentifications of 

individuals that are assumed to have a parent-offspring relationship can cause a big 

impact when analyzing social interactions among individuals using a kin-based approach 

for understanding behaviors, which stresses the importance of parentage and relatedness 

analysis using genetic techniques.  
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We also analyzed father-offspring relationships, which are often less conspicuous 

in primate species and more difficult to assign solely from behavioral observations that 

maternity assignments. We found that the dominant resident males sired 93% of the 

infants born in single-male groups over a 5-year period. This result supports male 

reproductive skew models that predict that, in absence of other males, a single male can 

monopolize female matings and hence paternities (Altmann 1962; Alberts et al., 2003). 

In a species like Verreaux’s sifaka, where the mating season is restricted to only three 

months per year (Brockman and Whitten 1996; Brockman 1999), it would be expected 

for extra-group males to engage in sneaky copulations (Lawler 2007; Brockman et al., 

1999) given that a single male cannot monitor all females simultaneously. However, 

reproductive seasonality has been described to be a poor predictor of male reproductive 

skew (Gogarten and Koenig 2013). For example, Verreaux’s sifaka females are 

asynchronous despite their short breeding season, allowing the dominant male to mate 

guard females against subordinates or extra-group males during each female’s receptive 

period and monopolize matings (Mass et al. 2009). However, complete monopolization 

by dominant males in both single-male and multimale groups was not observed in our 

study. In one out of 14 cases (~7%), the single resident male was not capable of 

controlling reproduction, even when only one female present, who probably reproduced 

with an unsampled male in the population, evidencing an extra-group paternity. Although 

previous studies have found that dominant males of Verreaux’s sifaka mate guard 

females during their estrous period (Brockman 1999; Lewis and van Schaik 2007; Mass 

et al., 2009), our results suggest that resident dominant males are not always capable of 
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guarding female copulations, even in the absence of within-group contest competition 

and when only one female is present. This result is consistent with previous studies where 

Verreaux’s sifaka females were found to have offspring with extra-group males (Lawler 

2007; Brockman et al., 1999), which has been interpreted as a female reproductive 

strategy to increase genetic variability among offspring. Females might also be engaging 

in extra-group copulations as a strategy to confuse paternity among extra-group males 

and reduce the risk of infanticide (Sterck et al., 1997; van Schaik 2000), given that male 

takeovers and infanticide are not uncommon in this species (Brockman et al., 2001; 

Lewis et al., 2007; Littlefield 2010).  

Paternity distribution in multimale groups in our study further confirms that 

dominant males of Verreaux’s sifaka at Kirindy Mitea National Park (KMNP) are unable 

to completely monopolize female matings from other males in the group. While in our 

study males that were dominant or with longer tenure indeed fathered the majority of 

offspring, they did not sire significantly more often than expected when compared to 

subordinates or males with shorter tenure in the group. Furthermore, the fact that there 

were no significant differences in the distribution of paternities when more resident 

females were present in the group indicates that males lack control of paternity 

distribution in multimale groups. This lack of female control by the dominant male 

contradicts most male reproductive skew models, such as the POA, concession or the tug-

of-war model, which are based on male monopolization of females and the trade-off 

between the possible benefits subordinates might provide to dominants in exchange of 

reproductive opportunities. Previous studies indicate that in multimale groups of 
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Verreaux’s sifaka, subordinate males do not provide benefits in terms of infant survival, 

defense against male takeovers or participation in intergroup encounters (Kappeler et al., 

2009), which would suggest that there are no incentives for dominant males to have 

subordinates. Furthermore, subordinate males can reduce the dominant males’ success in 

monopolizing paternities given that subordinate male sifaka have been observed 

providing services for females, such as higher grooming rates during the mating season 

(Norscia et al. 2009), which could increase the subordinates’ chances of mating and 

potentially siring offspring. Therefore, subordinate males might receive staying 

incentives from females rather than dominant males, given that it might be beneficial for 

females to have more males in the group to increase their mating options or to reduce risk 

of infanticide (Lewis 2008).  Therefore, our study suggests that in this female-dominated 

species, females’ mating decisions may be playing an important role in paternity 

distribution due to the nature of dominance relationships that prevents males from 

monopolizing and controlling female reproduction entirely.  

In most lemur species, including sifaka, males are not larger in body size than 

females (van Schaik and Kappeler 1996; Richard 1992; Richard et al., 2002; Lewis and 

Kappeler 2005) and even in some sites females were found to have greater body mass 

than males (Lewis and Kappeler 2005). Moreover, females are often individually 

dominant over males (Richard 1987; Kappeler 1993). With females “released” from male 

social dominance and male physical constraints due to none or reversed sexual 

dimorphism, females presumably are more free to exert mate choice and constrain the 

degree of male reproductive skew (Engh 2002). Male monopolization is further 
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constrained if females express preferences towards submissive, lower-ranking or less 

aggressive males (Dunbar 1982; Richard and Nicoll 1987). Alternatively, females in our 

study population could have been exerting mate choice towards males that were either 

dominant or with more group tenure these males sired the majority of offspring (Table 3). 

However, females might find attractive other traits displayed by subordinates or males 

with shorter tenure, which might be why some of these were successful at siring some of 

the infants within their groups (Table 3). For example, some females prefer subordinate 

males that are more submissive, or a recent immigrant (Richard and Nicoll 1975; Pereira 

et al., 1991; Engh et al., 2002); which might deviate paternity away from the dominant 

resident male. Therefore, female dominance and equal sex ratios might reduce male-male 

competition for reproduction, given that females are interested in maintaining subordinate 

males in the group to increase their reproductive opportunities and genetic diversity for 

future offspring (Loman et al., 1988; Yasui 1998), reduce risk of infanticide and male 

turnovers (Lewis 2008), or receive commodities from males (Norscia et al., 2009), while 

dominants might be tolerant to subordinate males too given that they are not costly 

(Lewis 2008; Kappeler et al., 2009). 

Although dominant males did not sire offspring more than expected compared to 

subordinate males, the degree of male reproductive skew is intermediate when comparing 

our results with previous parentage studies of Verreaux’s sifaka at other sites. While P. 

verreauxi at Beza Mahafaly Special Reserve in south-western Madagascar show a very 

low degree of male reproductive skew with at least 55% extra-group paternities (Lawler 

et al., 2007), at Kirindy Forest at the west of the island, male reproductive success is 
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heavily skewed towards dominant residents males siring up to 91.2% (n = 34) of the 

offspring born in multimale groups (Kappeler and Schaffler 2008). This difference 

among study sites in the degree of male reproductive skew might be due to different 

selective pressures caused by environmental, social or demographic differences at each 

site. For example, studies have suggested that extra-group males sire more offspring in 

more seasonal populations (van Noordwijk and van Schaik 2004), and Verreaux’s sifaka 

have shown to adjust their timing of reproduction according to seasonality in food 

availability (Lewis and Kappeler 2005). Therefore, specific environmental conditions 

might be responsible of different paternity distributions at each site. 

In conclusion, male reproductive skew in Verreaux’s sifaka at KMNP is not 

significantly biased towards males that are more dominant or with longer tenure within 

the group, and males do not appear to be in control of the distribution of paternity across 

the population. Instead, female preferences might be playing a more important role in the 

mating decisions than power struggles among males. The result of this study highlight the 

importance of looking beyond generalizations and models based mostly on 

cercopithecine primates, especially given that many platyrrhine and strepsirrhine species 

have very different social dynamics that characterize Old World monkeys. Further studies 

in female mate choice and female receptive synchrony are needed to fully understand 

male and female reproductive strategies and paternity distribution in Verreaux’s sifaka 

and other species where females are dominant over males. Moreover, a study on the 

differences in seasonality and environmental conditions across the different populations 
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of P. verreauxi might clarify why there is such variation in the distribution of paternities 

in this species.  
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TABLES 

 

 

 

TABLE 1. Summary statistics for the 14 microsatellite marker loci used in this study 

 

 
 

1
 Rakotoarisoa et al., 2006 

2
 Lawler et al., 2001 

H-W: NS = not significant, ND = not done 

 

 

 

Locus Alleles N

Allele	size	

range	(bp) Hobs Hexp PIC F(Null) H-W Source

47HDZ1	 11 75 246-289 0.813 0.8 0.772 -0.0155 NS 1

47HDZ16	 15 75 215-259 0.8 0.845 0.822 0.0276 NS 1

47HDZ22	 9 75 109-131 0.72 0.808 0.778 0.0577 NS 1

47HDZ24	 11 75 194-224 0.827 0.862 0.842 0.0211 NS 1

47HDZ26	 11 75 166-196 0.893 0.823 0.799 -0.0558 NS 1

47HDZ75	 11 75 156-179 0.88 0.836 0.809 -0.0297 ND 1

47HDZ78	 9 75 188-210 0.667 0.793 0.759 0.0836 NS 1

47HDZ83		 9 75 160-183 0.853 0.821 0.792 -0.0258 NS 1

47HDZ92	 9 75 200-230 0.787 0.8 0.766 0.0057 NS 1

PV1	 9 75 165-183 0.627 0.764 0.729 0.0893 NS 2

PV3	 7 74 432-442 0.8 0.761 0.724 -0.0224 NS 2

PV6	 6 75 285-299 0.689 0.721 0.678 0.0274 NS 2

PV8	 6 75 229-245 0.72 0.682 0.636 -0.0406 NS 2

PV15		 8 75 267-291 0.84 0.806 0.773 -0.0221 NS 2

Mean 9.3571 74.929 0.779714 0.794429 0.762786 0.007179

SD 2.3732 0.2673 0.082043 0.0487 0.055772 0.045659
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TABLE 2. Paternity and maternity assignments for offspring sired between 2007 and 2012. 

 

Offspring 
Offspring 

date of birth

Social 

group

Expected 

mother

Candidate 

mother

Candidate 

father

Male 

Rank

Number non-natal 

males in group

Number 

females

Trio 

confidence

Joker 2007 I Juliet Juliet Cliff Dom 1 1 *

Jello 2012 I Juliet Juliet Lascaux Sub 2 1 *

Stacey 2008 II Savannah Zenaa Omby Dom 2 2 *

Zara 2008 II Zena Savannaha Omby Dom 2 2 +

Smithy 2009 II Savannah Zenaa Robert Sub 2 3 +

Zorro 2009 II Zena Savannaha Omby Dom 2 3 *

Zafiry 2010 II Zena Zena Omby Dom 1 2 *

Zoma 2012 II Zena Zena William Dom 3 2 *

Vary 2007 III Vanilla Vanilla Quincy Sub 2 1 *

Hira 2008 III Hester Hester Glen Dom 1 2 *

Harrieta 2009 III Hester Vanillaa - - 1 2 -

Victor 2009 III Vanilla Hestera Glen Dom 1 2 *

Hope 2010 III Hester Hester Glen Dom 1 2 *

Velo 2010 III Vanilla Vanilla Glen Dom 1 2 *

Hillary 2011 III Hester Hester Glen Dom 1 2 *

Valdez 2012 III Vanilla Vanilla Glen Dom 1 2 *

Prisca 2008 IV Petunia Petunia Quincy Dom 2 3 *

Peter 2009 IV Petunia Petunia Quincy Dom 2 3 *

Robin 2009 IV Rose Rose Quincy Dom 2 3 *

Pamella 2010 IV Petunia Petunia Quincy Dom 2 2 *

Rija 2010 IV Rose Rose Quincy Dom 2 2 *

Ratatouille 2011 IV Rose Rose Quincy Dom 3 2 *

Polina 2012 IV Petunia Petunia Isaac Sub 2 2 *

Asterix 2007 V Abby Abby Xavier Dom 1 1 *

Albert 2008 V Abby Abby Xavier Dom 1 1 *

Ana 2009 V Abby Abby Xavier Dom 1 1 *

April 2010 V Abby Abby Xavier Dom 1 1 *

Anthony 2012 V Abby Abby Sherlock Dom 1 1 *
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Continuation TABLE 2. 
 

Dom - Resident Dominant 

Sub - Resident Subordinate 
a
 Cases when expected and estimated maternity are incongruent 

* 98% confidence  

+ 85% confidence 

- No trio logarithm of odds (LOD) 
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TABLE 3. Dominance rank (dominant vs. subordinate) and tenure (Y = sire had more tenure than other males in group, N = 

sire did not have more tenure than other male sin group, ND = tenure among males in group was undetermined) data for males 

that sired offspring in multiple male groups. 

 

 
 

 

 

 

Candidate 

father 
Male Rank Social group

Number of 

females

Sex ratio 

bias 

Sire has more 

tenure?

Lascaux Sub I 1 Male-bias N

Omby Dom II 2 No bias N

Omby Dom II 2 No bias N

Robert Sub II 3 Female-bias Y

Omby Dom II 3 Female-bias N

William Dom II 2 Male-bias N

Quincy Sub III 1 Male-bias ND

Quincy Dom IV 3 Female-bias Y

Quincy Dom IV 3 Female-bias Y

Quincy Dom IV 3 Female-bias Y

Quincy Dom IV 2 No bias Y

Quincy Dom IV 2 No bias Y

Quincy Dom IV 2 Male-bias Y

Isaac Sub IV 2 No bias ND
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FIGURES 

 

(A)         (B) 

 

 
 

 

Figure 1. Number of dominant (black), subordinate (dark grey) and unknown (light grey) males siring offspring in each social 

group with (A) one or multiple males, and (B) in multimale groups only.  
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