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7Département de Linguistique et Langues Nationales, Institut des Sciences des Sociétés, CNRST, Ouagadougou, Burkina Faso

*Corresponding author: E-mail: cerny@arup.cas.cz.

Associate editor: Anne Stone

Abstract

Traditional pastoralists survive in few places in the world. They can still be encountered in the African Sahel, where annual
alternations of dry and wet seasons force them to continual mobility. Little is known about the genetic structure of these
populations. We present here the population distribution of 312 hypervariable segment I mitochondrial DNA (mtDNA)
and 364 Y-short tandem repeat haplotypes in both farmer and pastoralist groups from the Lake Chad Basin and the West
African Sahel. We show that the majority of pastoral populations (represented in the African Sahel by the Fulani nomads)
fail to show significant departure from neutrality for mtDNA as evidenced by Fu’s Fs statistics and exhibit lower levels of
intrapopulation diversity measures for mtDNA when contrasted with farmers. These differences were not observed for the
Y chromosome. Furthermore, analyses of molecular variance and population distributions of the mtDNA haplotypes show
more heterogeneity in the sedentary groups than in the pastoralists. On the other hand, pastoralists retain a signature of
a wide phylogenetic distance contributing to their male gene pool, whereas in at least some of the farmer populations,
a founder effect and/or drift might have led to the presence of a single major lineage. Interestingly, these observations are
in contrast with those recorded in Central Asia, where similar comparisons of farmer and pastoral groups have recently
been carried out. We can conclude that in Africa, there have been no substantial mating exchanges between the Fulani
pastoralists coming to the Lake Chad Basin from the West African Sahel and their farmer neighbors. At the same time, we
suggest that the emergence of pastoralism might be an earlier and/or a demographically more important event than the
introduction of sedentary agriculture, at least in this part of Africa.
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Introduction
Although the contrasting patterns of genetic diversity be-
tween hunter gatherers and farmers have been examined in
several studies (Excoffier and Schneider 1999; Pereira et al.
2001; Destro-Bisol et al. 2004; Pilkington et al. 2008; Verdu
et al. 2009), we still know little regarding processes that
have led to the present day genetic differentiation seen
in farmers and pastoralists (Luca et al. 2008). Pastoralists’
lifestyle conforms closely to the needs of domestic animals,
and in this way, it resembles that of hunter gatherers, who
are obliged to follow wild game. However, in today’s age,
there is no human subsistence activity being carried out in
a social vacuum, and similarly to hunter-gatherers, pastor-
alists communicate, collaborate, and exchange their pro-
duce with farmers.

Extant studies analyzing social aspects of human evolu-
tionary genetics deal mainly with the relationship of pat-
rilocality versus matrilocality (Oota et al. 2001; Hamilton

et al. 2005). It has been shown that postmarital residence
patterns significantly influence the genetic structure of
a population. This is especially apparent in gender-specific
genetic markers, such as mitochondrial DNA (mtDNA) and
the nonrecombinant portion of the Y chromosome (NRY).
Reduced Y-chromosomal diversity in some populations is
generally explained by genetic drift caused by patrilocal en-
dogamy (Marchani et al. 2008).

Insightful analysis of the genetic differences between
farmers and pastoralists has come out of Central Asia
(Chaix et al. 2007), where these groups coexist from
some 6 thousand years ago (KYA). In contrast to their
farmer neighbors, Central Asian pastoralists show a loss
of NRY (measured by short tandem repeats or STRs) di-
versity that is not observed for mtDNA (measured by
Hypervariable Segment I or HVS-I). According to the au-
thors, the discrepancy can be explained by differences in
social organization of these communities resulting in

© The Author 2011. Published by Oxford University Press on behalf of the Society for Molecular Biology and Evolution. All rights reserved. For permissions, please
e-mail: journals.permissions@oup.com

Mol. Biol. Evol. 28(9):2491–2500. 2011 doi:10.1093/molbev/msr067 Advance Access publication March 24, 2011 2491

R
esearch

article
 at Pendlebury L

ibrary of M
usic on January 4, 2013

http://m
be.oxfordjournals.org/

D
ow

nloaded from
 

http://mbe.oxfordjournals.org/


genetic drift in pastoralist Y chromosomes. The study is
an appealing example of how social structure can influ-
ence genetic structure in a short period of time (Bala-
resque and Jobling 2007).

In this article, we have tried to determine whether such
differences between farmers and pastoralists are to be
found elsewhere, looking concretely at the Sahel belt of
Africa where they live in close proximity. The Sahel zone
lies between the savannah zone in the south and Sahara
desert in the north and represents one of the outstanding
ecosystems of the planet. No agriculture is possible in the
southern Sahara, though pastoralists still find some pasture
for their animals during the short rainy season. Agriculture
is, however, well sustainable in the more humid areas near
the Savannah zone. The African Sahel, lying in between,
thus forms a meeting ground for pastoralists and farmers.

Several forms of mutual relations and economical ex-
changes have been established between these two commu-
nities (Beauvillain 1977). Nomadic pastoralists cannot
survive on their own resources alone, so women currently
sell milk and dairy products to the farmers at the local mar-
kets and buy agricultural and craftwork products in return.
The presence of the pastoralist’s herds grazing on the farm-
er’s fields after the harvest is also welcomed as a convenient
form of natural fertilization.

Archaeologically, the origin of pastoral subsistence in
Africa can be localized to the Eastern and Central Sahara
(Lhote 1973; Wendorf et al. 1984; Dupuy 1999; Mo-
hammed-Ali and Khabir 2003). Moreover, several rocky
massifs in the Sahara contain a large number of prehistoric
paintings, and engravings of domestic cattle that are dated
later than the depictions of wild animals also found there
and have led to the recognition of the presence of a Bovi-
dian culture (Le Quellec 1997; Holl 2004; Smith 2005). Even
though the exact chronology of such Saharan rock art is
very contentious (Muzzolini 1992), it is commonly agreed
that pastoralists were present here some 6 KYA. It has even
been further suggested that some of the paintings found in
the rocky shelters of the Tassili-n-Ajjer Mountains in South-
east Algeria were created by ancestors of the contemporary
Fulani pastoralists because the same cattle cults and rites as
depicted in the prehistoric paintings are still being per-
formed by some Fulani groups today (Dupire 1962; Ba
and Dieterlen 1966).

The Fulani nomads are unambiguously the dominant
pastoral group of the West African Sahel (Botte et al.
1999; Diallo and Schlee 2000). According to the historical
sources available, their cultural expansion began in the
mountains of Futa Djalon in West Africa (Newman
1995) in the 11th century AD and continued eastward
through the inner Niger delta as far as the Lake Chad Basin,
where their first archaeological traces can be dated to the
15th century (David 1971; Gauthier 1979). Some Fulani pas-
toralists have settled into sedentary lifestyles in the Sahel
during the last 500 years but many remain faithful to their
original nomadic lifestyle (Schultz 1984; Jabbar et al. 1995).
We show that these populations differ significantly in sev-
eral genetic aspects as well as their lifestyles.

Materials and Methods

The Subjects
The African Sahel is a place of sedentary farmers and no-
madic pastoralists. Although the pastoralists are repre-
sented almost exclusively by the Fulani people, the
farmers can be classified into various ethnolinguistic
groups. We collected samples (buccal swabs) of several Fu-
lani pastoral groups from five African countries—Chad, Ca-
meroon, Niger, Burkina Faso, and Mali, and in total, we
secured samples of 432 individuals of which only 186
had already been published previously (Černý et al.
2006). All these individuals identified themselves as Fulani
(locally also called Peul, Fulbé, Fula, Wodabé, M’Bororo,
etc.) speaking one of the ‘‘Fulfulde’’ dialects/languages be-
longing to the West Atlantic branch of the Niger-Congo
linguistic family. As Fulani groups move frequently (from
temporary camp to camp), we registered the approximate
place of our encounter during their dry season wandering.
For comparison purposes, we collected samples from their
sedentary farmer neighbors as well. The farmer sample is
not ethnically homogenous and represents different lin-
guistic families—Afro-Asiatic (Buduma, Bulahay, Hide, Ko-
toko, Mafa, andMasa—all currently classified to the Chadic
branch), Nilo-Saharan (Songhai, Kanuri, and Kanembou),
and Niger-Congo (Fali). Of the 470 sedentary farmer sam-
ples analyzed here, 294 have been previously published
(Černý et al. 2007). Thus, the total number of new samples
presented in this study equals 422. The exact numbers of
individuals analyzed for mtDNA and NRY in each popula-
tion are shown in tables 1 and 2, respectively, geographic
locations of the population samples are shown in figure 1.
When performing the NRY analysis, the Fali data were ex-
cluded, and the Mafa and the Hide were merged because of
small sample sizes and the close linguistic and cultural af-
finities between them.

Laboratory Methods
DNA extraction and polymerase chain reaction amplifica-
tion of mtDNA HVS-I segment were undertaken as previ-
ously reported (Černý et al. 2004, 2007). Mutations were
scored relative to the revised Cambridge reference se-
quence (Andrews et al. 1999), and numbers within the
range 16030–16370 refer to the position of the mutation
in that sequence. Three restriction fragment length poly-
morphisms outside this region (3592 HpaI, 2349 MboI,
and 16391 AvaII) were also assayed in some cases, allowing
confirmation of the phylogenetic assignments inferred by
HVS-I. Eight Y chromosome STRs (DYS19, DYS388,
DYS389_1, DYS389_2, DYS390, DYS391, DYS392, and
DYS393) were analysed in 364 male samples of both sed-
entary and pastoral groups according to standard methods
(Carracedo et al. 2001; Butler et al. 2002).

Data Analysis
To evaluate genetic structure at the intrapopulation level
for both mtDNA and Y-STR, we have analysed gene (hap-
lotype) diversity and mean number of pairwise differences
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(in number of nucleotides for mtDNA and in number of
repeats for Y-STRs) and compared the values obtained
for these measures in pastoral and farmer populations us-
ing the Wilcoxon test. For mtDNA, we also calculated nu-
cleotide diversity, Harpending’s (raggedness) index, and its
probability, as well as three tests of selective neutrality esti-
mating past population growth, such as Tajima’s D (Tajima
1989), Fu’s Fs (Fu 1997), and Ramos-Onsins and Rozas’s R2

(Ramos-Onsins and Rozas 2002). All the parameters and
tests except for R2 (calculated using DnaSP software, version
5.10.01; Rozas and Rozas 1999) were performed using Arle-
quin software, version 3.5.1.2 (Excoffier et al. 2005).

To evaluate genetic structure at the interpopulation
level, pairwise genetic distances based on haplotype fre-
quencies (FST) or on haplotype frequencies and the squared
difference between STR alleles (RST) were obtained with

Table 1. mtDNA Genetic Diversity of Populations Practicing Different Lifestyles From the West African Sahel.

Pastoralists Code Place Country n K Hs P Dii r P(r) D P(D) Fs P(Fs) R2 P(R2)

FDIA Diafarabe Mali 50 28 0.962 0.0192 6.55 0.0380 0.05 21.0287 0.1500 211.3336 0.0000* 0.0727 0.1332
FBAN Banfora Burkina Faso 50 21 0.945 0.0202 6.90 0.0446 0.03* 20.1161 0.5210 23.4083 0.1280 0.1043 0.5296
FTIN Tindangou Burkina Faso 50 19 0.905 0.0188 6.38 0.0519 0.05 20.4501 0.3580 22.4943 0.1940 0.0921 0.3520
FABA Abala Niger 26 13 0.932 0.0190 6.48 0.0170 0.61 20.4316 0.3620 21.1951 0.3090 0.1078 0.3534
FADE Ader Niger 50 15 0.907 0.0144 4.93 0.0499 0.23 20.7930 0.2500 21.3229 0.3400 0.0822 0.2454
FBAL Balatungur Niger 23 11 0.893 0.0100 6.22 0.0219 0.76 0.3454 0.6850 20.3713 0.4480 0.1374 0.6602
FDIF Diffa Niger 32 23 0.980 0.0229 7.80 0.0084 0.80 21.1637 0.1130 28.9342 0.0070* 0.0773 0.0976
FZIN Zinder Niger 34 20 0.954 0.0223 7.60 0.0133 0.64 20.8735 0.2040 24.6555 0.0490 0.0832 0.1520
FTCH Tcheboua Cameroon 40 21 0.953 0.0207 7.07 0.0197 0.39 20.8723 0.2040 24.7844 0.0640 0.0826 0.1912
FBON Bongor Chad 50 27 0.934 0.0200 6.82 0.0190 0.28 20.5110 0.3550 29.4858 0.0100* 0.0899 0.3266
FLIN Linia Chad 27 17 0.952 0.0244 8.34 0.0205 0.39 20.3052 0.4280 23.1032 0.1320 0.1113 0.4212

Farmers Code Ethnic gr. Country n k Hs P Dii r P(r) D P(D) Fs P(Fs) R2 P(R2)

SONG Songhai Mali 31 25 0.981 0.0235 8.02 0.0242 0.06 20.8026 0.2290 212.7252 0.0000* 0.0874 0.1678
BUDU Buduma Niger 30 22 0.968 0.0219 7.46 0.0180 0.28 21.0955 0.1430 28.9027 0.0050* 0.0788 0.0856
KANU Kanuri Nigeria 59 48 0.991 0.0224 7.63 0.0121 0.79 21.2964 0.0760 224.9338 0.0000* 0.0615 0.0734
KANE Kanembou Chad 50 37 0.988 0.0258 8.79 0.0059 0.74 21.1163 0.1380 221.2632 0.0000* 0.0707 0.1128
BULA Bulahay Cameroon 51 30 0.967 0.0215 7.33 0.0164 0.16 20.9148 0.1830 212.2460 0.0000* 0.0774 0.1918
FALI Fali Cameroon 42 25 0.943 0.0236 8.04 0.0122 0.50 21.2000 0.0870 27.3971 0.0110* 0.0719 0.0914
HIDE Hide Cameroon 42 31 0.986 0.0266 9.08 0.0060 0.78 20.9804 0.1610 214.5501 0.0000* 0.0799 0.1630
KOTO Kotoko Cameroon 69 35 0.959 0.0223 7.59 0.0151 0.19 21.0903 0.1170 213.5743 0.0010* 0.0670 0.1344
MAFA Mafa Cameroon 55 35 0.978 0.0230 7.84 0.0088 0.86 21.4615 0.0480* 217.3338 0.0000* 0.0579 0.0394*
MASA Masa Cameroon 41 34 0.990 0.0225 7.66 0.0062 0.95 20.8974 0.2120 223.9985 0.0000* 0.0809 0.1688

NOTE.—n, sample size; k, number of different haplotypes; Hs, gene diversity; P, nucleotide diversity; Dii, mean number of pairwise differences; r, Harpending’s (raggedness)
index; P(r), probability of Harpending’s index; D, Tajima’s test of selective neutrality; P(D), probability of D statistics; Fs, Fu’s test of selective neutrality; P(Fs), probability of Fs
statistics; R2, R2 statistic, P(R2), probability of R2 statistics; and the numbers with asterisks are statistically significant at 5% level.

Table 2. Y Chromosome STR Diversity of Populations Practicing Different Lifestyles From the West African Sahel.

Pastoralists Code Place Country n k Hs SE Hs Dii

FDIA Diafarabe Mali 24 19 0.9710 0.0239 3.540
FBAN Banfora Burkina Faso 26 16 0.9292 0.0347 3.526
FTIN Tindangou Burkina Faso 12 7 0.8939 0.0627 2.970
FABA Abala Niger 21 10 0.8143 0.0809 3.605
FADE Ader Niger 21 9 0.7238 0.1011 3.414
FBAL Balatungur Niger 13 10 0.9487 0.0506 4.115
FDIF Diffa Niger 14 10 0.9560 0.0377 4.538
FZIN Zinder Niger 17 16 0.9926 0.0230 4.566
FTCH Tcheboua Cameroon 22 13 0.9221 0.0381 4.126
FBON Bongor Chad 25 15 0.9500 0.0237 3.710
FLIN Linia Chad 11 8 0.9455 0.0535 3.527

Farmers Code Ethnic gr. Country n k Hs SE Hs Dii

SONG Songhai Mali 24 19 0.9819 0.0164 4.337
BUDU Buduma Niger 15 6 0.7714 0.0979 3.362
KANU Kanuri Nigeria 29 19 0.9360 0.0312 4.076
KANE Kanembou Chad 12 11 0.9848 0.0403 5.258
BULA Bulahay Cameroon 25 13 0.7767 0.0886 1.397
MAFA & HIDE Mafa & Hide Cameroon 10 4 0.7333 0.1005 1.222
KOTO Kotoko Cameroon 22 18 0.9827 0.0183 4.844
MASA Masa Cameroon 21 14 0.9143 0.0500 3.419

NOTE.—n, sample size; k, number of different haplotypes; Hs, gene diversity; SE Hs, standard error of gene diversity; and Dii, Mean number of pairwise differences.
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Arlequin. When partitioning the total variation, the RST in-
dex takes into account the squared number of repeat dif-
ferences between two haplotypes. This is a relevantmeasure
inasmuch it is linearly related to the expected coalescence
time of the alleles compared (Slatkin 1995). Although we al-
ways calculated both indexes in Y-STR analyses, we prefer-
entially present RST data to render the effect of the
phylogenic divergence between haplotypes and not simply
their difference in state. This choice was supported by a sig-
nificant (P5 0.05 for the global statistics and P5 0.02 for the
average of pairwise statistics) contribution of allele sizes to
genetic differentiation, as determined using the method of
Hardy (Hardy et al. 2003). Multidimensional scaling (MDS)
of FST and RST genetic distances was obtained by means
of Statistica software version 5.5 (StatSoft, Inc.). Geographic
distances were calculated based on latitude and longitude
data using the online gpsvisualizer program. The Mantel test
was used to assay the significance of the correlation between
genetic and geographic distances with 10,000 permutations.

The absolute number of migrants exchanged between
population pairs (M) was estimated for both mtDNA
and Y-STR by transforming the matrix of pairwise FST (with-
out interallele distances) according to the formula M 5

(1 � FST)/(2 � FST). The values were rendered by using
increasing line thickness for three classes of values.

The sharing of haplotypes between the pastoral and sed-
entary groups was calculated by Arlequin and visualized by
the Network program version 4.516 (Bandelt et al. 1995). For
mtDNA, the reduced median algorithm was used, with a re-
ducing factor of two, followed by the median joining algo-
rithm to resolve intermediate nodes. The fastest sites (16093,
16129, 16189, 16311, and 16362) were downweighted to 5
from an overall value of 10 for all the remaining sites (Soares
et al. 2009). For Y-STRs, the median joining algorithm with
the.1 criterion was used, and each locus was given a weight
inversely proportional to its repeat variance.

Results

mtDNA
The pastoral groups exhibit consistently lower levels of in-
trapopulation diversity measures including gene diversity,

nucleotide diversity, and mean number of pairwise differ-
ences (table 1). We have examined these differences using
theWilcoxon test and confirmed their statistical significance
(two-sided P value for nomads vs. farmers 5 0.002 for gene
diversity, 0.005 for nucleotide diversity, and 0.006 for pairwise
differences). Excepting the pastoral group from Banfora, no
other population in our sample shows a statistically signif-
icant Harpending’s (raggedness) index.

Departure from the neutral model of populations evolv-
ing at constant size in mutation-drift equilibrium with no
selection was tested by employing D, R2, and Fs statistics.
With one exception (the Mafa), all Tajima’s D and R2 tests
show no departure from neutrality expectations. However,
Fu’s Fs statistics showed higher discriminatory power, re-
vealing a significant departure from neutrality, compatible
with population expansion in all the farmer populations
analyzed in this study. In the pastoralists (table 1), however,
significant departure from neutrality was restricted to only
3 of 11 groups.

The correlations between genetic (FST) and geographic
distances in both farmer and pastoral populations are shown
in figure 2a and b, respectively. No statistically significant
correlation is observed for the pastoralists (R2 5 0.0474;
P 5 0.891), but it is positive and statistically significant
for the sedentary farmers (R2 5 0.4848; P 5 0.006).

Mutual genetic distances among all populations dis-
played byMDS analysis (fig. 3a) localized all pastoral groups
in the left part of the graph along with only one ‘‘intrusive’’
farmer population (the Songhai). All other farmers are sit-
uated in the right part of the graph with similar distances
for at least the Lake Chad Basin populations.

The analysis of molecular variance results showed that
when grouping populations into pastoralists and farmers,
92.35% of the variation is observed within populations,
1.84% between populations/within groups, and 5.81% be-
tween groups, thus confirming a greater heterogeneity be-
tween than within groups. The same is also confirmed by
the FCT value of 0.058 (variation between groups) com-
pared with the FSC of 0.019 (variation between populations
within groups). Individually, farmers displayed a higher FST
(0.024) than the nomads (0.014), testifying to the greater
heterogeneity of the former.

FIG. 1. Geographical distribution of the population samples in the West African Sahel. Only the countries from which the samples were secured
are labeled on the map.
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As genetic affinity can be maintained by gene flow be-
tween populations, we provide figure 4A, where the esti-
mated number of migrants between pairs of population
is obtained by transforming the FST matrix. From the re-
sults, intensive gene flow in mtDNA can be inferred be-
tween each pair of pastoral populations and between
some pastoralist groups and the Songhai. Strong gene flow
is also apparent among several sedentary groups, especially
the Masa, but some of them such as the Buduma and Ka-
nembou appear very isolated in this regard.

Analysis of the mtDNA haplotype distribution revealed
another interesting point. Although the majority of the
haplotypes harboured in pastoral groups is shared, the
farmer groups bear rather differing haplotypes. In supple-
mentary figure S1, Supplementary Material online, 432
‘‘pastoral’’ sequences (in gray) are clustered into a much
lower number of haplotypes than the 470 ‘‘farmer’’ sequen-
ces (in white). One important issue is that each of the most

frequent haplotypes in the network is shared between the
groups. The nine most common haplotypes in the network
are each found in more than 15 individuals and are shared
in 7 of 11 pastoral groups. In total, these haplotypes cor-
respond to about 70% of the mtDNA gene pool in pastor-
alists as a whole. The mtDNA haplotypes and how they are
shared among the analyzed populations are shown in the
supplementary table S1, Supplementary Material online.

Y-STRs
The parameters of intrapopulation diversity are reported in
table 2. Four populations stand out for having a lower level
of gene diversity (,0.80) attributable to the presence of
a predominant haplotype (see supplementary table S2,
Supplementary Material online). Even though there is no
significant difference in gene diversity between the two
groups of different lifestyle (Wilcoxon test P5 0.804), three
of the four instances of low diversity occur in the farmer

FIG. 2. Plots of geographic and genetic (FST for mtDNA and RST for Y-STR) distances for farmer (a, c) and pastoral (b, d) groups.

FIG. 3. MDS plot based on genetic distances (FST for mtDNA and RST for Y-STR) for the populations studied in the present article; the stress
value is 0.083 for mtDNA and 0.132 for Y-STR. Farmers are marked by squares, pastoralists by circles.
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populations. Haplotype diversity is not paralleled by the
mean number of pairwise differences, which is 3.414 and
3.362 in the FADE and the BUDU, respectively, whereas drop-
ping to 1.397 and 1.222 in the BULA and the MAFA and
HIDE, respectively. This result becomes clearer when consid-
ering the phylogenetic relationships between haplotypes
contributing to gene diversity (see below). Overall, the mean
number of pairwise differences does not differ significantly
between pastoralists and farmers (Wilcoxon test P5 0.441).

The relationship between genetic (RST) and geographic
distances in both farmer and pastoral populations are
shown in figure 2c and d, respectively. In contrast to
mtDNA, no statistically significant correlation was ob-
served. RST values (y axis) are generally lower among the
pastoralists. Six of the pairwise RST values are greater than
0.5 in farmers and are observed both between populations
living at short distances (left side of the plot) and as far as
;1,800 km apart. Of the six pairwise comparisons produc-
ing such high values, three involved one population with
low diversity and three involved two populations with
low diversity. In all cases, no more than a single haplotype
was shared between the populations compared.

A summary representation of pairwise RST as obtained
by MDS is displayed in figure 3b. Although the pastoral
populations form a tight cluster on the bottom right of
the plot, the farmers are much more dispersed, lying from
the top centre to the bottom left. Compared with the FST
plot (not shown here), the RST plot was better able to dis-
tinguish a subset of the farmers, such as Kanuri, Kotoko,
Kanembou, and one group of Fulani pastoralists from Diffa.
In agreement with the mtDNA results, the Songhai are the
only farmers genetically close to the pastoralists.

In the Y-STR migration matrix (fig. 4b), the intensive
gene flow among pastoralists mirrors that seen with
mtDNA. Conversely, only a minimal exchange among farm-
ers was apparent, with the Kanembou displaying consistent
male-driven gene flow.

When the populations were partitioned according to
their lifestyle (supplementary table S3, Supplementary
Material online, first three lines, left) the index FCT mea-

suring the contribution of the distinction between groups
to the total variance was 0.131. Residual heterogeneity
among populations within groups produced an FSC of
0.138. The R statistics, which also weights the number
of repeats separating alleles, produced an increase of both
fixation indexes (0.208; supplementary table S3, Supple-
mentary Material online, first three lines, right). This de-
notes that variation in STR numbers between alleles
contributes to interpopulation and intergroup differences,
again stressing the relevance of evolutionary diversifica-
tion between haplotypes found in different populations.
However, heterogeneity between populations was not
distributed equally in both groups. In particular (supple-
mentary table S3, Supplementary Material online, central
and bottom lines, left) FST was much lower among pastoral
(0.049) than sedentary (0.241) populations. Furthermore,
consideration of interallele size differences resulted in
a nearly doubled fixation index among nomadic popula-
tions (0.084), but only a 34% increase among sedentary
populations (0.322).

Further insights into the composition of the male gene
pool of the populations examined here were gained by con-
sidering the phylogenetic relationships between Y-STR
haplotypes. Among the eight-loci haplotypes studied in
the 364 males, 100 were private, that is, observed in only
one individual. Among the remaining 264 individuals (73%
of total), 54 different nonprivate haplotypes were observed.
The network connecting these 54 shared haplotypes is
shown in supplementary figure S2, Supplementary Material
online, with each plot displaying which haplotype is found
in the corresponding population. The overall network con-
sists of three clusters, connected by median vectors, and
positioned in the top, right, and bottom portions of the
graph, respectively (right-bottom panel in supplementary
fig. S2, Supplementary Material online). There is great var-
iation in the occurrence of haplotypes belonging to each
cluster in the two lifestyle populations. In most cases, hap-
lotypes of the second and third cluster are represented
among pastoralists (11 plots at the top of supplementary
fig. S2, Supplementary Material online) with sporadic

FIG. 4. Graphical representation of pairwise population estimates of migration, as obtained from the transformed FST matrices for mtDNA (A)
and Y-STRs (B). Thin, medium, and thick lines represent values of Nm (absolute numbers of migrants) . 50, . 100 and infinite (Fst 5 0) for
mtDNA, and .10, .50, and infinite for Y-STRs, respectively. Codes for pastoralists are in italics.
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representatives of the first cluster. Conversely, among the
farmers, haplotypes of the first cluster are very common
and are the sole ones represented in the Bulahay and in
the pooled Mafa–Hide group. This accounts for the low lev-
els of both haplotype diversity andmean number of pairwise
differences in these samples. Conversely, in cases where
modal- and low-frequency haplotypes belong to different
clusters, the latter ones contribute disproportionately to
mean pairwise differences. Among farmers, the Songhai rep-
resents the only group lacking these haplotypes, in line with
their general similarity with the Fulani pastoralists.

Discussion
When comparing our results with those from Central Asia
(Chaix et al. 2007), a rather different pattern is observed.
The Y chromosome gene pool of the African pastoralists
is more diverse than that of farmers. We argue that in spite
of the small number of contemporary pastoralists in the
Sahel, the shift to pastoralism in Africa might have involved
a much larger ancestral population than the shift to farm-
ing. This is in clear contrast with Central Asian pastoralists
where the male effective population size is smaller in con-
trast to their farmer neighbors (Chaix et al. 2007; Segurel
et al. 2008). Substantial gene flow between the constantly
mobile pastoralist groups maintained their initial Y chro-
mosome genetic diversity and did not disturb their linguis-
tic integrity: only one dominant language (‘‘Fulfulde’’)
characterizes these peoples at the present time. However,
the mtDNA gene pool of the Fulani pastoralists is com-
posed of a much lower number of haplotypes (even though
shared through large distances) than the farmers andmight
reflect a recent female population bottleneck, similarly as in
hunter gatherers (Excoffier and Schneider 2000). Con-
versely, among the patrilineal and patrilocal farmers, where
many different languages are represented, a stronger male-
specific drift and a broader repertoire of mtDNA haplo-
types denote possible recruitment of females across linguis-
tic barriers in a distance-dependent manner.

Unfortunately, almost nothing is known about matri-
monial exchanges between the pastoralists and farmers
from the West African Sahel. Ethnographic studies report
only cases within a specific family Fulani clan (Stenning
1959; Bonfiglioli 1988) or deal with matters of economy
(Beauvillain 1977). Our study shows that the sharing of nei-
ther mtDNA nor NRY haplotypes is very common between
these groups (supplementary figs. S1 and S2, Supplemen-
tary Material online), and so mating exchanges must have
been rather limited. One exception is the Songhai popula-
tion from Mali. With regards to the fact that the Fulani
nomads might recently (in the 11th century AD) have
spread to Lake Chad from West Africa, the relationship be-
tween these groups can be explained by the harboring of
common ancestral haplotypes. Unfortunately, farmer pop-
ulation samples from the area between Lake Chad Basin
and Middle Niger Delta were not available to us. Some
mtDNA data sets exists in the literature (Watson et al.
1997), but we relied only on the samples secured directly
in the field using our collection criteria.

Considering the large extent of mtDNA haplotype sharing
between the pastoral groups, two scenarios emerge: a first in
which these groups approximate a single population on the
maternal side of the gene pool (indicating extremely large
gene flow between groups throughout the African Sahel),
and a second where the current repertoire of mtDNA hap-
lotypes represents a pool of common ancestral haplotypes.
This latter case would imply that genetic drift was not very
strong in the pastoral groups. In fact, both scenarios can ex-
plain the observed results. According to the archaeobotanical
evidence, farming in theWest African Sahel is a later phenom-
enon than pastoralism (Neumann 2003), and important gene
flow within the ancestral population of the contemporary
pastoralists might thus have been interrupted only quite re-
cently. On the other hand, among the farmers (speaking var-
ious languages), divergence of their pool(s) can have been
achieved earlier and more easily, maintaining a lower gene
flow among their subpopulations.

The Y chromosome gene pool of the pastoralists mainly
consists of two distantly related haplotype sets. Their differ-
entiation in terms of repeat numbers suggests an antiquity
predating herding practices. This composition can result ei-
ther from a dual origin or from a large ancestral effective size
in a stationary population. In the latter case, the two long
branches of the coalescent tree would have survived until to-
day, but the lack of many Fulani-specific haplotypes would
necessitate the postulation of a continuous exchange with
other external populations.

Based on comparison with works reporting joint STR
and single nucleotide polymorphism data in similar African
populations (Goncalves et al. 2005; Rosa et al. 2007;
Tishkoff et al. 2007; Berniell-Lee et al. 2009; Cruciani
et al. 2010a) and also including the three modal haplotypes,
a large part of the corresponding clusters can be tentatively
affiliated with haplogroups R1b-V88, E3b-M35, and E3a-
M2, respectively. Maintenance of haplotypes of the second
and third clusters in all pastoral groups is compatible with
high levels of gene flow and/or a common origin. The pres-
ence of a few haplotypes of the first cluster in nomads is
very interesting. In fact, these too are deeply differentiated
and are similar to those found in high frequency in pop-
ulations that acquired them after herding practices were
already established in the Sahel (Cruciani et al. 2010a). This
component of the male-specific pool thus might testify to
the occasional recruitment of males into the pastoralist
population. The Y-STR pattern among farmers is radically
different, their gene pools being dominated by haplotypes
of the first cluster. The populations are differentiated by the
frequencies that various haplotypes have reached
within each of them (large FST), irrespectively of the geo-
graphical distance separating them. This pattern is in agree-
ment with genetic drift acting within the male component
of each population, accompanied by scarce male-driven
gene flow.

The West African Sahel pastoralists and Lake Chad Basin
farmers are well separated by the MDS analyses for both
mtDNA and Y-STR. The Songhai living in the Middle Niger
Delta are currently classified to the Nilo-Saharan linguistic
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family that is spread and diversified mainly in East and Cen-
tral Africa. However, according to some linguists, the attri-
bution of the Songhai to this group is very contentious
apart from the fact that the whole Nilo-Saharan family
is very heterogeneous (Bender 2000). We explored the
FST relationship between the Songhai (both our and Song-
hai sample of Watson et al. (1996)) and 121 African pop-
ulations in our mtDNA data set (data not shown) and
found nonsignificant pairwise differences preferentially
with West African populations such as the Guineans, Wo-
lof, and Serer and also with some groups of the central Sa-
hel such as the Hausa, Yoruba, Fulani, Mandara, Ouldeme,
Kanuri, and even some Tuareg groups. By contrast, the
comparisons of Songhai with Northern, Eastern, and South-
ern African populations always revealed significant differ-
ences. It thus seems that the genetic similarity of the Fulani
and Songhai can be better explained by their common an-
cestry in West or West central Africa.

Our results, together with the West African influences of
Fulani pastoralists, support the general idea of the African
Sahel acting as a bidirectional corridor along its horizontal
axis (Bereir et al. 2007; Černý et al. 2007; Hassan et al. 2008;
Tishkoff et al. 2009). Peoples such as the Mafa, Hide, and
Bulahay can be taken as one ethnic group speaking slightly
different dialects (David et al. 1991). These groups, living in
the Mandara Mountains together with the Masa and Ko-
toko who live along the Shari River, belong to the Chadic
branch of the Afro-Asiatic family. Indeed, they account for
a major proportion of interpopulation differentiation, as far
as Y-STR variability is concerned (supplementary table S3,
Supplementary Material online), indicating a parallel ge-
netic and cultural peculiarity of this cluster of populations.
The reconstruction of the original homeland of Chadic
speakers based on genetic evidence is disputed (Cruciani
et al. 2010a; Lancaster 2010). An East African origin is fa-
vored for their similarity with some Cushitic groups in So-
malia and by the phylogeny of L3f3 mtDNA haplogroup
(Černý et al. 2009), largely represented in our series. Per-
haps, the recent founder effect together with subsequent
demographic isolation in the Mandara Mountains can help
in explaining the reduced genetic diversity of these ‘‘Mon-
tagnard’’ (the Mafa, Hide, and Bulahay) groups. However,
Cruciani et al. (Cruciani et al. 2002, 2010a, 2010b) described
the NRY lineage R1b-V88 as associated with the spread of
Chadic languages within Africa. This lineage was also found
in North Africa and thus favors a northern route to the Lake
Chad Basin. The most common NRY STR haplotypes found
in our sedentary populations share the 15-11-13 motif at
DYS19-DYS391-DYS393 with haplotypes found on this line-
age. It is worth noting that this phylogeographic uncertainty
replicates that based on linguistic grounds: the ‘‘trans-Sahar-
an’’ versus ‘‘inter-Saharan’’ hypotheses (Blench 2006).

Supplementary Material
Supplementary tables S1–S3 and figures S1 and S2 are avail-
able at Molecular Biology and Evolution online (http://
www.mbe.oxfordjournals.org/).
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