
© The Author 2014. Published by Oxford University Press on behalf  of  the 
International Society for Behavioral Ecology.
This is an Open Access article distributed under the terms of  the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/3.0/), which permits unrestricted reuse, distribution, and  
reproduction in any medium, provided the original work is properly cited.

The official journal of  the

ISBE
International Society for Behavioral Ecology

Behavioral Ecology (2014), 25(5), 1164–1172. doi:10.1093/beheco/aru099

Behavioral 
Ecology

The official journal of  the

ISBE
International Society for Behavioral Ecology

Behavioral 
Ecology

Original Article

Social and ecological factors influencing 
offspring survival in wild macaques
Daphne Kerhoas,a,b,c Dyah Perwitasari-Farajallah,d,e Muhammad Agil,f Anja Widdig,b,c  
and Antje Engelhardta,g

aJr. Research Group ‘Primate Sexual Selection’, German Primate Center, Kellnerweg 4, 37077 
Goettingen, Germany, bJr. Research Group ‘Primate Kin Selection’, Max-Planck Institute for 
Evolutionary Anthropology, Deutscher Platz 6, 04103 Leipzig, Germany, cInstitute of Biology, University 
of Leipzig, Talstrasse 33, 04103 Leipzig, Germany, dPrimate Research Centre, Bogor Agricultural 
University, Jl. Lodaya II/5, 16151 Bogor, Indonesia, eFaculty of Mathematics and Natural Sciences, 
Bogor Agricultural University, Kampus IPB Darmaga, Jl. Raya Darmaga, 16680 Bogor, Indonesia, 
fFaculty of Veterinary Medicine, Bogor Agricultural University, Kampus IPB Darmaga, Jl. Raya 
Darmaga, 16680 Bogor, Indonesia, and gCRC ‘Evolution of Social Behaviour’, Georg-August University, 
Kellnerweg 6, 37077 Goettingen, Germany
Received 4 December 2013; revised 13 April 2014; accepted 28 April 2014; Advance Access publication 17 June 2014.

Premature loss of offspring decreases direct fitness of parents. In gregarious mammals, both ecological and social variables impact 
offspring survival and may interact with each other in this regard. Although a number of studies have investigated factors influencing 
offspring loss in mammals, we still know very little on how different factors interact with one another. We therefore investigated fetal 
and infant mortality in 3 large groups of wild crested macaques (Macaca nigra) over a period of up to 5 years by including potential 
social causes such as maternal dominance rank, male immigration, between group encounters, and ecological conditions such as 
rainfall in a multivariate survival analysis using Cox proportional hazards model. Infant but not fetal survival was most impaired after 
a recent takeover of the alpha-male position by an immigrant male. Furthermore, infant survival probability increased when there was 
an increase in number of group adult females and rainfall. Fetal survival probability also increased with an increase of these 2 factors, 
but more in high-ranking than low-ranking females. Fetal survival, unlike that of infants, was also improved by an increase of intergroup 
encounter rates. Our study thus stresses the importance of survival analyses using a multivariate approach and encompassing more 
than a single offspring stage to investigate the determinants of female direct fitness. We further provide evidence for fitness costs 
and benefits of group living, possibly deriving from high pressures of both within- and between-group competition, in a wild primate 
population.
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IntroductIon
Direct fitness is defined as the number of  adult offspring left by 
an individual in the next generation (Williams 1996). Premature 
loss of  offspring thus limits parents’ reproductive success and cre-
ates costs in terms of  investment already made in progeny (Trivers 
1974). There is an extensive body of  literature on the factors 
impacting female reproduction, specifically offspring survival, in 
mammals (Bronson 1985, 1989; Clutton-Brock 1988) both under 

captive (e.g., Lim and Wang 2010; Kavanagh et  al. 2011) and 
natural conditions (e.g., rodents: Larsen and Boutin 1994; carni-
vores: Bertram 1975; Frank et  al. 1995; Wahaj et  al. 2007; Watts 
and Holekamp 2008, 2009; ungulates: Pluháček and Bartoš 2005; 
primates: Roberts et al. 2012). However, we still know little of  the 
influence of  the interaction of  social and ecological factors on off-
spring loss. Furthermore, most studies focused solely on a specific 
offspring stage, either pre- or postnatal, although the determinants 
of  offspring death may vary between these stages. Events occurring 
in the prenatal stage, such as the causes of  miscarriages, have either 
not been reported or little investigated under natural conditions, Address correspondence to A. Engelhardt. E-mail: aengelhardt@dpz.eu.
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