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Abstract Kinship plays an important role in the social

behavior of many primate species, including patterns of

intra-group affiliation and cooperation. Within social

groups, kinship is strongly affected by dispersal patterns,

with the degree of relatedness among group-mates expec-

ted to decrease as the tendency to disperse increases. In

primate species characterized by bisexual dispersal, relat-

edness among adult group-mates is predicted to be low,

with social interactions shaped largely by factors other than

kinship. To date, however, few studies have examined the

role of kinship in social interactions in bisexually dis-

persing species. Accordingly, we collected genetic, spatial

and behavioral data on all adult members (three males, six

females) in a group of free-ranging mantled howler mon-

keys (Alouatta palliata) — a bisexually dispersing species

of atelid primate — from Barro Colorado Island (BCI),

Panama. Analyses of microsatellite variation revealed that

relatedness was greater among adult males in this group

(mean pairwise relatedness = 0.32 for males versus 0.09

for females). Relatedness among individuals, however, was

not associated with either spatial proximity or frequency of

social interactions. Instead, sex was a better predictor of

both of these aspects of social behavior. While relatedness

among adults had no discernible effect on the intra-group

social interactions documented in this study, we postulate

that kinship may facilitate affiliative and cooperative

behaviors among male group-mates when interacting

competitively with neighboring howler groups over access

to food or potential mates.

Keywords Alouatta palliata � Bisexual dispersal �
Genetic relatedness � Spatial associations � Social network
analysis � QAP

Introduction

Social interactions are a fundamental component of the

lives of group-living primates (Smuts et al. 1987). In many

species, kinship among group-mates appears to play a

critical role in shaping social behavior, with related indi-

viduals being more likely to display affiliative and coop-

erative behavior and less likely to engage in agonistic

interactions with one another (Hamilton 1964; Greenwood

1980; Hinde 1983; Trivers 1985; Chapais and Berman

2004). Kinship within social groups is strongly affected by

dispersal patterns (Melnick and Pearl 1987; Pusey and

Packer 1987; Smuts 1987), with the degree of relatedness

among individuals expected to decrease as the tendency to

disperse increases (Melnick and Hoelzer 1996). Most

social mammals, including most primates, are character-

ized by male-biased dispersal (Greenwood 1980; Dobson

1982; Pusey and Packer 1987; Clutton-Brock 1989),

& Katharine Milton

kmilton@berkeley.edu

1 Department of Environmental Science, Policy and

Management, University of California, 130 Mulford Hall,

Berkeley, CA 94720-3114, USA

2 Department of Anthropology, University of Missouri,

Columbia, MO 65211, USA

3 Department of Anthropology, University of Texas, Austin,

TX 78705, USA

4 Department of Biological Sciences, University of Alabama,

Tuscaloosa, AL 35487, USA

5 Department of Bioscience, Aarhus University, Aarhus,

Denmark

6 Department of Integrative Biology, University of California,

Berkeley, CA 94720, USA

123

Primates (2016) 57:253–265

DOI 10.1007/s10329-016-0523-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s10329-016-0523-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10329-016-0523-5&amp;domain=pdf


leading to the expectation that kinship and hence affiliative

behavior should be greater among female group-mates.

In contrast, comparatively little is known about patterns

of kinship and social affiliation in primate species charac-

terized by bisexual dispersal, in which most male and

female offspring leave the natal group. Although bisexual

dispersal is common in monogamous primates, it appears

to be relatively rare among polygynous or polygynandrous

primate species living in social groups composed of mul-

tiple adult males and females (Glander 1992). Among the

non-monogamous primate taxa believed to display bisexual

dispersal are multiple species of howler monkeys (genus

Alouatta). Evidence for bisexual dispersal in howler

monkeys includes direct observation of emigration and

inter-group transfers by members of both sexes, i.e., A.

palliata (Glander 1980, 1992; Jones 1980, 1999; Crockett

1984; Crockett and Pope 1993; Clarke and Glander 2004,

2008), A. arctoidea (Pope 1992, 1998; Crockett and Pope

1993), A. pigra (Brockett et al. 2000; Ostro et al. 2001;

Kitchen 2004; Van Belle and Estrada 2008; Van Belle et al.

2014a), A. guariba (Miranda and Passos 2005), A. caraya

(Rumiz 1990; Calegaro-Marques and Bicca-Marques 1996;

Oklander et al. 2010), as well as observations of aggressive

interactions leading to the forced eviction of individuals of

one or both sexes from the natal group, i.e., A. palliata

(Glander 1992), A. arctoidea (Crockett 1984; Pope 1998),

A. pigra (Brockett et al. 2000), A. caraya (Rumiz 1990;

Calegaro-Marques and Bicca-Marques 1996). Accordingly,

within social groups of Alouatta, adults are generally not

expected to be closely related (Glander 1980; Pope 1996),

leading to the prediction that kin-based affiliative interac-

tions, particularly among same-sex adults, should be rela-

tively rare (Glander 1980, 1992; Zucker and Clarke 1998;

Bezanson et al. 2008; Clarke and Glander 2008).

Although genetic analyses of relatedness have been

completed for several species of howler monkeys, available

data provide potentially contradictory information regard-

ing patterns of kinship among adult group-mates. For

example, genetic data from Venezuelan howler monkeys

(A. arctoidea) indicate that within each sex, adult group-

mates are often closely related to one another (e.g., father-

son or mother-daughter; Pope 1990, 1992; Crockett and

Pope 1993). In contrast, in Mexican black howler monkeys

(A. pigra), adult female group-mates are more closely

related than are adult males, with opposite-sex kin rarely

residing in the same group (Van Belle et al. 2014a). Among

black-and-gold howler monkeys (A. caraya) from northern

Argentina, genetic patterns of kinship appear to vary with

habitat type; while animals in continuous forest habitat

exhibit no close kinship among adult group-mates of either

sex, animals living in more fragmented habitat display

close intra-group kinship among females (Oklander et al.

2010). Thus, available data reveal no consistent

relationship between bisexual dispersal and kinship among

adults within social groups of howler monkeys.

The population of mantled howler monkeys (A. palliata)

on Barro Colorado Island (BCI), Panama, provides a par-

ticularly valuable opportunity to examine relationships

among patterns of dispersal, kinship and social interactions

in a bisexually dispersing species of Alouatta. The BCI

population has been the subject of extensive behavioral and

ecological research (e.g., Carpenter 1934, 1964; Hladik

1978; Smith 1977; Milton 1980, 1996). While most species

of Alouatta tend to live in small groups that contain only a

single adult male and one to a few adult females (Chapman

and Balcomb 1998; Di Fiore et al. 2011), A. palliata rou-

tinely lives in larger social groups (C10 individuals:

Chapman and Balcomb 1998). On BCI, group sizes tend to

be particularly large, with a mode of *19 animals per

group, including multiple adults of both sexes (Carpenter

1934, 1964; Milton 1982, 1996; Wang and Milton 2003;

Ryan et al. 2008). Dispersal between groups has been

recorded for males; although direct evidence of dispersal

by females is limited, population-level analyses of genetic

variation indicate that females routinely disperse among

groups (Milton et al. 2009), leading us to predict that adult

group-mates should not be closely related (Carpenter 1934;

Milton 1980). Social interactions among adult group-

mates, however, are generally amicable (Milton 1980), a

pattern that is more typically associated with groups

composed of kin. Collectively, these data suggest that the

BCI population of mantled howlers offers a particularly

rich opportunity to examine the role of kinship in social

interactions within a species of bisexually dispersing

primate.

To explore relationships among dispersal, kinship, and

social behavior in mantled howler monkeys, we used

molecular data to assess genetic relatedness among all

adult members of a group of A. palliata resident on BCI.

Although a previous study of the BCI population had

revealed that, at the population level, genetic relatedness

was greater among males than females (Milton et al. 2009),

no analyses have been conducted that characterize kinship

among all adults in the same social group. Estimates of

genetic relatedness were analyzed in conjunction with

records of spatial and behavioral interactions to assess the

role of kinship in shaping social relationships among adult

group-mates. Specifically, we sought to test the hypothesis

that apparent bisexual dispersal in this population is asso-

ciated with low levels of kinship among same-sex adults

and, thus, that kinship is not a critical predictor of intra-

group social interactions. Despite extensive research on the

ecology and foraging behavior of howler monkeys, this

study is one of the first to use independent genetic esti-

mates of kinship to examine the factors that shape intra-

group spatial and social relationships in the genus Alouatta.
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Methods

Study Site

The study was conducted on Barro Colorado Island (BCI)

Panama from 10 June to 27 August 2007, which represents

the mid-rainy season at this location (Milton 1980; Leigh

et al. 1982). BCI is a densely forested 1500-ha nature

reserve located in Lake Gatun, a large freshwater lake that

serves as the principal water source for the Panama Canal.

Detailed descriptions of the climate and topography of the

island and of its flora and fauna can be found in Leigh et al.

(1982). The island is the site of a permanent field research

station maintained by the Smithsonian Tropical Research

Institute (STRI).

Study population

The population of mantled howler monkeys (Alouatta

palliata) on BCI was established in 1914 when an unknown

number of individuals already resident at this location

became isolated from the surrounding mainland by the

damming of the Rio Chagres to create Lake Gatun (Car-

penter 1934; Milton 1980, 1996; Leigh et al. 1982). On

BCI, howler groups contain an average (±1 SD) of 3.1

(±1.2) adult males and 8.6 (±3.1) adult females (Milton

1996), with total group size (including juveniles and

infants) averaging 19.4 (±6.3) individuals (Milton 1996;

see also Carpenter 1934, 1964; Milton 1982; Wang and

Milton 2003; Ryan et al. 2008; Di Fiore et al. 2011).

Currently, the BCI howler population is estimated

at *1200 individuals distributed more or less uniformly

across the island in 60–70 social groups (Milton 1982,

1996; Milton et al. 2009).

Social structure and dispersal patterns

Home range sizes for social groups of howler monkeys on

BCI average *31 ha (Milton 1980). Although home

ranges for neighboring groups overlap extensively, groups

typically exhibit strong mutual antipathy (Carpenter 1934;

Milton 1980). On BCI, the characteristic sonorous howl-

ing vocalization produced by adult males appears to

function primarily to announce group location, maintain

spatial segregation of groups, defend group access to

contested food resources and discourage encroachment by

extra-group males (Carpenter 1934; Milton 1980; Hopkins

2013). Dispersal in this population has been characterized

as bisexual based on genetic analyses of relatedness that

suggest regular movement among social groups by males

and females (Milton et al. 2009). Consistent with this,

dispersal by males has been observed frequently on BCI

(Carpenter 1934; Milton 1980; Milton et al. 2009). In

contrast, however, despite hundreds of hours of observa-

tions — and in striking contrast to observations of A.

palliata in Costa Rica (Glander 1992; Clarke and Glander

2004), A. arctoidea in Venezuela (Pope 1992, 2000), A.

caraya in Argentina (Oklander et al. 2010) and A. pigra

in Mexico (Van Belle et al. 2014a) — dispersal by

females has not been observed, nor have lone female

howlers been detected in the BCI population. Thus,

although dispersal in this population is considered bisex-

ual, the prevalence of this behavior may differ between

males and females.

Focal study group

Although a previous population-wide study of genetic

variability among BCI howler monkeys (Milton et al.

2009) generated genotypes for individuals distributed

among multiple social groups on the island, no previous

studies of these animals have examined genetic structure

and relatedness among all adults within the same social

group. Thus, to examine the role of kinship in social

relationships among adult group-mates, it was necessary to

integrate detailed behavioral and genetic data for the same

animals. To maximize the behavioral data obtained, the

group selected for study was chosen for its proximity to the

research station on BCI. Approximately seven groups are

known to use this portion of the island; we selected the first

group that we encountered at the beginning of the study,

which differed from the group monitored by Wang and

Milton (2003).

Initially, the focal study group contained three adult

males, six adult females, four juveniles and two infants;

no emigration from or immigration to the focal group was

observed during the study, although one infant was born

during this period, raising the total number of immature

animals to seven. To explore the potential effects of natal

dispersal on kinship and social behavior, we focused our

data collection efforts on fully adult individuals. Prior to

beginning behavioral observations, the animals to be

monitored were captured (see below) and individually

marked with a PIT tag implanted at the nape of the neck.

For rapid visual identification, each animal was fitted with

a stainless steel earring containing a uniquely colored

plastic bead and distinctive patches of its pelage were

bleached using a commercially purchased human hair

product. All work was conducted in compliance with

national and institutional regulations and adhered to the

American Society of Mammalogists’ guidelines for

research involving live mammals (Sikes and Gannon

2011) and the legal requirements of the Republic of

Panama.
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Spatial associations

Bezanson et al. (2008) noted that although mantled howler

monkeys live in large, cohesive multi-male-multi-female

groups, direct social interactions among adult group-mates

are relatively rare, accounting for\2 % of the daily

activity budget of these animals. Given the rarity of direct

social interactions, these authors suggested that for howler

monkeys, spatial relationships provide the best means of

assessing associations among group-mates (Crockett and

Eisenberg 1987; Bezanson et al. 2008). The spatial place-

ment of animals within a group is indicative of the nature

and strength of social relationships among individuals, with

greater proximity typically signaling a stronger social bond

(White and Chapman 1994). To obtain data on spatial

associations, scan sampling (Altmann 1974) was used to

characterize proximity among adults in the focal study

group. At 10-min intervals, for each marked individual that

was visible, we recorded the identity of its nearest neighbor

(McCann and Rothman 1999) and the estimated distance

category between that pair of animals. For convenience,

inter-individual distances were recorded as belonging to

one of the following categories: 0 (animals in physical

contact with each other), 1 (B1 m apart), 2 ([1 to B5 m

apart), 3 ([5 to B10 m apart), 4 ([10 to B15 m apart), or

5 (no other marked individual within 15 m; i.e., no nearest

neighbor). Thus, individuals observed during a scan but

located[15 m from any adult group-mate were recorded

as category 5. Scan sampling of nearest neighbor distances

was conducted between 0600 and 1800 throughout each

week of the study, often in conjunction with focal animal

observations (see below).

Social interactions

Focal animal observations (Altmann 1974) were used to

characterize social interactions among members of the

focal study group. The activities recorded were defined by

Wang and Milton (2003) and included displacements of an

animal (i.e., one individual moves toward another, causing

the first individual to relocate) as well as other agonistic

interactions such as grabs, pushes, slaps, and bites. Affil-

iative social interactions consisted of embracing and

grooming. Sexual activities (e.g., solicitations, copulations)

were not included in our analyses. Focal animals were

chosen opportunistically but according to these criteria: no

more than two full-length (1-h) samples on the same ani-

mal were completed during any single day and at least 4 h

elapsed between successive follows of the same animal.

Focal follows were discarded if the animal disappeared

from view for[15 consecutive min or if the total obser-

vation time for an animal (after 1 h of following)

was\30 min. We did not use a predetermined sequence to

select focal individuals on each day of data collection, but

attempted to balance the total observation time for each

animal on a monthly basis.

Samples for genetic analyses

Blood samples for genetic analyses were obtained from all

adults in the focal study group. Two of the adult males in

the group had been captured and sampled in 2000 as part of

a previous study of the genetic structure of this population

(Milton et al. 2009). As part of the present study, the

remaining individuals were anesthetized following the

procedure of Glander et al. (1991). After an animal was

immobilized, 10 ml of whole blood was drawn from a

femoral blood vessel. Blood samples were stored in lysis

buffer (Longmire et al. 1988; 1:1 ratio blood:buffer) at

4 �C for 1–2 weeks prior to transport to the Berkeley

campus. Subsequently, the samples were frozen at -20 �C
until analysis. Genomic DNA was extracted from each

sample using the DnaEasy Kit (Qiagen), after which vari-

ation at ten microsatellite loci was assessed following the

procedures outlined in Milton et al. (2009).

Analyses of genetic data

To assess genetic relatedness among members of the focal

study group, it was first necessary to determine overall

microsatellite allele frequencies within the BCI population

of howler monkeys. To do this, genetic data for the nine

adults monitored during this study were added to an

existing database of genotypes for 91 members of the BCI

population; all previous genotypes had been generated

using the same ten microsatellite loci employed here

(Milton et al. 2009). This larger, combined data set inclu-

ded animals of both sexes and all age classes drawn from a

minimum of ten social groups distributed across the island,

thereby providing robust estimates of allele frequencies for

each microsatellite locus examined. To avoid potential

biases in these estimates, members of the focal study group

were excluded from calculations of overall allele

frequencies.

Coefficients of relatedness (r) were estimated for each

adult dyad in the focal study group using the maximum

likelihood procedures in ML-RELATE (Kalinowski et al.

2006). ML-RELATE was also used to assess the presence

of null alleles at each locus, which can affect estimates of r

(Wagner et al. 2006); differences between corrected and

uncorrected estimates of relatedness were negligible.

Because the focal group contained more adult females than

males, we examined the sensitivity of these estimates to

sample size by performing 1000 Monte Carlo rarefactions

of the data from females; for each rarefaction, we randomly

selected three adult females from the focal group and
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calculated the mean pair-wise relatedness among this

subset of animals. Rarefaction analyses revealed these

values to be robust to differences in sample sizes for males

versus females. Van Horn et al. (2008) cautioned that

genetic estimates of r may provide poor estimates of

pedigree relationships. While we agree that caution may be

warranted when interpreting the precise values of such

measures, we believe that consistent directional differences

in genetic estimates are informative regarding relative

kinship among different categories of individuals. To

examine the significance of the difference in mean r values

between male–male and female–female dyads, we used the

permutation approach described by Di Fiore and Fleischer

(2005): the sexes of the nine adults examined were ran-

domly reassigned (three males, six females) 10,000 times

and the difference between mean male–male relatedness,

mean female–female relatedness, and mean male–female

relatedness was calculated each time to generate a non-

parametric reference distribution of differences in mean

kinship values. Because errors in estimating r may have

reduced the power of our statistical analyses, we were

conservative in accepting the null hypothesis (i.e., no

impact of kinship) in the absence of a statistical effect of

relatedness.

Relational network analysis

To quantify relative interaction rates for dyads in the focal

study group, relational networks were generated from data

on kinship, nearest neighbor distances, and the occurrence

of agonistic and affiliative interactions among pairs of

individuals. Because these data violate assumptions of

independence underlying many statistical tests, we used a

quadratic assignment procedure (QAP; Krackhardt 1987,

1988) to regress one network variable on another. This

method is commonly employed in social network analysis

and controls for non-independence by comparing the

magnitude of regression coefficients calculated from the

observed data against a distribution of coefficients gener-

ated by permuting the rows and columns of the data

matrices and then recalculating the regression coefficients.

Further, although count data are ordinarily expected to

follow a Poisson distribution, they are also prone to over-

dispersion. Quasi-Poisson regression circumvents this

problem by including a dispersion parameter that relaxes

the strict Poisson assumption that the mean and variance of

the distribution are equal, and adjusts the standard errors

accordingly. We performed QAP-permuted quasi-Poisson

matrix regressions using a modified version of the netlogit

command from package sna (Butts 2010) for R (version

3.1.2) (R Development Core Team 2014), designed to call

the glm function with a quasi-Poisson family specification.

We employed the semi-partialling plus QAP permutation

procedure (Dekker et al. 2003, 2007). A total of 10,000

permutations were performed, generating a non-parametric

reference distribution. The resulting p values represent the

proportion of permutations that generated a regression

coefficient at least as large as the observed coefficient and

provide a test of the significance of each individual coef-

ficient. Although we report the quasi-Poisson standard

errors of estimates in our results, we emphasize that these

are not the criteria by which the significance of coefficients

were judged, as these standard errors may be biased by

non-independence of values in the data set.

Results

Genetic relatedness among group members

Analyses of microsatellite genotypes revealed that the

mean pairwise relatedness among adult males in the focal

study group was 0.32 ± 0.16 SD (range 0.21–0.50, N = 3

dyads; Fig. 1). In contrast, mean pairwise relatedness

among the adult females in the group was 0.09 ± 0.11 SD

(range 0.00–0.32, N = 15 dyads) and mean relatedness

among male–female pairs of adults was 0.18 ± 0.16 SD

(range 0.000–0.35, N = 18 dyads; Fig. 1). The permutation

procedure applied to these data revealed that members of

male–male dyads were significantly more related than were

members of female–female dyads (observed differ-

ence = 0.23; p\ 0.05), but that neither male–male dyads

nor female–female dyads differed significantly from

mixed-sex dyads. This between-sex difference was con-

sistent with the apparent prevalence of unrelated female

dyads in the focal study group; while all pairwise r-values

for males were[0.20, only 3 pairs (20 %) of females

exceeded this value and 6 pairs (40 %) of females were

characterized by r = 0.00. Collectively, these data suggest

that adult males in the study group were more closely

related to each other than were adult females.

Spatial associations and genetic relatedness

Scan sampling was conducted on 55 different days, with an

average of 42.1 ± 19.1 scans completed per day. Sampling

was divided roughly equally between the morning

(0600–1200; mean = 21.2 ± 11.5 scans per day) and the

afternoon (1200–1800; mean = 20.9 ± 12.2 scans per

day). A total of 3979 nearest neighbor associations was

recorded during this study. These interactions included all

possible dyads (N = 72) that could be formed by the 9

adult monkeys in the focal study group. Visual inspection

of these data revealed that, typically, all possible dyads of

adults displayed nearest neighbor associations on[10

different days of data collection, with some dyads
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exhibiting such associations on nearly all days on which

scan sampling occurred. Thus, the results of our analysis of

spatial relationships among the study animals did not

appear to be an artifact of a few, persistent spatial rela-

tionships among members of the focal group.

Regression analyses revealed that genetic relatedness

was not a significant predictor of the tendency for dyads to

associate at any of the distance categories considered

(Table 1). QAP-permuted regression analyses revealed that

genetic relatedness explained *14 % of the variance in

direct contact among individuals (distance category = 0),

with relatedness having less explanatory power for each of

the remaining distance categories. None of the coefficients

generated by analyses of the frequency of nearest neighbor

distances and relatedness were significant (all p[ 0.05;

Table 1). Further, visual comparison of relational networks

for genetic relatedness and spatial and social interactions

(Fig. 1) revealed that the three most closely related dyads

of adult females (pairwise r[ 0.20) did not tend to be

more closely spatially associated than other, less related

dyads of females.

Spatial associations and sex

Spatial relationships among members of the focal study

group were influenced by the sex(es) of interacting adults.

Because[91 % of nearest neighbor interactions fell within

distance categories 0–2 (B5 m between individuals), we

restricted our analyses to this subset of spatial observations.

Analyses of spatial relationships were completed for each

of the following combinations: (1) male–male versus all

other dyads, (2) female–female versus all other dyads, and

(3) both male–male and female–female dyads versus

mixed-sex dyads. Regression analyses revealed that male–

male dyads were significantly less likely than other dyad

types to be observed within 5 m of each other (Table 2).

Male-male dyads accounted for 3.4 % of all recorded

nearest-neighbor observations and explained 6.5 % of the

model deviance (compared to an intercept-only null

model). In contrast, female–female dyads did not differ

from other dyad types with regard to the frequency of

occurrence within 5 m (Table 2). Thus, in general, close

spatial associations were not as common among males as

Fig. 1 Relational networks for

adult kinship, spatial and social

affiliations within the focal

study group. Circles indicate

females; squares indicate males.

Estimated ages for females

ranged from 5 to 7 years;

females 107 and 112 had

associated older infants during

the study, female 111 had an

associated new infant a few

weeks into the study while

female 108 had an associated

young juvenile. Estimated ages

for males 25, 29, and 115 were

20, 15, and 7 years,

respectively. The three infant

and four juvenile group

members are not plotted. Node

size is proportional to the sum of

values originating from a node.

Line width is proportional to tie

value for undirected relations

(relatedness) or to the sum of

both tie values between nodes

for directed relations (all

others). In the lower panels,

arrowhead size is proportional

to the value of the tie directed to

the node. For clarity, in the

upper two panels only the top

50 % of ties are displayed

(those ties equal to or greater

than the median tie value)
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among females, although all group members tended to

remain in relatively close proximity to one another

throughout the day, typically feeding or resting within the

same tree. Although no significant effect of relatedness on

spatial proximity was found for opposite-sex dyads, this

analysis suggested that more closely related male–female

pairs tended to be more closely associated spatially.

Social behaviors

A total of 89 social interactions were documented during

229 h of focal animal observations, yielding an overall rate

of 0.39 interactions per hour. Variation in duration of

observations among the nine focal individuals was minimal

(mean 25.45 h, range 24.74–25.85 h, SD 0.41, CV 0.016).

All adults in the study group were observed engaging in at

least one of the categories of social interaction monitored.

Social interactions typically included a clear initiator and

clear recipient of the behavior; the mean number of inter-

actions instigated per individual was 9.89 ? 7.59 (range

2–23) and the mean number of animals that each individual

targeted was 3.89 ? 1.76 (range 2–7). Over half (58.4 %)

of the social interactions observed were agonistic. Of these,

displacements were most common, accounting for 33

Table 1 QAP quasi-Poisson regression: nearest-neighbor (NN) interactions by relatedness

Dependent variable Independent variable B SE Exp (B) p(B) Model BIC Model pseudo R2

Direct contact Intercept 2.139 0.421 8.489 0.623 1079.8 0.147

Relatedness -8.394 4.358 0.0002 0.225

NN within 1 m Intercept 3.075 0.255 21.647 0.134 2385.1 0.011

Relatedness 0.818 1.104 2.265 0.625

NN within 5 m Intercept 3.792 0.153 44.357 0.028 2178.2 0.021

Relatedness 0.758 0.665 2.134 0.450

NN within 10 m Intercept 3.896 0.139 49.192 0.018 2044.4 0.019

Relatedness 0.677 0.614 1.969 0.456

NN within 15 m Intercept 3.902 0.138 49.496 0.021 2023.0 0.019

Relatedness 0.674 0.607 1.962 0.453

QAP-permuted quasi-Poisson matrix regression models using Dekker et al. (2003, 2007) semi-partialling plus permutation method with 10,000

permutations. P values are two-tailed QAP tests, indicating the proportion of permutations that produced a coefficient value of absolute

magnitude larger than the observed value. McFadden’s (1974) pseudo-R2 values indicate the proportion of deviance explained by the full model

compared to an intercept-only null model. Note that BIC values in this table cannot be compared to each other, but are included for comparison

with later tables

Table 2 QAP quasi-Poisson matrix regression: nearest-neighbor (NN) frequency by sexes of dyad members

Dependent variable Independent variable B SE Exp (B) p(B) Model BIC Model pseudo R2

NN within 5 m Intercept 3.969 0.100 52.939 0.592 2467.33 0.065

Male-male dyads -0.941 0.542 0.390 0.044

NN within 5 m Intercept 3.940 0.134 51.429 0.048 2608.52 0.001

Female-female dyads -0.057 0.210 0.945 0.868

NN within 5 m Intercept 4.035 0.132 56.556 0.007 2449.66 0.074

Male-male dyads -1.007 0.550 0.365 0.064

Female-female dyads -0.152 0.204 0.859 0.642

NN within 5 m Intercept 4.009 0.181 55.085 0.001 1883.07 0.158

Relatedness -1.941 1.164 0.144 0.200

Opposite-sex dyads -0.374 0.275 0.688 0.353

Relatedness 9 Op-sex dyads 3.911 0.1377 49.946 0.058

QAP-permuted quasi-Poisson matrix regression models using Dekker et al. (2003, 2007) semi-partialling plus permutation method with 10,000

permutations. P values are two-tailed QAP tests, indicating the proportion of permutations that produced a coefficient value of absolute

magnitude larger than the observed value. McFadden’s (1974) pseudo-R2 values indicate the proportion of deviance explained by the full model

compared to an intercept-only null model. BIC values may be compared across all models in this table
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(63.5 %) of the agonistic interactions recorded. Of the 37

affiliative interactions recorded, grooming was the most

frequent (59.5 %), followed by embracing (40.5 %).

Regression analyses revealed no discernable effect of

genetic relatedness on the tendency of individuals to

engage in either agonistic or affiliative interactions with

adult group-mates (all p[ 0.05; Table 3).

Social interactions and sex

Social interactions among members of the focal study

group were influenced by the sex(es) of the interacting

adults. Because social interactions are directional (i.e., are

characterized by an initiator and a recipient), our regression

models for these analyses included independent variables

that captured the relative frequency with which males and

females tended to initiate interactions as well as the relative

frequency with which males and females directed interac-

tions toward same- versus opposite-sex adults. For all

analyses, the dependent variable was the total number of

agonistic or affiliative interactions by an individual.

With regard to agonistic interactions, females were

significantly more likely to be the recipients of these

behaviors than were males (Table 4). Males and females

did not differ, however, with respect to the frequency with

which they initiated agonistic interactions (Table 4). Nei-

ther males nor females were significantly more likely to

direct agonistic behaviors toward same-sex versus oppo-

site-sex individuals (Table 4). Females directed agonistic

behaviors towards males significantly less often than the

overall frequency for mixed-sex dyads (Table 4). With

regard to affiliative interactions, there were no significant

differences between the sexes with regard to the frequency

of either initiating or receiving these behaviors (Table 4).

Although males did not direct affiliative behaviors towards

each other more often than toward females, females were

significantly more likely to direct affiliative behaviors

toward other females (Table 4). Males directed affiliative

behaviors towards females at a significantly lower fre-

quency than the overall rate among all same-sex dyads

(Table 4). Thus, despite clear differences in relatedness

within the study group, sex appeared to be a more impor-

tant determinant of spatial and social relationships among

adult group-mates than genetic kinship.

Discussion

This study is one of the first to examine genetic, spatial and

social relationships among adult group-mates in a polyg-

ynandrous, bisexually dispersing species of monkey.

Although a previous study of the howler monkeys on BCI

(Milton et al. 2009) surveyed population-wide levels of

genetic variability among these animals, no previous

analyses at this site have characterized genetic relatedness

among all adult members of the same social group. Our

analyses indicate that within the focal study group, genetic

relatedness among adult males was greater than that among

adult females. This finding is consistent with earlier data

from Milton et al. (2009) indicating that across multiple

groups of howlers on BCI, genetic relatedness tended to be

higher among adult males. Although calculating precise

estimates of genetic relatedness is challenging and the

resulting dyadic estimates of kinship may be subject to

Table 3 QAP quasi-Poisson regression: frequency of social interactions by relatedness

Dependent variable Independent variable B SE Exp(B) p(B) Model BIC Model Pseudo R2

Displacements Intercept -0.723 0.330 0.485 0.124 92.7 0.001

Relatedness -0.375 1.615 0.687 0.821

Other agonistic behavior Intercept -0.974 0.407 0.378 0.117 81.2 0.030

Relatedness -2.726 2.527 0.066 0.244

Total agonistic behavior Intercept -0.160 0.322 0.853 0.624 140.3 0.010

Relatedness -1.143 1.701 0.319 0.502

Embraces Intercept -1.060 0.417 0.346 0.127 66.8 0.060

Relatedness -4.232 2.996 0.015 0.125

Grooming Intercept -1.495 0.583 0.224 0.020 103.1 0.017

Relatedness 1.758 2.296 5.800 0.554

Total affiliative behavior Intercept -0.648 0.418 0.523 0.239 133.4 0.0001

Relatedness -0.113 1.989 0.893 0.963

QAP-permuted quasi-Poisson matrix regression models using Dekker et al. (2003, 2007) semi-partialling plus permutation method with 10,000

permutations. P values are two-tailed QAP tests, indicating the proportion of permutations that produced a coefficient value of absolute

magnitude larger than the observed value. McFadden’s (1974) pseudo-R2 values indicate the proportion of deviance explained by the full model

compared to an intercept-only null model. BIC values in this table cannot be compared to each other, but are included for comparison with

models in Table 4 having the same dependent variable
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some error, greater genetic relatedness among male group-

mates has also been reported for A. palliata in Costa Rica

(Ellsworth 2000) and A. arctoidea from Venezuela (Pope

1990). Thus, while genetic analyses of kinship in howler

monkeys are still rare, close kinship among adult male

group-mates does not appear to be limited to our focal

study group of A. palliata.

Somewhat surprisingly, we found no evidence that

genetic relatedness influenced spatial associations or social

interactions among adult group-mates. Instead, sex pro-

vided a better predictor of spatial and social behavior

within the focal study group. In particular, the timing and

frequency of the majority of close male–female dyadic

associations observed suggested that female sexual recep-

tivity was an important contributing factor. Based on the

four species of howler monkeys for which data are avail-

able (Alouatta palliata, A. pigra, A. caraya, A. arctoidea),

the length of the ovarian cycle is estimated at 16–20 days

with a 2–4 days periovulatory period (Van Belle et al.

2009; see also Glander 1980). During our study, a male–

female pair would often be observed in prolonged, close

spatial association for portions of 1 or 2 days, accompanied

by copulation or solicitations for copulation. This spatial

association would then end, but would often resume after a

period of about 3 weeks, presumably due to renewed

receptivity on the part of the female (Glander 1980; Van

Belle et al. 2009). Among females, the presence of a new

infant evoked considerable interest, with other adult

females often approaching the mother to try and gain

proximity to the infant (K. Milton, pers. obs.). Although

further study is needed to confirm the roles of female

reproductive status and the presence of young infants in

shaping spatial and social interactions in the study popu-

lation, our data clearly indicate that kinship is not a key

predictor of these relationships.

Because our study examined only a single social group,

it is possible that our findings do not reflect general patterns

of social structure in A. palliata. In particular, the power to

detect behavioral associations may have been low due to

both the small number of dyads possible within our focal

study group and the limited number of social interactions

among males observed. However, previously published

data on male–male behavior within a different group of A.

palliata on BCI were similar in revealing little social

interaction among male group-mates (Wang and Milton

2003) and studies of A. palliata from Nicaragua (Bezanson

et al. 2008), A. arctoidea from Venezuela (Sekulic 1981;

Saavedra 1984) and A. pigra from Mexico (Van Belle et al.

2008; Van Belle et al. 2014a) have also reported low rates

of social interaction among male–male dyads relative to

female–female or mixed sex dyads. Also consistent with

our findings, studies of other howler monkey species have

Table 4 QAP quasi-Poisson regression: total agonistic and affiliative behaviors by sexes of dyad members

Dependent variable Independent variable B SE Exp(B) p(B) Model BIC Model pseudo R2

Total agonistic behaviors Intercept -0.313 0.303 0.731 0.463 124.3 0.162

Male actor 0.644 0.406 1.904 0.407

Male recipient -1.459 0.688 0.232 0.023

Total agonistic behaviors Intercept -0.251 0.306 0.778 0.491 144.1 0.013

Male–male dyads -0.847 1.183 0.429 0.368

Female–female dyads -0.059 0.461 0.943 0.904

Total agonistic behaviors Intercept -0.406 0.304 0.667 0.381 125.8 0.151

Male to female 0.734 0.425 2.083 0.422

Female to male -1.386 0.911 0.250 0.024

Total affiliative behaviors Intercept -0.025 0.289 0.975 0.943 114.5 0.186

Male actor -1.853 0.946 0.157 0.091

Male recipient -1.307 0.755 0.271 0.107

Total affiliative behaviors Intercept -2.197 0.786 0.111 0.000 108.4 0.235

Male–male dyad 1.099 1.361 3.000 0.384

Female–female dyad 2.230 0.835 9.300 0.012

Total affiliative behaviors Intercept -0.087 0.267 0.917 0.798 110.7 0.219

Male to female -2.803 1.558 0.061 0.006

Female to male -1.705 0.926 0.182 0.061

QAP-permuted quasi-Poisson matrix regression models using Dekker et al. (2003, 2007) semi-partialling plus permutation method with 10,000

permutations. P values are two-tailed QAP tests, indicating the proportion of permutations that produced a coefficient value of absolute

magnitude larger than the observed value. McFadden’s (1974) pseudo-R2 values indicate the proportion of deviance explained by the full model

compared to an intercept-only null model. BIC values may be compared across models having the same dependent variable
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noted that close spatial proximity in mixed-sex dyads is

often due to the reproductive status of the female (Sekulic

1981; Carpenter 1934; Kowalewski and Garber 2010).

Collectively, these similarities across studies and species

suggest that our findings are indicative of general patterns

of howler monkey behavior.

Social tolerance among males

While other studies of howler monkey behavior have

reported episodes of aggression among male group-mates

(Saavedra 1984; Glander 1992; Clarke and Glander 2004;

Van Belle et al. 2014a), our observations as well as pre-

vious studies of the howler monkeys on BCI suggest that

male group-mates in this population are quite tolerant of

one another, with agonistic interactions other than occa-

sional displacements rarely observed (Milton 1980; Wang

and Milton 2003; M. Hopkins, pers. comm. to KM).

However, male group-mates in the BCI population typi-

cally display intense agonism toward non-group males. In

particular, during inter-group encounters, two or more

adult males from the same social group are often seen

standing in contact with one another while displaying

defense behaviors and howling at members of the other

group. Male group-mates may also make coordinated

charges toward members of the other group and physical

altercations between males from different social groups can

occur. Although not observed during our study, such

encounters have been recorded multiple times on BCI (K.

Milton, pers. comm.) The distinction between adult male

behavior within versus among groups leads us to suggest

that kinship among adult male howler monkeys at our site

may be linked to coalition formation and coordinated

defense of females rather than benefits arising from within-

group social interactions (Pope 1990).

Implications for dispersal

Dispersal patterns in howler monkeys remain controversial.

Although dispersal in Alouatta is widely characterized as

bisexual, movement by individuals appears to be male-

biased in A. arctoidea and A. pigra (Crockett and Pope

1993; R. Horwich, pers. comm. to KM), as well as in A.

caraya in continuous forest habitat (Oklander et al. 2010).

Although dispersal in A. palliata has been described as

somewhat female-biased based on data from a Costa Rican

population of this species (Glander 1992), direct observa-

tion of dispersal on BCI is limited to males (Carpenter

1934; K. Milton unpub. data). Thus, we had predicted that,

within social groups on BCI, kinship would be greater

among adult females.

Both our genetic analyses and previously published

data from a population-wide survey of genetic variation

among howlers on BCI (Milton et al. 2009) appear to

contradict this expectation by revealing greater related-

ness among adult males. Several factors may have con-

tributed to the apparent discrepancy between

observational and genetic evidence of dispersal. First,

underestimating dispersal is common in studies of free-

living vertebrates (Koenig et al. 1998), and it seems likely

that young females in the BCI population are more

mobile than observational records of inter-group move-

ments reveal. Unpublished observations (K. Milton, pers.

comm.) suggest that young adult female howler monkeys

on BCI may transfer to a new group when in estrus, after

which the immigrating female is quickly surrounded by

new group-mates, making it difficult to detect such

events. Second, it is possible that male group-mates dis-

perse together or disperse to the same social group in

close temporal sequence, resulting in the presence of

related adult male group-mates. Although not observed

directly in the BCI population, this pattern of male

movement has been reported for ursine howler monkeys

in Venezuela (Pope 1998) and black howler monkeys in

Mexico (Van Belle et al. 2014a), as well as for several

other species of primates (e.g., rhesus monkeys (Macaca

mulatta, Meikle and Vessey 1981); vervet monkeys

(Chlorocebus aethiops, Cheney and Seyfarth 1983);

capuchin monkeys (Cebus capucinus, Jack and Fedigan

2004) and social vertebrates, e.g., lions (Panthera leo,

Bygott et al. 1979; Packer et al. 1991). While our genetic

analyses do not allow us to identify with confidence the

specific kin relationships (e.g., brothers) among members

of the study group (van Horn et al. 2008), the data pre-

sented here suggest that patterns of dispersal in mantled

howler monkeys are more complex and more variable

than previously realized.

Kinship and social structure in A. palliata

Kinship has been shown to significantly impact spatial and

social associations among females in a number of primates

characterized by female philopatry, including multiple

species of Old World cercopithecines (Gouzoules and

Gouzoules 1987; Smuts 1987; Silk 1987; Widdig et al.

2001; Kapsalis 2004; Silk et al. 2004; Xia et al. 2012) and

New World cebids (Perry et al. 2008; Perry 2012; Van

Belle et al. 2014a). In contrast, atelines and African apes

tend to be characterized by male philopatry and female–

biased dispersal (Nishimura 2003; Di Fiore and Fleischer

2005) suggesting that, in these species, it is male–male

behavior that should be more strongly influenced by kin-

ship. Where available, genetic or genealogical data support

the expectation that in species with female-biased disper-

sal, social interactions among males tend to be affiliative,

although the precise structure of male–male relationships
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varies among species (Strier et al. 2002; Di Fiore and

Fleischer 2005; Langergraber et al. 2007). Thus, although

the apparent lack of kin-based effects on spatial and social

relationships among the adults in our study group was

somewhat surprising, the general tendency for male group-

mates to behave amicably toward one another is consistent

with other primates characterized by related male group-

mates.

It is possible that social interactions among members of

our study group did not vary with degree of kinship per se

but rather with the specific kin relationship between

members of a dyad. For example, Langergraber et al.

(2007) reported that interactions among male chimpanzees

varied depending upon whether kinship was paternal or

maternal in origin. Our data set did not allow us to deter-

mine the exact kin relationships (e.g., father-son) among

individuals or to distinguish maternal from paternal kin-

ship. As a result, it is possible that our analyses failed to

detect important differences in behavior between specific

combinations of kin. It is also possible that our failure to

detect an effect of kinship on male behavior reflects the

limited adaptive contexts in which our spatial and social

data were obtained. For example, cooperative alliances

among adult male group-mates appear to be important in a

number of primate species, including several species of

howler monkeys (Milton 1980; Sekulic 1982: Pope 1990,

1998; Crockett and Pope 1993; Kitchen 2004; Van Belle

et al. 2008, 2014b), and it is possible that kinship among

males facilitates these coordinated displays. As we did not

have the opportunity to observe male–male interactions

associated with response to external threats such as the

close approach of rival howler groups, it is possible that our

analyses failed to capture the social context(s) in which the

importance of kinship is most evident.

More generally, the role of kinship in shaping social

behavior remains unclear, with a growing body of evidence

indicating that tolerance and cooperation can occur among

primates in the absence of close kinship (Silk 1994;

Langergraber et al. 2007, 2009). Indeed, although kinship

has been linked to social affiliation and cooperative

behavior in multiple species and adaptive contexts, such

interactions can also occur among unrelated individuals

(West et al. 2002; Clutton-Brock 2009; Langergraber et al.

2007, 2009). While our data suggest that within social

groups, adult male howler monkeys are more closely

related to each other than are adult females, neither the

processes contributing to this pattern nor the adaptive

significance of this finding are yet understood. In particu-

lar, further study is required to assess the generality of this

outcome and to elucidate the importance of kinship among

male group-mates in shaping the social structure of this

species.
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