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Combining Behavior and Genetics to Investigate 
Resident Male Reproduction in Blue Monkeys

Background 

temporarily changing a one-male group into a multi-male group 
(Cords, 2002). In our study population, influxes occur more often 
when multiple females are simultaneously mating (Cords, 2002). 
In such dynamic mating systems, the synchrony of female 
reproduction and the presence of additional males may influence 
whether an infant is sired by the resident male.  The number of 
years as resident (i.e., tenure) may also affect siring success if 
females choose to maximize the genetic diversity of their 
offspring by avoiding reproduction with long-tenured males. 

Conclusions 

Our results support theoretical models of male reproduction. 

•   A resident male had higher siring success when females 
conceived asynchronously. 

•   A resident male had higher siring success early in his tenure. 

•  The number of males present did not affect the resident male’s 
siring success. 
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Hypothesis & Predictions 
The probability that the resident male sires an infant depends on 
his ability to monopolize access to the mother and on female 
choice for maximizing offspring genetic diversity. 

P1: The probability that the resident male sires an infant is 
negatively correlated with (i) the number of simultaneously 
conceptive females and (ii) the number of males present during 
the mother’s conception window.   

P2: The probability that the resident male sires an infant is 
negatively correlated with his length of tenure. 

Methods 

The study population of blue monkeys inhabits the Isecheno 
study site in the Kakamega Forest, Kenya.  This study includes 
data from five groups observed from 2002 through 2007.   

Behavioral Data  
•  Subtracting the length of gestation (176 ± 14 days) from each 
infant birthdate gave us a conception window (Pazol et al., 
2002).  We calculated the number of simultaneously conceptive 
females present during each female’s conception window. 

•  For 8 of the 19 group years, multiple males were resident.  In 
these cases, we evaluated the hypothesis with regard to the 
dominant resident male.  

•  We calculated the average number of males present per day 
during each female’s conception window.   

•  Tenure was the number of years for which a male was resident  
when the infant was conceived.  

Results 
The resident male was assigned or excluded as the sire of 70 of 
the 74 infants. Residents sired 39% of the infants, however, 
there was high variation among males (Fig. 1) and years.     

Table 1: Variables predicting the likelihood of resident male paternity in a 
logistic regression analysis (n = 70;    2 = 22.85; p < 0.0001). 

C. Mitchell

Variable  Coefficient SE Z P 

# simultaneously 
conceptive females -0.88 0.39 -2.273 0.023 

# males present -0.31 0.18 -1.707 0.088 

Resident tenure -0.58 0.25 -2.275 0.023 

In species that live in one-male groups, one 
resident male monopolizes access to groups 
of females year-round.  Despite having 
consistent access to females, resident males 
may lose matings to extra-group males. At 
present, the factors affecting a resident male’s 
monopolization of paternity remain in question.  

Some primates living in one-male groups, 
including blue monkeys (Cercopithecus mitis), 
experience multi-male influxes in some years,  

Genetic Data 

•   We collected fecal samples from 74 
infants, their mothers, and 30 possible 
fathers. We extracted DNA and used 
PCR to amplify it at 14 microsatellite loci 
with high allelic diversity. 

•  We used CERVUS (Kalinowski et al., 
2007) to assign paternity to each infant 
with 80% (n=10) or 95% (n=48) 
confidence.  

•   When we were unable to assign 
paternity (n=12), we compared the 
paternally-inherited allele with the 
resident’s genotype.  Mismatches at two 
or more loci excluded the resident as 
sire. 

Statistical Analysis  

We ran a generalized linear mixed model 
with the number of simultaneously 
conceptive females, the number of 
males, and tenure as fixed effects, 
resident identity as a random effect,  and 
whether the resident sired a given infant as the binary dependent 
variable.  A likelihood-ratio test demonstrated that the random 
effect was not a significant predictor, so we re-ran the model with 
fixed effects only . 

The resident was a more likely sire when fewer females were 
simultaneously conceptive and if the infant was conceived early in 
his tenure.  The number of males present did not affect the 
residentʼs probability of being the sire (Table 1).  

Fig. 1: Siring success for each resident male summed over his tenure.  Ph 
was the most successful resident, siring 13 of the 18 infants born during 
his tenure.  Three residents sired none of the infants in their groups. 

Resident Male     

Fig. 2: The average 
number of simultaneously 
conceptive females for 
infants sired and not sired 
by the resident male. 
Residents sired infants 
more often when fewer 
females were conceptive.  
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For the infants sired by the resident male, an average of 1.7 
conceptive females was present at conception.  For those not 
sired by the resident, an average of 2.7 females was present (Fig. 
2). Resident tenure was 2.0 years for infants sired by the resident 
and 2.3 years for infants not sired by the resident .  
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