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Studies of kin bias in the distribution of social behaviour in group-living matrifocal species generally
underline the importance of bonds among female kin. However, few studies examine either how kin
bias may be affected by variation in the availability of kin or the relevance of paternal kin. In this study,
we used genetic and behavioural data to analyse correlates of coalition formation, proximity, grooming
and dominance relations among female white-faced capuchins over a 10-year period during which the
number of adult females in the group varied from 6 to 10. Females sided with the most closely related
of two opponents when joining coalitions. Both dominance rank and kinship influenced proximity and
grooming patterns. In particular, when group size was small, mean relatedness high and interdyadic var-
iation in relatedness low, rank distance was a better predictor of proximity and grooming than was kinship
distance. However, when group size was large, mean relatedness lower and interdyadic variation in relat-
edness higher, females significantly biased their grooming and spatial proximity towards kin. Dominance
rank was not so tightly associated with relatedness as in provisioned female-bonded cercopithecines;
females did not follow the ‘youngest sister ascendancy rule’. Full sisters, maternal half sisters and
mother—daughter dyads associated at statistically indistinguishable rates, and all associated significantly
more often than paternal half sisters. Paternal half sisters did not associate more often than distantly
related female—female dyads (r < 0.125). These and similar results call into question the general impor-
tance of paternal Kin ties in wild primates.

© 2008 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Kin-biased social behaviour occurs in rodents (Sherman
1977; Mateo 2002), carnivores (Holekamp et al. 1997; Wa-
haj et al. 2004), ungulates (Heitor et al. 2006) and primates
(reviewed in: Gouzoules & Gouzoules 1987; Bernstein
1991; Silk 2002; Chapais & Berman 2004). Motivated by in-
clusive fitness theory (Hamilton 1964), researchers have
examined whether and how genetic kinship affects the dis-
tributions of putatively cooperative and/or affiliative be-
haviours (e.g. spatial proximity, grooming, coalitionary
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support, allomaternal care and reconciliation) as well as
competitive behaviour such as aggression. Nonhuman
primates have figured prominently in these research pro-
grammes, largely because most primates (1) have complex
social lives (de Waal & Tyack 2003) and (2) live in stable so-
cial groups containing kin of various kinds (Gouzoules &
Gouzoules 1987; Silk 2002). Several important questions
remain unresolved in this area.

First, what are the limits of nepotism? Chapais et al.
(1997, 2001) found that female Japanese macaques, Macaca
fuscata, do not favour collateral maternal kin with values of
r < 0.25 (half sisters) or lineal kin with values of r < 0.125
(greatgrandmother to greatgranddaughter). Furthermore,
when dominance rank distance is strongly associated
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with kinship distance, it may be difficult to determine the
relative effects on social relationships of (1) competition
for access to higher-ranking social partners (Seyfarth
1977) and (2) nepotism (Chapais 2001; see also de Waal
1991; Kapsalis & Berman 1996a).

Second, how do demographic factors affect the relation-
ship between kinship and social behaviour? For example,
when matrilines are large, females’ limited social time will
be largely consumed by interactions with close kin,
leading to a steep decline in altruistic interactions beyond
the closest kinship categories (Chapais & Bélisle 2004).
High survival and reproductive rates in provisioned popu-
lations may increase the availability of female allies and
thereby produce the widely documented ‘younger sister
ascendency rule’ by which each female acquires a domi-
nance rank below her mother and above her older sisters
(Datta & Beauchamp 1991). In wild populations with
low survival rates, females lacking close maternal kin
may compensate by forming close bonds with paternal
half sisters or even nonkin (Silk et al. 2006).

Third, in groups in which females are philopatric and
mate promiscuously, do individuals discriminate in favour
of paternal kin? After failures (Sackett & Frederickson
1987; Erhart et al. 1997) to replicate Wu et al.’s (1980)
demonstration of recognition among previously unfamil-
iar paternal half siblings in pigtailed macaques, Macaca
nemestrina, a consensus emerged (Rendall 2004) that pri-
mates use only prior familiarity (largely a function of ma-
ternal kinship), and not phenotype matching (Holmes &
Sherman 1982), as a cue of genetic relatedness. More
recent work, using genetic paternity assessment in wild
or free-ranging populations, has produced mixed results
(Alberts 1999; Widdig et al. 2001, 2002, 2006; Smith
et al. 2003; Chapais 2006; Silk et al. 2006; Charpentier
et al. 2007) regarding whether females or juveniles treat
their paternal half siblings differently from more distant
kin. If alpha males monopolize reproduction during fairly
short tenures, age proximity could be a reliable cue of
paternal kinship (Altmann 1979).

Finally, studies of kin-biased social behaviour in pri-
mates are taxonomically limited: most research has been
conducted on terrestrial or semi-terrestrial cercopithecine
monkeys. Although easy to observe, these species may not
be typical primates in their social traits (Strier 1994; Di
Fiore & Rendall 1994), including female philopatry and
the strength of kinship’s effects on social behaviour.

We used demographic, genetic and behavioural data to
examine the effects of maternal and paternal kinship on
proximity, grooming, coalitional support and dominance
rank among wild female white-faced capuchins. Females
of this species are philopatric whereas males disperse
(Fedigan 1993; Jack & Fedigan 2004). Females form linear
dominance hierarchies (Perry 1996), but their stability
varies between study sites (Manson et al. 1999), as do
the tendencies for (1) more closely ranked females to
groom each other more than distantly ranked females
and (2) frequent grooming partners to support each other
preferentially in aggressive coalitions. No research has ex-
amined effects of paternal kinship on the social behav-
iour of female New World monkeys. The role of
maternal kinship in influencing these patterns has also

not been systematically assessed, and there is some sug-
gestion that maternal kinship is not consistently impor-
tant. In wild wedge-capped capuchins, C. olivaceus,
matrilineal inheritance of female dominance rank is re-
stricted to high-ranking individuals, and mother—daugh-
ter pairs do not always form close grooming relationships;
rather, high grooming rates consistently characterize
adjacently ranked dyads (O’Brien 1993a, b; O’Brien &
Robinson 1993).

METHODS
Study Species and Site

Here we report results from a group (Abby’s group; Perry
1996) of habituated white-faced capuchins residing in
Lomas Barbudal Biological Reserve, Costa Rica, and on
nearby public and privately owned land (10°29-32'N,
85°21—24'W). The area consists largely of highly seasonal
tropical dry deciduous forest traversed by several perma-
nent streams (Frankie et al. 1988). We habituated the
group in 1990. Observations were conducted during three
months in 1990, 22 months during 1991-1993, 6
months in three separate visits between February 1994
and August 1996, during at least half of each calendar
year (approximately December—August) between Decem-
ber 1996 and August 2000, and continuously since January
2001. Adults and large juveniles were easily identified by
scars, hair colour patterns and facial contours. Small juve-
niles were marked with Clairol Born Blonde hair dye
(Clairol Corp., Stamford, CT, U.S.A.), squirted at their backs
from a distance of 1-2 m with a 100 cc syringe from which
we had removed the needle. This procedure never pro-
duced noticeable distress in the subjects. The study group
contained 6—10 adult females, 2—6 adult males and
5—27 immatures over the course of the study, increasing
steadily in size from 13 to 41 individuals before fissioning
in 2003.

Demographic Records

Particularly for the early years of the study, exact dates
of births, deaths, immigrations and emigrations were not
always known. Ages of immature individuals that were
not seen as neonates were estimated using physical and
behavioural developmental schedules described in pub-
lished sources (MacKinnon 2002; Fragaszy et al. 2004), as
well as our own experience gathered during the course of
the study. Conception dates were backdated 160 days
from birthdates (Hartwig 1996; Corradini et al. 1998).
Those females whose first 1—5 years of life were not ob-
served, but whose first parturitions were observed, were as-
signed a birth year 6.2 years before their first parturition,
using the mean observed age of first parturition of females
(N=13, range 5.5—7.1 years) whose birthdates were
known. When males entered or disappeared from social
groups during breaks between observation periods, they
were regarded during genetic analysis as possible sires of
infants conceived during the break.



Behavioural Observations, Behavioural
Definitions and Analysis

Data adequate to reliably measure adult female—female
social relationships were collected on 12 adult females
during four observation periods: May 1991—-May 1993 (six
females, 604 h of focal individual observations, mean +
SD =100.6 &+ 25.8 h, range 48—113 h; collected by S.P,
J.M.,].G.L. and Laura Sirot), February—June 1997 (8 females,
123 h; 15 + 10 h, range 4—29.7 h, collected by J.M.), Febru-
ary—August 1999 (8 females, 27 h; mean 3.3 £+ 0.5 h, range
2.5—4.0 h, collected by S.P. and ].G.L.) and February—July
2001 (10 females, 202 h; 20.2 £ 4.8 h, range 10.5—24.7 h;
collected by S.P,, J.M., J. Anderson and H. Gilkenson). Dur-
ing the 1991-1993, 1997 and 1999 observation periods,
we conducted 10 min focal individual follows of adult fe-
males. During the 2001 observation period, we attempted
to conduct all-day focal individual follows. When using
both the 10 min and all-day follows, we rotated the identi-
ties of subjects to ensure unbiased sampling of individuals.
When conducting the 10 min follows, we used the follow-
ing sampling rules to avoid double-counting social interac-
tions sampled in the previous follow or selecting those
animals that were simply easiest to follow: (1) all study sub-
jects but one were followed before the next round was
begun, and a reasonable effort (about 30 min) was made to
search for each monkey before it could be assumed that an
individual was not with the group; (2) the next focal could
not have interacted with the previous focal within
2.5 min; (3) the next focal could not be within five body
lengths of the previous focal at the end of the previous fol-
low, and (4) the researcher had to select the first animal
that met these criteria for each focal sample. In all study pe-
riods, we recorded all social interactions of focal subjects,
and their time of occurrence on a continuous basis, al-
though only durations of grooming were reliably recorded
to the nearest second in all field seasons. In 1991—-1993,
1999 and 2001, but not in 1997, we recorded subjects’ activ-
ities and proximities to conspecifics at 2.5 min intervals on
an instantaneous basis (point samples). In 1997, we
recorded approaches and leaves to the nearest second in
the continuous data and used these data to calculate time
spent in proximity. In 1991-1993, 1999 and 2001, pairs of
observers collected data, and interobserver reliability was es-
tablished as described by Perry (1995). In 1997, one observer
collected all data.

Grooming was defined as one monkey manipulating
the skin or hair of another monkey, either with the hands
or with the mouth. We calculated dyadic grooming rates
by dividing the number of seconds during which a dyad
groomed (combining grooming in both directions) by the
sum of the two monkeys’ focal observation time during
that field season. We measured proximity using, as
a metric, the length from nose to tail base of an adult
male capuchin (approximately 40 cm; K. Glander, per-
sonal communication). During all but one season
(1997), we recorded the identities of those monkeys
within one body length of the focal subject during point
samples. In 1997, when we did not record point samples,
we calculated time spent within one body length for each
dyad using the exact durations between approaches and
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leaves. Aggression included both mild forms of aggression
(e.g. supplants, open-mouth threats) and severe aggres-
sion (physical contact aggression and chasing). Because
aggression tended to be temporally clumped in long se-
quences lasting several minutes, we analysed it as bouts
rather than interactions, with each bout separated by at
least 10 min during which no aggressive interaction oc-
curred. Coalitional behaviour, defined as joint aggression
by two or more individuals against a third party, included
(minimally) joint facial or vocal threats towards the same
target. Coalitions usually involved body contact between
the coalition partners, such as an embrace, cheek-to-cheek
posture, or ‘overlord’ posture, in which one monkey lies
on the other’s back and clasps its hands around the bot-
tom monkey’s chest so that their heads are stacked one
on top of the other (=‘double threat”: Oppenheimer & Op-
penheimer 1973; Fedigan 1993). It was usually possible to
distinguish between the individual that solicited coalitio-
nary aid and the one that joined in directing aggression
towards the victim (Perry 1996).

We assessed dominance relationships using the direc-
tion of dyadic avoidance and cowering (in 1991-1993
and 1997) and these interactions plus other unidirectional
fear responses (in 2001). Data recorded during both focal
and ad libitum observation were used in the assessment of
dominance ranks. If all instances (or the vast majority) of
submissive behaviour went in a single direction (i.e. if A
was submissive to B but B was not submissive to A), then
we assumed that B was dominant to A. Because capuchin
females typically show unidirectional submissive re-
sponses in dyadic contexts and have transitive hierarchies,
it is usually possible to arrange submission matrices such
that all zeros are on one side of the diagonal and all
nonzero values are on the other side of the diagonal. We
were able to determine adult female dominance ranks in
the 1991-1993, 1997 and 2001 observation periods (Perry
1996; Manson et al. 1999). There were two dyads with un-
resolved ranks (due to no observations of spontaneous
submission) in the 1997 data set, and these were assigned
tied ranks for the purpose of analysis. Analysis of female—
female dominance interactions in 2001 showed a fairly
strong fit to a linear hierarchy (Landau’s h' =0.50,
P =0.13, directional consistency index = 1.00). Transitiv-
ity was demonstrated in the 1991—-1993 field season using
Appleby’s test of linearity (Perry 1996). During the 1999
observation period, we observed only seven female—
female dominance interactions, and were unable to ascer-
tain the dominance hierarchy. Sample sizes were too small
to include the 1999 data set in analysis of patterns of ag-
gression. Additional information about the construction
of dominance hierarchies can be found in Perry (1996)
and Manson et al. (1999).

For further details on behavioural sampling and behav-
ioural definitions, see Perry (1996) and Manson et al. (2005).

Genetic Sample Collection and Analysis

Faecal samples were collected from 172 members of the
five study groups at Lomas Barbudal, including all adult
individuals observed in Abby’s group since 1990. Most
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relevant to this study were the 12 females born prior to
1995 in Abby’s group and the seven adult and subadult
males resident in the group from commencement of the
study in 1990 until 1994, when the youngest adult female
was conceived. Having information from the other groups
enabled us to draw firmer conclusions about the kinship
structure that would not have been possible had we looked
at just one group, because it provided more extensive
information on allele frequencies for this population.
Furthermore, analysis of additional groups confirmed that
the genetic structure observed in Abby’s group is represen-
tative of other groups in the population, where the
majority of adult females tend to be closely related (un-
published data).

Genomic DNA from 172 individuals belonging to the
study population was extracted using the QlAamp DNA
Stool Mini Kit (Qiagen Inc., Valencia, CA, U.S.A.) as
previously described in Nsubuga et al. (2004). Complete
genotypes at 18 microsatellite markers were obtained for
all monkeys by analysing amplification products with an
ABI PRISM3100 automated sequencer and Genescan (Ap-
plied Biosystems, Inc., Foster City, CA, U.S.A.) software
as described in Muniz et al. (2006, supplementary infor-
mation). Individuals were genotyped from multiple sam-
ples to guard against errors arising from sample mix-ups
or individual misidentification, and genotyping errors
were avoided through extensive repetition of results fol-
lowing the approach described in Morin et al. (2001).

Maternity checks were performed by including all group
females older than 5 years at time of conception as
potential mothers. All female—offspring pairs with zero
mismatches across all loci, as well as female—offspring
pairs with one mismatch who behaved as mother—off-
spring (i.e. showed much nursing and carrying), were
included in the subsequent paternity analysis, so that
each of these offspring could be associated with different
females and analysed multiple times. We performed likeli-
hood-based paternity assignments using Cervus 2.0
(Marshall et al. 1998). All group males were tested as
potential sires, and the youngest male to unequivocally
sire offspring was 7.8 years of age. Paternities were as-
signed to the resident male with the highest likelihood
score, except in rare instances when the highest-scoring
male was the sibling of the offspring in question. No mis-
matches were allowed for mother—father—offspring trios.

The mean observed heterozygosity across loci was
0.619, and there was no significant deviation from
Hardy—Weinberg equilibrium. The average exclusionary
power of the 18 loci was 0.9888 for assigning one parent
when no parent was known and 0.9998 for second parent
assignments.

Recent work has shown that microsatellite data sets of
adequate power to elucidate parentage relationships do
not necessarily provide reliable estimates of other dyadic
familial relationships (Csilléry et al. 2006; but see Langer-
graber et al. 2007). Hence, we used the genetic data to
conduct paternity and maternity analyses that, in combi-
nation with behavioural and demographic data, were then
used to construct a pedigree of the study group.

For the residents in Abby’s group when the study began
in 1990, a combination of behavioural, demographic and

genetic data made it possible in most cases to determine
which of the zero mismatch pairs (i.e. those pairs sharing
at least one allele at each of the 18 loci) were mother—
daughter pairs and which were full sibling pairs. But there
was some ambiguity regarding the positions of the oldest
females (AA, SS, W, TT) in the genealogy, and we also
lacked information about the paternity of those four
females. We regarded SS and W as probable daughters of
AA, rather than her siblings, because their physical
characteristics (such as age spots, darkness and fluffiness
of brows and nipple length) indicated that they were
similar in age to one another and far younger than AA.
Also, there were zero mismatches across all loci for the
AA—SS and AA-W dyads, and 86% of the 65 zero
mismatch dyads in our sample for which we knew the
position of both members in the genealogy were parent—
offspring pairs; although it is certainly possible for zero
mismatch dyads to have more distant relationships, this
observation made us slightly more inclined towards
genealogies in which AA was the mother of SS and W
rather than being their aunt or sister. TT was not the sister
or daughter of any other group member, but she had only
one mismatch with SS and three mismatches with AA,
which indicates that she was probably a relative. Most
likely, TT was the daughter of a female who died before the
project began, and it seems likely that she was either the
granddaughter or the niece of AA; it is clear that she was
more distantly related to the rest of the group than the
other females were, and based on physical characteristics,
we think there was probably at least a 13-year age gap
between TT and AA. Given these constraints, and assum-
ing that males do not breed with their daughters (Muniz
et al. 2006), there were 31 possible genealogies to consider,
based on eight different matrilineal structures, and, within
each of these, two to five possible paternity patterns. We
present the genealogy we consider to be most probable
based on the age structure of the group (Fig. 1) and report
the results based on this genealogy. In most cases, the
results did not vary significantly when alternative geneal-
ogies were analysed, but where alternative interpretations
of the genealogies produced different results, we report
multiple versions of the results. Maternities were known
from observation for all females born into the group in
1990 or later, and were confirmed with genetic analysis.
There were no immigrations of females during the course
of the study. The identities of the females included in the
sample are given in Table 2 for all years except 1999; the
group composition in 1999 was identical to that of 1997
except that SS died and EE matured to adulthood. Note
that there was only one grandmother in the sample.

Analyses of Kinship and Behaviour

Because females seemed not to recognize their paternal
kin (see Results), we calculated the coefficient of related-
ness only through the maternal line (i.e. as if there were
no common paternal ancestors) to determine how aver-
age within-group relatedness affected the distribution of
affiliative behaviours (Table 5, Fig. 2). That is, r=0.5 for
mother—daughter pairs, r=0.25 for full and maternal
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AA 70?
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Figure 1. Genealogy of study group females. Identification codes and birth years are shown, with queries denoting estimated birth years of
females born before the start of observations. Queries accompanying three genealogical links (AA—SS, AA—W, and AA—TT’s mother) indicate
uncertainty regarding whether dyads were mother—daughter or sister—sister (see text). Sires, when known, are indicated in parentheses be-
neath each ID code. Note that every female group member was related to every other female group member.

half sisters, and so forth. We averaged all dyadic coeffi-
cient of relatedness values for each observation period
to assess temporal changes in within-group female—
female relatedness.

We computed the mean close proximity (<1 body
length) rate for each adult female—female dyad across all
study periods during which that dyad was present. Also,
we computed the rates of grooming (seconds per hour) for
each female—female dyad. To assess the effects of kinship
on proximity and grooming, we compared the values of
these variables among the following kinship categories:
mother—daughter, full sibling, maternal half sibling,
paternal half sibling, aunt—niece, grandmother—grand-
daughter and nonkin (i.e. dyads with a coefficient of
relatedness less than 0.125). These pairwise comparisons
were conducted using resampling techniques (following
Langergraber et al. 2007). Specifically, we tested the ob-
served difference between the means of the two kinship
categories against a distribution of values created by shuf-
fling the dyadic values at random within and between the
two Kkinship categories and computing the difference

0.3
0.25F

0.2F
0.15F
0.1F
0.05F

Matrilineal r

1991-1993 1997 1999 2001
Time period

Figure 2. Changes in average dyadic matrilineal relatedness over
time. Each line represents a different possible genealogy. [1: G1a;
A:G2a; A: G3a; O: G4a; *: G5a; @: G6a; H: G7a; <: G8a.

between the means of the two randomly permuted groups
10000 times. Two-tailed asymptotic P values are reported.
In general, there was a high degree of consistency in the
results regardless of which genealogy was used (see Re-
sults, Fig. 3, Tables 3, 4). We present the results for the
two possible genealogies that represent the most extreme
values (i.e. the smallest difference and the largest differ-
ence between means) for each pairwise comparison of kin-
ship categories for each of the two variables (proximity
and grooming). Thus, the genealogies compared differed
for each kinship category comparison (see Tables 3, 4).

In a second set of analyses, we used analytical tech-
niques based on those used by Kapsalis & Berman (1996a,
b), to assess the effects of group size and genealogical
structure (both of which changed over the course of the
study) on the relative effects of kinship and rank distance
on the distributions of proximity and grooming. Briefly,
we organized dyadic kinship distance scores and behav-
ioural measures into matrices, and calculated the correla-
tions between these matrices using Hemelrijk’s (1990a, b)
K, and partial K, tests. These tests were created to over-
come the problems created by the nonindependence of
data points (dyads) when the same individuals occur in
multiple dyads. Use of the partial K, tests also enabled us
to assess the effects of kinship on social behaviour while
controlling for the effects of dominance rank distance,
which is correlated with kinship distance when domi-
nance rank is matrilineally ‘inherited’ (reviewed by Kapsa-
lis 2004).

We first analysed proximity and grooming data from
each of the four observation periods separately (1991—
1993, 1997, 1999 and 2001). We calculated the correla-
tions between matrices of our behavioural measures
(proximity and grooming) and two kinship models (see
Table 1 for the kinship distance scoring system used). Be-
cause the results of the first set of analyses (pairwise com-
parisons between Kkinship categories) indicated that



192

ANIMAL BEHAVIOUR, 76, 1

0.07

0.06
0.05
0.04
0.03

0.02

Mean proximity score

0.01

Genealogy

Mean grooming rate (s/h)

Genealogy

Figure 3. Differences between (a) proximity and (b) grooming scores for dyads of different relatedness categories. Each line connects the
values for a different relatedness category, and each data point along the X axis represents a different possible genealogy. <: mother—daugh-
ter; M: full sister; A: maternal half sister; [1: paternal half sister; A: aunt—niece; ¢: grandmother—granddaughter; @: distantly related kin.
There were eight possible matrilineal genealogies (with each number representing a different one) and multiple genealogies possible for each
matrilineal configuration because of differences in assumptions regarding paternities; different paternity assumptions are represented by dif-

ferent letters (a—f) on the X axis.

females do not distinguish between full sisters and mater-
nal half sisters, or between paternal half sisters and non-
kin, we did not assume that the monkeys had an
awareness of paternal kinship when we designed the kin-
ship models used in the matrix tests. Our first set of results
was ambiguous regarding the ability of females to detect

Table 1. Kin discrimination models and associated kin distance scor-
ing systems (coefficients of relatedness assuming that all siblings
were half siblings are given in parentheses)

Kin discrimination model

Three-step Four-step maternal
Score maternal (model 1) (model 2)
4 Mother—daughter (0.5)
3 Mother—daughter Maternal sisters and
(0.5) grandmother—granddaughter
(0.25)
2 Maternal sisters and ~ Aunt—niece and
grandmother— greatgrandmother—

granddaughter (0.25) greatgranddaughter (0.125)
1 All other dyads All other dyads

aunt—niece and grandmother—granddaughter relation-
ships (see Results), so we conducted analyses using two
different matrilineal kinship models. The models differed
with regard to whether dyads with matrilineal relatedness
0.125 (aunt—niece and greatgrandmother—greatgrand-
daughter dyads) were lumped with distant kin and nonkin
dyads. In both models, distant kin (r < 0.25 or r < 0.125)
were lumped with more distant kin and nonkin because
our data set contained very few distantly related, and no
unrelated female—female dyads (see below). For tests of
statistical significance, we set alpha levels using the Bon-
ferroni correction for multiple tests of the same hypothe-
sis (Shaffer 1995), because each statistical test was
performed for multiple study periods. We present results
for the most probable genealogy (see Table 5), but we
also ran these tests for two other matriline possibilities
that seemed likely to deviate furthest from the most prob-
able genealogy. In one of these, aunt—niece and maternal
half-sibling dyads had grooming and proximity scores
greatly elevated above those in the more probable geneal-
ogies, and in the other, only aunt—niece scores were
greatly elevated above those in the other genealogies.
However, the general patterns in the data were consistent
regardless of the genealogy used.



When analysing the data on coalitionary aggression, we
counted each triadic combination of joiner/victim/solicitor
only once. For example, if A supported B against C on two
occasions, we counted it only one time. There was absolute
consistency in females’ choices regarding which opponent
to support during all study periods. We used sign tests (one-
tailed P values) to determine whether females supported the
opponent who was the closest kin, as predicted.

RESULTS
Matrilineal Relatedness and Dominance Rank

In Abby’s group, as female group size increased over the
10 years of the study, mean matrilineal relatedness de-
clined (Fig. 2, Table 5). Table 2 shows (a) each female’s ob-
served dominance rank in 1991-1993, 1997 and 2001
and (b) the rank she would be expected to hold if our sub-
jects followed the ‘youngest ascendancy’ rule by which
each female occupies a rank below her mother and above
her next oldest sister. Using the genealogical structure we
consider most likely (see above and Fig. 1), the mean dif-
ference between observed and expected rank was 1.0,
1.9, and 1.6 in 1991-1993, 1997 and 2001, respectively.
The other potentially valid genealogical structures gener-
ated differences between observed and expected domi-
nance ranks, varying from 0.67 to 3.8 ranks. There were
several sources of deviation from expected ranks. In nine
dyads, a female outranked her younger sister in at least
one of the three study periods (according to the best sup-
ported genealogy in Fig. 1, although the precise number of
these reversals varied from 4 to 11 according to genealogy
and the time period selected). Several other deviations
were apparent in all possible genealogies: former alpha fe-
male AA, who appeared quite decrepit by 2001, had fallen
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in rank below three of her daughters. Female NN,
although not noticeably decrepit, was outranked by her
daughter OP in 2001. The ranks of first cousins OP and
CE were reversed compared to what would be expected
based on their mothers’ relative ages.

We also examined whether females follow the simpler
maternal rank inheritance rule of having ranks similar to
their mothers (but with no particular ordering according
to age among maternal siblings). Small sample size pre-
vents us from making strong statements regarding this
issue: all we can do is compare the relative ranks of NN,
DD, W and TT with the relative ranks of their daughters.
These ranks were consistent with expectations except that
in the 2001 data set, the adult daughters of DD and NN
had ranks reversed from what would be expected if their
ranks matched those of their mothers. Note, however, that
DD and NN had experienced a rank reversal as adults,
sometime in the preceding 3 years. Because females can
change ranks as adults, it seems unlikely that maternal
rank is a strong predictor of dominance rank in adults.

Relatedness, Proximity and Grooming

Results of the first set of analyses, comparing mean close
proximity rates across different pairs of kinship categories,
are shown in Fig. 3a, and Table 3. We found no significant
differences between the categories of mother—daughter,
full sister and maternal half sister, regardless of the geneal-
ogy used. Nor did we find significant differences between
paternal half sisters and more distant female relatives
(r<0.125). Mother—daughter pairs had significantly
higher proximity scores than did paternal half sisters or
more distant kin dyads. Full sisters had higher proximity
scores than paternal half sister dyads or distantly related
kin dyads. Maternal half sisters had higher proximity

Table 2. Observed female dominance ranks compared to those expected under the ‘younger sister ascendancy’ model*

Dominance rank Dominance rank Dominance rank
Study Study

ID Study period Expected Observed period Expected Observed period Expected Observed
AA 1993 1 1 1997 1 1 2001 1 4
SS 1993 5 2 1997 7 2 2001 dead
w 1993 4 5 1997 dead 2001 dead
T 1993 6 6 1997 8 7-8 2001 9 7
NN 1993 3 3 1997 5 3 2001 6 9
DD 1993 2 4 1997 4 4 2001 4 1
w 1997 3 5-6 2001 3 2
MM 1997 2 5-6 2001 2 3
) 1997 6 7-8 2001 8 8
EE 2001 10 10
CE 2001 5 6
oP 2001 7 5
Mean rank differencef 1.0 1.9 1.6
Maximum mean rank difference for alternative genealogies} 2.67 3.37 3.80
Minimum mean rank difference for alternative genealogies; 0.67 1.37 1.60

*Expected ranks in bold were identical to observed ranks. This table assumes the genealogy portrayed in Fig. 1.

tAverage difference between observed and expected ranks.

{Maximum and minimum mean differences obtained from the other seven possible genealogies.
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Table 3. Pairwise comparisons of proximity scores between kinship categories (sample sizes for the two categories are given in parentheses)

P value (2-tailed) for P value (2-tailed) for
Kinship P value (2-tailed) genealogy with greatest genealogy with smallest
categories for most probable difference in means difference in means
compared genealogy (1a) between these categories between these categories
MD/FS 0.3838 (9,6) 0.0772 (8,7) 0.3674 (9,6)
MD/MHS 0.8356 (9,7) 0.1704 (7,2) 0.8944 (7,2)
MD/PHS 0.0034 (9,10) 0.0022 (9,10) 0.0084 (8,11)
MD/AN 0.001 (9,13) 0.0012 (9,8) 0.7216 (8,13)
MD/GO 0.0028 (9,4) 0.0118 (9,3) 0.0000 (7,2)
MD/DK 0.0006 (9,7) 0.0002 (9,14) 0.0082 (7,9)
FS/MHS 0.493 (6,7) 0.3316 (7,2) 0.9298 (6,3)
FS/PHS 0.0034 (6,10) 0.0020 (7,10) 0.0036 (6,10)
FS/AN 0.002 (6,13) 0.0034 (6,8) 0.1180 (7,17)
FS/GO 0.0000 (6,4) 0.0000 (7,3) 0.0240 (6,3)
FS/DK 0.001 (6,7) 0.0002 (7,12) 0.0002 (6,14)
MHS/PHS 0.009 (7,10) 0.0306 (2,10) 0.0072 (7,10)
MHS/AN 0.0072 (7,13) 0.0858 (2,18) 0.4632 (2,17)
MHS/GO 0.0176 (7,4) 0.2050 (2,3) 0.0192 (7,3)
MHS/DK 0.0042 (7,7) 0.0254 (2,12) 0.0010 (7,14)
PHS/AN 0.8812 (10,13) 0.2046 (10,10) 0.8990 (11,13)
PHS/GO 0.3444 (10,4) 0.2372 (11,4) 0.4344 (10,3)
PHS/DK 0.3044 (10,7) 0.1096 (11,14) 0.8966 (10,9)
AN/GO 0.175 (13,4) 0.1574 (8,3) 0.4886 (8,3)
AN/DK 0.150 (13,7) 0.0142 (18,12) 0.8186 (8,14)
GO/DK 0.9292 (4,7) 0.6894 (3,9) 0.6694 (2,12)

MD: mother—daughter; FS: full sibling; MHS: maternal half sibling; PHS: paternal half sibling; AN: aunt—niece; GO, grandmother—grand-

daughter; DK: r < 0.125 (distant kin).

scores than paternal half sisters or more distant kin (see
Table 3). Thus, for most comparisons, the results were con-
sistent across genealogies. However, the genealogy used
did affect apparent proximity differences between aunt—
niece dyads and other kin categories. Aunt—niece dyads’
proximity scores were sometimes significantly different
from those of mother—daughter, full sibling or nonkin
dyads, depending on which genealogy was used. Likewise,
the genealogy used affected whether maternal half sisters’
proximity scores differed significantly from those of
grandmother—granddaughter dyads. Note, however, that
the sample size for grandmother—granddaughter dyads
was small (1-3 dyads, depending on the genealogy
used), and that there was only one grandmother.

Results were similar for grooming (Table 4, Fig. 3b),
although the status of mother—daughter dyads relative
to other categories varied according to which genealogy
was used. Regardless of the genealogy used, full sister
dyads had significantly higher grooming rates than all
other categories except for maternal half-sister dyads
and, for some genealogies, mother—daughter dyads. Ma-
ternal half sisters showed significantly higher grooming
rates than paternal half sisters, aunt—niece dyads, grand-
mother—granddaughter dyads, mother—offspring dyads
and distant kin dyads, although these results were not sig-
nificant for all genealogies. Grooming rates of paternal
half sister, aunt—niece and grandmother—granddaughter
dyads were all statistically indistinguishable from one an-
other in all genealogies, and distant kin dyads were indis-
tinguishable from these categories for most genealogies.

Table 5 summarizes the results of the second set of anal-
yses, using matrix tests to assess the relationships between
the three-step and four-step matrilineal kinship models

(independent variables; Table 1) and proximity, grooming
and aggression (dependent variables). We carried out
a number of tests of the relationship between kinship
and grooming and proximity across the study periods,
both with and without holding rank distance constant.
For four study periods, we tested two hypotheses: (1) kin-
ship is positively correlated with grooming and (2) kinship
is positively correlated with proximity. For these tests,
Bonferroni correction yielded an alpha level of 0.0125.
We carried out three tests each (one for each usable study
period, i.e. excluding 1999) of two hypotheses: (1) rank
distance is negatively correlated with grooming and (2)
rank distance is negatively correlated with proximity. For
these tests, Bonferroni correction yielded an alpha level
of 0.0167. Also, for the three usable study periods, we
tested two additional hypotheses: (1) kinship is positively
correlated with grooming, holding rank distance constant
and (2) kinship is positively correlated with proximity,
holding rank distance constant. For these tests, Bonferroni
correction yielded an alpha level of 0.0167.

Without controlling for rank distance, kinship (using
either kinship model and any genealogy) was significantly
positively correlated with grooming and proximity in
2001, when Abby’s group was at its largest and mean
female—female relatedness was at its lowest (Fig. 2); the
three-step kinship model was significantly correlated
with proximity in 1999 as well, regardless of the geneal-
ogy used. Controlling for rank distance, kinship was
significantly correlated with proximity only in 2001, for
both kinship models and all genealogies. Kinship was sig-
nificantly correlated with grooming after controlling for
rank distance only in 2001; this result was consistent for
both kinship models and all genealogies. Because kinship



Table 4. Pairwise comparisons of grooming scores between kinship
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categories (sample sizes for the two categories are given in parentheses)

P value (2-tailed) for P value (2-tailed) for
Kinship P value (2-tailed) genealogy with greatest genealogy with smallest
categories for most probable difference in means difference in means
compared genealogy (1a) between these categories between these categories
MD/FS 0.0606 (9,6) 0.0196 (8,7) 0.0462 (9,7)
MD/MHS 0.1406 (9,7) 0.0428 (8,2) 0.4278 (8,4)
MD/PHS 0.0008 (9,10) 0.0036 (9,10) 0.0794 (8,15)
MD/AN 0.0036 (9,13) 0.0000 (9,8) 0.8728 (7,16)
MD/GO 0.0022 (9,4) 0.0022 (9,4) 0.0612 (7,2)
MD/DK 0.0000 (9,7) 0.0000 (9,7) 0.0084 (8,9)
FS/MHS 0.3942 (6,7) 0.3154 (6,5) 0.9448 (7,2)
FS/PHS 0.0008 (6,10) 0.0008 (6,10) 0.0000 (9,10)
FS/AN 0.0006 (6,13) 0.0014 (6,8) 0.0136 (9,17)
FS/GO 0.0086 (6,4) 0.0086 (6,4) 0.0384 (9,2)
FS/DK 0.0000 (6,7) 0.0000 (6,7) 0.0008 (7,9)
MHS/PHS 0.0034 (7,10) 0.0314 (2,10) 0.0600 (5,11)
MHS/AN 0.0028 (7,13) 0.0418 (2,15) 0.3758 (4,12)
MHS/GO 0.0408 (7,4) 0.1334 (2,4) 0.4106 (4,2)
MHS/DK 0.011 (7,7) 0.0346 (2,9) 0.0818 (4,9)
PHS/AN 0.8564 (10,13) 0.1102 (11,16) 0.9972 (11,12)
PHS/GO 0.3314 (10,4) 0.2452 (11,4) 0.8162 (10,2)
PHS/DK 0.1514 (10,7) 0.0490 (11,14) 0.7984 (10,9)
AN/GO 0.3526 (13,4) 0.2508 (16,2) 0.6818 (8,3)
AN/DK 0.1194 (13,7) 0.0142 (16,12) 0.6036 (8,14)
GO/DK 0.7338 (4,7) 0.4650 (2,12) 0.9570 (4,9)

MD: mother—daughter; FS: full sibling; MHS: maternal half sibling; PHS: paternal half sibling; AN: aunt—niece; GO: grandmother—grand-

daughter; DK: r < 0.125 (distant kin).

distance was not significantly correlated with rank dis-
tance in any study period, controlling for rank distance
generally had little effect on the strength of correlations
between Kkinship and affiliation measures. More closely

ranked females spent significantly more time in proximity
and groomed each other significantly more in 1991-1993
and 1997, but we found no association between rank
distance and either affiliation measure in 2001.

Table 5. K, test results, using genealogy 1 with the 3- and 4-step matrilineal kinship models

Observation period

1991-1993 1997 1999 2001

Number of adult females 6 8 8 10
Mean matrilineal r 0.28 0.24 0.21 0.19
Independent variable Dependent variable K. Tau W
3-step kinship model Proximity 0.217% 0.368*f 0.360**§ 0.417**{1
4-step kinship model 0.217 0.269*f 0.438* 0.366**

Rank distance Proximity —0.60* —0.52*** — -0.20
3-step kinship model Proximity controlling for 0.271% 0.355*¢ — 0.409**
4-step kinship model rank distance 0.271% 0.290*f 0.373**
3-step kinship model Grooming 0.217 0.225 0.300% 0.388**
4-step kinship model 0.217 0.146 0.338* 0.376**

Rank distance Grooming —0.60** —0.60*** — —0.09
3-step kinship model Grooming controlling for 0.271 0.187 — 0.383**{1
4-step kinship model rank distance 0.271 0.152 0.378**
3-step kinship model Aggression per -0.177 0.360**§ — 0.015
4-step kinship model unit time -0.177 0.376* —0.0161%

Values in bold indicate significance at o =0.05 with a Bonferroni correction. Without Bonferroni correction: *P < 0.05; **P <0.01;

***Pp < 0.001 (one tailed).

tAssociation between variables slightly negative for at least one alternative genealogy.

INonsignificant for at least one alternative genealogy.
g§Significant at P < 0.05 for at least one alternative genealogy.
t1Significant at P < 0.001 for at least one alternative genealogy.

I1Association between variables slightly positive for at least one alternative genealogy.
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Relatedness and Coalition Formation

We examined the behavioural records of every adult
female—female coalition against another adult female.
These records yielded 33 distinct triads in which different
females occupied the roles of solicitor, joiner and victim of
the coalition. For each of these triads, we scored whether
the joiner was (1) more closely matrilineally related to the
solicitor than to the victim, (2) more closely matrilineally
related to the victim than to the solicitor or (3) equally
matrilineally related to the solicitor and the victim. There
were no triads in which a female (‘A’) joined female ‘B’
against female ‘C’ on one occasion but joined ‘C’ against
‘B’ on a different occasion. For the most probable geneal-
ogy, the joiner was equally related to the solicitor and the
victim, in 15 of the 33 triads. Of the remaining 18 triads,
the joiner was more closely related to the solicitor than to
the victim in 17 cases (sign test: P = 0.0001). Regardless of
the genealogy used, the results were all in the predicted di-
rection, but the P value ranged from 0.11 to 0.0000. Statis-
tical significance at the P < 0.0001 level was obtained for
four of the genealogies, and at P < 0.05 for one genealogy.
The poorest significance levels (P =0.08; P =0.11) were
obtained for those genealogies in which AA, SS and W
were assumed to be sisters, a possibility which seems
unlikely given the demographic structure of the group.

Relatedness and Aggression

After applying the Bonferroni correction (at alpha level
0.0167), there was no statistically significant association
between aggression and kinship, with one exception.
There was a statistically significant tendency (P < 0.05)
in 1997 for females to direct more aggression towards
more closely related females. However, in this field season,
the only one of our field seasons where our sampling pro-
tocol enabled us to control for proximity, the result
became nonsignificant when proximity was controlled
for (K, test: Tau W = 0.090 for the three-step model and
0.119 for the four-step kinship model; one-tailed P values
were 0.3 and 0.4, respectively, and did not attain signifi-
cance in any of the genealogies tested).

DISCUSSION

Our results reveal that the white-faced capuchins at Lomas
Barbudal are more closely related to more of their fellow
groupmates than what has been reported in group-living
wild primates. Of our 12 female subjects, 10 were always co-
resident with their mother and/or at least one adult
daughter or maternal sister (primary kin) and only one
was never co-resident with adult female primary kin; the
subjects had an average of 2.7 such kin (range 0-S5). Seven
subjects always resided with at least four primary kin, and
four females had as many as three full sisters with whom
they regularly affiliated. Although we do not have long-
term data on patterns of affiliation in adult females for our
other six study groups at Lomas Barbudal for comparison
with the data from Abby’s group, we do know that the
females in the other groups are matrilineally related, that
fissions occur along matrilines, and that it is common to
have many pairs of full siblings in other groups (S. Perry,
L. Muniz, J. H. Manson, J. Gros-Louis, H. Gilkenson,
W. Lammers & L. Vigilant, unpublished data). Table 6 sum-
marizes the demographic characteristics of two other large
groups at Lomas Barbudal (shortly before they fissioned,
making them similar to Abby’s group in 2001) and seven
groups sampled in 2007. Abby’s group during the decade
for which affiliative relationships are described in this pa-
per was somewhat large for a capuchin group at Lomas,
but it is certainly not the most extreme group in the popu-
lation in terms of number of primary kin and full siblings.

The demographic pattern for capuchins at Lomas
Barbudal contrasts with that reported by Silk et al.
(2006) for female savannah baboons, Papio cynocephalus,
which average between one and two available female pri-
mary kin, and which are almost never co-resident with
full sisters (J. B. Silk, personal communication). This
high degree of relatedness among co-resident female ca-
puchins is due partly to high female survivorship rates
and partly to the unusual intensity of reproductive mo-
nopolization by alpha males, as well as to the long tenures
of alpha males (Muniz et al. 2006). The longest alpha
male tenure in Abby’s group was 7 years, but alpha male
tenures at our site can exceed 17 years. Long-term alpha
males sire 79% of offspring conceived with females that

Table 6. Demographic characteristics of other capuchin groups at Lomas Barbudal

Mean no. primary kin

Mean no. adult (mothers, daughters, Mean no. full Mean no. adult
Group/year females maternal sisters) (range) sister dyads paternal sisters*
RR 2004+ 1 3.3 (0-7) 3 3.3
FF 20041 9 1.3 (0-3) 1 2
RR 2007+ 7 2 (0—4) 3 2.4
MK 2007 4 3 3 1.5
CU 2007 2 1 n.a. n.a
FF 200771 7 1.4 (0-3) 0 2
FL 2007 5 1.6 (1-2) 0 0.8
AA 2007 8 2 (0—4) 3 1.3

*Using just those younger females for which paternities were known.

tEstimates of number of primary kin and number of full siblings are conservative, because matrilineal relationships and paternity of the oldest

females were unknown.



are not their own daughters (Muniz et al. 2006). One con-
sequence of this mating system is that individuals are
highly likely to have one or more full siblings in the
group. During the period of this study for which pater-
nities were known in Abby’s group (1987—2001), 55% of
the 110 dyads born into the same cohort (i.e. pairs of in-
dividuals less than 2 years apart in age) were paternal sib-
lings. Thus, the availability of similar aged paternal kin
was much higher than that reported for other primate
species (5% in Ngogo chimpanzees, Pan troglodytes, 13%
in Cayo rhesus monkeys, Macaca mulatta, and 37% for
Amboseli baboons, Papio cynocephalus: Langergraber
et al. 2007). Under such demographic circumstances, it
might be expected that white-faced capuchins would
have evolved a means of detecting paternal kin and fa-
vouring them. Long alpha male breeding tenures do
seem to have selected for behavioural mechanisms
whereby father—daughter inbreeding is avoided in this
species (Muniz et al. 2006).

Given the high availability of paternally related kin, it is
somewhat surprising on theoretical grounds that our
results suggest weak or no effects of paternal relatedness
on female—female sociality. Maternal half sister and full
sister dyads showed rates of affiliation (proximity and
grooming) that were statistically indistinguishable from
one another, but both categories showed statistically
higher rates of affiliation than paternal half sisters.
Affiliation rates among paternal half sisters were statisti-
cally indistinguishable from those of distantly related
female—female dyads (r < 0.125) for most of the possible
genealogies. Either (1) the kin recognition mechanisms
used by females to recognize (and avoid mating with)
their own fathers (Muniz et al. 2006) do not allow them
to recognize the fathers of other group members (e.g. pa-
ternal half sisters), or (2) females do recognize paternal
kin but do not favour them in dispensing affiliative behav-
iour. In the general structuring of their social relation-
ships, Cebus capucinus females resemble rhesus macaques
(Widdig et al. 2001, 2006), juvenile mandrills, Mandrillus
sphinx (Charpentier et al. 2007) and savannah baboons
(Silk et al. 2006) in their preference for maternal half sib-
lings over paternal half siblings.

Close maternal kinship was clearly recognized, and
closer maternal kin were favoured over more distant kin,
at least for close kin categories such as mother—daughter,
maternal half sister and full sister. Confusion about the
proper placement of some of the older females in the
genealogy prevents a firm interpretation of the data on
recognition of aunt—niece and grandmother—grand-
daughter dyads. The same general results held true regard-
less of the genealogy used (see Fig. 3), with full sister dyads
having the highest rates of affiliation, followed by mater-
nal half sister and then mother—daughter pairs. The sig-
nificance levels attached to the differences between
these categories, but not the general tendencies, changed
according to which genealogy was assumed. Maternal
half sister values did fluctuate considerably depending
on the genealogy assumed, typically showing values inter-
mediate between full sister and mother—daughter values.
Mother—daughter and aunt—niece values also varied con-
siderably depending on which genealogy was assumed,
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and may be quite similar or quite different depending
on which genealogy is correct.

For most possible genealogies, full sibling, maternal half
sibling and mother—daughter dyads were statistically in-
distinguishable, but those three categories had statistically
higher grooming and proximity scores than grandmo-
ther—granddaughter pairs or females related by less than
r=0.125. Aunt—niece dyads had lower scores than full sis-
ters and maternal half sisters, but they were most similar
in value either to mother—daughter dyads, or to grandmo-
ther—granddaughter and distantly related dyads, depend-
ing on which genealogy was assumed. This and earlier
work on Japanese macaques (Chapais et al. 1997, 2001)
suggest that nepotism, and perhaps kin recognition, is
particularly variable in aunt—niece relationships.

Matrix tests were used to test the type of kin discrim-
ination model used by the capuchins. Because paternal
kinship was apparently not recognized, only matrilineal
kin discrimination models were tested in this set of
analyses. The results for the three- and four-step kinship
models (Table 5) were strikingly similar, regardless of the
genealogy used, and therefore did not inform us about
the relatedness thresholds detected by our subjects.

The pairwise comparisons of grooming and proximity
rates among Kinship categories (i.e. the first set of
analyses) are based on values averaged across all field
seasons. However, kinship bias was not evident during all
time periods and seemed to vary as a function of the
demographic characteristics of the group. When the group
contained six to eight females, our subjects preferentially
associated and groomed with females who were closer to
them in the dominance hierarchy, as predicted by
Seyfarth’s (1977) ‘attraction to rank’ model. When only
six females resided in the group, there was very little var-
iation in the degree of matrilineal relatedness among
them (range 0.125—0.5). Under these demographic cir-
cumstances, rank distance was a stronger determinant
than kinship of the distribution of grooming and proxim-
ity. However, when group size increased to 10 females,
and mean coefficient of matrilineal relatedness dropped
from 0.28 to 0.19 (see Fig. 2), there was more variation
in dyadic coefficients of relatedness (range 0.031-0.5),
and kinship became more important than rank distance
in determining interdyadic variation in proximity and
grooming rates. In no study period did we find a signifi-
cant correlation between kinship distance and rank dis-
tance, nor did genealogical structure closely predict the
female dominance hierarchy. Even prime-aged adults
sometimes fell or rose in rank relative to other adults
(see also Manson et al. 1999). On the other hand, coalitio-
nal support was strongly biased towards closer kin against
more distant kin, as in many primates and other group-liv-
ing mammals (Silk 2002; Widdig et al. 2006). We speculate
that (1) white-faced capuchin females’ coalitional support
decisions are kin biased, but not age biased in such a fash-
ion as to produce adherence to the ‘younger sister ascen-
dancy rule’ and/or (2) females’ competitive power is
based only partly on coalitional support, and partly on in-
dividual fighting ability.

It could be argued that kin groom and form alliances
with one another more often simply because they spend
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more time in proximity than do more distantly related
individuals, and not because there is selection for kin to
treat one another benignly. If that were true, then we
would expect to find elevated rates of aggression among kin
compared to nonkin as well as elevated rates of affiliation.
In primates generally, aggression rates among maternal kin
are as high as, or higher than, aggression rates among
members of different matrilines (Silk 2002). We found no
consistent direction to the relationship between kin dis-
tance and aggression rates, whether or not we controlled
for time spent in proximity. This result suggests that the
kin-biased distribution of grooming and coalitionary sup-
port is a product of selection for specifically benign dispo-
sitions towards females recognized as close kin.
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