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ABSTRACT

Social systems and dispersal patterns impact genetic variation within and between primate
groups. Kinship plays a role in shaping social interactions and therefore shapes social systems.
However, few studies have used molecular data to describe the degree of genetic relatedness
among intragroup individuals. In this study, I analyze genetic relatedness among same-sex
intragroup adults in Alouatta palliata and A. pigra, sister species that have distinct social
systems, to test the hypothesis that patterns of intragroup genetic relatedness will also be distinct.
Results indicate that in both species, most groups contain closely related same-sex dyads, which
was unexpected for 4. palliata since it has been reported that most juveniles disperse and join
groups that do not contain close kin. However, the degree of intragroup relatedness seems to be
more variable among 4. pigra groups, whereas most same-sex adults are closely related in 4.
palliata groups. This suggests that dispersing individuals may use multiple strategies to join
groups (i.e., coalition take overs by related males, solitary individuals joining groups that contain
close relatives, etc.) or that philopatry is common in these groups. Further study including both
long-term observational and genetic data is necessary to determine the degree of variation in
intragroup genetic relatedness for both species within and among populations and fitness
consequences of various strategies. Ecological and demographic data are also necessary to
determine the importance of other factors, especially habitat fragmentation, in determining the

degree of relatedness in howler monkey groups.
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INTRODUCTION

Social interactions and the relationships that result from those interactions (i.e., social
structure) and social organization (which describes group size, composition, and cohesion) are
inherently linked to mating systems, which together describe the social system of group living
species, like primates (Kappeler and van Schaik 2002). Kinship is a factor that affects social
interactions, such as nepotism and dominance relationships (Silk 2002), and therefore should
affect the formation of social systems. Many studies have addressed the role of kinship in
shaping primate social systems, mostly regarding the role of kin selection in cooperative
behavior among Old World cercopithecines (Strier 2011), in which females do not disperse from
their natal groups (i.e., females are philopatric) (Kawai 1958; Sade et al. 1976). For example,
female Japanese macaques spend more time in the proximity of close kin than distant kin
(Kurland 1977), and female vervet monkeys respond faster to distress calls that come from close
kin (Seyfarth and Cheney 1984). Similarly, rhesus macaque brothers that disperse to the same
group associate more closely with each other and are less likely to impinge on one another’s
reproductive access to females than with non-kin (Vessey and Meikle 1988). Despite the breadth
of studies linking kinship to primate social behavior, relatively few have used genetic data to
assess the degree of relatedness among individuals in primate groups (Silk 2002; Di Fiore 2009),
especially for Neotropical primates. This study addresses this problem by investigating
intragroup genetic relatedness for both sexes in two species of howler monkeys (Alouatta pigra
and A. palliata).

In addition to social interactions, dispersal patterns also play an important role in shaping
primate social systems. This is because dispersal patterns greatly affect the genetic structure of
populations and the determination of genetic relationships among group members, since turnover
in group membership can either be attributed to recruitment of natal juveniles into the breeding
group, or to immigration of extragroup individuals. Here, dispersal is defined after Howard
(1960) as, “the movement the animal makes from its point of origin to the place where it
reproduces or would have reproduced if it had survived and found a mate.” Although in
mammals dispersal is most commonly male-biased, primates exhibit a diversity of dispersal
regimes: 1) female-biased (Pan spp.: Pusey 1980; Eriksson et al. 2006, Gorilla spp.: Stokes et al.
2003, Papio hamadryas: Hammond et al. 2006), 2) male-biased (Cebus olivaceus: Robinson



1988, Papio cynocephalus: Altmann et al. 1996, Colobus vellerosus: Wikberg et al. 2012), and
3) bi-sexual dispersal (4otus: Fernandez-Duque and Huntington 2002, Leontopithecus rosalia:
Baker and Dietz 1996, Alouatta spp.: Clarke and Glander 1984; Glander 1992; Brockett et al.
2000; Pope 1989).

Traditionally, studies on dispersal have been based on long-term observations of
particular groups and populations. However, long-term field studies are often difficult, due to
logistics and costs associated with such projects, in addition to dealing with political obstacles
(Strier and Mendes 2009). This has resulted in a shortness of these data, particularly for New
World monkeys. Genetic data can ameliorate this dilemma by providing an alternative method of
study. Over the last decade, molecular methods have been implemented to investigate genetic
relatedness among many social vertebrate species in order to understand the extent and
implications of kin associations in relation to dispersal patterns (Parus major: Van De Casteele
and Matthysen 2006; Passer domesticus: Vangestel et al. 2011; Crocuta crocuta: Watts et al.
2011; delphinids: Méller 2012; Papio cynocephalus: Altmann et al. 1996; Lagothrix poeppigii:
Di Fiore and Fleischer 2005; A. seniculus: Pope 1998). Relatedness analysis is also useful to
investigate sex-biased dispersal because we can expect mean relatedness to be greater among
group members of the philopatric sex than among the dispersing sex (Goudet et al. 2002). Since
genetic data are quicker to obtain than observational data to track dispersal in long-lived species,
many recent studies have implemented relatedness analysis to infer sex-biases in dispersal
(Pseudotropheus spp.: Knight et al. 1999; Egernia cunninghami: Stow et al. 2001; Vombatus
ursinus: Banks et al. 2002; Papio hamadryas: Hammond et al. 2006).

Primates are an excellent study system for the investigation of the effects of social
interactions and dispersal on intragroup genetic relatedness since social systems are very diverse
across taxa. Although there are a large number of behavioral studies on Neotropical primates,
little has been published regarding the interactive role of dispersal and social interactions in
shaping patterns of intragroup genetic relatedness. In the absence of long-term behavioral
studies, or where paternity cannot be easily determined exclusively by social interactions among
mates, genetic data provide the means to estimate the patterns of genetic relationships among
individuals, both within and among groups.

Here, I investigate patterns of within-group genetic relatedness to understand how these

patterns may affect our current understanding of the social systems and dispersal patterns of two



species of howler monkeys (4. pigra and A. palliata). Given their phylogenetic proximity, these
species provide a useful model to investigate how dispersal and social structure interact to shape
genetic relationships among group individuals because their social systems are distinct and their
patterns of dispersal may differ (see below). In this study, I ask specifically, 1) what are the
patterns of genetic relatedness among same-sex adults within social groups in these species? 2)
How variable is intragroup relatedness among groups in each species and what might account for
this variation? and 3) Do these patterns reflect our current understanding of their dispersal and
social structure? To do this, I analyze and compare pairwise coefficients of genetic relatedness

(r) among adult individuals generated from multilocus microsatellite genotypes.

Study Species

Alouatta pigra and A. palliata are Mesoamerican primates of the family Atelidae. They
are sister species that diverged 3 MYA (Cortés-Ortiz et al. 2003). Alouatta pigra is restricted to
the Yucatan Peninsula in Mexico, Guatemala and Belize (Marsh et al. 2008), while 4. palliata
exists in southern Mexico in the state of Veracruz, Tabasco, Oaxaca, and Chiapas and ranges
south through Central America to the west coast of Ecuador and the northwestern tip of Peru
(Cuardn et al.2012). In both species, mating systems are polygynandrous, individuals live in uni
or multi-male/multi-female groups (Van Belle et al. 2009; Jones 1985, see below for a more
detailed description), and dispersal is bisexual (Brockett et al. 2000; Horwich et al. 2000; Van
Belle et al. 2008; Glander 1992; Clarke and Glander 2004). Our understanding of the social
system of these species has arisen from observations on a few study groups in a few populations.
Reports of social structure and dispersal for A. pigra have been very limited to incidental
observations and only recent studies have started to uncover some of the characteristics of the
social interactions in this species (see Van Belle and Estrada 2006, 2008; Van Belle et al. 2008,
2009, 2011, 2012). Most reports of social structure and intergroup movement in A. palliata come
from a single population in Costa Rica [Hacienda La Pacifica (LP)] (Glander 1980, 1992; Clarke
and Glander 1984, 2004, 2010; Clarke 1983, 1990; Clarke and Zucker 1994; Clarke et al. 1998;
Zucker and Clarke 1998). This population is one of the few howler monkey populations that
have been continuously monitored for multiple generations. Consequently, the information

obtained from this population has played a prominent role in the development of our



understanding of the species-typical social system. However, observations of A. palliata
populations in Mexico (Dias and Rodriguez Luna 2006, Arroyo-Rodriguez et al. 2008) and on
Barro Colorado Island (BCI) in Panama (Carpenter 1934; Wang and Milton 2003) suggest that

social systems and dispersal patterns may differ between study sites (see below).

Social Organization and Social Structure

In A. pigra, mean group size ranges from 4-9 individuals and groups typically contain 1—-
2 adult males, 1-3 adult females, and 14 immatures (Chapman and Balcomb 1998; Van Belle
and Estrada 2006). Uni-male groups can be just as prevalent as multi-male groups in some
populations, and seem to be more common in continuous than fragmented forest (Van Belle and
Estrada 2006). In contrast, 4. palliata has the largest group size in the genus, which can range
from 6-20+ individuals (see review in Chapman and Balcomb 1998), and can be as large as 45
individuals (Clarke and Zucker 1994). Groups are commonly multi-male/multi-female and
usually consist of 2—4 adult males, 2—10 adult females, and 1-10 immatures (Glander 1980;
Estrada 1982; Arroyo-Rodriguez et al. 2008; Milton et al. 2009).

There are important differences in social structure among A. pigra and A. palliata.
Intrasexual dominance hierarchies in A. pigra are not apparent among adults in a group as they
rarely interact with each other (Van Belle et al. 2008; Van Belle et al. 2011). In some multi-male
groups, however, evidence suggests that one male is higher ranking than the others. This alpha or
central male has tighter associations with group females and participates in the defense of the
group (i.e. howling bouts and intergroup interactions) more frequently (Kitchen et al. 2004; Van
Belle et al. 2008; Van Belle et al. 2009). Central males are also considered to sire most of the
offspring in a group (Van Belle et al. 2009). Among intragroup females, agonistic interactions
are very uncommon and their rates of affiliation and degrees of proximity to each other vary
among groups (Van Belle et al. 2011). In contrast, at LP, 4. palliata, is reported to have age-
reversed linear dominance hierarchies in both sexes, meaning that higher-ranking individuals are
younger than lower-ranking individuals (Jones 1980; Glander 1980; Zucker and Clarke 1998).
However, on BCI, intragroup A. palliata individuals rarely engage in dominance-related
interactions and linear dominance hierarchies could not be discerned by researchers, who were

only able to identify alpha males in groups (Carpenter 1934; Wang and Milton 2003). Alpha



males do not have exclusive access to group females, as multiple males in 4. palliata groups are
usually observed to copulate with resident females (Glander 1980; Wang and Milton 2003, Jones
and Cortés-Ortiz 1998).

Dispersal and Group Formation

There are very few documented cases of dispersal in A. pigra (Brockett et al. 2000;
Horwich et al. 2000; Van Belle et al. 2011, 2012). In this species, females disperse as juveniles,
sub adults, or adults by traveling alone or with another individual (Horwich et al. 2000; Van
belle et al. 2011) and are often met with aggression from resident females, who can act together
to prevent their immigration (Van Belle et al. 2011). Immigration of extragroup females and
secondary dispersal appear to be rare at the Community Baboon Sanctuary (CBS) in Belize,
leading Brockett et al. (2000) to suggest that it may be more common for emigrating females to
form new groups. This pattern of female dispersal in which dispersing females form new groups
instead of join established groups, is reported for red howler monkeys (4. seniculus) (Crockett
1984, Pope 1992). This interpretation is strengthened by recent observations from Van Belle et
al. (2011) at Palenque National Park (PNP) in Mexico of immigration attempts of immature A.
pigra extragroup females (n = 3) into established groups. Group members met these females with
varying levels of agonism and their temporary associations only lasted from 14 days to three
months. Over the 14-month period of Van Belle et al.’s study, none of these females successfully
joined the group.

On the other hand, previous research at LP shows that most 4. palliata male and female
juveniles are forced by nonrelatives to disperse from their natal group at an average age of 21.9
months and 32.8 months, respectively (Glander 1992; Clarke and Glander 2008). After leaving
their natal group, juveniles spend a significant amount of time solitary before joining an
established group that presumably contains no kin (Glander 1992). According to Glander (1992),
transient dispersal (i.e., joining a group for less than 1 year and moving before reproducing there)
is common among females in this species, as immigrating females will leave a group if they fail
to reach the alpha position (Jones 1980).

In A. pigra, male group membership appears to change more frequently than female

group membership, which is considered quite stable (Van Belle et al. 2008; Brockett et al. 2000).



Extragroup A. pigra males travel alone or in pairs and those that form coalitions are more
successful in group takeovers (Van Belle et al. 2008; Horwich et al. 2000). At CBS, Horwich et
al. (2000) reported that two coalitions of males expelled resident males during takeovers and that
males traveling alone joined groups without expelling resident males (although sometimes single
males were also successful in displacing resident males in takeovers). Van Belle et al. (2012)
observed two two-male coalitions involved in takeover events at PNP and provide genetic
evidence suggesting that in both cases, the males were closely related. At CBS, Horwich et al.
(2000) also observed an expelled male and female eventually form a new group.

Although A. palliata has been studied for longer than A. pigra, only one instance of a
male-male coalition takeover has been observed in this species (Dias et al. 2010), which suggests
that it occurs less frequently. However, it is unknown whether or not these coalition males were
closely related, or the frequency at which this type of event takes place. Immigrating A. palliata
males attempt to take over a group by defeating the alpha male and will remain solitary if they
cannot do so (Glander 1992). Displaced alpha males remain as low-ranking males in the group or
as peripheral individuals (Clarke 1983). Although it has been thought that 4. palliata alpha males
had exclusive reproductive access to receptive females (Glander 1980), recent genetic paternity
exclusion analysis in the LP population revealed that lower ranking males likely share paternity
of group offspring (Ellsworth 2000).

Secondary dispersal (moving between social units after breeding in one) is thought to be
rare for both sexes (Glander 1992), but has been reported to occur at a low rate for 4. palliata at
LP and is suggested to be a reproductive strategy in which individuals of both sexes seek to join
groups with a more favorable sex ratio (Clarke and Glander 2010; Ryan et al. 2008). Secondary
dispersal has not been reported for 4. pigra. Similarly, sequential dispersal of related individuals
to the same group has not been investigated for either species but based on long-term behavioral
data, Glander (1992) suggests it does not occur in A. palliata. It is unknown what proportion of
A. pigra juveniles disperse from their natal group, but it seems that most males disperse,
Horwich et al. (2000) report no retention of 4. pigra natal males at CBS. However, retention of
A. palliata juveniles (males and females) has been observed in Costa Rica and Mexico (Clarke
and Zucker 1989; Arroyo-Rodriguez et al. 2008; Clarke and Glander 2008), but philopatry is
thought to be rare in this species (Glander 1992; Clarke and Glander 2008).



The above observations of dispersal and social behavior have lead to the assumption that
A. palliata groups are composed of unrelated adults and their offspring (Glander 1980; Glander
1992; Clarke et al. 1998). On the other hand, given that coalitions of related 4. pigra males have
been reported to take over groups and female immigration is rare, it is fair to presume that 4.
pigra groups contain closely related same-sex adults (see Horwich et al. 2000; Van Belle et al.
2008; Van Belle et al. 2012). Particularly, based on our current knowledge of the social systems
in these species, I conjecture that 1) there are two kinds of 4. pigra groups for females: new and
well-established groups, and two types of multimale groups for males: those formed via coalition
takeovers and those joined by solitary males. New and well-established A. pigra groups should
differ in the levels of relatedness between adult females. In new groups, adults are not kin since
they form via aggregations of unrelated adults. In well-established groups, relatedness among
adult females should be high due to non-random retention of juvenile females. Relatedness
among adult males in multimale groups resulting from coalition takeovers should be high, while
the degree of relatedness could vary among groups joined by solitary males. 2) Relatedness
among intragroup same-sex A. palliata adults should be low, as most juveniles of both sexes
emigrate and turnover in group membership involves immigration of presumably unrelated

individuals.

Hypothesis

Due to reported differences in social structure, social organization and patterns of dispersal, I
hypothesize that 4. pigra and A. palliata will have different patterns of genetic relatedness

among same-sex intragroup adults.

Predictions (see Table 1)

1. Mean relatedness of adult female dyads in A. pigra groups will be highly variable due to
likely random sampling in this study that would include both well-established and recently

formed groups.



2. Similarly, there should be variation in mean A. pigra adult male relatedness among multi-
male groups due to previous observations of coalitions between related individuals as well as
solitary males joining established groups.

3. Same-sex adult dyads in 4. palliata groups should be unrelated and variation among groups

in mean relatedness between same-sex adults should be low.

METHODS

Sample Collection

Blood and hair samples from 76 A. pigra individuals [31 adult females (AF), 26 adult
males (AM), 19 immatures (IM)] and 140 A. palliata individuals (59 AF, 42 AM, 39 IM) were
obtained from 39 wild groups from different location in Mexico and Guatemala. Sampled
individuals were captured as described in Rodriguez-Luna and Cortés-Ortiz (1994) between
1998 and 2012. Exact sampling locations are shown in Figure 1. Blood samples were mixed in
lysis buffer (Seutin et al. 1991), kept on ice in the field and stored at -20°C after they arrived in
the laboratory. Hair samples were stored in paper envelopes, kept at room temperature in the

field, and stored at -20°C in the lab.

DNA Extraction and Microsatellite Genotyping

Genomic DNA was extracted from both blood and hair samples for all individuals
(except from one infant for which only DNA from hair was extracted) using the QIAGEN
DNEasy tissue kit (Qiagen Inc., Valencia, CA). The manufacturer’s protocol for animal tissue
extractions was executed with the following modifications: step 1) for blood samples: starting
volume of 100 pL of whole blood, added to 100 puL buffer ATL, and for hair samples:
approximately 15 hair follicles in 100 pL buffer ATL.

All A. pigra and A. palliata individuals were genotyped at 22 and 19 microsatellite loci,
respectively (Table 2). We conducted both single and multiplex reactions to amplify these loci.

Singleplex amplifications were preformed in a reaction volume of 10 pL containing 1 pL 10X



buffer, 1 uL dNTPs at 2uM each, 0.8 uL MgCl, (50mM), 0.25 pL of fluorescently labeled
forward primer (10 uM), 0.25 pL unlabeled reverse primer (10 uM), 5.7 uLL water, 0.045 puL
Platinum taq (Invitrogene), and 1 pL. DNA extract. The thermal cycling profile was as follows:
initial denaturation of 94 °C for 2 min, followed by 35 cycles of 94 °C for 30 s, annealing
temperature (see Table 2) for 30 s, 72 °C for 30 s, followed by a 72 °C for 10 min. Based on
similarities in annealing temperature. I ran multiplex reactions (Table 2) for a number of samples
using the QUIAGEN multiplex PCR kit (Qiagen Inc., Valencia, CA), with a total reaction
volume of 10 pL. The reaction mix contained 5 pL of 2X Master Mix, 1 pL of 10X primer mix
(with each primer concentrated at 2 uM), 1 pL of water, 2 uL. of Qsolution, and 1 uL. of DNA.
PCRs for those loci that were multiplexed followed a thermal cycling profile of 95 °C for 15 min,
followed by 34 cycles of 94 °C for 30 s, annealing temperature for 30 s, 72 °C for 45 s, followed
by a 60 °C extension of 30 min. PCR products were electrophoresed on a 2% agarose gel to
verify the presence and quality of amplifications in order to determine the appropriate dilutions
for genotyping. PCR products were diluted with water according to the intensity of the observed
band and added to a mix of fluorescent standard (GS500LIZ) and Hi-Di Formamide (Applied
Biosystems) before samples were sent to the University of Michigan DNA Sequencing Core
where genotyping was done on an Applied Biosystems DNA sequencer (Model 3730XL). Allele
sizes were scored using GeneMarker V 1.5 (SOFTGENETICS) by at least two different
researchers. If researchers were unable to agree on a call, the genotype was re-amplified. Several
individuals for each locus were genotyped from different PCR reactions more than once to

ensure genotype accuracy.

Analyses

Observed and expected heterozygosities, number of alleles per locus, allele frequencies
and probability of identity (PI) were calculated in GenAlEx 6.41 (Peakall and Smouse 2006).
I used Micro-Checker (Van Oosterhout et al. 2004) to test for evidence of null alleles, scoring
errors due to stuttering, and large allele dropout. For both species, none of the loci showed
evidence to suggest the presence of any of the above phenomena in my dataset.

[ used Arlequin ver 3.5.1.3 (Excoffier and Lischer 2010) to analyze linkage

disequilibrium (LD) between pairs of loci and departures from Hardy-Weinberg equilibrium



(HWE) in each species. After implementing a sequential Bonferroni correction to account for
multiple comparisons between loci, I found evidence for LD between five pairs of loci for 4.
pigra and seven pairs for 4. palliata. I cannot be sure of physical linkage between any pair of
loci since the location of these microsatellites in the genome is unknown. However, the fact that
different loci show LD in these two sister species (API114 and API106 for A. pigra and API11,
D6S260, TGMS1 and TGMS?2 for A. palliata) suggests that physical proximity of loci may not
be responsible for this observation. Data analysis after removal of genotype data for loci to
correct for LD did not produce results different from those of analyses utilizing the entire data
set. For both species, several loci showed evidence for deviation from HWE (Table 2). For
neutral loci, like microsatellites, deviations from HWE are often caused by the presence of null
alleles. Based on my analyses with Micro-Checker, there is no evidence of null alleles in my
datasets. However, my samples came from multiple populations that may be genetically
structured, which would create a Wahlund effect (Wahlund 1928). Although the presence of LD
and deviations from HWE may make estimates of relatedness less accurate, it should do so
equally across dyads and thus should not affect interpretation of my results. Therefore, I present

results using genotype data for all loci (4. pigra n =22, A. palliata n = 19).

Relatedness

To determine which estimator of relatedness is most appropriate for each data set, |
compared estimates of relatedness from several estimators using simulated genotypes [100 each
of monozygotic twins (r = 1), parent-offspring (r = 0.5), full sibs (r = 0.5), half-sibs (r = 0.25),
first cousins, (r = 0.125), and unrelated (r = 0)] against actual values from my data sets in
COANCESTRY (Wang 2011). Relatedness coefficients (r) are reported for the estimator that
performed best at matching true r-values of the pre-determined dyadic relationships between
individuals with the simulated genotypes listed above. The QuellerGt (Queller and Goodnight
1989) estimator performed best for the A. pigra data set, while the LynchLi (Lynch 1988; Li et
al.1993) and QuellerGt performed equally well for 4. palliata. The Ritland (1996) estimator
performed worst for both species. Here, I report QuellerGt r-value estimates and used those
estimates in statistical analyses. To confirm the appropriateness of this estimator, I compared

QuellerGt r-values against others estimated by COANCESTRY for known mother-offspring
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dyads in each species (n =4 dyads each, see Figure 2). QuellerGt reliably estimated expected r-
values for these dyads (r = 0.5) (see results for more details). After Di Fiore (2009) and Van
Belle et al. (2012), I consider closely related dyads to be those that could be related on the order
of parent-offspring or half or full siblings (4. pigra: r > 0.25; A. palliata: r > 0.3) and unrelated
dyads to be those with r-values below this threshold. The threshold for closely related dyads is
greater in A. palliata since the markers used were not as polymorphic and produced a mean value
for known mother-offspring dyads that was greater than r = 0.5.

I also used COANCESTRY to test for significant intraspecific differences in mean
relatedness between a) intragroup adult males and all possible dyads, b) intragroup adult females
and all possible dyads c) intragroup adult males and all possible adult male dyads, d) intragroup
adult females and all possible adult female dyads, e) intragroup adult males and intragroup adult
females, and f) all possible adult male dyads and all possible dyads, g) all possible adult female
dyads and all possible dyads. This analysis was performed by the bootstrapping method, with
resampling 1,000 times. For each species, comparisons involving mean relatedness among
intragroup adult females were conducted using only genotype data for adult females sampled
from groups from which we obtained samples from all adult females present in the group (4.
pigran =9 groups, A palliata n = 6 groups). The same criterion was applied for comparisons
involving relatedness among intragroup adult males (4. pigra = 8 groups, A. palliata =7 groups;

Table 3).

Variation within species

To test variation in the degree of relatedness between social groups within each species, |
used a one-way ANOVA in R (R Development Core Team 2011). Since within-group variation
is lacking when only one same-sex dyad is present, I only included groups in which more than
one same-sex adult dyad was present (i.e., when there are more than two adult males or females
in the group). For females, I used four groups for each species and for males I used four A.
palliata groups. I was unable to test variation in mean relatedness of intragroup males between
A. pigra groups since all study groups had fewer than three adult males.

To investigate whether group size has an effect on the levels of intragroup relatedness, I

tested the significance of correlations between the total number of adults in the group as well as
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the number of adult individuals of the same and opposite sex in the group and mean intragroup
relatedness for each sex in each species using IBM SPSS Statistics 19 (Armonk, NY). Total
number of adults in the group served as a proxy for group size here since I do not have accurate
data on number of immatures for every group sampled. I visually inspected Q-Q plots and
determined that data approximate a normal distribution, so I report Pearson’s correlation

coefficient ().

RESULTS

Power of molecular markers

Observed heterozygosity (H,) per locus in 4. pigra ranged from H, = 0.17 to H, = 0.76
and averaged at H,= 0.51 across all 22 microsatellite markers and the mean number of alleles
per locus (N,) was 5.05 (Table 2). Probability of identity was very low (PI=1.0 x 10, Py, =
6.1 x 10”7) indicating that it is unlikely that two individuals or any two siblings, respectively, in a
randomly chosen dyad share the same multilocus genotype. This suggests that the combination
of markers used for this study is sufficient to generate a unique genotype for each individual in
the sample. Heterozygosity and mean number of alleles per locus were lower among the markers
used for A. palliata (Mean H, = 0.27 [range H, = 0.05 to H, = 0.70], mean N, = 4.74]. However,
probability of identity was very low (PI = 3.1 x 107, Py, = 4.6 x 10™), suggesting that although
the markers used for A. palliata were not as polymorphic as those used for A. pigra, their
combination is sufficient to distinguish among individuals.

For known mother-offspring dyads (n = 4 for each species), mean QuellerGt relatedness
was close to the expected value of r = 0.5 (4. pigra: mean r = 0.47, range r = 0.24-0.68, A.
palliata: mean r = 0.64, range r = 0.32 to r = 0.89; Figure 2). For 4. palliata, the mean is higher
than the expected value for this type of relationship (i.e., ~0.5), but this is not surprising given
that many of the markers used for A. palliata were not highly polymorphic. Although I report
QuellerGt r-values for both species since this estimator also performed well in the simulation

studies, I warn that these values are probably slightly inflated for 4. palliata. This should not be
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a problem for the purposes of this study since I am only making within-species comparisons

using these values.

Intragroup same-sex relatedness

In both species, relatedness among intragroup same-sex adult dyads for both sexes
[intragroup adult male dyads: riv (4. pigra: mean rpy= 0.16 £ SE = 0.079, A. palliata: mean ry =
0.45 + SE = 0.068), intragroup adult female dyads: rir (4. pigra mean 1y = 0.25 + 0.045, A.
palliata mean rr = 0.36 = 0.066] was significantly greater than the relatedness among all dyads
(tan) (A. pigra: mean r,; = -0.008 + 0.004, p < 0.05; 4. palliata: r,y = -0.007 £ 0.003, all p < 0.05)
and than all same-sex adult dyads (ram and rar) in the sample (4. pigra: ram = 0.012 £ 0.010, p <
0.05, rar = -0.005 + 0.008, p < 0.05; 4. palliata: ram= 0.010 £ 0.0003, p < 0.05, rar = 0.008 £
0.006, p < 0.05) (Figure 3). These results indicate that, in general, groups do not contain a
random sample of adult genotypes from the population, but may contain close relatives. Also, for
both species, the average coefficient of relatedness among intragroup adult male dyads was not
significantly different from that among intragroup adult female dyads (both p > 0.05), suggesting
that levels of relatedness among intragroup males and females are similar.

Interestingly, when comparing all A. pigra adult male dyads (n = 325 dyads, mean ram =
0.012) to all dyads in the species mean (n = 2850 dyads, 1,1 = -0.008), adult male dyads are
significantly more closely related (p < 0.05). Similarly, for 4. palliata, all adult female dyads (n
= 1711 dyads, rar = 0.008) were significantly more closely related than all dyads in that species
(n=9730 dyads, ran = -0.007, p < 0.05). This is likely an effect of the high statistical power
arising from large sample sizes enhancing the ability to detect this slight difference. These results
are likely not biologically relevant since relatedness among these dyads is effectively zero. Also,
for both species, relatedness among all adult male dyads is not significantly different from that

among all adult female dyads.

Intergroup Variation

There was greater variation between groups in the degree of relatedness among

intragroup adult males in A. pigra than in A. palliata (Table 3). Most 4. pigra groups had only
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two adult males and in some groups they were unrelated (e.g., groups 13 and 20A) while in other
groups adult males were very closely related (groups 2 and 10). In group 5, the only three-male
group for this species, two males were closely related to each other (r > 0.25), while the third
appeared to be unrelated to both individuals (r = 0 and r = 0). As mentioned above, I did not
conduct an ANOVA for 4. pigra males since variation cannot be investigated comparatively
within groups.

There were two A. palliata groups with more than two adult males (groups 74 and 78). In
both groups, all adult male dyads were closely related (r > 0.3) and their mean male relatedness
did not differ between groups [ANOVA F (1, 4) =0.10, p =0.77)]. Among the two-male 4.
palliata groups (n = 5), there was only one in which the adult males were unrelated (r = -0.14,
group 25). This dyad was in fact the only intragroup adult male dyad that was below r < 0.3 for
this species. These results indicate that intragroup A. palliata males tend to be closely related to
each other, but exceptions certainly exist.

Variation between groups in intragroup adult female relatedness was high for both
species. In 4. pigra, relatedness in two-female groups ranges from unrelated (group 12) to
closely related (groups C and W). In three-female groups (n = 4), the degree of relatedness
among pairs of intragroup adult females varied from unrelated (r = 0) to closely related (r =
0.54). For A. palliata, there were two groups that only contained two adult females (groups R
and 53). In both cases, these females were very closely related to each other — on the order of
mother-daughter or full siblings. There were four 4. palliata groups in which there were more
than two adult females. In two of these groups (A and Y), all females appear to be quite closely
related to each other (all r > 0.3). The other two groups (25 and B), however, contain a mixture
of unrelated and closely related dyads. For both species, ANOVA analysis indicates a significant
difference among groups in mean relatedness of intragroup adult females [4. pigra: ANOVA
F(3, 14)=10.1, p = 0.001; A. palliata: ANOVA F (3, 8) =4.17, p = 0.047]. For both species,
number of adults in the group (as well as the number of males and separately the number of
females) was not correlated with mean intragroup relatedness among adult males, nor among

adult females (Table 4).
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DISCUSSION

Alouatta pigra and A. palliata are sister species and they are reported as having distinct
social systems (Crockett and Eisenberg 1987) and thus, different levels of expected intragroup
relatedness are expected (Horwich et al. 2000; Brockett et al. 2000; Glander 1980). However, my
results show a convergence in the broader pattern of similar moderate to high mean levels of
intragroup relatedness among adults (i.e., most groups contained closely related same-sex adult
dyads), especially for females. I did not find a significant difference between males and females
in intragroup genetic relatedness in either species, which suggests that there is no sex bias in
dispersal. These findings invoke the need for deeper investigation in the dispersal patterns and
social interactions in both species, and the role of these factors in shaping intragroup genetic
relatedness in howler monkeys.

High levels of relatedness among same-sex adults were unexpected for A. palliata.
Nevertheless, my results show support for the hypothesis that 4. pigra and 4. palliata have
different patterns of genetic relatedness among same-sex intragroup adults. Mean intragroup
adult male-male relatedness in A. pigra groups was variable, with groups including both related
and unrelated males, but in 4. palliata most intragroup males were closely related to each other
and only one group had one male dyad that was unrelated (group 25). Also, although mean
intragroup adult female relatedness varied among groups in both species, the variation among A.
pigra groups was much greater and included groups with unrelated, closely related, or a mixture
of unrelated and closely related adult females, while A. palliata groups contained adult females
that were closely related and in only one group, females were not closely related to each other.
When analyzing the effect of the number of adults in the group, I found no correlation with
intragroup relatedness for either sex. However, since the correlations between number of 4.
palliata adults and mean adult female intragroup relatedness was close to significance (Table 4)
and most of the 4. palliata groups that were sampled completely for females had fewer (i.e., 2 or
3) adult females than what is typical for the species, I analyzed separately correlations including
multifemale groups from which not all adult females present were sampled. When including
these incomplete groups, mean intragroup adult female relatedness is negatively correlated with
number of adults and number of adult males in the group (» =-0.51, p =0.05 and » =-0.53, p =
0.04 respectively), but not with number of adult females (» = -0.48, p = 0.07). Further analysis
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including more groups and samples from all adults in larger groups are necessary to determine if

intragroup relatedness indeed decreases with group size.

Interspecific Contrasts in Genetic Relatedness - Males

Multimale A. pigra groups consist of unrelated or closely related adult males, or a
combination of both (Table 3), while all but one 4. palliata group (group 25) exclusively
contained closely related adult males. These findings were expected for 4. pigra, but at odds
with my predictions of relatedness patterns among A. palliata intragroup adult male relatedness
based on previous reports of male recruitment (Glander 1980). Van Belle et al.’s (2012)
observation of group takeovers by related males suggest that the degree of relatedness among
intragroup A. pigra males may be high. This pattern should be different than that among A.
palliata groups, in which resident males are presumed to be the result of multiple additions of
unrelated males over time (Glander 1992). However, Dias et al. (2010) report a coalition of A.
palliata males taking over a group, though it was not known whether these individuals were
related. These observations suggest that at least some A. palliata males join groups together,
similar to what is typically reported for A. pigra males.

On the other hand, the presence of more than one male in a group may not always be the
result of a group take-over by a coalition of closely related individuals. For example, Horwich et
al. (2000) observed solitary A. pigra males joining established groups and living with other
resident males. Additionally, multi-male groups may also be formed when juvenile males stay in
their natal group until adulthood. However, there is no information available on the proportion of
male A4. pigra juveniles that do not disperse from their natal group. My genetic results suggest
that in both species, there may be multiple strategies for males to become group residents, as
groups were uni- or multimale and males in multimale groups were sometimes related and
sometimes unrelated. This is similar to what Crickett and Eisenberg (1987) report for 4.
seniculus. For example, it is likely that solitary males may take over a group in A. pigra [as
observed by Horwich et al. (2000)], and I found some uni-male groups with males unrelated to
any of the resident females (data not shown). Also, some solitary males may join groups of
unrelated males as I found groups with unrelated males in both species, as suggested by Glander

(1992) for A. palliata, and Horwich (2000) for 4. pigra. Groups with unrelated males in both
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species observed in the present study could have arisen through this strategy or through group
take over by coalitions of unrelated males (not yet confirmed with observational data in any of
these species). Furthermore, some coalitions of related males taking over established groups (as
those reported by Van Belle et al. 2012 for A. pigra) may occur in both species, as my data show
that males in four out of five two-male groups in A. palliata and two out of eight in 4. pigra were
closely related. Finally, some males may remain philopatric (as reported by Clarke and Zucker
1989; Clarke and Glander 2008; Arroyo-Rodriguez et al. 2008), and many intragroup adult male-
adult female dyads for both species in my study groups were closely related on the order of
mother-son or full sibling relationship (30% in 4. pigra, 40% in A. palliata, data not shown).
This latter finding may support male philopatry or the possibility of males joining groups that
contain female kin (full sisters). Additionally, when male subadults (~4—6 years old) were
present in a complete group, they were always closely related to at least one of the adults in the
group (male and/or female). These individuals are past the age of typical dispersal [which is 21.9
months for juvenile male 4. palliata (Glander 1992)], so if they are philopatric, they should be
residing with their parents and/or siblings if they are also still present in the group. Further
research including both behavioral observations and genetic analyses is necessary to understand
the extent to which each of these strategies is used, as well as the implication of each strategy for

the reproductive success of males in the group.

Interspecific Contrasts in Genetic Relatedness - Females

I expected to find high levels of relatedness among adult 4. pigra females in some (the
well-established) groups, and unrelated females in others (the recently formed groups). For 4.
palliata, on the other hand, I expected low levels of relatedness among adult females in all
groups. Consequently, I predicted high variation in mean adult female relatedness among A.
pigra groups and little to no variation among A. palliata groups. My results indicate that most
groups had closely related adult female dyads in both species (Table 3), but intragroup adult
females could be all unrelated to each other (U), all closely related to each other (C), or a mixture
of closely related and unrelated dyads (M). In 4. pigra groups from which all adult females were
sampled (n =9), there was a similar proportion of U (n = 3) and C (n = 4) groups. For A4. palliata

groups where all females were sampled (n = 6), most were C (n =4) and only one was U. In both
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species, most groups that were C or U only had two adult females and groups that had 3+ adult
females tended to be M. Although I did not find a correlation between number of adults in
complete groups and intragroup relatedness, this suggests that larger groups may tend to have a
mixture of closely related and unrelated dyads, especially in A. palliata, for which two-female
groups are not very typical.

Brockett et al. (2000) provide the only report of female immigration for 4. pigra into an
established group. This instance occurred at CBS and involved a single juvenile female. Where
this female came from and whether or not she could have been related to her new group’s
residents was not known. However, over a 14-month period, Van Belle et al. (2011) did not
observe successful female immigration at PNP, but reported temporary associations between
extragroup females with established groups. Unfortunately, we do not currently have information
on the proportion of A. pigra juvenile females that disperse from their natal group, and clearly,
further study is necessary to determine the extent to which dispersing females either immigrate
into existing groups or establish new groups, and whether individuals immigrating into a group
are related to any resident members of the group.

However, if A. pigra female dispersal patterns are similar to those among A. seniculus, as
suggested by Brockett et al. (2000), then dispersing females can be expected to establish new
groups with unrelated individuals (Pope 1992). Initially for new groups, it can be expected that
genetic relatedness among intragroup females be close to zero. Over time, as reproductively
dominant females retain their daughters, prevent other juvenile females from immigrating, and
founder females die mean relatedness among adult females should increase until it approaches r
= (0.5 (mother-daughter or full sisters). In a population containing groups of mixed ages, this
phenomenon would be manifested in high variance in mean intragroup adult female relatedness.
Results in the present study (which includes a random sample of groups) do not conflict with this
idea as I observed variation between A. pigra groups in mean intragroup adult female relatedness
(Table 3).

Data from long-term A. palliata studies in Costa Rica have suggested that intragroup
adults are not related to each other (Glander 1980; Glander 1992; Clarke et al. 1998; Clarke and
Glander 2008). My results do not support this expectation as most A. palliata groups consisted of
closely related adult females or had a mixture of closely related and unrelated adult females.

Additionally, most (all but two) subadult females in complete groups were closely related to at
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least one adult (male and/or female) in the group. This supports the idea that the proportion of
juveniles that remain philopatric may be greater than initially considered for this species (i.e., 6%
at LP: Clarke and Glander 2008), that females join groups composed of related individuals (e.g.,
older siblings that had previously dispersed into the same group), that this may be a variable trait
between the Mexican (in this study) and Costa Rican population, and/or that other factors are
affecting the levels of dispersal in the Mexican population.

More longitudinal data on group membership and intergroup movements by individuals
of both sexes are required to determine the degree of variation in natal recruitment across
populations in each species, as rates of philopatry have only been reported for A. palliata at LP
(Clarke and Glander 2008). Similarly, reports of immigration to groups where kin are already
present do not exist for either species, and Glander (1992) did not observe multiple individuals
from a group disperse to the same group in 20 years at LP. This population, however, is
representative of a very small percentage of the entire range of 4. palliata and very few
subsequent studies have reported dispersal in this species (but see Clarke et al. 1998; Clarke and
Glander 2008), and descriptions of dispersal in Mexican populations are sparse (but see Estrada
1982, Mandujano et al. 2004, Arroyo-Rodriguez et al. 2008). It is possible that immigration to
groups with close kin occurs, but has not yet been observed due to lack of genetic data to
confirm kin relationships among individuals in populations that have not been followed for
multiple generations (i.e., pedigrees are not available).

In some instances, it is necessary to use a combination of both genetic and observational
data to sufficiently characterize the degree of local relatedness or genetic structure that arises
from patterns of dispersal and social interactions (Moller and Beheregaray 2004; Harris et al.
2009; Ribeiro et al. 2012). When genetic data are coupled with observational data, cryptic
complexity in social and/or mating systems may be revealed. For example, paternity analysis of
genetic relationships among suspected fathers or alpha males and the offspring they help rear,
has changed the designation of a mating system from strictly monogamous or polygynous to be
more flexible (Goossens et al. 1998; Ellsworth 2000), or has revealed that socially polyandrous
females have predominantly monandrous clutches (Moore et al. 2009). Similarly, investigation
of intragroup genetic relatedness in primate groups has deepened our understanding of the role of
kinship in shaping their social organization and social structure. For example, Bradley et al.

(2005) demonstrated that dominant male mountain gorillas share paternity of group offspring
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with the second-ranking (unrelated) male and thus the resulting mixture of paternal kin and non-
kin offspring in the same group allows for potential nepotistic social interactions in this species.
Langergraber et al. (2007) found that although male chimpanzees preferentially affiliate and
cooperate with maternal brothers, they do not prefer paternal brothers and most affiliative and
cooperative dyads were not closely related. These findings suggest that cooperation among
chimpanzee males is not always kin-based. Since howler monkey groups tend to be composed of
a mixture of related and unrelated same-sex adult dyads (especially for 4. palliata females and
for A. pigra males and females), observational data may reveal similar patterns of association

preferences in these species.

Complexity of Social Systems

If A. pigra and A. palliata are constrained by common ancestry and share a similar social
system, we should see no interspecific differences in their social organization, social structure,
and mating system. Observational data, however, have suggested that this is not the case
(Crockett and Eisenberg 1987). Nonetheless, it is now apparent that high levels of genetic
relatedness among intragroup adults may be a common feature in howler monkey social systems
(black-and-gold howlers: Oklander et al. 2010; red howlers: Pope 1998, A. pigra: Van Belle et
al. 2012, present study; mantled howlers: Milton et al. 2009, present study). The high degree of
similarity between A. pigra and A. palliata in moderate to high levels of mean intragroup genetic
relatedness presented here may suggest that their social systems are more similar than previously
thought or that their distinct patterns of dispersal and social interactions produce similar levels of
intragroup relatedness. For example, philopatry among juvenile females may be the most
common factor contributing to a high degree of relatedness among adult females in groups of
both species. In contrast, coalition takeovers involving related males may be a more common
factor driving high adult male relatedness in A. pigra groups, while juvenile male philopatry
and/or immigration to groups where kin are already present could be responsible for a high
degree of male relatedness in 4. palliata groups.

The variable levels of intragroup relatedness within and between A. pigra groups
presented here for males and females appear to be consistent with Van Belle et al.’s (2012)

findings at PNP. However, the high level of relatedness among intragroup adult males and
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females in most A. palliata groups along with the low level of intergroup variation in this study
contrast with the expectation of low relatedness among adults in this species (Glander 1980,
1992; Clarke et al. 1998). Contrary to my findings, Ellsworth (2000) revealed mean r-values
within 4. palliata groups that did not suggest close kinship among intragroup adult dyads.
Confidence in relatedness estimates increases with the number of unlinked loci (Blouin e al.
1996), so her results should be interpreted with caution since the number of markers used in
Ellsworth’s study was low (n = 8), which could affect the power of her results. Using 13
markers, Milton et al. (2009) found closely related adult 4. palliata males in some groups on
BCI but only a single pair of closely related intragroup adult females. These mixed results for 4.
palliata among populations, along with the results presented here, suggest that the degree of
intragroup relatedness varies between groups and/or populations for both species. Comparative
genetic studies using the same microsatellite markers across populations would be desirable to
test this hypothesis.

Intraspecific differences in social structure and dispersal patterns across populations may
be responsible for producing variable levels of intragroup genetic relatedness like those
presented in this study. Such differences in social systems may in turn be attributed to variation
in ecological and demographic factors between habitats (Schradin and Pillay 2005; Streatfeild et
al. 2011; Chapman and Rothman 2009). Likewise, dispersal patterns may vary between
populations in relation to the distribution of food resources (Henzi et al. 1997; Koenig et al.
1998; Sinha et al. 2005) and to habitat fragmentation (Oklander et al. 2010). In particular, habitat
fragmentation has been demonstrated to affect social organization and dispersal in howler
monkeys (reviewed in Arroyo-Rodriguez and Dias 2010). Forest connectivity affects rates of
dispersal for arboreal primates because movement between forest fragments is more risky since
monkeys have to travel across the ground. Therefore, one might hypothesize that philopatry may
be more common in fragmented forests than in continuous forests. Oklander et al. (2010)
compared genetic structure and intragroup relatedness of 4. caraya groups between continuous
and fragmented forests and found differences between the habitat types. In continuous forest,
groups were not genetically differentiated and intragroup adults were not closely related, but in
fragmented forest, some groups were genetically differentiated and intragroup adult females
were more closely related than adult males suggesting that females are philopatric in the

fragmented forest, but not in the continuous forest. Many of the groups sampled in this study live

21



in very small forest fragments often isolated by pasturelands for cattle. In contrast, most A4.
palliata groups at the LP population are connected via forest corridors (see map in Glander
1992) and BCI has not been altered much by humans since its inception and was deemed a
nature reserve in 1923. Differences in the degree of forest fragmentation between habitats at LP,
BCI, and this study may account for the greater prevalence of closely related dyads in this study
due to higher rates of philopatry.

The degree of intraspecific variation in social systems and dispersal patterns within and
between howler monkey populations remains to be described, but the results presented here
demonstrate that in both 4. pigra and A. palliata there is intraspecific variation between groups
in the levels of genetic relatedness among same-sex adults. These intraspecific differences, along
with the seemingly similar patterns of intragroup relatedness between species with distinct social
systems demonstrate the complexity of interactions between habitat, demography, social
interactions and dispersal patterns that shape patterns of genetic relatedness in howler monkey

groups.

Conclusions

I present evidence for intraspecific variation in the degree of intragroup genetic
relatedness for both sexes in A. pigra and A. palliata. However, most groups of both species
contained closely related same-sex adult dyads. My results are congruent with expected levels of
intragroup relatedness that would arise if patterns of 4. pigra dispersal and social interactions
follow our current understanding. To determine if relatedness indeed differs among group types
in this species, genetic data must be paired with long-term behavioral and demographic data to
confirm hypothesized modes of group formation and to compare time since group establishment
and male immigration strategies with intragroup relatedness. However, my results are not
consistent with the expectation of low levels of relatedness in A. palliata groups based on
observations of juvenile emigration, and indicate that howler monkey social systems are more
complex than previously suggested. Additional long-term demographic, behavioral, genetic, and
ecological data from multiple populations are necessary to determine the factors that influence

the degree of genetic relatedness in the social systems of these species.
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TABLES

Table 1. Predictions of the degree of intragroup relatedness among same-sex dyads for each
species based on observational data.

Species Degree of relatedness
AFAF AMAM

A. pigra Variable across groups: Unrelated ~ Variable across groups: Closely related
(r<0.25) in new groups. Closely (r>0.30) in coalition-formed groups.
related (r > 0.25) in well- Variable in solitary joined groups.
established groups.

A. palliata Unrelated (r < 0.25), low intergroup  Unrelated (r < 0.30), low intergroup
variation variation

AFAF = adult female-adult female dyads, AMAM = adult male-adult male dyad.
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Table 2. PCR conditions and variability for the microsatellite markers used for both species.

T °C [Apil(Apm Dev.

Apm multiplex)Apm Na Ho He HWE?
Locus Species Multiplex single] (Api/Apm) (Api/Apm) (Api/Apm) (Api/Apm) Source
AP68 Api, Apm 2 50/(53)50 6/4 0.65/0.06 0.53/0.05  ***/ns Ellsworth and Hoelzer 1998
AP74 Api na 52/na 4/na 0.41/na 0.35/na ns/na Ellsworth and Hoelzer 1998
D5S111  Api na 60/na 5/na 0.20/na 0.19/ma  **¥/na Research genetics (for all MapPairs)
D6S260  Api, Apm na 53/53 77 0.72/0.40 0.57/0.32  ns/*** Research genetics (for all MapPairs)
D14S51  Api, Apm na 53/55-60 3/5 0.60/0.21 0.44/0.23  ns/*** Research genetics (for all MapPairs)
D17S804  Api na 60/na 6/na 0.53/na 0.4/na **/na Research genetics (for all MapPairs)
PEPC8 Api, Apm na 46/46 5/4 0.48/0.11 0.4/0.08 ns/ns Escobar-Paramo 2000
AB20 Api, Apm na 67/na 8/4 0.570.07 0.57/0.06  ***/ns Goncalves et al. 2004
APM1 Api, Apm 7 64/(64)64 5/6 0.69/0.37 0.55/0.31  ns/*** Cortés-Ortiz et al. 2010
APM4 Api, Apm 7 65/(64)64 4/8 0.33/0.38 0.42/0.44  Fkx[Exx Cortés-Ortiz et al. 2010
ABO06 Api, Apm na 60/(55)55 4/5 0.49/0.15 0.41/0.13  ns/*** Goncalves et al. 2004
ABO7 Api, Apm na 60/60 2/2 0.49/na 0.43/0.31  ns/ns Goncalves et al. 2004
ABI12 Api na 65/na 4/na 0.51/na 0.47/na **/na Goncalves et al. 2004
ABI16 Api na 65/na 3/na 0.36/na 0.3/na *%%/na Goncalves et al. 2004
AB17 Api na 60/na 7/na 0.76/na 0.59/na ns/na Goncalves et al. 2004
APM9 Api na 55/na 5/na 0.56/na 0.46/na **%/ma Cortés-Ortiz et al. 2010
API06 Api, Apm 55/(55)55 6/4 0.58/0.12 0.52/0.11  #/*** Cortés-Ortiz et al. 2010
APIO7 Api, Apm 50/(55)50 6/3 0.59/0.47 0.48/0.39  ns/ns Cortés-Ortiz et al. 2010
APIO8 Api na 55/na 5/na 0.63/na 0.57/na  ns/na Cortés-Ortiz et al. 2010
API09 Api na 60/na 6/na 0.33/na 0.48/na *4% /g Cortés-Ortiz et al. 2010
API11 Api, Apm 4 55/(55)55 3/4 0.17/0.08 0.13/07 ns/*k* Cortés-Ortiz et al. 2010
API14 Api, Apm 4 55/(55)55 7/3 0.6/0.05 0.49/03 **%/ng Cortés-Ortiz et al. 2010
1110 Apm 5 na/(53) 54 na/2 na/0.21 na/0.22 na/ns Di Fiore and Fleischer 2005
157 Apm 5 na/(53) 54 na/8 na/0.7 na/0.57 na/*** Di Fiore and Fleischer 2005
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Table 2, cont.

T °C [Api/(Apm Dev.
Apm multiplex)Apm Na Ho He HWE?
Locus Species Multiplex single] (ApilApm)  (Api/Apm) (Api/Apm) (Api/Apm) Source
AC45 Apm na na/65 na/10 na/0.5 na/0.58  na*** Oklander et al. 2007
1118 Apm 2 na/(53) 52 na/4 na/0.06 na/0.08  na/*** Di Fiore and Fleischer 2005
TGMS1  Apm 8 na/60 na/3 na/0.32 na/0.25 na/*** Tomer et al. 2002
TGMS2  Adpm 8 na/60 na/4 na/0.48 na/0.37 na/*** Tomer et al. 2002

Apm = A. palliata, Api = A. pigra, na = locus not amplified for species, T °C = annealing temp, Na = number of alleles, Ho = observed heterozygosity, He =
expected heterozygosity, Dev HWE? = test for significant deviation from HWE: ns=not significant, * p < 0.05, ** p <0.01, *** p <0.001.
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Table 3. QuellerGt estimates of the coefficient of relatedness (r) for all same-sex intragroup
dyads in all complete groups sampled in this study.

Group nAM nAF rl r2 r3 r4 rsS r6 Mean r
A. palliata
Females
A 1 4 0.51 0.42 0.64 0.43 0.88 0.57 0.58
25 2 4 0.05 -0.14 -0.20 0.26 0.20 -0.03 0.02
B 1 3 0.47 0.01 0.26 0.25
Y 1 3 0.60 0.33 0.45 0.46
R 1 2 0.85 0.85
53 1 2 0.66 0.66
Males
74 3 10 0.61 0.45 0.56 0.54
78 3 2 0.69 0.45 0.38 0.51
14 2 5 0.58 0.58
25 2 4 -0.14 -0.14
26 2 2 0.61 0.61
77 2 1 0.31 0.31
80 2 8 0.49 0.49
A. pigra
Females
4 1 3 0.50 0.33 0.54 0.46
5 3 3 0.29 0.00 0.00 0.10
10 2 3 0.46 0.15 0.22 0.28
1 2 3 0.14 0.03 0.23 0.13
10A 2 2 0.20 0.20
W 1 2 0.49 0.49
12 1 2 -0.03 -0.03
C 1 2 0.43 0.43
11 2 2 0.29 0.29
Males
5 3 3 0.58 -0.14 -0.05 0.13
1 2 3 0.11 0.11
2 2 1 0.53 0.53
3 2 1 0.17 0.17
20A 2 1 0.02 0.02
10 2 3 0.30 0.30
11 2 2 0.19 0.19
13 2 1 -0.09 -0.09

n AM = number of adult males, n AF = number of adult females, r1, 12, etc. = dyadic r-value, mean r = mean
intragroup relatedness among dyad types.




Table 4. Tests for significant correlations between group composition categories and mean
intragroup relatedness were not significant.

Correlation r ~ n adults r~nAM r ~n AF
A. pigra

AFAF

Pearson's r -0.36 -0.47 -0.1
p 0.34 0.21 0.79
AMAM

Pearson's r -0.01 -0.15 0.07
p 0.98 0.70 0.87
A. palliata

AFAF

Pearson's -0.78 -0.74 -0.69
p 0.07 0.10 0.13
AMAM

Pearson's r 0.21 0.47 0.15
p 0.66 0.28 0.75

n adults = number of adults, n AM = number of adult males, n AF = number of adult females, r = mean intragroup
relatedness




FIGURES

95°0|'O'W 90°OI'0"W

.
KEY 10
[] Apa incomplete group :
Api incomplete group 10a
] Apa complete group
Api complete group
-/ Apa adult females complete
) Api adult females complete 13
W Apa adult males complete .
® Api adult males complete 11

[=25°0'C

T
015 3 6Km

o

)
[

49

140 45
77

81
4300
2
< 74

p=20°0'C

79
AJLK&Y

MEXICO

6l

GUATEMALA

I=15°0'C

0 30 60 120 Km

Figure 1. Map of sampling locations. Each symbol corresponds to a group of monkeys, see key for
details. Incomplete groups are groups in which neither all adult males nor females were sampled and
complete groups are groups in which all adults (males and females) were sampled. Females complete and
males complete groups are those in which only all adult females and only all adult males, respectively,
were sampled.
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Figure 2. Mean estimates of genetic relatedness between known parent and offspring dyads of each
species (4. pigran =4, A. palliata, n = 4) for several estimators in COANCESTRY compared to the true
value (r = 0.50).
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