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The history of the genus Pan is a topic of enduring interest. Chimpanzees (Pan troglodytes) are often divided into subspecies, but
the population structure and genetic history of chimpanzees across
Africa remain unclear. Some population genetics studies have led
to speculation that, until recently, this species constituted a single
population with ongoing gene ﬂow across its range, which resulted
in a continuous gradient of allele frequencies. Chimpanzees, designated here as P. t. ellioti, occupy the Gulf of Guinea region that
spans southern Nigeria and western Cameroon at the center of
the distribution of this species. Remarkably, few studies have included individuals from this region, hindering the examination of
chimpanzee population structure across Africa. Here, we analyzed
microsatellite genotypes of 94 chimpanzees, including 32 designated as P. t. ellioti. We ﬁnd that chimpanzees fall into three major
populations: (i) Upper Guinea in western Africa (P. t. verus); (ii) the
Gulf of Guinea region (P. t. ellioti); and (iii) equatorial Africa (P. t.
troglodytes and P. t. schweinfurthii). Importantly, the Gulf of
Guinea population is signiﬁcantly different genetically from the
others, sharing a last common ancestor with the populations in
Upper Guinea ∼0.46 million years ago (mya) and equatorial Africa
∼0.32 mya. Equatorial chimpanzees are subdivided into up to
three populations occupying southern Cameroon, central Africa,
and eastern Africa, which may have constituted a single population
until ∼0.10–0.11 mya. Finally, occasional hybridization may be
occurring between the Gulf of Guinea and southern Cameroon
populations.
chimpanzees
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evealing the histories of chimpanzees (Pan troglodytes) and
bonobos (Pan paniscus) is of widespread and enduring interest due to their close relationship with humans. A recent
proliferation of research shows that we are just beginning to
unravel their complex histories (1), and even now, we still debate
the number of species and subspecies belonging to the genus Pan.
Most authorities agree that chimpanzees and bonobos should be
classiﬁed as different species, with their ranges separated by the
Congo River (Fig. 1; ref. 2). Chimpanzees are frequently further
divided into subspecies across tropical Africa (2, 3), but this
classiﬁcation is disputed (4). P. t. verus occupies the Upper Guinea
region of western Africa (2, 3). The range of P. t. troglodytes
extends through central Africa. P. t. schweinfurthii occupies eastern Africa (2, 3) and has been proposed to be split into two subspecies, P. t. schweinfurthii and P. t. marungensis, based on craniometric variation (5).
The subspecies name P. t. ellioti (6), formerly P. t. vellerosus (7,
8), has been proposed for chimpanzees from the Gulf of Guinea
region, which spans southern Nigeria and western Cameroon (9).
However, relatively little is known about the genetic history of
chimpanzees from this region, and some question their distinctiveness from adjacent populations (4). Analyses of mtDNA
sequences (8, 10, 11) suggest the following: (i) P. t. ellioti shared
www.pnas.org/cgi/doi/10.1073/pnas.1015422108

a last common ancestor with P. t. verus between 0.4 and 0.6 mya;
(ii) the ranges of P. t. ellioti and P. t. troglodytes converge in
central Cameroon at the Sanaga River; and (iii) a small hybrid
zone between these subspecies may exist in central Cameroon
around the conﬂuence of the upper Sanaga River and its main
tributary, the Mbam River. Thus, this evidence suggests that
chimpanzees found in the Gulf of Guinea region may have a
unique population history.
Moreover, Cameroon appears to be important in understanding the natural history of some infectious diseases that
crossed from apes to humans, notably HIV–AIDS (12). Chimpanzee simian immunodeﬁciency virus (SIVcpz) found in southern Cameroon is the progenitor of HIV-1 groups M and N in
humans (12). SIVcpz is found at rates exceeding 30% at some
localities in the ranges of P. t. troglodytes and P. t. schweinfurthii
(12). Natural SIVcpz infection is associated with a lethal AIDSlike syndrome in P. t. schweinfurthii (13), which contributed to a
rapid decline of the Kalande community at Gombe National Park
in Tanzania (14). SIVcpz does not appear to occur naturally in P. t.
ellioti (12) or in P. t. verus (15, 16). The reasons for this difference
in the distribution of SIVcpz between chimpanzee subspecies
remain unclear, but might be explained by a lack of migration
(17), extinctions of infected communities (14), resistance to
SIVcpz infection in P. t. ellioti and P. t. verus, or a combination of
these factors. A clearer understanding of chimpanzee population
structure is key to understanding the natural history of SIVcpz.
Recent studies of chimpanzee genetic diversity have included
many regions of the genomes of individuals designated as P. t.
verus, P. t. troglodytes, and P. t. schweinfurthii (4, 11, 18–23), but
few from P. t. ellioti. These studies suggest that P. t. verus shared
a last common ancestor with P. t. troglodytes/P. t. schweinfurthii
0.38–0.55 mya. P. t. troglodytes and P. t. schweinfurthii from central
and eastern Africa share more recent ancestry with each other,
and the differences separating them appear to be similar in scale to
those observed to distinguish some human populations from each
other (4). These ﬁndings have led some researchers to hypothesize
that chimpanzees were, until recently, a single population characterized by a continuous gradient of gene frequencies across
their entire range, and thus to propose that chimpanzees should
not be classiﬁed into subspecies (4). The ways that P. t. ellioti
contributes to this picture remain unclear. Becquet et al. (19) have
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speculated, based on simulations rather than genetic data from
multiple individuals, that P. t. ellioti would not differ from the other
subspecies by allele frequency differentiation values (FST) of
>0.09, leading them to conclude that individuals designated as
P. t. ellioti are unlikely to comprise a population that is distinguishable from other chimpanzees (19).
Here, we infer the genetic structure of chimpanzee populations from wild-born chimpanzees (P. troglodytes) and bonobos (P. paniscus) to examine how chimpanzees from Cameroon
contribute to continental patterns of chimpanzee population
structure. Previously, we inferred the geographic origins of new
chimpanzee samples included in this study (n = 45) and concluded that 32 originated in western Cameroon and may belong
to P. t. ellioti, 12 originated from southern Cameron and may
belong to P. t. troglodytes, and 1 may be a recent hybrid between
these subspecies (24). We genotyped these individuals at 27
autosomal microsatellite loci (Table S1) that had been used
previously by Becquet et al. (19) to study chimpanzees from
other regions of Africa. We analyzed these newly generated data
(Table S2) along with genotypes for the same loci for six bonobos
and 49 chimpanzees reported (19) to be from P. t. verus (Upper
Guinea, n = 31), P. t. troglodytes (central Africa, n = 12), and
P. t. schweinfurthii (eastern Africa, n = 6). This approach allowed
us to address whether autosomal DNA data can be used to assign
chimpanzees from the Gulf of Guinea region into a category that
is separate from those in Upper Guinea or central and eastern
Africa as well as to compare their population histories.
Results
Population Structure. Cluster analysis. We examined individual ancestry and the number of ancestral chimpanzee population
clusters (KMAX) by applying a Bayesian model-based clustering
approach (Fig. 2A) implemented in the STRUCTURE software
package (25). These analyses were done blinded to a priori
population labels. We used several criteria to infer KMAX; this
revealed a minimum of four (K = 4, ∆K; ref. 26) and a maximum
of six (K = 6, posterior probability distribution, PPD, values; ref.
25) ancestral population clusters on a continental level (Fig. S1 A
and B). Chimpanzees from the Gulf of Guinea were separated
from chimpanzees in Upper Guinea, chimpanzees in equatorial
Africa (including southern Cameroon, other parts of central
Africa, and eastern Africa), and bonobos at K = 4. Setting K = 5
distinguished chimpanzees in southern Cameroon from those in
central and eastern Africa, whereas setting K = 6 distinguished
chimpanzees in central Africa from those originating in eastern
Africa. Seven individuals were identiﬁed as having >25% ancestry from more than one population. Four of these individuals
have inferred origins in southern Cameroon (24) and show
shared ancestry with individuals from the Gulf of Guinea and
southern Cameroon. The three remaining individuals have in2 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1015422108
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Fig. 2. Cluster analysis of Pan. (A) STRUCTURE plots for K = 4–6. Each vertical
line represents an individual, and colors represent their inferred ancestry
from K ancestral populations. (B) PCA created on the basis of individual
genotypes for the Pan dataset. (C) PCA of the Gulf of Guinea/equatorial Africa
chimpanzee dataset. Individuals indicated by open circles showed ≥25% ancestry in more than one ancestral cluster (K) by STRUCTURE analysis.

ferred origins in central Africa (19) and show shared ancestry
with individuals from eastern Africa and central Africa.
Principal components analysis. We next applied a principal component analysis (PCA) method that incorporated a signiﬁcance test
of each principal component (PC; ref. 27), again blinded to a
priori population labels. The PCA for the full dataset (Fig. 2B)
classiﬁed the ﬁrst ﬁve eigenvectors as signiﬁcant (P < 0.05). PC 1
separated bonobos from chimpanzees, and accounted for 33.8%
of the extracted variation. PC 2 extracted 28.1% of the variation,
and separated the Upper Guinea chimpanzees from the remaining chimpanzees. PC 3 extracted 16.6% of the variation and
separated chimpanzees from the Gulf of Guinea from those
originating in equatorial Africa (including southern Cameroon,
other parts of central Africa, and eastern Africa). PC 1 through
PC 3 distinguished the same four populations as the STRUCTURE analysis, but PC 4 and PC 5 did not match the STRUCTURE analysis at K = 5 and K = 6. Instead, PC 4 extracted 11.2%
of the variation and distinguished east African chimpanzees from
those in central Africa. PC 5 extracted 10.3% of the variation,
distinguishing chimpanzees in southern Cameroon from those
originating elsewhere in central Africa. We completed a second
PCA (Fig. 2C) that excluded bonobos and Upper Guinea chimpanzees to explore whether a gradient might exist across the Gulf
of Guinea and equatorial Africa. The Gulf of Guinea/equatorial
Africa PCA recovered three signiﬁcant eigenvectors. PC 1 extracted 66.8% of the variation and separated the Gulf of Guinea
population from the equatorial Africa population. PC 2 and PC 3
extracted 16.5% and 16.6% of the variation, respectively, disGonder et al.

Table 1. Genetic differentiation among populations
Bonobos

Upper
Guinea

Gulf of
Guinea

Southern
Cameroon

Central
Africa

0.82
0.70
0.66
0.70
0.70

0.41
0.43
0.46
0.44

0.25
0.27
0.28

0.07
0.05

0.03

Upper Guinea
Gulf of Guinea
Southern Cameroon
Central Africa
Eastern Africa

tinguishing three clusters in equatorial Africa: southern Cameroon, central Africa, and eastern Africa.
Population History. Allele frequency differentiation. Population pairwise distance matrices were generated for the populations
inferred by the cluster analysis using three different methods—
D2 (28), RST (29), and (δμ)2 (30)—each sensitive to different
underlying models of evolution. RST values are given in Table 1,
and all three genetic distance measures were correlated; RST–
(δμ)2, r2 = 0.91; (δμ)2–D2, r2 = 0.82; and RST–D2, r2 = 0.92. Each
chimpanzee population was differentiated from bonobos. Allele
frequency differentiation was highest between bonobos and
Upper Guinea chimpanzees compared with the other populations, as reported (19). Among chimpanzees, RST values were
highest between the Upper Guinea population and all other
regional populations (mean RST = 0.44), followed by comparisons between the Gulf of Guinea population and populations
spanning equatorial Africa (mean RST = 0.27). RST values were
lowest in comparisons between southern Cameroon, central
Africa, and eastern Africa (mean RST = 0.05).
We performed an analysis of molecular variance (AMOVA)
from this sample of chimpanzees and compared it with AMOVA
results from a global sample of humans partitioned into ﬁve
continental clusters reported in Rosenberg et al. (ref. 31; Table
2). Allele frequency differentiation among the Upper Guinea,
Gulf of Guinea, and equatorial Africa populations accounted for
30.1% of the variation among regions and 64.2% of the variation
within populations. In the global human sample, 4.3% of the
variation among the ﬁve regions and 93.2% of the variation within
populations was attributable to allele frequency differentiation.
Phylogenetic analysis. Unrooted neighbor joining trees based on
the D2 (28), RST (29), and (δμ)2 (30) genetic distances are shown
in Fig. 3 and Fig. S2. The three trees are identical in branching
patterns, differing only in relative branch lengths. These trees are
consistent with three geographically distinguishable groupings of
chimpanzees from (i) Upper Guinea, (ii), the Gulf of Guinea,
and (iii) equatorial Africa. Along the equatorial Africa branches
of the trees, additional nodes separate the populations from
southern Cameroon, central Africa, and eastern Africa.
Population divergence times. Table 3 lists times to the most recent
common genetic ancestor (TMRCA) estimated for various population groupings. TMRCA estimates represent the maximum

time of divergence for genetic lineages that predate population
split times due to incomplete lineage sorting in the ancestral
population before population divergence (32). We estimate that
chimpanzees from the Gulf of Guinea shared a last common
ancestor with chimpanzees from Upper Guinea 0.46 mya and with
chimpanzees from southern Cameroon 0.32 mya. Likewise, we
estimate that chimpanzees in southern Cameroon shared a common genetic ancestor with chimpanzees in central and eastern
Africa 0.11 mya. Chimpanzees in central and eastern Africa
shared a last common ancestor about 0.10 mya. TMRCA dates for
chimpanzees from Upper Guinea, central Africa, and eastern
Africa from this study are consistent with previous TMRCA estimates from autosomal resequencing data (20–23).
Dataset Validation. We applied three methods to examine the
reliability of these data, including: (i) analyzing the 27-locus
dataset minus chimpanzees from Cameroon compared with the
310-locus dataset analyzed by Becquet et al. (19); (ii) applying a
rarefaction procedure of constraining population sample sizes to
be equal; and (iii) applying another rarefaction procedure that
examined allele richness, unique alleles, and shared private alleles
corrected for unequal sample size between populations (33–35).
Results of the ﬁrst test are given in Fig. S3 and Table S3. This test
revealed that the number of loci analyzed in this study (n = 27)
adequately captured the major population partitions of chimpanzees, as reported by Becquet et al. (19) from a larger set of
microsatellite loci; again, note that this previous study did not
include samples from Cameroon. Dataset reliability tests based
on rarefaction methods are given in Figs. S4–S6. These tests show
that unequal sample sizes had a negligible effect on our results.
Two important differences, however, were as follows: (i) the
distinction between eastern chimpanzees and other populations
was detected at lower values of KMAX compared with the full
dataset; and (ii) the southern Cameroon sample was not distinguished from those in central Africa by the criteria we used to
infer KMAX. The second rarefaction method revealed that the
numbers of shared private alleles between population pairs (Fig.
S6) were highest for the central-eastern population pair and for
the Gulf of Guinea-southern Cameroon population pair. (Details
regarding the dataset validation methods and results are discussed
in SI Methods and SI Results and Discussion.)

Table 2. AMOVA in chimpanzees versus humans
Variance components
Sample
Chimpanzees
Humans (global)†

Number of
regions
3*
5

Number of
populations

Within
populations

Among populations
within regions

Among
regions

5
52

64.2
93.2

5.7
2.5

30.1
4.3

*Three regions were considered in this analysis: Upper Guinea, Gulf of Guinea, and equatorial Africa (including
southern Cameroon, other parts of central Africa, and eastern Africa).
†
AMOVA results for humans were based on the HDGP–CEPH panel as reported in Rosenberg et al. (31).
Gonder et al.
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Bold values were signiﬁcant by 10,000 permutations of the data. Values based on an RST (29) model of
evolution that assumes that mutations follow the SMM.
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Fig. 3. Neighbor-joining phylogram of chimpanzee populations constructed using D2 (28) allele frequency differentiation values.

Discussion
The data presented here suggest that the genus Pan includes a
minimum of four (and as many as six) genetically and geographically differentiated populations (Fig. 4A). Bonobos constitute a genetically distinct population from chimpanzees, as
expected based on previous studies (4, 11, 18, 19, 21–23).
Chimpanzees are divided into three signiﬁcantly different genetic populations, which inhabit Upper Guinea, the Gulf of
Guinea region, and equatorial Africa. The equatorial chimpanzees may be further subdivided into a geographically nested
group consisting of up to three populations (southern Cameroon,
other parts of central Africa, and eastern Africa) that shared last
common ancestors about 0.10–0.11 mya (Fig. 4B and Table 3).
We speculate that, until recently, the group of populations
spanning equatorial Africa displayed a geographical gradient of
allele frequencies with ongoing gene ﬂow between groups (Fig.
4A), as suggested by previous studies (4, 19). However, this
closely related series of populations does not include chimpanzees from the Gulf of Guinea region. Instead, chimpanzees from
this region constitute a population that is signiﬁcantly different
from all other populations (Fig. 2); this population shared a last
common ancestor with the Upper Guinea population about 0.46
mya and with the equatorial Africa population about 0.32 mya.
We observed a high number of shared private alleles between
individuals from the Gulf of Guinea and the southern Cameroon
populations (Fig. S6), and four individuals from Cameroon
showed >25% ancestry in both populations. These data, considered jointly with these populations’ 0.32 mya TMRCA (Table 3)
and their relatively high allele frequency differentiation values
(Table 1), could indicate a pattern of recent introgression between these populations, consistent with previous studies suggesting the existence of a small hybrid zone in central Cameroon
(8, 24). Finally, Upper Guinea chimpanzees are differentiated

from all other chimpanzee populations and last shared a common ancestor with those further east about 0.46 mya.
The concepts of species and subspecies are ﬂuid and contentious (36), and the classiﬁcation of chimpanzees is no exception
(4, 19). This debate is due in part to limited knowledge about
their patterns of genetic differentiation, particularly compared
with such patterns in closely related species, including humans.
Regional genetic differentiation (Table 2) between chimpanzees
from the Upper Guinea, Gulf of Guinea, and equatorial Africa
populations is higher (30.1%) than global variation in humans
(4.3%). Chimpanzee populations are characterized by TMRCA
estimates ranging from 0.32 to 0.55 mya (Table 3), which considerably predate the ∼0.20 mya TMRCA for modern humans
(37). In addition, humans have experienced a long term Ne of
10,000 and a recent population size expansion (37), whereas
chimpanzees have experienced a larger Ne of up to 135,000 with
marked variation in Ne between the Upper Guinea, central, and
eastern populations (18, 20–23). Thus, these observations do not
support the hypothesis that the patterning of genetic differentiation among chimpanzee populations across their entire range is
similar to the pattern found among global human populations,
as suggested previously (4). However, this hypothesis cannot be
rejected if only the populations spanning equatorial Africa are
considered. Indeed, evidence from several studies (4, 8, 10, 19,
22, 23) conﬁrms our ﬁndings, indicating that the populations
which span equatorial Africa exhibit a level of genetic differentiation comparable to that observed among global human populations (4). These observations suggest that there may be little
justiﬁcation for dividing east African chimpanzees (P. t. schweinfurthii and P. t. marungensis) into subspecies separate from P. t.
troglodytes, at least on the basis of genetic data.
Based on the genetic data presented here, the simplest subdivision of the genus Pan would include two species: bonobos
(P. paniscus) and chimpanzees (P. troglodytes). Chimpanzees
would be further subdivided into at least three subspecies (P. t.
verus, P. t. ellioti, and P. t. troglodytes), and possibly also P. t.
schweinfurthii. Other classiﬁcation schemes are possible. The
majority of the genetic data indicate that P. t verus forms a
monophyletic group (8, 11, 38) that is distantly related to other
populations (4, 18–22). Consequently, we would be unsurprised
to observe the emergence of a consensus supporting an earlier
proposal by Morin et al. (38) that P. t. verus be elevated to full
species status. If accepted, an alternative subdivision of the genus
Pan would include three species: P. paniscus, P. verus, and
P. troglodytes. P. troglodytes would be further subdivided into at
least two subspecies, P. t. ellioti and P. t. troglodytes. The status
of P. t. schweinfurthii and P. t. marungensis remains unclear; although they exhibit morphological differentiation, most of the
genetic data suggest that they have not been differentiated from
chimpanzees in other parts of equatorial Africa over a long period (4, 8, 10, 18–20, 22).

Table 3. Estimates of population divergence times
TMRCA*
Bonobo–Chimpanzee
Upper Guinea–Central/Eastern
(excluding Cameroon)†
Upper Guinea–Gulf of Guinea
Gulf of Guinea–Equatorial Africa‡
Southern Cameroon–Central/Eastern
Central–Eastern

This study

Wegmann and
Excofﬁer (23)

Hey (22)

Caswell
et al. (21)

Becquet and
Przeworski (20)

1.8 (1.5–2.3)
0.43 (0.34–0.49)

1.6 (1.01–2.00)
0.55 (0.34–0.91)

0.93 (0.68–1.54)
0.46 (0.35–0.65)

1.29 (1.14–1.45)
0.51 (0.43–0.59)

0.77 (0.58–1.00)
0.38 (0.27–0.94)

0.46
0.32
0.11
0.10

—
—
—
0.44 (0.20–0.50)

—
—
—
0.093 (0.04–0.16)

—
—
—
—

—
—
—
0.22 (0.14–1.40)

(0.37–0.53)
(0.25–0.36)
(0.09–0.13)
(0.08–0.12)

*Time is expressed in millions of years ago (mya).
†
Estimated from data included in the dataset reliability tests performed for this study (SI Text, Table S3).
‡
Equatorial Africa includes chimpanzees from southern Cameroon, other parts of central Africa, and eastern Africa.
4 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1015422108
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Several lines of evidence now indicate that chimpanzees designated as P. t. ellioti have a unique epidemiological (12), cultural, and ecological heritage (39, 40). However, morphological
data for P. t. ellioti are very sparse, and the published studies are
confounded by inclusion of specimens (41, 42) collected outside
its geographic range (6). The range of P. t. ellioti coincides with
the Gulf of Guinea biodiversity hot spot in southern Nigeria and
western Cameroon (9), but because our sample of chimpanzees
was limited to Cameroon (24), we cannot comment on the uncertain genetic history of chimpanzees west of the Niger River in
southwest Nigeria (8). The southern extent of the range of P. t.
ellioti appears to extend only to the Sanaga River in central
Cameroon, a boundary that coincides with a pronounced ecotone composed of open woodland, savanna, and riparian forest
connecting the Guinean and Congolian forest biomes (43). This
ecotone, along with the Sanaga River, appears to inﬂuence the
distribution of many insect (44), avian (45), and mammalian taxa
(9, 46), including several pairs of primate species and subspecies
(2, 9, 47, 48). Thus, the distribution of chimpanzee subspecies
in Cameroon corresponds closely to the distributions of other
organisms from the area. Genetic analyses are needed of chimpanzee DNA from known locations covering a dense sampling
grid along the length of the Sanaga River and across this ecotone. Such studies will help clarify the complex history of hybridization between the Gulf of Guinea and southern Cameroon
chimpanzee populations.
Methods
Dataset Preparation. This research was carried out with Institutional Animal
Care and Use Committee approval from the University at Albany, State
University of New York (for M.K.G.) and in full compliance with Convention
on International Trade in Endangered Species and Centers for Disease
Control export and import regulations. We produced microsatellite genotype proﬁles for DNA samples isolated from whole blood for 45 chimpanzees housed at the Limbe Wildlife Centre. In a previous study (24), we
genotyped these individuals to estimate their geographic origins by
a smoothed and continuous assignment test (49) using 10 microsatellite loci
that were not included in this study. This analysis revealed that: (i) the 45
chimpanzees are more likely to be from Cameroon than other parts of
Africa; and (ii) the estimated geographic origins of these individuals from
the assignment tests strongly corresponded to previous population labels
given to them based on mtDNA sequence analysis (i.e., P. t. ellioti or P. t.
troglodytes). For this study, these 45 chimpanzees were genotyped for 27
autosomal microsatellite loci previously shown to have considerable power
1. Cohen J (2010) In the shadow of Jane Goodall. Science 328:30–35.
2. Groves CP (2001) Primate Taxonomy (Smithsonian Institution, Washington, D.C.).
3. Oates JF, et al. (2010) Pan troglodytes. IUCN Red List of Threatened Species. Version 2010.4
(IUCN, Gland, Switzerland). Available at www.iucnredlist.org. Accessed October 18, 2010.

Gonder et al.

for inferring population structure and individual ancestry (19). Information
about the markers typed for this study is listed in Table S1. Allele sizes for
these individuals (Table S2) were scored between two and four times using
a multiplex PCR approach. We integrated newly generated microsatellite
genotypes with data from wild-born chimpanzees from Upper Guinea (n =
31), central Africa (n = 12), and eastern Africa (n = 6) previously genotyped
for the same loci (19). (SI Methods has detailed laboratory methods and
dataset integration procedures.)
Data Analysis. Population structure. Cluster analyses were performed using a
Bayesian clustering approach (SI Methods) implemented in the STRUCTURE
version 2.3 software package (25), assuming admixture and correlated allele
frequencies. Fifty iterations of the data at each K = 1–10 with 500,000
Markov Chain Monte Carlo (MCMC) burn-in steps and 1,000,000 MCMC
iterations. STRUCTURE output was processed with CLUMPP (50) and plotted
with DISTRUCT (51). The EIGENSOFT software package (27) was used for PCA
of individual microsatellite genotypes to identify signiﬁcantly different
populations (SI Methods). We used a combination of methods to infer KMAX
(SI Methods). Population structure analyses were performed blinded to a
priori population labels.
Population history. Three measures of population genetic differentiation were
calculated using the ARLEQUIN 3.5 software package (52): D2 (28), RST (29),
and (δμ)2 (ref. 30; SI Methods). The D2 genetic distance is based on a model
of genetic drift (28), whereas RST and (δμ)2 assume a stepwise mutation
model (SMM) (29, 30). Recent work has shown convincing evidence that the
loci typed for this study appear to follow the SMM in Pan (19, 53). Allele sizes
were transformed to repeat units before calculation (SI Methods). Individuals with ≥25% ancestry in more than one ancestral cluster (n = 7) from the
STRUCTURE analysis (Fig. 2A) were treated as potential hybrids and excluded
from population pairwise genetic distance calculations.
We constructed unrooted neighbor joining phylograms with bootstrap
values based on the genetic distances for D2, RST, and (δμ)2 using programs
distributed with the PHYLIP software package, version 3.5 (ref. 54; SI
Methods). We calculated TMRCA dates (SI Methods) using (δμ)2 population
pairwise calculations with the method described by Goldstein et al. (30) assuming a mutation rate (μ) of 1.6 × 10−4 and a 20-y generation time.
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