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Animals often bias affiliative behaviors toward kin, but it is unclear what mechanism most species use
to discriminate kin. We investigated if facultative dispersed female primates use phenotype match-
ing and/or familiarity to discriminate female kin. We studied 38 adult female Colobus vellerosus at
Boabeng-Fiema, Ghana. We determined dyadic co-residency status and age proximity using long-term
demographic data, R-values from 17 short tandem repeat loci, and interaction rates using focal samples
collected during one year. Approach rates were not strongly affected by how long females had resided
together, which contrasts to the familiarity hypothesis. Females approached and groomed maternal kin
more than other females, which supports the mother-mediated familiarity hypothesis. Females did not
discriminate paternal half siblings from non-kin, and they did not prefer to interact with females of
similar age. Short-term co-resident kin did not bias affiliation toward each other, indicating that female
colobus cannot consistently recognize less familiar kin via phenotype matching or that biasing behav-
iors toward less familiar kin is not beneficial. Despite showing facultative dispersal that may reduce the
accuracy of using familiarity as a kin recognition mechanism, female choice of social partners was based
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on familiarity, which conforms to the pattern observed in many female philopatric primates.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Animals bias affiliative and cooperative behaviors toward kin in
a wide range of animals (Archie et al., 2006; Gompper et al., 1997;
Griffin and West, 2003; Guilhem et al., 2000; Hirsch et al., 2012;
Kapsalis, 2004; Wahaj et al., 2004; Wilkinson, 1986). Despite the
widespread presence of kin structured social networks in these
animals, little is known about the process by which kin prefer-
ences develops, and whether or not the process differs between
species (Rendall, 2004; Widdig, 2007). In mammals that are female
philopatric (Greenwood, 1980), mothers often form long-lasting
bonds with their female offspring, and these enduring bonds lead
to mother-mediated familiarity among maternal female kin as they
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cluster around the matriarch (Chapais, 2001; Walters, 1987). As a
result, mother-mediated familiarity may be the basis for mater-
nal kin recognition in female philopatric mammals (Rendall, 2004).
Paternal kin bias might also arise due to differential familiarity
in species with high reproductive skew and short male tenure
(Widdig, 2007), which makes it likely that natal animals of simi-
lar age are paternal siblings (Altmann, 1979; Altmann et al., 1996).
Because immatures often play with others of similar age, this could
lead to age-mediated familiarity among paternal siblings (Smith
etal., 2003; Widdig, 2007; Widdig et al., 2001). Even in the absence
of familiarity, animals may recognize kin by using phenotype
matching if phenotypic similarity is correlated with relatedness
(Holmes and Sherman, 1982). Phenotypic similarity in body odors
(Mateo and Johnston, 2000), vocalizations (McDonald and Wright,
2011), facial features (Dal Martello and Maloney, 2006; Kazem and
Widdig, 2013; Vokey et al., 2004), and pigmentation patterns (Hinz
et al., 2012) may allow individuals to discriminate between famil-
iar animals of different kinship categories (Wahaj et al., 2004) and
to determine their relatedness with animals that they have not
previously encountered (Holmes and Sherman, 1982).
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Most studies investigating kin recognition mechanisms have
been conducted in the laboratory. Whether or not experimental
findings can be generalized to wild animals is uncertain as the
social conditions differ markedly from those in natural settings
(Hare, 1998). At least in experimental settings, there is convincing
evidence that several species of rodents use phenotype matching
to recognize unfamiliar kin (Peromyscus maniculatus: Dewsbury,
1988; Mus musculus: Kareem and Barnard, 1982; Mesocricetus aura-
tus: Mateo and Johnston, 2000; Spermophilus spp.: Schwagmeyer,
1988). However, the kin bias is often stronger toward familiar kin
than unfamiliar kin, which suggests that both familiarity and phe-
notypic similarity are important in shaping social behaviors and
partner choice in rodents (Koenig, 1994; Villavicencio et al., 2009).
Experimental studies of primates are fewer, and the findings are
more ambiguous. A small number of infant southern pig-tailed
macaques (Macaca nemestrina) could discriminate kin despite no
previous contact (Wu et al., 1980) while attempts to replicate this
study with a larger sample size showed social preferences based on
familiarity rather than phenotypic similarity (Papio cynocephalus:
Erhart et al., 1997; M. nemestrina: Sackett and Fredrickson, 1987).

Studies conducted in wild animals to address these issues are
often inconclusive due to the difficulties of teasing apart the effects
of relatedness and familiarity. The exceptions come from species
in which young are reared in nests. At the time of emergence from
the nest, the young is more familiar with their littermates than
other animals regardless of their relatedness, and this familiarity
shapes social relationships (Hare, 1998; Wahaj et al., 2004). There
is also another opportunity to decouple familiarity and relatedness
when the sex that typically remains philopatric exhibits facultative
dispersal. Because some animals of one sex disperse while others
remain in their natal group, familiarity might not necessarily cor-
respond to relatedness. Colobus vellerosus (ursine or white-thighed
colobus monkey) is an African Old World monkey that shows facul-
tative female dispersal (Teichroeb et al., 2009; Wikberg et al., 2012),
and females may reside with more or less familiar female kin of dif-
ferent ages. Facultative female dispersal may lead to a more variable
distribution of kin compared to female philopatric species, which
weakens the correlation between familiarity and relatedness. If kin
biased female-female social relationships leads to fitness benefits
in this species, it might be necessary for females to use phenotype
matching to discriminate kin from non-kin to reap these benefits.

We have previously documented that female colobus bias affil-
iation toward female kin (Wikberg et al., 2014). To gain insights
into the possible use of familiarity and phenotype matching to
discriminate kin from non-kin, this paper investigates if females
discriminate between social partners (i.e. female group mem-
bers) based on their co-residency status (e.g. long-term versus
short-term co-residents), kinship, age-proximity, and phenotypic
similarity estimated via R-values (i.e. dyadic estimates of related-
ness). The familiarity hypothesis is supported if females distinguish
between social partners depending on their co-residency status,
kinship, and age-proximity (Rendall, 2004; Smith et al., 2003;
Widdig, 2007; Widdig et al.,, 2001). The phenotype matching
hypothesis is supported if females distinguish between social
partners based on their R-values (Dewsbury, 1988; Kareem and
Barnard, 1982; Mateo and Johnston, 2000; Schwagmeyer, 1988).

2. Materials and methods
2.1. Behavioral and demographic data collection

This study was conducted at Boabeng-Fiema Monkey Sanctu-
ary (BFMS), which is a 1.92km? dry semi-deciduous forest (Hall

and Swaine, 1981) located in central Ghana (7°43’ N and 1°42'W).
At BFMS, C. vellerosus reside in groups consisting of 9-38 animals

(Wong and Sicotte, 2006). Between 2008 and 2009, we recorded
social behaviors ad libitum and during 10-min continuous focal
samples (Altmann, 1974) of 38 adult (>5 years) females residing in
six groups. We have 1614 contact hours and 619 focal hours with
a mean of 16 focal hours per female (range: 14-18 h/female).

We used the focal samples to calculate the proportion of time
spent giving grooming and the rate of giving approaches to one
meter. We standardized the proportion of time spent grooming
using the z-transformation (Abdi, 2007). The z-scores were cal-
culated separately for each female-partner combination using the
following formula: (y — X)/SE. For example, female A’s z-score with
partner B was calculated as the mean of female A’s grooming across
partners (X), subtracted from the grooming between A and B (y),
and divided by the standard error for female A’s grooming across
partners (SE). Partners with scores above one were categorized as
preferred partners (Lehmann and Boesch, 2009).

Demographic data were collected by ECW and members of PS’s
research team at least once a month when observers were present
at the field site. The groups were observed for different number
of years before the start of this study (2000: BS and WW; 2004:
DA, OD, and RT; NP: 2007) and the ability to recognize individ-
uals has increased from a few of the group members to all group
members between 2004 and 2008. This allowed us to determine
co-residency status, partial pedigrees, and age proximity for some
of the study animals. We coded whether or not females were long-
term or short-term co-residents (i.e. had resided together for at
least four years versus less than four years). Females in BS group
and OD group resided with both long-term and short-term co-
residents, while all females in DA, NP, RT, and WW were long-term
co-residents.

We knew the exact or approximate age of 12 females based on
the demographic records. For the remaining females, we estimated
their age-class based on their physical appearance (e.g. elongated
nipples, body size, wrinkles, hair loss, and body posture). Two expe-
rienced observers independently estimated the females’ ages and
only in three cases did the age classification differ by more than
two years. In these three cases, we used the mean estimated age.
We used the exact or estimated ages to calculate the age differences
between females. If their age difference was less than two years, we
considered them as belonging to the same age cohort (Smith et al.,
2003). Belonging to the same age cohort may be a rough estimate
of the likelihood of being paternal half siblings in this population
because the average male tenure is two years (Wikberg et al., 2012)
and paternity is heavily skewed toward the alpha male (87.5% in
one multi-male group; ECW unpublished data). In one multi-male
group, 50% of the infants belonging to the same age cohort and 18%
of the infants belonging to different age cohorts were paternal half
siblings (ECW unpublished data). We only have access to genetic
data from one uni-male group during three years of stable male
group membership. All infants born in the uni-male group dur-
ing this time period were paternal half siblings (ECW unpublished
data).

2.2. Genotyping and calculating dyadic estimates of relatedness

We collected at least two fecal samples from each study animal
for subsequent DNA extraction, genotyping, and analysis of 17 short
tandem repeat loci to infer kinship. For details regarding the lab-
oratory methods and protocol see Wikberg and colleagues (2012).
We used the software COANCESTRY (Wang, 2011) to compute R
following a method described by Rollins and colleagues (2012).
This software uses seven methods for calculating dyadic estimates
of relatedness (R), and we investigate which of these methods is
most accurate by correlating R with actual relatedness (r) using
dyads with known kinship (Rollins et al., 2012). We used 105 dyads
that included all study animals with known parentage, and the
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correlations were done using the Mantel function in the package
ecodist (Goslee and Urban, 2007) in R (R Core Team, 2013). We
chose to use the R derived from Milligan (2003) dyadic likeli-
hood estimator because this method yielded the highest correlation
betweenRandr(r=0.77,p=0.001). We used these R values to eval-
uate if females discriminate between social partners based on their
phenotypic similarity.

2.3. Testing the accuracy of dyadic estimates of relatedness

A few recent studies document that dyadic estimates of related-
ness (R) is a poor predictor of actual relatedness (r) due to
inbreeding and sampling errors when genotyping only a small
proportion of loci (Csillery et al., 2006; Van Horn et al., 2008).
Due to these issues, some unrelated animals will by chance have
exceptionally high R while some closely related animals with have
low R. To evaluate how well R-values correspond to different kin-
ship categories and to actual relatedness in our study population,
we followed the methods of Van Horn and colleagues (2008) and
Robinson et al. (2013). In our study population, 36 offspring had
known mothers, either known from the demographic records or
assigned as such in CERVUS (Kalinowski et al., 2007; Marshall et al.,
1998).Only 15 of these offspring were assigned sires in the software
CERVUS. These offspring and their parents made up 61 individuals
all of which were genotyped at more than 10 loci. We categorized
these animals as: (1) non-kin (i.e. two individuals with different
parents); (2) half siblings and grandparent-grandoffspring; or (3)
full siblings and parent-offspring.

First, we determined the ranges of R for these three kin
categories using a set of reference dyads (Fig. A.1). These refer-
ence dyads only included non-kin and siblings whose mothers
and sires were known. We did not include non-kin and sib-
lings with deeper kinship (e.g. maternal half siblings that are
also paternal aunt-niece), either known or suspected based on
high R between their parents. The grandparent-grandoffspring and
parent-offspring reference dyads may include some dyads with
more complex kinship because the grandparent’s and parent’s par-
ents remained unknown in the majority of cases. We were unable
to determine the range of R for more distant kin because there were
only a few known distant maternal kin (four aunt-niece dyads and
two cousin dyads) and their paternal kinship remained unknown.
The range of R for known non-kin (R: 0.00-0.06, X = 0, N=41), half
siblings and grandparent-grandoffspring (R: 0.16-0.41, X = 0.29,
N=19), and full siblings and parent-offspring (R: 0.43-0.76, X =
0.55, N=49) did not overlap (Fig. A.1).

Supplementary Fig. A.1 can be found, in the online version, at
http://dx.doi.org/10.1016/j.beproc.2014.04.002.

Second, we evaluated if threshold values of R could accurately
determine kinship. As threshold values, we used the midpoint
between the mean R of two kinship categories (Csillery et al.,
2006; Van Horn et al., 2008). The threshold for distinguish-
ing non-kin versus half siblings and grandparent-grandoffspring
was R=0.15, and the threshold for distinguishing half sib-
lings and grandparent-grandoffspring versus full siblings and
parent-offspring was R=0.42. To evaluate the accuracy of this
method, we used 105 dyads that included the 15 offspring whose
mothers and sires were known or assigned. Based on the avail-
able demographic information and the parentage assignments, 89
dyads were non-kin (85%), 15 dyads were half siblings (14%), and
1 dyad consisted of full siblings (1%). Even though this is only a
subset of animals in our study population, the kinship structure
in this data set is similar to that reported in other wild primate
populations with more complete pedigree information (Van Horn
et al., 2008). Some of the dyads were most certainly more related
than the kinship category that we classified them as because their
parents showed a high R suggesting that the parents were siblings

or parent-offspring. Thus, our kin categories represent the least
related categories to which these dyads belonged. Of the non-Kkin,
89% were accurately assigned as non-kin (N=79) while 9% were
incorrectly assigned as half siblings (N=9) or full siblings (N=1)
based on their R. Of the half siblings, 73% were correctly assigned
(N=11) while 27% were incorrectly assigned as full siblings (N =4).
The one full sibling dyad was correctly assigned as such. In total,
87% of the dyads were correctly classified based on their R. The
remaining dyads were misclassified as belonging to a more closely
related kin category that they did. These misclassified dyads do
not necessarily indicate that R is a poor estimate of the genotypic
similarity between two individuals. It may be that pedigree-based
methods do not accurately reflect genotypic similarity due to
chance events during Mendelian inheritance (Forstmeier et al.,
2012)or that we estimated kinship based on shallow pedigrees that
did not take into account deeper kinship relationship (e.g. maternal
half siblings that are also more distant paternal kin). An important
point to note is that although the number of kin may be overesti-
mated if using R to classify kin, no close kin were misclassified as
being less related than they were. It is possible that the non-kin
dyads with an R below 0.15 were distantly related kin (e.g. half
aunt-niece or cousin dyads), but no close kin (e.g. half siblings,
grandparent-grandoffspring, full siblings, and parent-offspring)
had such low R. Therefore, we conclude that R can be used to detect
the majority of non-kin dyads while it may not accurately distin-
guish different categories of close kin.

Third, we investigated how well estimates of relatedness (R) are
correlated with actual relatedness (r). We used the same data set
as in the previous paragraph that may include dyads with deeper
kinship relationships (N = 105 dyads). We created two matrices, one
with R and one with r derived from available demography data and
parentage assignments. We performed Mantel tests in the package
ecodist (Goslee and Urban, 2007) in R (R Core Team, 2013). Because
R and r showed a high correlation (r=0.77, p=0.001), we conclude
that R is a relatively good estimator of actual relatedness in our
study population.

2.4. Defining kin and non-kin

We used demographic data and kinship assignments in
COLONY (Jones and Wang, 2010) to classify which females
were mother-daughters, maternal siblings, and paternal siblings.
COLONY uses full pedigree likelihood methods to infer parentage
and sibship, and it does not require the true parents to be genotyped
(Jones and Wang, 2010; Walling et al., 2010). Dyads that were not
known kin from the demographic record nor assigned as kin at the
95% confidence level in COLONY were considered as non-kin if their
R was below 0.15. The threshold R=0.15 accurately distinguished
the majority of non-kin dyads in our reference data set (sensu Van
Horn et al., 2008) while no close kin in our reference data set had
such low R (Fig. A.1). Kinship remained unknown for dyads that
were not assigned as kin in COLONY and had an R above 0.15. We
removed all dyads with unknown kinship from the analyses of the
effect of kinship on social interactions.

2.5. Data analysis

We centered and scaled all numerical predictor variables using
the z-transformation (Abdi, 2007; Schielzeth, 2010). We analyzed
square root transformed approach rates with linear mixed mod-
els. Many of the female-female dyads never groomed each other
(63/206 dyads), and to overcome the problem with zero inflated
data, we created two different types of models to analyze groom-
ing. In the first model, we excluded all dyads with no observed
grooming and analyzed the square root transformed time spent
grooming using a linear mixed model. In the second model, we
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Table 1

The competing models’ fixed effects, AIC, delta (i.e. difference in AIC between the
current model and the best fitting model), and Akaike weights (i.e. relative likelihood
of the model) for the analysis of approach rates of females that resided with maternal
non-kin of different co-residency status. All models contained animal identity as a
random effect.

Approach
Fixed effects AIC A Weight
- -55.5 0.00 0.23
Co-residency -55.1 0.46 0.18
R -54.8 0.76 0.16
Age proximity -53.7 1.78 0.10
Co-residency +R -54.9 0.60 0.17
Co-residency +age proximity -52.7 2.78 0.06
Co-residency +R +age proximity -52.3 3.24 0.05
R+age proximity -52.7 2.78 0.06

analyzed preferred grooming partners (which is a binary variable)
in the full data set with a generalized linear mixed model. Because
not all females had access to female group members with differ-
ent residency status, we analyzed what factors affected the partner
choice using two different sets of models (Tables 1 and 2). First,
we investigated individual choice of social partners in a data set
that only included females with access to long-term and short-term
co-resident females. We used co-residency status, R, and age prox-
imity as predictor variables (Table 1). None of the females resided
with both short-term and long-term co-resident kin. Therefore, we
removed all kin dyads from this analysis, and we did not include
kinship as a predictor variable. Second, we investigated social part-
ner choice in a data set that only included long-term resident
females with access to partners that were kin and non-kin. We
included age proximity, kinship (see results for definition of kin-
ship categories), and/or R as predictor variables (Table 2). Because
kinship and R were not independent predictor variables, we only
included one of these predicator variables at a time. None of the
other predictor variables were correlated with each other (Fig.
A.2). We used each female-partner combination as a data point
and therefore included individual identities as random effects. We
created a set of competing models (Tables 1 and 2), and we deter-
mined which of these models was best supported by comparing
each model’s Akaike Information Criterion (AIC) (Akaike, 1974).
Because no model received a considerable larger amount of sup-
port than others, we took model selection uncertainty into account
by averaging parameters across models (Burnham and Anderson,
2002; Grueber et al., 2011). The models were computed with the
packages nlme (Pinheiro et al., 2012) and Ime4 (Bates et al., 2012),
and model selection and averaging of coefficients were done in the
package MuMIn (Barton, 2013) in R version 2.13.2 (R Core Team,
2013).

Supplementary Fig. A.2 can be found, in the online version, at
http://dx.doi.org/10.1016/j.beproc.2014.04.002.

Table 2
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Fig. 1. Approach rates and percentage of time spent grooming in different kin cate-
gories. The box represents the 1st and 3rd quartiles and the median is marked with
a horizontal bar. The whiskers represent the range of the data with the exception of
outliers that are indicated with a dot.

3. Results

All 38 study females resided with at least one non-kin, 15
females resided with a mother and/or daughter (range: 1-2), 4
females resided with one full sibling, 11 females resided with a
maternal half sibling (range: 1-3), and 5 females resided with a
paternal half sibling (range: 1-2). Paternal half siblings had the
lowest median approach rates while full siblings had the highest
approach rates (Fig. 1). The different kin categories did not show
marked differences in the percentage of time spent grooming, and
all kin categories contained dyads without any recorded grooming
interactions (Fig. 1). Approximately half of the mother-daughter
and full sibling dyads were preferred grooming partners while less
than 25% of the non-kin, paternal half siblings, and maternal half
siblings were preferred grooming partners (Fig. 2). When com-
paring how frequently a female interacted with her paternal half
sibling and a non-kin of similar age, females did not show consis-
tently higher interactions with their paternal half siblings (Fig. A.3).
Because we had very few paternal half siblings in our dataset and
they did not appear to be distinguished from non-kin, we clumped
these two categories in the following analyses (i.e. non-maternal
kin). We also combined mother-daughters, full siblings, and mater-
nal half siblings into one category (i.e. maternal kin).

Supplementary Fig. A.3 can be found, in the online version, at
http://dx.doi.org/10.1016/j.beproc.2014.04.002.

3.1. Approaches

Females approached their female social partners at a mean of
0.16 times per hour. A few females never approached some of the
available partners (N=8 of 206 dyads) while others approached
some of their partners up to 0.72 times per hour.

The competing models’ fixed effects, AIC, delta, and Akaike weights for the analysis of social partner choice among long-term co-residents. All models contained animal

identity as a random effect.

Approach Groom Preferred partners
Fixed effects AIC A Weight AIC A Weight AIC A Weight
- -71.0 4.7 0.05 16.8 1.7 0.16 80.6 0.9 0.13
Maternal kin -75.6 0.0 0.53 15.1 0.0 0.38 80.0 0.3 0.18
R -71.0 4.7 0.05 16.5 14 0.19 79.7 0.0 0.21
Age proximity -69.4 6.3 0.02 18.7 3.7 0.06 80.6 0.9 0.13
Maternal kin +age proximity -74.6 1.1 0.32 16.9 1.8 0.15 80.1 0.4 0.17
R+age proximity -69.6 6.1 0.03 18.5 34 0.07 79.9 0.2 0.19
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Only BS group and OD group contained both short-term
and long-term resident females. In these two groups, three
females lacked maternal Kin, five females resided with long-term
co-resident maternal kin, and four females resided with a
short-term co-resident maternal kin that was her mother, daugh-
ter, or half sibling. Long-term co-residents had higher approach
rates than short-term co-residents, and this effect was particu-
larly pronounced among maternal kin (Fig. 3). Females approached
maternal kin and non-kin of the same co-residency status at simi-
lar rates (Fig. 3). Due to the scarcity of maternal kin in the groups
that contained females with different co-residency status, we ana-
lyzed approach rates in a data set that excluded all maternal kin.
When investigating how co-residency status, R, and age proxim-
ity affected approach rates in this data set (N=10 females and 40
dyads), none of the predictor variables had a consistent effect on
approach rates (Fig. A.4), and the alternative models did not have a
better fit than the null model (Table 1).

Supplementary Fig. A.4 can be found, in the online version, at
http://dx.doi.org/10.1016/j.beproc.2014.04.002.

We analyzed how maternal kinship, R, and age proximity
affected the approach rates of 21 females that resided with
long-term co-residents that were maternal kin and maternal
non-kin (N=72 dyads). Maternal kinship had the highest relative
variable importance (0.85), and it had a relatively large positive
effect on approach rates (Fig. 4). Age proximity and R did not have
a consistent effect on approach rates (Fig. 4).

3.2. Grooming

Females spent a mean of 0.1% of their time grooming each avail-
able social partner (range: 0-2.5%). The majority of females had one
preferred grooming partner (N=31), and only six females had two
preferred partners. One short-term resident female distributed her
grooming evenly across available partners, and therefore, she did
not have any preferred grooming partners and was removed from
the analysis of preferred grooming partners.

Short-term co-residents spent less time grooming each other
than long-term co-residents, and this difference was particularly
pronounced among maternal kin with different co-residency status
(Fig. 3).In the data set that contained maternal non-kin with differ-
ent co-residency status, only five females groomed both short-term
and long-term co-residents. Only five females had a preferred
grooming partner among these females, and the preferred part-
ner was always a long-term co-resident female. Because grooming
was sorare among these maternal non-kin, we were not able to ana-
lyze the time spent grooming or the choice of preferred grooming
partners in this data set.

In the data set consisting of long-term co-residents, maternal
kinship had a positive effect on the time spent grooming (Fig. 5),
and maternal kinship had the highest variable importance (0.53).
Age proximity and R did not have a consistent effect on time spent
grooming (Fig. 5). When analyzing preferred grooming partners
among long-term co-residents, none of the predictor variables had
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Fig. 4. Estimates and confidence intervals from the approach model that included females with access to long-term maternal kin and non-kin. R and age proximity are
continuous variables while the effect of maternal kinship is compared to the effect of maternal non-kin.

a consistent effect on preferred grooming partners (Fig. A.5), and
we did not find much stronger support for any of the alternative
models compared to the null model (Table 2).

Supplementary Fig. A.5 can be found, in the online version, at
http://dx.doi.org/10.1016/j.beproc.2014.04.002.

4. Discussion
4.1. Familiarity

Approach rates among non-kin were not strongly affected by
the time females had spent co-resident, which is similar to the
association pattern in Thornicroft’s giraffe (Giraffa camelopardalis)
(Bercovitch and Berry, 2013). Although females appeared to groom
long-term co-residents more than short-term co-residents, our
sample size was too small for investigating if this was a statistically
significant difference. Therefore, we did not find strong support
for the hypothesis that affiliation is positively affected by famil-
iarity through long co-residency although this result needs to be
confirmed with a larger sample size. This finding differs from sev-
eral studies of rodents (Ferkin, 1988; Ganem and Bennett, 2004;
Rosell et al., 2008) and apes (Kahlenberg et al., 2008; Nishida,

1989; Robbins et al., 2005; Watts, 1991, 1994) in which animals
discriminate against recent immigrants. However, our results may
be explained by the fact that the immigrant females in our study
had resided long enough in the groups to become integrated in the
proximity network. For example, recent immigrant female goril-
las (Gorilla beringei beringei) and chimpanzees (Pan troglodytes)
often face higher levels of aggression and are more peripheral,
but become socially integrated with time (Kahlenberg et al., 2008;
Nishida, 1989; Robbins et al., 2005; Watts, 1991, 1994). This
increase in affiliation with longer tenure suggests that females bias
friendly interactions against immigrant females based on famil-
iarity rather than phenotypic similarity. It is possible that familiar
females are more reliable social partners than less familiar females,
and that females gain greater direct fitness benefits from forming
affiliative relationships with familiar females (Chapais, 2001).
Among long-term co-resident females, maternal kinship (e.g.
mother-daughters, full siblings and maternal half siblings) had a
positive effect on approach rates and grooming durations. This find-
ing is similar to several female philopatric species where females
form the strongest bonds with close maternal kin, and it adds
further support for the mother-mediated familiarity hypothesis
(Archie et al., 2006; Hirsch et al., 2012; Perry et al., 2008; Silk
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Fig. 5. Estimates and confidence intervals from the grooming model that included females with access to long-term maternal kin and non-kin. See legend for Fig. 4 for more

details.
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et al,, 2006; Widdig et al., 2001). In contrast, maternal kinship was
not a good predictor for the choice of preferred grooming part-
ners. This surprising finding might be due to the fact that females
did not spend much time grooming others, and that they typi-
cally only had one preferred grooming partner even when they
resided with several maternal kin (this study; Wikberg et al., 2014).
A greater proportion of mothers, daughters, and full siblings were
preferred grooming partners compared to maternal half siblings,
and it was only in the analysis of preferred grooming partners
that estimated relatedness values had higher variable importance
than maternal kinship. This leaves open the possibility that females
prefer to groom more closely related maternal kin than maternal
half siblings. A larger number of females with access to differ-
ent types of maternal kin are required to further investigate this
possibility.

We did not find any evidence that females distinguished pater-
nal half siblings from non-kin, which is similar to a study of male
chimpanzees (Pan troglodytes) and female white-faced capuchins
(Cebus capucinus) (Langergraber et al., 2007; Perry et al., 2008).
In contrast, female rhesus macaques (Macaca mulatta) and female
yellow baboons (Papio cynocephalus) discriminate paternal half
siblings from non-kin even though they form the strongest rela-
tionship with their maternal kin (Schuelke et al., 2013; Silk et al.,
2006; Widdig et al., 2001). Why some primate populations but
not others discriminate paternal half siblings from non-kin is still
under debate (reviewed in Widdig, 2013). It may be that females
form particularly strong bonds with paternal half siblings if they
lack maternal kin (Silk et al., 2006). In our study, only two females
resided with paternal but no maternal kin, and none of them formed
strong bonds with their paternal kin (ECW unpublished data). As a
matter of fact, very few of the adult females in our study resided
with paternal half siblings despite a high proportion of paternal half
siblings among immature animals. This suggests that a female’s
access to paternal half siblings decreases over time, possibly due
to female dispersal and group fission along matrilines (Metheny
etal., 2008; Van Horn et al., 2007; Widdig et al., 2006). Small female
group sizes due to a combination of female dispersal and group fis-
sion in our study species may be the reason why females did not
reside with as many paternal half siblings as female philopatric
primates like macaques and baboons (Schiilke and Ostner, 2012;
Silk et al., 2006; Widdig et al., 2001). If female colobus rarely reside
with paternal kin in comparison to maternal kin, recognizing pater-
nal kin (i.e. kin recognition) and forming strong relationships with
them (i.e. kin discrimination) may not have a significant impact on
lifetime reproductive success.

Age proximity did not affect approach rates or grooming dura-
tions in our study, and we did not find any support for the
age-mediated familiarity hypothesis. This is similar to a study of
captive rhesus macaques (Schuelke et al., 2013) while it differs from
several studies of wild or free-ranging primates (Silk et al., 2006;
Smith et al., 2003; Widdig et al., 2001), ungulates (Bercovitch and
Berry,2013; Murray, 1981), and cetaceans (Ramp et al.,2010). Some
of the differences in how age affects social relationships may be
linked to how well age proximity corresponds to paternal sibship. In
population of baboons, females show paternal kin bias, and animals
belonging to the same age cohort are seven times more likely to be
paternal siblings than animals from different age cohorts (Silk et al.,
2006). In two primate populations without any evidence of pater-
nal kin bias in affiliation, age proximity is a poor proxy for paternal
sibship (Langergraber et al., 2007; Perry et al., 2008). Infants in one
of our multi-male study group were three times more likely to be
paternal siblings if they belonged to the same age cohort rather
than different age cohorts. However, age proximity was not as good
proxy for paternal kinship in one of our uni-male groups with along
male tenure. The accuracy of age proximity as a proxy for paternal
sibship in our study population may therefore lie in the middle of

the range reported for other primates. More studies are needed to
systematically investigate if paternal kin discrimination is affected
by the accuracy of using age-mediated familiarity as a proxy for
paternal sibship (Widdig, 2013).

4.2. Phenotype matching

Female colobus that resided with short-term co-resident mater-
nal kin did not bias affiliation toward these less familiar kin. Even
though females acted as if they did not recognize these less familiar
kin, one must distinguish between kin recognition and kin discrimi-
nation because the ability to recognize kin does not necessarily lead
to kin discrimination as demonstrated in Belding’s ground squirrels
(Spermophilus beldingi) (Mateo, 2003) and Japanese macaques
(Macaca fuscata) (Chapais et al., 1997). Female Japanese macaques
frequently supported their nieces against lower-ranking females
but not against higher-ranking females, and the occurrence of kin
discrimination was linked to how costly the specific behavior was to
the actor (Chapais et al., 1997). Thus, we cannot determine if female
colobus were unable to recognize kin via phenotype matching, or
if they simply lacked the motivation to approach and groom less
familiar kin.

Estimated relatedness values did not have a strong, consistent
effect on approach rates or grooming durations. Based on these
findings, we conclude that females do not choose social partners
based on their phenotypic similarity. The lack of evidence for part-
ner choice based on phenotypic similarity in our study contrasts to
findings from wild hyenas (Wahaj et al.,2004) and rodents in exper-
imental settings (Dewsbury, 1988; Kareem & Barnard, 1982; Mateo
and Johnston, 2000; Schwagmeyer, 1988). As a matter of fact, the
evidence for phenotype matching in primates remains ambiguous
(Rendall, 2004). Although rhesus macaques can distinguish pater-
nal half siblings from non-kin regardless of their age proximity
(Widdig et al., 2001), it is not clear if they use phenotype matching
or father-mediated familiarity to do so.

It is also possible that the lack of a positive result in our study is
due to estimated relatedness values being a poor predictor of phe-
notypic similarity and actual relatedness (Csillery et al., 2006). In
some populations, estimated relatedness cannot accurately predict
actual relatedness calculated from pedigrees (Csillery et al., 2006;
Van Horn et al., 2008). This may partly be due to a high proportion
of unrelated dyads, some of which have high estimated relatedness
values by chance (Van Horn et al., 2008). Our preliminary results
indicate that the estimated relatedness values in our study popu-
lation are relatively accurate. However, further studies with larger
samples sizes of known kin are required to fully evaluate how well
estimated relatedness values correspond to phenotypic similarity
in our study population. Future studies could also obtain more accu-
rate estimates of overall phenotypic similarity by using massively
parallel sequencing, which simultaneously genotype thousands of
loci located throughout an animal’s genome (Bradley and Lawler,
2011). The final methodological concern regarding the usage of
short tandem repeat loci to estimate phenotypic similarity is that
overall phenotypic similarity may not actually be the basis for phe-
notype matching. Animals may choose social or mating partners
based on phenotypic similarity coded by a certain locus or a small
set of loci, rather than using overall phenotypic similarity (Huchard
and Pechouskova, 2014). For example, tadpoles (Xenopus laevis)
prefer to associate with full siblings with similar rather than dissim-
ilar major histocompatibility complex, which suggests that partner
preferences in this species are based on phenotypic similarity for
this particular trait (Villinger and Waldman, 2012). We know very
little of the mechanisms that underlie partner choice based on phe-
notypic similarity in most species, and further studies are required
to investigate these mechanisms.
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4.3. Summary

Mother-mediated familiarity had a stronger effect than phe-
notypic similarity in shaping social relationships, and familiarity
appeared to be a prerequisite for the formation of strong social
relationships in C. vellerosus. This conforms to the pattern docu-
mented in female philopatric primates despite the fact that half of
the females in our study population disperse, which may weaken
the accuracy of using familiarity as a kin recognition mechanism.
We encourage other researchers to investigate kin recognition in
animals with facultative dispersal as we believe that it can be a
fruitful approach to disentangle the effects of relatedness and famil-
iarity.
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