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view, in favor of a model based on trade and cultural
diffusion (Dennell 1983; Barker 1985; Whittle 1996),
which would have left the gene pool of prehistoric Eu-
rope essentially autochthonous. There is clearly a spec-
trum of possibilities between these two extremes, in-
cluding demic diffusion involving a substantial minority
of newcomers, perhaps practicing hypergamy (Cavalli-
Sforza and Minch 1997), and pioneer colonization in-
volving fewer newcomers and a more substantial con-
tribution from the indigenous Mesolithic population
(Zvelebil 1986, 1989; Sherratt 1994).

The study of the geographic distribution and diversity
of genetic variation, known as the “phylogeographic
approach” (Avise et al. 1987; Templeton et al. 1995),
is emerging as a useful tool for the investigation of range
expansions, migrations, and other forms of gene flow
during prehistory. It is particularly suited to the study
of nonrecombining-marker systems such as mtDNA,
which is inherited down the female line and evolves
rapidly, so that, provided that sufficient characters are
assayed, the maternal genealogy can be well resolved.
European mtDNAs fall into a number of distinct clus-
ters, or haplogroups (Torroni et al. 1994a, 1996; Rich-
ards et al. 1998a; Macaulay et al. 1999). Most of these
clusters are clades defined by particular control-region
and/or coding-region motifs, although recurrent mu-
tation, especially in the control region, can sometimes
erase diagnostic elements of these motifs. The major
clades are H–K, T, U3–U5, and V–X. As has been ar-
gued elsewhere (Richards et al. 1998a; Macaulay et al.
1999), the RFLP haplogroup U (Torroni et al. 1996)
subsumes both haplogroup K and a number of other
clusters (U1–U6), including several (U1, U2, and U6)
found rarely in Europe but more frequently in the Near
East and northern Africa (Macaulay et al. 1999). In
addition, lineages are occasionally seen in Europe that
belong to clusters more commonly found elsewhere,
such as members of haplogroups M from eastern Eur-
asia (Ballinger et al. 1992; Passarino et al. 1992, 1996;
Torroni et al. 1994b) or L1 and L2 from Africa (Chen
et al. 1995; Watson et al. 1997).

In previous work, it was suggested that much of the
extant European mtDNA lineages have their ancestry
in Late Glacial expansions within Europe (Richards et
al. 1996; Torroni et al. 1998), with only ∼10% dating
to the earliest Upper Palaeolithic settlement of the con-
tinent (Richards et al. 1998a) and with ∼<20% dating
to fresh immigrations during the early Neolithic. How-
ever, these estimates depend on a reliable determination
of founder sequence types, since the undetected presence
of ancestral heterogeneity in a colonizing population
would result in an overestimation of the age. If this were
the case, Europe could have been populated far more
recently—for example, during the Neolithic—by a
much more diverse founder population (Barbujani et al.

1998). A limitation of the initial analysis (Richards et
al. 1996) was that it was based on a very small set of
published Near Eastern sequences—42 from the Levant
and the Arabian peninsula, mainly from the Bedouin
(Di Rienzo and Wilson 1991; Richards and Sykes 1998).
Although these sequences were difficult to assign, with
certainty, to mtDNA clusters, since they encompassed
only the first hypervariable segment (HVS-I) of the con-
trol region, they appeared to comprise mainly clusters
J and T, pre-HV, a few sequences belonging to X, M,
and L1/L2, and some probably belonging to cluster U.
There were very few or no members of the major Eu-
ropean cluster H, which occurs at a frequency of
40%–60% in most European populations, and there
were no representatives of either its sister cluster V or
of clusters I, W, K, or U5.

More data from the Near East have been published
since this initial analysis, suggesting that the Bedouin
may be unrepresentative of Near Eastern populations.
Both Calafell et al. (1996) and Comas et al. (1996) have
presented data from Turkey. These data suggest the
presence of substantial frequencies of cluster H (al-
though lower than that in Europe) (Torroni et al. 1998),
as well as of I, W, K, and U4, in addition to clusters
already identified in the Bedouin. Torroni et al. (1998)
also analyzed a sample of Druze from Israel, using high-
resolution RFLPs, and concluded that haplogroup H,
but not haplogroup V, evolved first in the Near East
and subsequently migrated into Europe. Here, we ex-
tend the Near Eastern database further, to a total of
1,234 individuals sampled from throughout the region,
including ∼500 from the vicinity of the Fertile Crescent,
where agriculture emerged from the increasingly sed-
entary Natufian populations at the end of the last Ice
Age (Henry 1989).

We have formalized the procedure for founder anal-
ysis, investigated the extent of confounding recurrent
gene flow between the putative source and derived pop-
ulations, and developed criteria that take into account
the effects of both gene flow and recurrent mutation.
This has enabled us to provide an estimate of the con-
tribution, to the present-day mtDNA pool, of immigra-
tion events at different times during Europe’s past.

Although previous genetic studies, using classical
markers, have inferred a demic component to the spread
of agriculture into Europe from the Near East (Menozzi
et al. 1978; Ammerman and Cavalli-Sforza 1984; Sokal
et al. 1991), the present study allows us for the first
time to quantify that component realistically—at least
for maternal lineages. Furthermore, the founder analysis
using mtDNA allows us to trace lineages farther back
into prehistory, through the Last Glacial Maximum
(LGM), to the first settlement of Europe by anatomically
modern humans, almost 50,000 YBP.
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Subjects and Methods

Subjects

For the purposes of this analysis, the Near East was
taken to include the whole of Turkey, the Fertile Crescent
from Israel to western Iran, and the whole of the Arabian
peninsula (see Kuhrt 1995, p. 1). The lower Nile (Egypt
and northern Sudan) was also included, since this region
is often treated historically with the Near East and since
the HVS-I sequence data show that a large proportion
of typically Near Eastern mtDNAs have penetrated the
Nile Valley, where they coexist with sub-Saharan African
mtDNAs (Krings et al. 1999). We sampled widely in the
Near East, for several reasons. First, we wished to trace
the ancestry of European lineages as far back as 50,000
YBP. We therefore needed as wide a source-population
database as possible. Second, even though there is a par-
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mtDNA phylogeny (Macaulay et al. 1999), being either
pre-HV or pre-JT. All samples bore the 11719G
(111718HaeIII) mutation that is characteristic of HV
(Saillard et al., in press), whereas none of them bore the
11251G (–11251Tsp509I) mutation that is character-
istic of JT (Hofmann et al. 1997; Macaulay et al. 1999).
Thus, these mtDNAs were shown to constitute an early
branch in the pre-HV cluster.

mtDNA Classification

The mtDNA nomenclature has been described in detail
by Richards et al. (1998a) and Macaulay et al. (1999).
In brief, named clades of the phylogeny typically either
refer to early branchings or are distinguished by an in-
teresting geographic distribution. Major clades, by tra-
dition called “haplogroups,” are denoted in terms of up-
percase roman letters (e.g., H, J, etc.), and nested
subclades are denoted by alternating positive integers and
lowercase roman letters (e.g., J2, J1a, J1b1, etc.). Super-
clades, if not denoted by a single letter (e.g., M or N),
are denoted by concatenating clade names (e.g., HV)
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types, the chance that back-migration or recurrent mu-
tation will be detected is lower—and, for common types,
it is higher—so that the criteria might be both too strin-
gent for rare clusters and too weak for common clusters.
We therefore introduced an alternative to f2, referred to
as “fs,” in which the frequency of the cluster deriving
from each candidate founder in Europe was used to scale
the number of derivatives required in the Near East in
order for the candidate to be counted as a founder type.
To this end, we rescaled the (absolute) frequency of foun-
der candidate clusters in Europe by taking logarithms
to the base 10, rounding to the nearest integer, and
then adding 1, allowing the outcome to be 1–4. This
outcome was then used to designate the number of de-
rivatives required in order for the candidate to qualify
as a founder. In addition, to investigate the effect of
sample size and differential back-migration into the
more peripheral Near Eastern populations, we reapplied
the fs criterion, excluding these populations (a procedure
referred to as the “fs′” analysis).

Frequency Estimates

We estimated the posterior distribution of the pro-
portion of a group of lineages in the population, given
the sample, by using a binomial likelihood and a uniform
prior on the population proportion. From this posterior
distribution, we calculated a central 95% “credible re-
gion” (CR) (Berger 1985).

Dating and Age Classes

Having identified a list of founder types correspond-
ing to each of these criteria, we measured the diversity
in the clusters to which they have given rise within Eu-
rope, using the statistic r, the mean number of transi-
tions from the founder sequence type to the lineages in
the cluster (Forster et al. 1996). This is an unbiased
estimate of the time to the most common ancestor of
the cluster (TMRCA), measured in mutational units.
This value was converted to an age estimate, by use of
a mutation rate of 1 transition (between nucleotide po-
sitions 16090 and 16365) per 20,180 years (Forster et
al. 1996), which closely approximates other rates used
for HVS-I (Ward et al. 1991; Macaulay et al. 1997). If
the underlying genealogy of a cluster is starlike, we can
readily calculate the posterior distribution of its
TMRCA, given the sequence type of the ancestor, as-
suming a uniform prior distribution for the TMRCA and
a Poisson distribution for the mutational process. From
the (gamma-distributed) posterior, we calculated a cen-
tral 95% CR. We did this for all clusters, regardless of
whether their phylogeny was starlike. When the phy-
logeny is markedly non-starlike, this is highlighted, since
this method is expected to underestimate considerably
the width of the true CR.

We employed two simple Procrustean models of dem-
ographic prehistory to partition the founder clusters, un-
der each criterion, into migration events. The first, or
“basic,” model assumes four major prehistoric migra-
tions from the Near East to Europe: (i) early Upper Pa-
laeolithic (EUP), 45,000 YBP; (ii) middle Upper Palaeo-
lithic (MUP), 26,000 YBP; (iii) late Upper Palaeolithic
(LUP), 14,500 YBP; and (iv) Neolithic, 9,000 YBP. It
also employed a fifth class, at 3,000 YBP, in order to
distinguish Neolithic from more-recent migration events.

These age classes were chosen by combining archae-
ological and paleo-climatological information (e.g., see
Dansgaard et al. 1993; Strauss 1995) with an eyeballing
of the ages of the more common founder clusters (see
table 3 and fig. 1). These clusters appeared to fall roughly
into at least three age classes, roughly corresponding to
the beginning of the EUP, the LUP, and the Neolithic,
with some clusters falling broadly between the LUP and
the EUP. The MUP date of 26,000 YBP was chosen to
allow immigrants arriving during ∼30,000–20,000 YBP
to register, and it also corresponds to a slight climatic
improvement. The EUP and LUP dates also correspond
to more-substantial climatic ameliorations, especially the
LUP dates, which are based on the rapid onset of the
Bølling warm phase (Dansgaard et al. 1993).

With this latter point in mind, we also considered an
“extended” model, which included a Mesolithic com-
ponent during the dramatic rewarming following the
Younger Dryas glacial interlude at 11,500 YBP (Dans-
gaard et al. 1993). This was stimulated by the sugges-
tion, by Adams and Otte (1999), that recovery from this
brief cold period, like that from the LGM, may have led
to renewed population dispersals in Europe, possibly
including some from Near Eastern refugia. Mesolithic
events would, of course, be difficult to distinguish from
both LUP and Neolithic expansions, but the possibility
of a Mesolithic contribution should nevertheless be
borne in mind.

Our partition analysis involves making the following
assumptions: (i) each cluster can be assigned, in its en-
tirety, to one of the proposed migration phases; (ii) each
cluster expanded in Europe, immediately after the mi-
gration event, so that, as a result, the genealogy of each
founder cluster is starlike, with a time depth closely ap-
proximating the time of the migration event; (iii) the
mutation-rate estimate is accurate; (iv) the phylogenetic
analysis has resolved all mutations; and (v) the founder
analysis has correctly identified the sequence types of the
founders. We determined the probabilities that each
founder cluster took part in each of the migration events,
on the basis of the age of the cluster. Then, given the
proportion of the modern sample contained in each clus-
ter, we estimated the proportion of the sample (and, by
implication, the modern population of Europe) that is
derived from each migration event. In detail, the migra-
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tion-event times, tm ( , where for the1 < m < M M p 5
basic model and for the extended model), wereM p 6
first scaled by the mutation rate m; that is, . Ift p mtm m

we were to know from which event a cluster derived,
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Table 1

Estimated Frequencies and Ages of Major Haplogroups and Their Major Subclusters, in the Near East and Europe

HAPLOGROUP
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are markedly non-starlike, evidently displaying drift
onto rare sequence types, often near the tips of the phy-
logenies. Although the Caucasian data are therefore dif-
ficult to interpret, the presence there of cluster distri-
butions that are similar to those of Europe and the Near
East should caution us that both Europe and the Near
East could have been populated from a third region,
perhaps closer to either the extant Caucasian population
or other populations in eastern Europe. More-recent in-
cursions from eastern Europe, particularly during the
Bronze Age, are also likely to have taken place.

Most of the major western-Eurasian clades (Macaulay
et al. 1999, table 2) occur in the Near East at a frequency
of >1%. In addition to these, we here define U7 (HVS-
I motif 16318T [Kivisild et al. 1999a]), HV1 (HVS-I
motif 16067), and a clade in pre-HV (HVS-I motif
16126-16362). We subdivide the haplogroup N defined
by 10873T (110871MnlI) (Quintana-Murci et al.
1999), which encompasses almost all Eurasian mtDNAs
(including haplogroups A, B, F, H–J, K, R, and T–Y)
that do not fall into haplogroup M. A subcluster N1,
characterized by 10238C (110237HphI), can be iden-
tified (Kivisild et al. 1999b) that includes haplogroup I
and that has distinct subclusters: N1a (tentative HVS-I
motif 16147A/G–16172-16223-16248-16355), N1b
(probable HVS-I motif 16145-16176G-16223), and N1c
(probable HVS-I motif 16223-16265). Another N sub-
cluster with HVS-I motif 16223-16257A-16261 has a
predominantly eastern-Eurasian distribution. HV1, the
specific clade of pre-HV, N1a–c, and U7 all occur at low
frequency in the northern-Caucasian sample. If we enu-
merate named subclusters of mtDNA clades in the Near
East, Europe, and the Caucasus, we also find more in
the Near East than in either of the other two regions,
again supporting a Near Eastern origin for the main
clusters.

The principal exception is cluster V, which seems to
have expanded within Europe ∼13,000 YBP (Torroni et
al. 1998). Cluster U5 is an additional unusual case. Al-
though U5 occurs at ∼2% in the Near East, its phylo-
geography, as we discuss below, suggests that it evolved
mainly within Europe during the past ∼50,000 years.
Haplogroups V and U5 occur in the Near East at ∼11%
and ∼19%, respectively, of their European frequencies,
in most cases as occasional haplotypes that are derived
from European lineages. These can be regarded as “er-
ratics,” in the same way that African and eastern-Eu-
rasian types can be regarded as such in Europe.

Cluster H is the most frequent cluster in the Near
East, as it is in Europe; nevertheless, it is present at a
frequency of only 25% (95% CR p .222–.270) in the
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Table 2

Founder Status of All Founder Candidate Sequence Types, under Five Different Criteria

FOUNDER STATUS, FOR CRITERIONa

HAPLOGROUP

OR SUBCLUSTER HVS-I SEQUENCE TYPEbf0 f1 f2 fs fs′

x x x x x H 0
x x x x H 16092
x H 16092-16311
x H 16111
x H 16129
x H 16172
x H 16189
x H 16189-16311
x H 16212
x
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Table 2 (continued)

FOUNDER STATUS, FOR CRITERIONa

HAPLOGROUP

OR SUBCLUSTER HVS-I SEQUENCE TYPEbf0 f1 f2 fs fs′

x x x H 16150-16192
x x H 16248
x x x x H 16356
x x x x x H 16266
x x x x H 16266-16311
x H 16266-16311-16362
x x H 16145
x H 16188G
x x x x x H 16288-16362
x x x x x H 16357
x x x x x HV 0
x x x x HV 16129
x HV 16129-16221
x HV 16172-16311
x x HV 16221
x x HV 16311
x x x x HV 16362
x x x x x HV1 16067
x x x HV1 16067-16311
x x x x HV1 16067-16355
x x x x x I 16129-16223
x I 16129-16172-16223-16311
x x I 16129-16223-16311
x x x x I 16129-16223-16311-16362
x x x x I 16223-16311
x x x x x I 16129-16148-16223
x x x x I 16129-16223-16311-16319
x x x x I 16129-16223-16270-16311-16319-16362
x x x x x J 16069-16126
x J 16069-16126-16145
x J 16069-16126-16148
x J 16069-16126-16189
x J 16069-16126-16193-16256-16300-16309
x J 16069-16126-16241
x x x x J 16069-16126-16300
x J 16069-16126-16311
x J 16069-16126-16319
x J1 16069-16126-16145-16172-16261
x x x x x J1 16069-16126-16145-16261
x x x x x J1 16069-16126-16261
x J1a 16069-16126-16145-16189-16231-16261
x x x x x J1a 16069-16126-16145-16231-16261
x x x x x J1b 16069-16126-16145-16222-16261
x x x x J1b 16069-16126-16145-16222-16261-16274
x J1b1 16069-16126-16145-16172-16222-16261
x x x x x J2 16069-16126-16193
x J2 16069-16126-16193-16278
x J2 16069-16126-16193-16311
x K 16093-16224-16234-16311
x x x K 16189-16224-16311
x x K 16224-16234-16311
x x x x K 16224-16291-16311
x x x K 16224-16304-16311
x x x x x K 16224-16311
x x K 16093-16189-16224-16311
x K 16093-16224
x K 16093-16224-16278-16311
x x x x x K 16093-16224-16311

x N 16223

(continued)
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Table 2 (continued)

FOUNDER STATUS, FOR CRITERIONa

HAPLOGROUP

OR SUBCLUSTER HVS-I SEQUENCE TYPEbf0 f1 f2 fs fs′

x x N1a 16147A-16172-16223-16248-16320-
16355

x x x x N1a 16147A-16172-16223-16248-16355
x x x N1b 16126-16145-16176G-16223
x x x N1b 16128G-16145-16176G-16223-16311
x x x x x N1b 16145-16176G-16223
x x x N1b 16145-16176G-16223-16256
x x x x x N1c 16201-16223-16265
x x x x pre-HV 16114-16126-16362
x pre-HV 16126
x x x pre-HV 16126-16264-16362
x x x x x pre-HV 16126-16355-16362
x x x x x pre-HV 16126-16362
x x T 16126-16189-16294-(16296)
x T 16126-16189-16294-(16296)-16298
x T 16126-16192-16294-(16296)
x x x x x T 16126-16291-16294-(16296)
x x x x x T 16126-16294-(16296)
x x x T 16126-16294-(16296)-16311
x x x x T 16126-16294-(16296)-16362
x x x x x T1 16126-16163-16186-16189-16294
x T2 16093-16126-16294-(16296)-16304
x x x x x T2 16126-16294-(16296)-16304
x x x x x T3 16126-16146-16292-16294-(16296)
x x x x T3 16126-16189-16292-16294-(16296)
x x T3 16126-16292-16294-(16296)
x x x x T4 16126-16294-(16296)-16324
x x x x x T5 16126-16153-16294-(16296)
x x x x x U 0
x x x U 16129-16189-16234
x x x U 16189

x U 16189-16234
x x x U 16189-16234-16324
x x x x U 16189-16362
x x x U 16311
x x x x U 16362
x U1a 16092-16189-16249
x x x x U1a 16129-16189-16249-16288
x U1a 16129-16189-16249-16288-16362
x x x x x U1a 16189-16249

x U1a 16189-16249-16288
x U1a 16189-16249-16362
x x x x x U1b 16111-16249-16327
x U2 16129C-16189-16256
x x x x U2 16129C-16189-16256-16362
x x x x x U2 16129C-16189-16362
x x x x U3 16093-16343
x x x U3 16189-16343
x U3 16193-16249-16343
x x x x U3 16260-16343
x x x x U3 16301-16343
x U3 16311-16343
x x x x x U3 16343
x x x x x U3 16168-16343
x U4 16179-16356
x U4 16223-16356
x x x x U4 16356
x x U4 16356-16362

(continued)
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Table 2 (continued)

FOUNDER STATUS, FOR CRITERIONa

HAPLOGROUP

OR SUBCLUSTER HVS-I SEQUENCE TYPEbf0 f1 f2 fs fs′

x x U4 16134-16356
x x x U5 16270
x x x U5 16270-16296
x x x U5a 16187-16192-16270
x U5a1 16093-16192-16256-16270-16291
x U5a1 16189-16192-16256-16270
x x x x U5a1 16192-16256-16270
x x x x U5a1 16192-16256-16270-16291
x U5a1 16192-16256-16270-16311
x x x U5a1a 16189-16256-16270
x x x x U5a1a 16256-16270
x U5a1a 16256-16270-16295
x x U5b 16189-16270
x U5b 16189-16270-16311
x x U5b1 16144-16189-16270
x x x x x U7 16318T
x x x x x U7 16309-16318C
x x x x x U7 16309-16318T
x V 16216-16261-16298
x V 16239-16298
x x x V 16274-16298
x x x V 16298
x V 16298-16311
x W 16093-16223-16292
x W 16129-16223-16292
x W 16172-16223-16231-16292
x x x x W 16223-16292
x x x x W 16223-16292-16295
x x W 16192-16223-16292-16325

x x W 16223-16292-16325
x X 16093-16189-16223-16278
x X 16126-16189-16223-16278
x x x X 16189-16223-16248-16278
x x x X 16189-16223-16265-16278
x x x X 16189-16223-16274-16278
x x x x x X 16189-16223-16278
x X 16189-16223-16278-16293
x x x x X 16189-16223-16278-16344
x X 16189-16278

a Founder clusters are indicated by bullets (x).
b Parentheses denote that, as discussed in the Subjects and Methods section, nucleotide position 16296

in haplogroup T is unstable, making the state of this position in the founder sequence uncertain. Sequence
types that are formally founders but whose clusters are empty in the European sample are not included.

Back-Migration from Europe

Recent back-migration can be estimated by an ex-
amination of the presence, in the Near East, of clusters
that are most likely to have evolved within Europe. Hap-
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YBP, with recurrent back-migration ever since, a Euro-
pean origin for the U5 cluster seems just as probable. In
either case, the U5 cluster itself would have evolved es-
sentially in Europe. U5 lineages, although rare elsewhere
in the Near East, are especially concentrated in the
Kurds, Armenians, and Azeris. This may be a hint of a
partial European ancestry for these populations—
not entirely unexpected on historical and linguistic
grounds—but may simply reflect their proximity to the
Caucasus and the steppes. Of the Near Eastern lineages,
1.8% (95% CR p .012–.027) are members of U5, in
contrast to 9.1% (95% CR p .081–.103) in Europe; in
the core region of Syria-Palestine through Iraq, the pro-
portion falls to 0.5% (95% CR p .002–.015). Overall,
this suggests the presence of as much as 20% of back-
migrated mtDNA in the Near East but only ∼6% in the
core region.

It seems likely that haplogroup V also originated
within Europe and subsequently spread eastward (Tor-
roni et al. 1998), although its lower diversity provides
less opportunity to differentiate lineages by their ages.
A slightly lower figure for back-migration is obtained
when V is used: 0.5% (95% CR p .002–.011) of sam-
ples in the Near East (in Turkey, Azerbaijan, and Syria)
versus 4.6% (95% CR p
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Table 3

Ages of the Major Founder Clusters Identified under Four Different Criteria

HAPLOGROUP A
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Table 4

Percentage, of Extant European mtDNA Pool, Derived, in Each Migration Event, from Near Eastern Founder Lineages

MIGRATION EVENT

MEAN 5 ROOT-MEAN-SQUARE ERROR, OF CONTRIBUTION, FOR
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Table 5

Percentage, of Extant European mtDNA Pool, in Each Migration Event, by Region

MEAN 5 ROOT-MEAN-SQUARE ERROR, FOR

Southeastern
Europe

(n p 166)

Eastern
Mediterranean

(n p 233)

Central
Mediterranean

(n p 302)
Alps

(n p 218)

North-Central
Europe

(n p 332)

Western
Mediterranean

(n p 217)

Basque
Country

(n p 156)

Northwestern
Europe

(n p 456)
Scandinavia
(n p 316)

Northeastern
Europe

(n p 407)

Migration Event:
Bronze Age/recent 8.2 5 3.3 19.5 5 3.7 4.6 5 1.6 6.9 5 2.7 8.9 5 3.5 6.3 5 2.5 5.4 5 2.6 4.6 5 1.5 7.4 5 3.3 5.5 5 3.0
Neolithic 19.7 5 6.0 10.7 5 5.0 9.2 5 5.1 15.1 5 5.4 17.1 5 5.6 12.0 5 4.2 6.7 5 4.7 21.7 5 4.5 11.7 5 4.5 18.0 5 4.5
LUP 44.1 5 6.5 43.0 5 4.9 49.1 5 5.8 54.4 5 5.8 52.2 5 12.1 56.3 5 5.0 58.8 5 4.7 52.7 5 4.5 52.8 5 4.7 43.3 5 4.4
MUP 14.6 5 4.9 13.2 5 4.7 21.1 5 4.4 14.7 5 4.8 11.8 5 11.7 14.4 5 4.8 13.0 5 3.4 12.2 5
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America also has begun (Ruiz Linares et al. 1996; Kar-
afet et al. 1999). Both situations are thought to be likely
to be amenable to such an analysis, in that they have
relatively well-defined source regions, only one major
dispersal event, and probably minimal postsettlement
gene exchange with those regions (although they un-
doubtedly are more complex than usually is supposed;
see Terrell 1986).

Europe clearly presents a more difficult case. The time
depth is such that it is unclear whether the Near East
represents a suitable source population stretching back
prior to the LGM. Settlement seems likely to have oc-
curred in multiple waves from the east and to have been
subsequently obscured by millennia of recurrent gene
flow. There may well have been significant levels of gene
flow throughout Eurasia, from the Upper Palaeolithic to
the present, particularly during the Holocene (the “Ho-
locene filter”), which would obscure the signals of earlier
dispersals. The problem is particularly acute for the Near
East, since the latter forms the junction between three
continents. Therefore, it is important to take into ac-
count recurrent gene flow when a founder analysis of
Europe is performed.

Sample size may also be an issue. Despite a source-
population sample (n p 1,234) much larger than has
been used in all previous studies, there are reasons to be
cautious. Both the higher diversity and degree of sub-
structure in the Near East, in comparison with Europe,
and the greater number of potential founder lineages
raise the possibility that some founders may be missed
in the sampling.

Our aim was to identify the principal founder lineages
that have entered Europe and to date the times of their
entry, in order to quantify the contribution that the main
episodes of new settlement during European prehistory
have made to the modern mtDNA pool. As regularly
has been pointed out (e.g., see Barbujani et al. 1998),
the divergence time estimated on the basis of the genetic
diversity of the population as a whole will not, in gen-
eral, indicate the time of settlement. This is because some
of the preexisting diversity of the source population is
expected to be carried into the derived population, so
that some of the earlier branches in the genealogy will
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3. A further assumption for the founder method-
ology is the infinite-alleles model—that is, that recur-
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