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Abstract Behavior is influenced by genes but can also shape the genetic structure of
natural populations. Investigating this link is of great importance because behavioral
processes can alter the genetic diversity on which selection acts. Gene flow is one of
the main determinants of the genetic structure of a population and dispersal is the
behavior that mediates gene flow. Baboons (genus Papio) are among the most
intensely studied primate species and serve as a model system to investigate the
evolution of social systems using a comparative approach. The general mammalian
pattern of male dispersal and female philopatry has thus far been found in baboons,
with the exception of hamadryas baboons (Papio hamadryas). As yet, the lack of data
on Guinea baboons (Papio papio) creates a taxonomic gap in genus-wide compara-
tive analyses. In our study we investigated the sex-biased dispersal pattern of Guinea

Electronic supplementary material The online version of this article (doi:10.1007/s10764-013-9725-5)
contains supplementary material, which is available to authorized users.

G. H. Kopp (PX) - J. Fischer * D. Zinner
Cognitive Ethology Laboratory, German Primate Center, 37077 Goéttingen, Germany
e-mail: gkopp@dpz.eu

M. J. Ferreira da Silva
School of Biosciences, Cardiff University, Cardiff, CF10 3AX Wales, UK

M. J. Ferreira da Silva - J. C. Brito
CIBIO/InBio, Centro de Investigacdo em Biodiversidade e Recursos Genéticos,
Universidade do Porto, 4485-661 Vairdo, Portugal

S. Regnaut
Wild Chimpanzee Foundation, ¢/o Max Planck Institute for Evolutionary Anthropology,
04103 Leipzig, Germany

C. Roos
Gene Bank of Primates and Primate Genetics Laboratory, German Primate Center, 37077 Géttingen,
Germany

Present Address:
S. Regnaut
IUCN-PACO, Ouagadougou, Burkina Faso

) springer KonstanzeOnline-Publikations-Syste(KOPS)
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-2-21i04xydyo"


http://dx.doi.org/10.1007/s10764-013-9725-5

Social Systems and Mitochondrial DNA in Baboons 211

baboons in comparison to hamadryas, olive, yellow, and chacma baboons using
sequences of the maternally transmitted mitochondrial hypervariable region 1. Ana-
lyzing whole-range georeferenced samples (N = 777), we found strong evidence for
female-biased gene flow in Guinea baboons and confirmed this pattern for hamadryas
baboons, as shown by a lack of genetic-geographic structuring. In addition, most
genetic variation was found within and not among demes, in sharp contrast to the
pattern observed in matrilocal primates including the other baboon taxa. Our results
corroborate the notion that the Guinea baboons’ social system shares some important
features with that of hamadryas baboons, suggesting similar evolutionary forces have
acted to distinguish them from all other baboons.

Keywords Genetic population structure - Hypervariable region I - Papio - Sex-biased
dispersal - Social system

Introduction

Clarifying the genetic basis of animal behavior is essential to understand its evolu-
tion. Advances in molecular techniques in recent years have enabled researchers to
pinpoint an increasing number of genes underlying specific traits, which may even-
tually help to explain individual behavioral variation in natural populations (Tung
et al. 2010). However, behavior and genes are mutually influential, e.g., by triggering
or preventing gene expression (Robinson et al. 2008; Tung et al. 2011) or by shaping
the genetic structure of natural populations (Altmann et al. 1996; Avise 2004;
Bohonak 1999; Di Fiore 2003; Melnick 1987). Investigating the influence of behav-
ior on genetic structure is of great importance because behavioral processes can alter
the genetic diversity on which selection acts.

One of the main pathways through which behavior can directly influence genetic
diversity and population genetic structure is dispersal. Dispersal, an animal’s move-
ment away from its natal area or group (Pusey and Packer 1987), is an important
behavior underlying gene flow. Populations with high gene flow represent a panmic-
tic and genetically more uniform entity, while restricted gene flow leads to several
genetically differentiated demes, i.e., local interbreeding populations with distinct
gene pools, that may react differently to selection pressures or may eventually diverge
into separate species (Avise 2004).

Whereas birds tend to exhibit male philopatry and female-biased dispersal, in
mammals male-biased dispersal and female philopatry are the norm, an observation
that led Greenwood (1980) to hypothesize that the sex bias in dispersal tightly correlates
with the mating system. In group-living species, the composition of the group (social
organization, sensu Kappeler and van Schaick 2002) is immediately influenced by the
immigration and emigration of individuals. Further, dispersal determines relatedness
patterns within a group (Di Fiore 2003) and thus has profound impacts on the social
relationships among individuals (social structure), as many social species preferably
interact with close kin (Seyfarth and Cheney 2012; Silk 2002).

A sex bias in dispersal translates into a specific pattern of genetic population
structure. When dispersal is biased toward one sex, uniparentally inherited genetic
markers show incongruent patterns in population structure (Avise 2004). In mammals,
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the general pattern of female philopatry and male dispersal is reflected in strong
geographic structuring of the maternally inherited mitochondrial DNA (mtDNA), but
not the paternally inherited Y-chromosomal haplotypes (Avise 2004). Consequently,
dispersal is a behavior that connects the social system of a species with its genetic
diversity and represents a central factor in population genetics and population dynamics
(Broquet and Petit 2009). Moreover, investigating the influence of dispersal patterns on
the genetic variation of natural populations may help us to infer the social system of
understudied taxa using genetic data (Di Fiore 2003).

The link between the social system and population genetic structure has been
investigated in many species, including primates. Papio is among the best studied
primate taxa and has widely been used as a model to study the evolution of social
systems using a comparative socioecological approach (Barrett 2009; Barton et al.
1996). The wealth of data accumulated on their behavior and their wide distribution
throughout Africa promotes them as a useful model to investigate the relationships
between social systems and genetic structure.

In southern and eastern African baboons, e.g., yellow baboon (Papio
cyncocephalus), chacma baboon (P. ursinus), and Kinda baboon (P. kindae), in which
the dispersing sex is male, a strong geographical structuring of mtDNA haplotypes,
but of neither Y-chromosomal nor autosomal markers, reflects their matrilineal
organization (Burrell 2008; Burrell ef al. 2011). Interestingly, the phylogenetically
closely related hamadryas baboon (Papio hamadryas) exhibits a different social
system in which male philopatry (Sigg et al. 1982; Swedell 2011) leads to a strikingly
different genetic structure. For instance, there is no structuring of mitochondrial
variation that corresponds to geography (Hammond et al. 2006; Hapke et al. 2001).

The Guinea baboon (Papio papio), on the northwestern fringe of the baboon
distribution, has been proposed to share some features with the hamadryas baboon
on the northeastern fringe (Jolly 1993, 2009; Jolly and Phillips-Conroy 2006). Like
the hamadryas baboon, the Guinea baboon is suspected to be characterized by male
philopatry and female dispersal (Jolly 2009). A study using microsatellites indeed
found evidence for female-mediated gene flow in a Guinea baboon population in
Senegal (Fickenscher ef al. 2011), whereas a similar study on a population in Guinea-
Bissau did not find signatures of sex-biased dispersal, probably owing to anthropo-
genic disturbance of the population and group compositions (Ferreira da Silva 2012).
If the hypothesis that males are philopatric while females disperse in Guinea baboons
is correct, we would expect to find little or no geographic structure in female specific
genetic markers (mtDNA) in Guinea baboons. In contrast, if the geographic structure
in mtDNA is strong, we would infer that gene flow in Guinea baboons is not female
mediated, as in matrilocal primates.

We here investigate the taxon-wide pattern of female gene flow in Guinea,
hamadryas, olive, yellow, and chacma baboons using sequences of the maternally
transmitted mitochondrial hypervariable region I (HVRI). We infer common patterns
by evaluating data over a wide range to overcome the noise induced by different local
conditions in single populations. We reconstruct haplotype networks and test for
isolation by distance to demonstrate the geographical distribution of genetic variation.
We further estimate the hierarchical population structure. We expect to find a high
diversity of mitochondrial haplotypes within demes and no significant variation
among demes, with shared haplotypes existing between even distantly located demes.
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Methods
Sample Collection

Between 1995 and 2012 we collected fecal samples of free-ranging Guinea and
hamadryas baboons covering the whole of their respective ranges. We also collected
samples of olive, yellow, and chacma baboons for comparison. Fecal samples were
stored either in ethanol or on silica, or according to the two-step method (Nsubuga
et al. 2004; Roeder ef al. 2004). In addition, we analyzed available tissue samples of
hamadryas baboons of known provenance provided by the King Khalid Wildlife
Research Center (KKWRC), Saudi Arabia, and published sequences were
downloaded from GenBank (Electronic Supplementary Material [ESM] Table SI).
In total, our data set included 221 samples of hamadryas baboons (74 and 12 of these
samples have previously been published by Hapke et al. [2001] and Winney et al.
[2004], respectively) representing 27 different locations, 376 samples of Guinea
baboons representing 62 different locations, 112 samples of olive baboons
representing 25 different locations (18 of these samples have previously been pub-
lished by Hapke et al. [2001]), 44 samples of chacma baboons representing 17
different locations, and 24 samples of yellow baboons representing 11 different
locations (Fig. 1; overview in Table I; details in ESM Table SI). For each sampling
site we recorded GPS coordinates (we used only general site-specific coordinates for
our analysis because samples were usually found in a clumped fashion only separated
by a few meters). We use sampling location as a proxy for social group, as most
samples were collected from unhabituated individuals that in some cases were not
observed directly. However, to account for the uncertainty of whether samples
actually represent the same social group we use the term “deme” to refer to samples
taken from the same location. Because the exact distribution of Guinea baboons in
West Africa is unclear, we also collected samples outside of the range indicated in the
literature and included them in the analysis if direct observation confirmed that the
species was Papio papio. For a subset of the hamadryas and Guinea baboon samples,
we tested for repeated sampling of individuals using autosomal microsatellites
(Ferreira da Silva 2012; Fickenscher et al. 2011; Hapke et al. 2001). For the
remaining samples we did not explicitly test if samples originated from different
individuals, as we followed some precautions in the sampling protocol, e.g., only one
sampling session per site, a minimum distance between samples of 2 m, that make
double sampling negligible (Fickenscher ef al. 2011; Hapke et al. 2001).

This project complied with the protocols approved by the German Primate Center,
Gottingen, Germany and the animal care regulations and principles of the Interna-
tional Primatological Society for the ethical treatment of nonhuman primates. Permits
for research and sample export were obtained from the local authorities and research
adhered to the legal requirements of the respective countries in which research was
conducted.

Laboratory Analyses

Total genomic DNA was extracted from fecal samples with the QIAamp DNA Stool
Mini Kit (Qiagen, Hilden, Germany) and from tissue samples with the DNeasy Blood
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Sampling sites
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Fig. 1 Distribution of baboons (Kingdon, 1997; Galat-Luong et al. 2006; Jolly 2007; Zinner et al. 2009)
and sample locations used in this study.

and Tissue Kit (Qiagen) according to the manufacturer’s protocols with slight mod-
ifications (Haus et al. 2013). To avoid contamination we followed established
protocols and performed extractions, polymerase chain reaction (PCR), and sequenc-
ing in separate laboratory rooms. All steps were monitored for contamination with
negative (HPLC water) controls.

We amplified and sequenced a fragment of the HVRI of the mitochondrial genome
(D-loop) comprising 341 base pairs (bp) using primers from previous studies (Hapke
et al. 2001). PCR amplification was performed on a Sensoquest labcycler in a total
volume of 30 pl composed of 1.0 pl of DNA extract (2040 ng/ul), 19.6 ul of H,O,
3.0 pl of 10x buffer (contains 15 mM MgCl,, Biotherm), 1.0 pl of forward primer
(0.33 uM; 5'-CTGGCGTTCTAACTTAAACT-3") and 1.0 pl of reverse primer (0.33
uM; 5'-GTAGTATTACCCGAGCGG-3"), 0.2 ul of dNTPs (0.16 mM), 4.0 ul of BT
(0.6 mg/ml of bovine serum albumin [BSA] + Triton), and 0.2 ul of BioTherm™
5000 Tag polymerase (1U; Genecraft, Germany). PCR conditions comprised a pre-
denaturation step at 94°C for 2 min, followed by 35—40 cycles at 94°C for 1 min,
51°C for 1 min, 72°C for 1 min, and a single final extension step at 72°C for 5 min.
PCR products were checked on 1% agarose gels, excised, and purified with the
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Qiagen Gel Extraction Kit (Qiagen). Both strands of each sample were sequenced on
an ABI 3130xL sequencer using the BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, Germany). We checked and aligned sequences manually in
Bioedit 7.0.5.3 (Hall 1999).

To test for the accuracy of the sequences we amplified random samples and/or
sequenced repeatedly. To avoid the amplification of nuclear mitochondrial insertions
(numts), we selected primers highly specific to amplify only mitochondrial fragments
of Papio (Hapke et al. 2001). We did not observe double peaks in chromatograms or
sequence ambiguities when comparing both strands or repeatedly sequenced samples,
which would indicate that numts could have flawed our analysis (Bensasson et al.
2001; Thalmann et al. 2004).

Statistical Analyses

We estimated number of segregating sites S, nucleotide diversity 7t (Nei 1987), number of
haplotypes, and haplotype diversity hd (Nei 1987) for each species, both range-wide and
separately for each deme, in DnaSP 5.10.01 (Librado and Rozas 2009). Demes with only
one sample were excluded from intra-deme diversity calculations. To compare genetic
variation within and among demes we performed a hierarchical analysis of molecular
variance (AMOVA) (Excoffier ef al. 1992) in Arlequin 3.5.1.2 (Excoffier and Lischer
2010) using 10,000 permutations. For this analysis we grouped demes into distinct regions
according to their geographic clustering; i.e., the distance to the next closest deme had to
be <70 km, as this is a distance that has been shown to affect population structure of
nuclear markers in Guinea baboons for two different populations (Ferreira da Silva 2012;
Fickenscher et al. 2011) (see Fig. 4; overview in Table [; details in ESM Table SI).
Because the grouping may also affect the results of the AMOVA, we also ran the analysis
with a weaker clustering, where the smallest distance had to be <150 km. The fixation
indices calculated in the AMOVAS, which are measures of genetic differentiation ranging
from 0 (no differentiation, high gene flow) to 1 (complete differentiation, no gene flow),
were used to evaluate the amount of gene flow within each species at the three respective
spatial levels. Using Alleles in Space (AIS) 1.0 (Miller 2005) we furthermore quantita-
tively analyzed the correlation between genetic and geographic distances with a Mantel
test (Mantel 1967) for each species, testing for significance with 10,000 replicates. We
split this analysis for hamadryas baboons for the Arabian and the African populations to
account for the Red Sea acting as a major barrier to gene flow. To visualize the genetic
distances and geographical distribution of haplotypes, we reconstructed a haplotype
network using output data generated in Arlequin and visualized using HapStar 0.6
(Teacher and Griffiths 2011) for Guinea and hamadryas baboons, respectively (but not
for the other species, where sampling was too sparse).

Results

The 221 hamadryas baboon samples yielded 93 different haplotypes with 84 segre-
gating sites (S), a haplotype diversity (hd) of 0.978, and nucleotide diversity (7t) of
0.042. The 376 Guinea baboon samples yielded 104 different haplotypes with S = 90,
hd = 0.947, and 7t = 0.024. The remaining three species (chacma, yellow, and olive
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baboons) showed very similar hd values, but both 7t and S were considerably higher
than in hamadryas and Guinea baboons (Table I). When comparing the mean intra-
deme diversity indices hamadryas baboons showed slightly higher values than
Guinea baboons (Table I).

Separate hierarchical AMOVAs for each species revealed highly significant levels
of structuring and comparable results for both Guinea and hamadryas baboons and a
different pattern for chacma, yellow, and olive baboons (Table II; Fig. 2). In Guinea
and hamadryas baboons more than half of the species-wide genetic variation (Guinea
baboons: 54%, hamadryas baboons: 54%) was a result of variation within demes
(Table II). Only a minor proportion of the genetic variation in these two species was
explained by differences between demes (Guinea baboons: 7%, hamadryas baboons:
11%), whereas differentiation between regions contributed slightly more than a third
of the genetic variation (Guinea baboons: 39%, hamadryas baboons: 34%) (Table II).
In contrast, intra-deme diversity accounted for only 8%, 14%, and 14% of the
variation in olive, yellow, and chacma baboons, respectively, while by far the highest
percentage of genetic variation in these species was explained by variation among
regions (olive baboons: 89%, yellow baboons: 75%, chacma baboons: 79%).

Changing the clustering from 70 km to 150 km did not greatly affect the overall
results and mainly reallocated some of the intraregion variation to among-region
variation (Table II). The fixation indices are also considerably smaller in Guinea and
hamadryas baboons than in the three matrilocal species, indicating higher mitochon-
drial gene flow than in olive, yellow, and chacma baboons on all three spatial levels
(among regions, among demes within regions, within demes; Table II). We also
compared our AMOVA results to published data on both matrilocal and patrilocal
primate species. This comparison showed that the distribution of genetic variation in
hamadryas and Guinea baboons is very similar to that of humans and chimpanzees
(Pan troglodytes) (patrilocal), whereas the distribution of genetic variation in chacma,
yellow, and olive baboons is more similar to that in macaques (Macaca spp.), orang-
utans (Pongo spp.), and mouse lemurs (Microcebus spp.) (matrilocal) (Fig. 2).

The Mantel test revealed significant correlations of genetic and geographic dis-
tance in all five species (Fig. 3). This isolation-by-distance effect was responsible for
less than half of the variation in Guinea and hamadryas baboons, with a great deal of
scatter around the regression line (Guinea baboons: » = 0.48, P < 0.001; hamadryas
baboons gica: ¥ = 0.34, P < 0.001; hamadryas baboonsaapia: # = 0.25, P < 0.001). It
was much stronger in the matrilocal baboons: isolation-by-distance explained more
than half of the variation in olive, chacma, and yellow baboons and reached a
correlation coefficient as high as 0.90 in olive baboons (olive baboons: » = 0.90, P
<0.001; yellow baboons: » =0.76, P < 0.001; chacma baboons: » = 0.54, P < 0.001).

Visualization of the haplotype networks (Fig. 4) showed that there were some
haplotype clusters in both Guinea and hamadryas baboons; yet these clusters were not
very pronounced. In the Guinea baboons, network clusters only weakly corresponded to
the geographic distribution of demes, with many haplotypes being found in several, and
even very distant demes (Fig. 4a). Similarly, samples from geographically close demes
frequently yielded haplotypes of very distant genetic relationships. The hamadryas
baboon network showed a slightly more pronounced geographic clustering, separating
most African from Arabian samples, with two distinct Arabian clades (Fig. 4b). Still,
haplotypes within regions were very diverse and in some cases very distinct; for
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Fig. 2 Analysis of molecular variance describing the hierarchical distribution of genetic variation for
baboons in comparison to two patrilocal and four matrilocal primates. (1) Excoffier et al. 1992; (2)
Goldberg and Ruvolo 1997; (3) Burrell 2008; (4) Rosenblum et al. 1997; (5) Modolo et al. 2005; (6)
Nietlisbach et al. 2012; (7) Guschanski et al. 2006.

instance, some Ethiopian samples clustered closer with Eritrean or Arabian samples than

with other samples from Ethiopia. Moreover, several haplotypes in the Arabian clades
were shared between demes over a distance of >1000 km (Fig. 4b).

Discussion

Our results strongly support the hypothesis of female-biased gene flow in Guinea
baboons: the female inherited mtDNA marker shows no clear genetic structure that would

P.papio P_hamadryas - Africa F_hamadryas - Arabia
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Fig. 3 Plots of genetic distance vs. geographic distance for each baboon species with the results of Mantel
tests. r = correlation of genetic and geographical distances. ***P < 0.001 (10,000 replicates).
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Fig. 4 Haplotype network of mtDNA sequences and corresponding distribution of samples of (a) Papio
papio and (b) P. hamadryas. One haplotype is represented by one circle and circle size corresponds to
haplotype frequency. Branch length is proportional to mutational steps and each dot represents one mutated
position. Haplotype color represents the different regions defined for the AMOVA (70 km clustering)
depicted on the map.

be consistent with the geographic distribution of our samples. Furthermore, it displays
isolation-by-distance, which is consistent with neutral genetic drift driven by dispersal.
Genetic diversity, as inferred from number of haplotypes per species and hd, is
comparable between Guinea and hamadryas baboons, both species-wide and at the
level of single demes. Species-wide hd is furthermore very similar to that in all other
baboon species. However, 7t is considerably higher in olive, yellow, and chacma
baboons compared to hamadryas and Guinea baboons. This probably reflects the
more complex evolutionary history of the former three species, which is characterized
by multiple events of population isolation and reconnection, leading to deep diver-
gences of haplogroups within these species (Zinner et al. 2009). The very low 7t in
Guinea baboons compared to hamadryas baboons confirms results of a previous
study based on a smaller sample size of Guinea baboons from Guinea-Bissau
(Ferreira da Silva et al. 2013). The difference in 7t between Guinea and hamadryas
baboons may either be due to a lower effective (female) population size N, or a more
recent origin of the species. However, the latter is rather unlikely considering current
divergence time estimations that do not suggest a more recent origin of Guinea
baboons (Zinner et al. 2013). A smaller effective population size in Guinea baboons
could be the result of past demographic changes, e.g., bottlenecks, recent expansion,
or a smaller census size, less population substructuring, or a different mating system.
Nuclear microsatellite data also suggest that genetic diversity is lower in Guinea
baboons than in other baboon species (Ferreira da Silva 2012; Fickenscher et al.
2011). A smaller census size and less substructuring are likely explanations, consid-
ering that Guinea baboons have the most restricted distribution of all baboon species
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(Anandam et al. 2013) and that hamadryas baboons comprise two subpopulations
divided by the Red Sea. The similar haplotype diversity between all five species
makes us confident that a comparative study of gene flow patterns is feasible and will
not be affected by other factors that generally influence the genetic diversity of
populations, e.g., differences in female reproductive skew, substructuring of species,
differences in demographic history.

MtDNA variation was strikingly similar between Guinea and hamadryas baboons,
with the highest proportion of genetic variation being explained by variation within
demes. This indicates that female dispersal leads to the accumulation of several
mitochondrial haplotypes within a group, a pattern also observed in other female-
dispersing species, e.g., chimpanzees (Gagneux et al. 1999; Goldberg and Ruvolo
1997; Morin et al. 1994) and humans (Seielstad et al. 1998). In species with female
philopatry, the restriction of female gene flow prohibits the exchange of mitochon-
drial haplotypes among demes, explaining our results of low genetic variation within
demes, but high variation among demes and regions for olive, yellow, and chacma
baboons. A study of South African baboons observed similarly low intra-deme
variation (Burrell 2008). The higher among-deme and lower among-region variation
observed by Burrell (2008) relative to our results for chacma and yellow baboons
might be explained by differences in sampling scheme. Our sampling in these species
was sparser but included a broader range. Changing the clustering of the AMOVA to
larger geographic regions largely eliminates the difference between these two studies.

Burrell (2008) furthermore reports that usually only one haplotype is observed in
one specific deme, a pattern that we also observe in yellow and chacma baboons but
treated with caution owing to our low intra-deme sampling. In olive baboons we find
on average two haplotypes as compared to four and three in demes of hamadryas and
Guinea baboons, respectively. Although this difference in intra-deme diversity seems
to be rather minor, it is confirmed by the considerably lower intra-deme 7t in olive
relative to hamadryas and Guinea baboons. This suggests that even if several
haplotypes are observed within a deme in olive baboons, these are much more closely
related than in Guinea and hamadryas baboons.

A comparison of hierarchical distribution of mitogenetic variation between our results
and different species with female dispersal and female philopatry, respectively (Modolo
et al. 2005; Nietlisbach ef al. 2012; Rosenblum et al. 1997) supports our conclusion that
Guinea baboons show the typical patterns of a species with female dispersal.

In addition, the less pronounced effect of isolation-by-distance in Guinea and
hamadryas baboons is evidence for higher rates of female gene flow in these two
species. Although female transfer may be observed on rare occasions in female-
philopatric species and has been reported for yellow (Rasmussen, 1981) and olive
baboons (Henzi and Barrett, 2003), this apparently has no important impact on the
genetic makeup of populations. In hamadryas baboons, the Mantel test revealed the
two distinct Arabian clusters that are visible in the haplotype network. These two
distinct clusters have already been described in previous studies and are probably a
result of the complex colonization history of the Arabian Peninsula by hamadryas
baboons (Wildman et al. 2004; Winney et al. 2004).

There was a high degree of shared haplotypes between distant demes in Guinea
baboons and, to a lesser extent, in hamadryas baboons. The fact that this pattern is
less pronounced in hamadryas baboons could be due to the sampling scheme, which
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was much patchier in this species. Including more samples from the area between the
Ethiopian and the Eritrean clusters may reveal a picture in hamadryas baboons similar
to that in Guinea baboons. In both species we observe shared haplotypes over
distances of >500 km, a result comparable to that in, e.g., Eastern chimpanzees
(Pan troglodytes schweinfurthii; Goldberg and Ruvolo 1997). These shared haplo-
types could result from long-distance dispersal, but successive short dispersal events
over several generations adding up to larger distances seem to be more likely
considering the general biology of baboons. Alternatively, the lack of strong geo-
graphic clustering may be explained by shared haplotypes representing ancient
diversity and that these ancient lineages are incompletely sorted owing to time
constraints. Divergence time estimations and reconstructions of phylogeographic
history suggest that Guinea baboons evolved during the same time period as all other
baboon species (Zinner et al. 2011, 2013). Consequently, Guinea baboons had as
much time as the other species to develop genetic clusters, and this strongly argues
against the explanation of incomplete lineage sorting. Further, in female philopatric
species one haplotype reaches fixation extremely quickly within demes, causing
mitochondrial diversity to disappear rapidly (Hoelzer et al. 1998). This means that
polymorphism caused by incomplete lineage sorting would be lost even over short
evolutionary timescales, leading to a pattern of mitochondrial variation comparable to
what we observed in chacma, yellow, and olive baboons.

Taken together, the results of our study constitute solid evidence for female-biased
gene flow in both Guinea and hamadryas baboons, sharply contrasting with the
pattern observed in all other baboon species and most mammals. Unfortunately we
cannot distinguish between female dispersal in the narrow sense with our mtDNA
data set (where single females or small groups of females migrate) and dispersal of
social units, e.g., one-male, multifemale groups in hamadryas baboons (Swedell ef al.
2011) or parties (Patzelt et al. 2011) in Guinea baboons. This question can be
addressed only by long-term observations of individually identified baboons, and at
the genetic level by including nuclear markers in future analysis. Whereas direct
behavioral observations confirm female dispersal in hamadryas baboons (Swedell
et al. 2011), our study is the first indication of a general species-wide pattern of
female dispersal in Guinea baboons. These results corroborate the notion that the
Guinea baboon’s social system shares some important features with that of
hamadryas baboons, suggesting that similar evolutionary forces have acted in their
history to distinguish them from all other baboons. Although the details of female
dispersal behavior in Guinea baboons remain to be clarified, our study adds to the
knowledge of the biology of the genus Papio and improves our understanding of the
link between behavior and genetics in primates.
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