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Kin discrimination in juvenile mandrills, Mandrillus sphinx
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Kin selection theory predicts that the evolution of social behaviours will be promoted if these behaviours
increase the inclusive fitness of the individuals that perform them, for example by positively affecting rel-
atives. The ability to identify relatives may thus be crucial in maximizing overall fitness. In primate species,
whether individuals discriminate paternal relatives and the mechanisms that might permit such discrim-
ination are still the subject of debate. Some researchers have suggested that primates are not able to dis-
criminate relatives in the absence of familiarity. However, recent studies have shown that paternal kin
discrimination could emerge from both age proximity and phenotype matching. We investigated the ef-
fects of paternal and maternal kinship on the affiliation index of juvenile mandrills, in a semifree-ranging
setting. Juveniles biased their behaviour according to kinship. First, when interacting with adult females,
both paternal and maternal half-siblings showed more affiliation than unrelated dyads. Affiliation between
juveniles and males was also higher among both fathereoffspring and maternal half-sibling dyads than
among unrelated dyads. While these results suggest that juvenile mandrills are able to discriminate pater-
nal relatives, other results do not. Maternal half-siblings had a higher affiliation index than paternal half-
siblings and distant kin, the latter showing no significant differences. Finally, when the mechanisms
involved in discrimination of paternal kin were analysed, we found no evidence to confirm either the
phenotype-matching or the age proximity hypotheses.

� 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Kin selection theory (Hamilton 1964) predicts that the
evolution of social behaviours between relatives will be
promoted if these behaviours increase the inclusive fitness
of individuals, either through the reproduction of related
individuals (indirect fitness) or directly through their
own reproduction (direct fitness; Griffin & West 2002).
The ability to discriminate kin may thus be crucial in max-
imizing overall fitness, for example when the ability to
discriminate leads to avoidance of inbreeding. Two mech-
anisms for discriminating kin have been proposed as be-
ing most likely: discrimination by association, that is,
identifying individuals as kin because of previous direct
familiarity with each of them (Porter 1988; Halpin 1991);
and phenotype matching, that is, classifying individuals
as kin because they share family characteristics (Beecher
1982; Holmes & Sherman 1983; Lacy & Sherman 1983;
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Porter 1988; Halpin 1991). When kin discrimination in-
volves social cues, such as persistent affiliative associa-
tions, the ability to discriminate is most probably
acquired through a learning process (reviewed in Sherman
et al. 1997; in avian societies, Komdeur & Hatchwell
1999). In some animal societies, learned discrimination
of relatives has been reported through association (golden
hamsters, Mesocricetus auratus: Todrank et al. 1998; long-
tailed tits, Aegithalos caudatus: Hatchwell et al. 2001; Rus-
sell & Hatchwell 2001) or through spatial distribution of
relatives (reviewed in Komdeur & Hatchwell 1999). On
the other hand, phenotype matching (reviewed in Hauber
& Sherman 2001; Tang-Martinez 2001) can occur through
matching of vocalizations (stripe-backed wrens, Campylo-
rhynchus nuchalis: Price 1999) and odour cues (beavers,
Castor canadensis: Sun & Müller-Schwarze 1997; golden
hamsters: Heth et al. 1998; ground squirrels, Spermophilus
beldingi: Mateo 2003), and may even be the result of a ge-
netic recognition system (Cascades frogs, Rana cascadae:
Blaustein & O’Hara 1981).

In primate species, the infant is continually associated
with its mother from birth (Walters 1987). This bond,
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especially between a female’s offspring, often endures for
many years in matrilineal societies where females remain
in their natal group throughout their life (Gouzoules
1984; Gouzoules & Gouzoules 1987; Walters 1987; Walters
& Seyfarth 1987; Bernstein 1991). As a consequence, in-
fants will also be in proximity to older maternal siblings
and possibly other maternal relatives as well. Kin discrimi-
nation produced by familiarity because of prior association
and/or spatial location has thus been cited as the most fea-
sible mechanism for recognition of maternally related indi-
viduals (Gouzoules 1984; Walters 1987; Bernstein 1991).
Indeed, several examples have been documented in pri-
mate societies, showing kin discrimination through learn-
ing processes and behavioural bias towards maternally
related individuals (Gouzoules & Gouzoules 1987; Kapsalis
& Berman 1996; Rendall et al. 1996; Belisle & Chapais
2001; Nakamichi & Shizawa 2003).

Conversely, less is known about the influence of
paternal relatedness on shaping social relationships in
primates (but see Alberts 1999; Widdig et al. 2001, 2002;
Buchan et al. 2003; Smith et al. 2003), perhaps because pa-
ternity cannot be determined without genetic analyses,
particularly in species where females mate with several
males. In multimale primate groups with promiscuous
mating systems, most fathers do not appear to treat their
offspring preferentially (but see Buchan et al. 2003),
which suggests that paternity is not recognized, at least in-
dividually (Bernstein 1991; Paul et al. 1992, 1996; Gust
et al. 1998). Furthermore, Sackett & Frederickson (1987)
and Erhart et al. (1997) found, for captive colonies, that
neither pigtailed macaques, Macaca nemestrina, nor savan-
nah baboons, Papio cynocephalus, recognized kin in the ab-
sence of maternal associations. Similarly, unfamiliar
maternal and paternal relatives in a troop of Barbary ma-
caques, Macaca sylvanus, showed no mating avoidance
(Kuester et al. 1994). However, more recent studies on
wild groups of primates found that kin discrimination
arose between paternal relatives and emerged from both
phenotype matching and age proximity, that is, individ-
uals recognized their peers, born in the same birth cohort
(rhesus macaques, Macaca mulatta: Widdig et al. 2001,
2002; savannah baboons: Alberts 1999; Smith et al. 2003).

We investigated the effects of both maternal and
paternal kinship on the affiliative index of two cohorts
of juvenile mandrills (Papionini; Cercopithecinae) in
a semifree-ranging setting. Juvenescence is the develop-
mental period between infancy and adolescence, defined
as the period from weaning to the acquisition of sexual
maturity (Pereira & Altmann 1985; Fairbanks 1993; Watts
& Pusey 1993). This stage of life has been poorly studied in
nonhuman primates (Walters 1987), even though it repre-
sents an important phase of apprenticeship during a pri-
mate’s life span. The semifree-ranging colony of
mandrills at CIRMF (Centre International de Recherches
Médicales de Franceville, Gabon) has been studied for 20
years and offers the opportunity to study aspects of their
mating system as well as the evolution of social behav-
iours, the investigation of which is still impossible in
wild conditions, owing to the difficulties of studying large,
itinerant groups in dense equatorial forests (Abernethy
et al. 2002). Mandrills breed on a seasonal basis
(Abernethy et al. 2002; Setchell et al. 2002), females giving
birth to approximately one offspring per year. Using
microsatellite loci, Charpentier et al. (2005) showed that
alpha males sired the majority of offspring per birth
season (see also Wickings et al. 1993; Wickings 1995), sug-
gesting that individuals born in the same cohort have
a strong likelihood of being paternal half-siblings, whereas
maternal half-siblings are always from different cohorts.
The mandrill social system is matrilineal (Setchell 1999).
Females remain in their natal group throughout their
life whereas males disperse (Abernethy et al. 2002), and in-
dividuals from the same matriline interact preferentially
(personal observation).

We examined in particular the affiliation index recorded
for juvenile individuals. Our aims in this study were (1) to
examine the effect of maternal and paternal relatedness,
based on paternity analysis, on the affiliation index
among dyads of juveniles and among dyads of juveniles
with older males and with older females, and (2) to
explore the possible mechanisms responsible for kin
discrimination in mandrills.

METHODS

Animals and Husbandry

The semifree-ranging colony at CIRMF, Gabon, was
established in 1983e1984 when 15 unrelated animals
(eight females, seven males; Wickings 1995) of different
origins were released into a 6-ha valley with natural
rainforest, enclosed by an electric fence (enclosure E1).
Any further increases in the group have been the result
of natural reproduction of these founder animals, coun-
tered by deaths and some removals for experimental pur-
poses. In 1994, in the face of an increasing population and
to limit the spread of naturally occurring STLV and SIV
viruses, the colony was separated into two groups: nonin-
fected mandrills remained in E1 (N ¼ 49), and naturally
infected animals were placed in E2 (3.5 ha) with all mem-
bers of their matriline (N ¼ 21), in order not to break
kinship associations and to conserve social units.

At the time of this study (March 2002eJanuary 2004),
the group in E1 consisted of 72e114 individuals (Table 1).
Variation in group composition was due to deaths and
births, and particularly to the removal of 36 individuals
in October 2002 to reduce the increasing captive popula-
tion. All mandrills in the colony were tattooed shortly
after birth and individuals older than 2 years were given

Table 1. Composition of the mandrill colony at the beginning of the
study (March 2002)

Adults Adolescents Juveniles Infants

No. of individuals
Males 9 12 18 11
Females 20 8 15 12

Age (years)
Males 9e15 5e8 1e3 0e1
Females 5e24 4e5 1e3 0e1
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numbered and coloured ear tags for ease of recognition.
All adults, adolescents and most juveniles of both sexes
were individually recognizable, and their matrilineal iden-
tity was known. Those juvenile individuals (without ear
tags) that could not be reliably identified until 2 years of
age (N ¼ 2), and all yearlings (N ¼ 23), were excluded
from all subsequent analyses.

The naturally rainforested enclosure has a small fenced
pen, for feeding and capturing animals, overlooking an
open grassy area. Mandrills are fed twice a day with
seasonal fruits, vegetables and monkey chow to supple-
ment their foraging. Water is available ad libitum. The
animals are visible before, during and after the feeding,
remaining on the edge of the forest for a total of
approximately 2 h around each feeding period.

The study was approved by the Comité Régional
d’Ethique Ile-de-France Sud. It required no change in the
animals’ normal daily routine.

Behavioural Observations

This study focused on 11 female and 11 male juveniles
in E1, belonging to two cohorts (1999, 2001, no births
occurred in 2000). Approximately 325 h of behavioural
observations were carried out from March 2002 to January
2004, before feeding (1000e1100 and 1600e1800 hours)
to avoid effects of feeding competition on behaviour.
Data were collected with the focal method for the 22 juve-
niles (Altmann 1974; Martin & Bateson 1986; Lehner
1996); the sequence in which animals were observed
was randomized. During a 6-min period, we noted all so-
cial behaviours (bouts) initiated and received by the focal
juvenile, along with the identity of the partners. The dura-
tion of each activity was not recorded but the end of each
bout corresponded to the cessation of the activity (Char-
pentier et al. 2004). We scored all interactions between
the 22 juveniles, and between these juveniles and all other
members of the mandrill colony, divided into four age
and sex classes: adult and adolescent females and males
(Table 1). All females that had given birth (i.e. were par-
ous) at least once were considered as adults, even if they
had not attained full adult size (Setchell et al. 2001,
2002). During behavioural observations, we recorded
affiliative behaviours (grooming, muzzle contact, affilia-
tive contact). A proximity analysis was also carried out,
based on scan-time samples taken every 3 min during
each sampling period and involving all neighbours within
a 5-m radius. We computed a composite index of affilia-
tion, as defined by Silk et al. (2003), for each dyad that
included at least one juvenile: 
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where fp and fa represent the frequency of proximity and
affiliation within a dyad, corrected for the number of focal
sessions per dyad or time of coresidency (for example be-
cause of the removal of 36 individuals in October 2002)
and fp and fa represent the mean frequencies of proximity
and affiliation within the population.
We conducted analyses of the affiliation index at the
level of the dyad. For behaviours between juveniles, since
both juveniles of any dyad were focal individuals, we
collapsed the affiliative bouts and proximity recorded
regardless of the identity of the focal juvenile.

Paternity Analyses

All animals are captured annually. Various morpholog-
ical measures (growth parameters) and blood samples are
taken on each occasion. Between June 1983 and June
2002, 231 infants were born into the colony. DNA
extracted from blood was available for the majority of
individuals (89.4%), and in 2002, 205 offspring, as well as
the 13 reproductively active founders (two founders never
reproduced successfully), were genotyped. Twenty-six
mandrills born in the colony could not be sampled (two
were stillborn, 16 died before 1 year of age, eight were
never captured). All available individuals, including all
potential sires, were genotyped for eight microsatellite
loci. CERVUS 2.0 (Marshall et al. 1998) and Parente (Cer-
cueil et al. 2002) were used to assign paternity for 193
(94%) of the 205 offspring (for details of methods and pa-
ternity assignment criteria, see Charpentier et al. 2005). Of
the individuals involved in social interactions with the ju-
veniles studied, paternity could not be assigned for three
individuals (two juvenile females and one adolescent
male) and these were thus excluded from all subsequent
analyses.

Relatedness and Kin Dyads

To investigate the effect of kinship on affiliation and
proximity, we generated a coefficient of relatedness (r) and
kin relationships from the pedigree obtained from pater-
nity analyses. Degrees of relatedness, r, ranged from 0 to
0.75; however, a similar degree of relatedness did not
mean only one kin class in our data set (see below). We
simplified the analyses by considering only the following
relationships for the analysis with adult females: nonkin,
maternal half-sibling, paternal half-sibling and parente
offspring dyads; for adult males, the same categories
were used, excluding paternal half-siblings as no such
dyads were available. Finally, for analysis between juvenile
individuals, we restricted our analysis to maternal and
paternal half-siblings and what we called ‘distant relatives’
(0.031 � r � 0.094); unrelated juveniles were not available
because of the reproductive skew in this colony (Wickings
1995; Charpentier et al. 2005). Note that the paternal half-
sibling dyads in these analyses never came from the same
matriline, to avoid confounding effects.

Since males could not emigrate from the enclosure, we
had access to a range of individuals related in various
ways, through both the mother and the father. Hence and
to explore further the mechanisms involved in kin
discrimination, we compared social interactions between
dyads with comparable degrees of relatedness, but belong-
ing to different kin classes. In this way, we carried out
a final analysis testing the hypothesis of phenotype
matching, by comparing the affiliation index of paternal
half-siblings with that of dyads of the same degree of
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relatedness (obtained from the pedigree) but sharing
neither a common maternal ancestor nor the same father.
These types of relatives shared distant ancestors, such as
grandparents or great-grandparents.

Statistical Analyses

Repeated measures logistic regressions were used to
model the relation between the response variable (affilia-
tion index) and several explanatory variables as defined
below (SAS version 9, Genmod procedure, SAS Institute,
Cary, NC, U.S.A.). A logistic regression for these data is
a generalized linear model with response equal to the
binomial proportion N/T, where N is the affiliation index
within a dyad and T the number of trials. As we obtained
an affiliation index for each dyad, corresponding to a num-
ber of bouts of affiliation and proximity per focal time pe-
riod (6 min), the number of trials was identical for every
dyad and we chose an arbitrary value. Changing this arbi-
trary value had no effect on our results. The probability
distribution was binomial, and the link function was
a logit. The number of responses N was modelled as a bino-
mial random variable for each combination of the explan-
atory variable values, with the binomial number of trials
parameter equal to the number T and the binomial prob-
ability equal to the probability of a response. The repeated
variable was the identity of a given juvenile and the iden-
tity of each conspecific considered within the interactions
involving this juvenile. The method of generalized esti-
mating equations was used to account for the fact that
both a given juvenile and a given recipient were repeated.

First, we examined the affiliation index between juve-
niles and adolescent and adult females. Nonkin, maternal
half-sibling, paternal half-sibling, and mothereoffspring
dyads were available. We considered the kin classes de-
fined as a first explanatory variable. Several studies have
shown that primates discriminate between conspecifics
according to both their social status and relatedness
(SantillanDoherty et al. 1991; Kuester et al. 1994; Bergman
et al. 2003). Thus, we considered the interaction between
a female’s social rank and the rank of a juvenile’s mother
at the time of its birth as a second explanatory variable.
We used the maternal rank in juveniles rather than
estimating juvenile rank, which may vary according to cir-
cumstances (J. Wickings, personal observation). A female’s
rank (or maternal rank) at each birth was expressed as the
percentage of all females over 3 years of age present that
she dominated, to account for demographic changes
over time (Cheney et al. 1988). We also considered the
sex of the juvenile and the female’s age class (adolescent
or adult), as these factors are likely to influence
behaviours.

The statistical model was as follows:

Affiliation index¼ kin classþ female0s rank

�maternal rankþ juvenile0s sex

þ female0s age classþ constant

We repeated the analysis, using the same covariables for
the analysis of phenotype matching (see Results).
Second, we examined the affiliation index between
juveniles and adolescent and adult males. Nevertheless,
as affiliative behaviours are virtually absent between
juveniles and males, we computed an affiliation index
based only on the events of proximity recorded. The same
kin classes as defined previously were considered, except
that no paternal half-sibling dyads were available. As rank
in male adolescent and adult male mandrills is defined
according to competitive abilities (Setchell & Dixson
2002), and as a male’s rank is always superior to that of a
juvenile, we included only the juvenile’s maternal rank in
this analysis. The number of females in a juvenile’s matri-
line was also taken into account to avoid by-products of
proximity between adult females and males. Finally, and
as for the analysis with females, we took into account the
juvenile’s sex and we classified males as adult or adolescent.

The second statistical model was as follows:

Affiliation index¼ kin classþmaternal rank

þnumber of females in the matriline

þ juvenile0s sexþmale0s age class

þ constant

Third, we examined the affiliation index between
juveniles. We considered distant kin dyads with r ranging
from 0.031 to 0.094, paternal half-siblings, and maternal
half-siblings. We also used the interaction between mater-
nal ranks within a dyad of juveniles. We also took into ac-
count the sex of the two individuals within a dyad (malee
male, maleefemale, femaleefemale). Finally, we used the
difference in age as a last explanatory variable to detect ef-
fects of age proximity, as juveniles belonged to two co-
horts (see for example Widdig et al. 2001, 2002).
Juveniles were up to 2 years apart in age.

The last statistical model was as follows:

Affiliation index¼ kin classþmaternal rank juvenile 1

�maternal rank juvenile 2

þ sex of the juveniles within a dyad

þ age differenceþ constant

We used the least-squares means procedure to ordinate
the different classes of kin (SAS version 9).

RESULTS

Affiliation Index With Adult and Adolescent
Females

Kinship had a significant effect on the affiliation index
in dyads of juveniles and females (Table 2). Table 2 also
shows the effect of the other covariables. The sex of the
juvenile significantly affected the affiliation index, with
female juveniles always showing a greater affiliation index
with older females (X� SE ¼ 1:74� 0:40) than male juve-
niles did (0.39 � 0.09). However, neither the female age
class (adult or adolescent) nor the interaction between so-
cial ranks significantly influenced the affiliation index
among juveniles and females.
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When the four kin classes were distinguished (least-
squares means procedure), we found that mothereoff-
spring dyads (i.e. the closest relatives) showed the highest
affiliation index, followed by paternal half-siblings, ma-
ternal half-siblings and nonkin (Fig. 1a). First, mothere
offspring dyads presented a significantly higher affiliation
index than other kin classes, except paternal half-siblings
(Table 3). Second, paternal half-siblings did not differ sig-
nificantly from maternal half-siblings. Finally, both pater-
nal and maternal half-siblings showed a higher affiliation
index than unrelated dyads (Table 3).

Affiliation Index With Adult and Adolescent
Males

The affiliation index between males and juveniles was
significantly influenced by kinship (Table 2). However, nei-
ther the sex of the juveniles nor their maternal rank was cor-
related with proximity. We observed thesame nonsignificant
result for the number of females in the matriline towhich the
juveniles belong. Finally, the age class of males had a signifi-
cant influence on the affiliation index, with adolescent
maleejuvenile dyads showing a higher index (1.23 � 0.24)
than dyads of adult malesejuveniles (0.74 � 0.24).

When we considered the three kin classes, we found
that maternal half-siblings had the highest affiliation
index, followed by fathereoffspring, then nonkin dyads
(Fig. 1b). However, while values of the index between ma-
ternal half-siblings and fathereoffspring dyads were both
significantly higher than those of unrelated individuals
(Table 3), no significant differences were observed be-
tween these first two kin classes.

Proximity and Affiliation Between Juveniles

Finally, the affiliation index between dyads of juveniles
tended to be influenced by kinship, but not significantly so
(Table 2). Furthermore, the sex of the dyads was correlated

Table 2. Effects of kinship and covariables on the affiliation index
computed between 22 juvenile individuals and the different age
and sex classes represented in the mandrill colony

Affiliation index

c2 df P

Females
Kin type 18.40 3 <0.001
Juvenile sex 11.13 1 <0.001
Rank interaction 0.36 1 0.55
Female age class 0.03 1 0.85

Males
Kin type 6.75 2 0.034
Juvenile sex 1.08 1 0.30
Maternal rank 0 1 0.99
Male age class 6.10 1 0.014
Matriline size 1.27 1 0.26

Juveniles
Kin type 4.93 2 0.085
Dyad sex 18.99 2 <0.0001
Rank interaction 4.89 1 0.027
Difference in age 1.29 1 0.26
with the index, with single-sex dyads (i.e. femalee
female ¼ 1.88 � 0.54; maleemale ¼ 1.45 � 0.20) always
showing a higher affiliation index than mixed-sex dyads
(i.e. maleefemale ¼ 0.57 � 0.11). Finally, while the differ-
ence in age did not correlate with affiliation, the interac-
tion between the maternal ranks of juveniles of a given
dyad influenced the affiliation index (see Appendix).

When the kin classes were considered separately, we
found that maternal half-siblings showed a significantly
higher affiliation index (Fig. 1c, Table 3) than the other
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Figure 1. Kinship and affiliation index (X � SE) (a) between 22

juveniles and adult and adolescent female individuals, (b) between

22 juveniles and adult and adolescent male individuals and (c) within

dyads of 22 juvenile individuals. Sample sizes are given with each
point.
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two kin classes. Finally, no difference in the affiliation in-
dex between nonkin and paternal half-sibling dyads was
recorded (Table 3).

Testing the Phenotype-matching Hypothesis

If phenotype matching occurs in mandrills, individuals
related to the same degree (r equivalent), regardless of the
origin of relatedness, should have an equivalent number
of genes in common, and hence equivalent phenotypic
cues should also be matched. We thus analysed the affilia-
tion index between dyads of juveniles and older females for
paternal half-siblings (N ¼ 8) and dyads of the same degree
of relatedness (r ¼ 0.281e0.375), these latter sharing nei-
ther a common maternal ancestor nor the same father
(N ¼ 26). Paternal half-siblings had a higher affiliation in-
dex (3.10 � 2.43) than other related dyads (0.25 � 0.06;
c2

1 ¼ 6:11, P ¼ 0.014). No further analyses were conducted
on other age and sex classes as no paternal half-siblings ex-
isted between juveniles and males and no discrimination of
paternal kin was found among juveniles, as shown above.

DISCUSSION

Our study shows that juveniles behaved differently to-
wards other individuals according to kinship, providing
evidence for kin discrimination. With older individuals
(adult and adolescent males and females), juveniles
showed preferential treatment of both maternal (mother,
maternal half-siblings) and paternal relatives (father, pa-
ternal half-siblings), compared to nonkin, with the affilia-
tion index between juvenile and mother being the highest
recorded. Furthermore, among dyads of juveniles, mater-
nal half-siblings had the highest affiliation index, while
paternal half-siblings and distant relatives did not differ.
The fact that juveniles preferred paternally related adult
females but not paternally related juveniles compared to
nonkin remains to be explained. However, during juvenes-
cence, a sensitive stage of life where social skills increase
dramatically (Pereira & Altmann 1985; Fagen 1993), indi-
viduals may treat their congeners differently according to

Table 3. Pairwise comparisons of kin classes, using differences of
least-square means (SAS, version 9)

Kin classes P

Females
Mothereoffspring/maternal half-siblings 0.012
Mothereoffspring/paternal half-siblings 0.18
Mothereoffspring/unrelated <0.0001
Maternal half-siblings/paternal half-siblings 0.69
Maternal half-siblings/unrelated <0.001
Paternal half-siblings/unrelated 0.004

Males
Fathereoffspring/maternal half-siblings 0.89
Fathereoffspring/unrelated 0.017
Maternal half-siblings/unrelated 0.004

Juveniles
Maternal half-siblings/paternal half-siblings <0.001
Maternal half-siblings/unrelated <0.0001
Paternal half-siblings/unrelated 0.92
the benefits involved. An alternative explanation may be
that juveniles do not treat paternally related juveniles dif-
ferently because the mechanisms responsible for discrimi-
nation of paternal relatives are not yet developed,
whereas they are fully developed in adult and adolescent
conspecifics. The bias we recorded between juveniles and
older paternal half-siblings (males, females) could simply
be caused by kin discrimination from adults, and not juve-
niles. However, an analysis of affiliative behaviour between
juveniles and older females, separating initiated from re-
ceived affiliation (i.e. a juvenile may initiate or receive af-
filiative bouts) does not confirm this hypothesis (data not
shown). Indeed, juveniles initiated more affiliative behav-
iours towards paternal half-sibling females than towards
nonkin females, showing that at this stage they are able
to discriminate paternal relatives.

Our findings from the covariables analysed show that,
unsurprisingly for a primate species with a matrilineal
structure and female philopatry (Setchell 1999; Abernethy
et al. 2002), female juveniles affiliated more with older fe-
males than did male juveniles. Among juveniles, the
mixed-sex dyads showed the least affiliation. Thus
maleemale relationships among juveniles were as affilia-
tive as femaleefemale relationships. The benefits of inter-
acting with the same sex during juvenescence, the period
characterized by apprenticeship, are obvious. Females will,
in any case, interact with other females throughout their
lives (Gouzoules 1984; Gouzoules & Gouzoules 1987; Wal-
ters 1987; Walters & Seyfarth 1987; Bernstein 1991); in
males, experience and apprenticeship for future competi-
tion can be gained, through play for example (Fagen
1993; Dolhinow 1999). However, for interactions with
adult and adolescent males, the sex of the juvenile did
not influence its affiliative behaviour, perhaps because
few interactions occurred between these classes. While
adult males engaged in few contacts with juvenile man-
drills, adolescent males still interacted with them (regard-
less of kinship, see Charpentier et al. 2004). Finally, while
social status is important in shaping relationships in pri-
mate species (SantillanDoherty et al. 1991; Kuester et al.
1994; Bergman et al. 2003), we found an effect only
among juvenile mandrills, suggesting both that maternal
rank still influences the social development of juveniles
and that the rank of older individuals does not shape
the ontogeny of young individuals.

The demonstration that discrimination of paternal
relatives occurs in mandrills leads to the question of
what mechanism(s) is involved in kin discrimination.
Kin discrimination can arise if individuals classify relatives
on the basis of frequent association patterns (familiarity)
or if individuals identify relatives on the basis of shared
family traits (phenotype matching; Holmes & Sherman
1983; Waldman et al. 1988). When paternity is restricted
to a limited number of males per reproductive season, or
skewed towards one dominant individual, which is the
case in mandrills where dominant males sire 76.2% of off-
spring per reproductive season (Charpentier et al. 2005),
individuals conceived during the same reproductive
season are likely to be paternal half-siblings (Altmann
1979; Altmann et al. 1996; De Ruiter & Geffen 1998;
Widdig et al. 2004). On the other hand, it is unlikely
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that maternal half-siblings are born in the same birth
season, as Old World monkeys rarely give birth to twins.
Paternal half-siblings will thus often be from the same
age cohort (peers), whereas maternal half-siblings will be
at least a year apart (nonpeers). In primate species, the so-
cial experience is gained through play, with both siblings
and peers (Ehardt & Bernstein 1987; Walters 1987; Fagen
1993; Watts & Pusey 1993; Dolhinow 1999), suggesting
that familiarity with peers develops during ontogeny,
but also that a close age proximity could be used among
individuals for the identification of paternal half-siblings.
Hence, a simple apprenticeship through age proximity
(more familiarity between individuals born in the same
year) could be used to identify paternal half-siblings. Stud-
ies have indeed shown that primates might use age prox-
imity as a secondary cue to identify their paternal siblings
(Alberts 1999; Widdig et al. 2001, 2002; Smith et al. 2003).
However, we have shown that juveniles are able to dis-
criminate paternal relatives among older individuals,
and also that the difference in age between juveniles
does not influence affiliation. These two findings thus pro-
vide no support for an age proximity mechanism involved
in paternal kin discrimination.

In this study, we did not implicate the phenotype-
matching hypothesis as a potential mechanism underly-
ing kin discrimination in mandrills. Indeed, no differences
in treatment should exist between individuals with a com-
parable range of relatedness, whatever the origin of
relatedness, if phenotype matching occurs. The mecha-
nism(s) responsible for discrimination of paternal relatives
could thus be linked to social apprenticeship and/or to
mating information transmitted maternally. Mothers
could, for example, mediate affiliation between their
infants as a function of shared paternity by encouraging
infants to associate with offspring of females who have
mated with the same male (Widdig et al. 2001). Indeed,
maternal affiliation patterns partly drive the development
of infant affiliation patterns among peers (Berman & Kap-
salis 1999). Furthermore, and not mutually exclusive with
the preceding hypothesis, mothers may also affiliate pref-
erentially with the male with whom they have conceived.
Thus, as in savannah baboons (see for example Altmann
& Alberts 2003), female mandrills could have long-term
bonds with males which, although not perfect predictors
of paternity, are likely to be correlated with mating pat-
terns, and could be remembered by females. These bonds
place juveniles in proximity to families of other females
bonded to the same males, which, especially in juveniles,
could provide a (familiarity-based) mechanism to recog-
nize paternal kin. An analysis of maternal behaviours dur-
ing rearing of offspring is now required to elucidate the
mechanisms involved in kin discrimination in mandrills.

Acknowledgments

We are grateful to past and present staff at the Primate
Centre at CIRMF for maintaining the long-term records of
the mandrill colony. M.C. is grateful to the CIRMF (Pro-
fessor Philippe Blot, Director) for permission to study the
mandrill colony, and for providing logistical support. We
also thank Nadir Alvarez, Olivier Gimenez, Doyle McKey,
Benoı̂t Pujol, Franck Prugnolle, Joanna Setchell and three
anonymous referees for their helpful advice and com-
ments on the manuscript. Vladimir Grosbois, Michael
Lavine and Fei Liu helped in the statistical analysis.
CIRMF is financed by the Gabonese government, TOTAL
Gabon and the French Ministry of Foreign Affairs. M.C.
was financed by the French Ministry of Foreign Affairs.

Supplementary Material

Supplementary material can be found, in the online
version, at doi:10.1016/j.anbehav.2006.02.026.

References

Abernethy, K. A., White, L. J. T. & Wickings, E. J. 2002. Hordes of

mandrills (Mandrillus sphinx): extreme group size and seasonal

male presence. Journal of Zoology, 258, 131e137.

Alberts, S. C. 1999. Paternal kin discrimination in wild baboons. Pro-

ceedings of the Royal Society of London, Series B, 266, 1501e1506.

Altmann, J. 1974. Observational study of behavior: sampling

methods. Behaviour, 49, 227e267.

Altmann, J. 1979. Age cohorts as paternal sibships. Behavioral Ecol-

ogy and Sociobiology, 6, 161e164.

Altmann, J. & Alberts, S. C. 2003. Variability in reproductive success

viewed from a life-history perspective in baboons. American Journal

of Human Biology, 15, 401e409.

Altmann, J., Alberts, S. C., Haines, S. A., Dubach, J., Muruthi, P.,
Coote, T., Geffen, E., Cheesman, D. J., Mututua, R. S., Saiyalel,
S. N., Wayne, R. K., Lacy, R. C. & Bruford, M. W. 1996. Behavior
predicts genetic structure in a wild primate group. Proceedings of

the National Academy of Sciences, U.S.A., 93, 5797e5801.

Beecher, M. D. 1982. Signature systems and kin recognition. Amer-

ican Zoologist, 22, 477e490.

Belisle, P. & Chapais, B. 2001. Tolerated co-feeding in relation to

degree of kinship in Japanese macaques. Behaviour, 138, 487e

509.

Bergman, T. J., Beehner, J. C., Cheney, D. L. & Seyfarth, R. M.
2003. Hierarchical classification by rank and kinship in baboons.

Science, 302, 1234e1236.

Berman, C. M. & Kapsalis, E. 1999. Development of kin bias among

rhesus monkeys: maternal transmission or individual learning?
Animal Behaviour, 58, 883e894.

Bernstein, I. S. 1991. The correlation between kinship and behav-
iour in non-human primates. In: Kin Recognition (Ed. by P. G. Hep-

per), pp. 6e29. Cambridge: Cambridge University Press.

Blaustein, A. R. & O’Hara, R. K. 1981. Genetic control for sibling

recognition? Nature, 290, 246e248.

Buchan, J. C., Alberts, S. C., Silk, J. B. & Altmann, J. 2003. True pa-

ternal care in a multi-male primate society. Nature, 425, 179e181.

Cercueil, A., Bellemain, E. & Manel, S. 2002. Parente: a software

package for parentage analysis. Journal of Heredity, 93, 458e459.

Charpentier, M., Peignot, P., Hossaert-McKey, M. & Wickings,
E. J. 2004. Changes in social interactions during adolescence in

male mandrills (Mandrillus sphinx). American Journal of Primatology,

63, 63e73.

Charpentier, M., Peignot, P., Hossaert-McKey, M., Gimenez, O.,
Setchell, J. M. & Wickings, E. J. 2005. Constraints on control: fac-
tors influencing reproductive success in male mandrills (Mandrillus

sphinx). Behavioral Ecology, 16, 614e623.

Cheney, D. L., Seyfarth, R. M., Andelman, S. J. & Lee, P. C.
1988. Reproductive success in vervet monkeys. In: Reproductive

Success: Studies of Individual Variation in Contrasting Breeding

http://dx.doi.org/doi:10.1016/j.anbehav.2006.02.026


ANIMAL BEHAVIOUR, 73, 144
Systems (Ed. by T. H. Clutton-Brock), pp. 384e402. Chicago:

University of Chicago Press.

De Ruiter, J. R. & Geffen, E. 1998. Relatedness of matrilines, dis-

persing males and social groups in long-tailed macaques (Macaca

fascicularis). Proceedings of the Royal Society of London, Series B,
265, 79e87.

Dolhinow, P. 1999. Play: a critical process in the developmental
system. In: The Nonhuman Primates (Ed. by P. Dolhinow &

A. Fuentes), pp. 231e236. Mountain View: Mayfield.

Ehardt, C. L. & Bernstein, I. S. 1987. Patterns of affiliation among

immature rhesus monkeys (Macaca mulatta). American Journal of

Primatology, 13, 255e269.

Erhart, E. M., Coelho, A. M. & Bramblett, C. A. 1997. Kin recogni-

tion by paternal halfsiblings in captive Papio cynocephalus. Ameri-

can Journal of Primatology, 43, 147e157.

Fagen, R. 1993. Primate juveniles and primate play. In: Juvenile Pri-

mates: Life History, Development and Behavior (Ed. by M. E.
Pereira & L. A. Fairbanks), pp. 182e196. New York: Oxford

University Press.

Fairbanks, L. A. 1993. Juvenile vervet monkeys: establishing relation-

ships and practicing skills for the future. In: Juvenile Primates:

Life History, Development and Behavior (Ed. by M. E. Pereira &

L. A. Fairbanks), pp. 211e227. New York: Oxford University Press.

Gouzoules, S. 1984. Primate mating systems, kin associations, and

cooperative behavior: evidence for kin recognition. Yearbook of
Physical Anthropology, 27, 99e134.

Gouzoules, S. & Gouzoules, H. 1987. Kinship. In: Primate Societies
(Ed. by B. B. Smuts, D. L. Cheney, R. M. Seyfarth, R. W.

Wrangham & T. T. Struhsaker), pp. 299e305. Chicago: University

of Chicago Press.

Griffin, A. S. & West, S. A. 2002. Kin selection: fact and fiction.

Trends in Ecology and Evolution, 17, 15e21.

Gust, D. A., McCaster, T., Gordon, T. P., Gergits, W. F., Casna,
N. J. & McClure, H. M. 1998. Paternity in sooty mangabeys. Inter-

national Journal of Primatology, 19, 83e94.

Halpin, Z. T. 1991. Kin recognition cues of vertebrates. In: Kin Rec-

ognition (Ed. by P. G. Hepper), pp. 220e258. Cambridge: Cam-
bridge University Press.

Hamilton, W. D. 1964. The genetical evolution of social behavior.
Journal of Theoretical Biology, 7, 1e52.

Hatchwell, B. J., Ross, D. J., Fowlie, M. K. & McGowan, A. 2001.

Kin discrimination in cooperatively breeding long-tailed tits.
Proceedings of the Royal Society of London, Series B, 268, 885e890.

Hauber, M. E. & Sherman, P. W. 2001. Self-referent phenotype
matching: theoretical considerations and empirical evidence.

Trends in Neurosciences, 24, 609e616.

Heth, G., Todrank, J. & Johnston, R. E. 1998. Kin recognition in

golden hamsters: evidence for phenotype matching. Animal

Behaviour, 56, 409e417.

Holmes, W. G. & Sherman, P. W. 1983. Kin recognition in animals.

American Scientist, 71, 46e55.

Kapsalis, E. & Berman, C. M. 1996. Models of affiliative relation-

ships among free-ranging rhesus monkeys (Macaca mulatta). I/II.

Behaviour, 133, 1209e1263.

Komdeur, J. & Hatchwell, B. J. 1999. Kin recognition: function and

mechanism in avian societies. Trends in Ecology and Evolution, 14,
237e241.

Kuester, J., Paul, A. & Arnemann, J. 1994. Kinship, familiarity and
mating avoidance in Barbary macaques (Macaca sylvanus). Animal

Behaviour, 48, 1183e1194.

Lacy, R. C. & Sherman, P. W. 1983. Kin recognition by phenotype

matching. American Naturalist, 121, 489e512.

Lehner, P. N. 1996. Handbook of Ethological Methods. Cambridge:

Cambridge University Press.
Marshall, T. C., Slate, J., Kruuk, L. E. B. & Pemberton, J. M. 1998.

Statistical confidence for likelihood-based paternity inference in

natural populations. Molecular Ecology, 7, 639e655.

Martin, P. & Bateson, P. P. G. 1986. Measuring Behaviour. Cam-

bridge: Cambridge University Press.

Mateo, J. M. 2003. Kin recognition in ground squirrels and other

rodents. Journal of Mammalogy, 84, 1163e1181.

Nakamichi, M. & Shizawa, Y. 2003. Distribution of grooming

among adult females in a large, free-ranging group of Japanese
macaques. International Journal of Primatology, 24, 607e625.

Paul, A., Kuester, J. & Arnemann, J. 1992. DNA fingerprint reveals
that infant care by male Barbary macaques (Macaca sylvanus) is

not paternal investment. Folia Primatologica, 58, 93e98.

Paul, A., Kuester, J. & Arnemann, J. 1996. The sociobiology of

male-infant interactions in Barbary macaques, Macaca sylvanus.

Animal Behaviour, 51, 155e170.

Pereira, M. E. & Altmann, J. 1985. Development of social behavior

in free-living nonhuman primates. In: Monographs in Primatology.

Vol. 6, Nonhuman Primate Models for Human Growth and Develop-
ment (Ed. by E. S. Watts), pp. 217e309. New York: A. R. Liss.

Porter, R. H. 1988. The ontogeny of sibling recognition in spiny mice
(Acomys cahirinus). Behavioral Ecology and Sociobiology, 3, 61e68.

Price, J. J. 1999. Recognition of family-specific calls in stripe-backed
wrens. Animal Behaviour, 57, 483e492.

Rendall, D., Rodman, P. S. & Emond, R. E. 1996. Vocal recognition

of individuals and kin in free-ranging rhesus monkeys. Animal
Behaviour, 51, 1007e1015.

Russell, A. F. & Hatchwell, B. J. 2001. Experimental evidence for
kin-biased helping in a cooperatively breeding vertebrate. Proceed-

ings of the Royal Society of London, Series B, 268, 2169e2174.

Sackett, G. P. & Fredrickson, W. T. 1987. Social preferences by pig-

tailed macaques: familiarity versus degree and type of kinship.

Animal Behaviour, 35, 603e606.

SantillanDoherty, A. M., Diaz, J. L. & Mondragonceballos, R.
1991. Synergistic effects of kinship, sex and rank in the behaviou-

ral interactions of captive stump-tailed macaques. Folia Primatolog-
ica, 56, 177e189.

Setchell, J. M. 1999. Socio-sexual development in the male mandrill
(Mandrillus sphinx). Ph.D. thesis, University of Cambridge.

Setchell, J. M. & Dixson, A. F. 2002. Developmental variables and
dominance rank in adolescent male mandrills (Mandrillus sphinx).

American Journal of Primatology, 56, 9e25.

Setchell, J. M., Lee, P. C., Wickings, E. J. & Dixson, A. F. 2001. Growth

and ontogeny of sexual size dimorphism in the mandrill (Mandrillus

sphinx). American Journal of Physical Anthropology, 115, 349e360.

Setchell, J. M., Lee, P. C., Wickings, E. J. & Dixson, A. F. 2002. Re-

productive parameters and maternal investment in mandrills (Man-

drillus sphinx). International Journal of Primatology, 23, 51e68.

Sherman, P. W., Reeve, H. K. & Pfennig, D. W. 1997. Recognition

systems. In: Behavioural Ecology: an Evolutionary Approach (Ed. by
J. R. Krebs & N. B. Davies), pp. 69e96. Oxford: Blackwell Science.

Silk, J. B., Alberts, S. C. & Altmann, J. 2003. Social bonds of female
baboons enhance infant survival. Science, 302, 1231e1234.

Smith, K., Alberts, S. C. & Altmann, J. 2003. Wild female baboons
bias their social behaviour towards paternal half-sisters. Proceed-

ings of the Royal Society of London, Series B, 270, 503e510.

Sun, L. & Müller-Schwarze, D. 1997. Sibling recognition in the beaver:

a field test for phenotype matching. Animal Behaviour, 54, 493e502.

Tang-Martinez, Z. 2001. The mechanisms of kin discrimination and
the evolution of kin recognition in vertebrates: a critical re-evalua-

tion. Behavioural Processes, 53, 21e40.

Todrank, J., Heth, G. & Johnston, R. E. 1998. Kin recognition in

golden hamsters: evidence for kinship odours. Animal Behaviour,

55, 377e386.



CHARPENTIER ET AL.: KIN RECOGNITION IN MANDRILLS 45
Waldman, B., Frumhoff, P. C. & Sherman, P. W. 1988. Problems of

kin recognition. Trends in Ecology and Evolution, 3, 8e13.

Walters, J. R. 1987. Transition to adulthood. In: Primate Societies (Ed. by

B. B. Smuts, D. L. Cheney, R. M. Seyfarth, R. W. Wrangham & T. T.

Struhsaker), pp. 358e369. Chicago: University of Chicago Press.

Walters, J. R. & Seyfarth, R. M. 1987. Conflict and cooperation. In:

Primate Societies (Ed. by B. B. Smuts, D. L. Cheney, R. M. Seyfarth,
R. W. Wrangham & T. T. Struhsaker), pp. 306e317. Chicago: Uni-

versity of Chicago Press.

Watts, D. P. & Pusey, A. E. 1993. Behavior of juvenile and adoles-

cent great apes. In: Juvenile Primates: Life History, Development

and Behavior (Ed. by M. E. Pereira & L. A. Fairbanks), pp. 148e

167. New York: Oxford University Press.

Wickings, E. J. 1995. Genetic self-management in a captive colony

of mandrills (Mandrillus sphinx) as revealed by DNA minisatellite
fingerprints. Electrophoresis, 16, 1678e1683.
Wickings, E. J., Bossi, T. & Dixson, A. F. 1993. Reproductive success

in the mandrill, Mandrillus sphinx: correlations of male dominance

and mating success with paternity, as determined by DNA finger-
printing. Journal of Zoology, 231, 563e574.

Widdig, A., Nürnberg, P., Krawczak, M., Streich, W. J. & Berco-
vitch, F. B. 2001. Paternal relatedness and age-proximity regulate

social relationships among adult female rhesus macaques. Proceed-

ings of the National Academy of Sciences, U.S.A., 98, 13769e13773.

Widdig, A., Nürnberg, P., Krawczak, M., Streich, W. J. & Berco-
vitch, F. B. 2002. Affiliation and aggression among adult female

rhesus macaques: a genetic analysis of paternal cohorts. Behaviour,
139, 371e391.

Widdig, A., Bercovitch, F. B., Streich, W. J., Sauermann, U., Nürn-
berg, P. & Krawczak, M. 2004. A longitudinal analysis of repro-

ductive skew in male rhesus macaques. Proceedings of the Royal

Society of London, Series B, 271, 819e826.


	Kin discrimination in juvenile mandrills, Mandrillus sphinx
	Methods
	Animals and Husbandry
	Behavioural Observations
	Paternity Analyses
	Relatedness and Kin Dyads
	Statistical Analyses

	Results
	Affiliation Index With Adult and Adolescent Females
	Affiliation Index With Adult and Adolescent Males
	Proximity and Affiliation Between Juveniles
	Testing the Phenotype-matching Hypothesis

	Discussion
	Acknowledgments
	Supplementary Material
	References


