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ABSTRACT The debate on the origins of Etruscans,
documented in central Italy between the eighth century
BC and the first century AD, dates back to antiquity.
Herodotus described them as a group of immigrants
from Lydia, in Western Anatolia, whereas for Dionysius
of Halicarnassus they were an indigenous population.
Dionysius’ view is shared by most modern archeologists,
but the observation of similarities between the (modern)
mitochondrial DNAs (mtDNAs) of Turks and Tuscans
was interpreted as supporting an Anatolian origin of the
Etruscans. However, ancient DNA evidence shows that
only some isolates, and not the bulk of the modern Tus-
can population, are genetically related to the Etruscans.

In this study, we tested alternative models of Etruscan
origins by Approximate Bayesian Computation methods,
comparing levels of genetic diversity in the mtDNAs of
modern and ancient populations with those obtained by
millions of computer simulations. The results show that
the observed genetic similarities between modern Tus-
cans and Anatolians cannot be attributed to an immigra-
tion wave from the East leading to the onset of the
Etruscan culture in Italy. Genetic links between Tuscany
and Anatolia do exist, but date back to a remote stage of
prehistory, possibly but not necessarily to the spread of
farmers during the Neolithic period. Am J Phys Anthro-
pol 152:11-18, 2013. VC 2013 Wiley Periodicals, Inc.

The Etruscan civilization is documented in Etruria,
roughly corresponding to current Tuscany, starting from
the eighth century BC, and is defined by a material cul-
ture, by a non-Indo-European language and by an alpha-
bet derived from the Greek alphabet. Availability of
copper and iron and ability in seafaring were the main
factors leading to an Etruscan expansion over much of
Central Italy in the sixty and fifth centuries BC. Later,
military defeats and the Roman expansion caused a
decline of the Etruscans’ political influence. From the
first century BC, the Etruscan language disappeared
from the archeological record (Barker and Rasmussen,
1998).

Questions about the Etruscans’ origins date back to
antiquity and are still open. In the fifth century BC,
Herodotus described them as a group emigrating from
Lydia, in Western Anatolia; by contrast, Dionysius of
Halicarnassus regarded them as an indigenous Italic
population, and this view is shared by most modern
archeologists. The first genetic studies assumed that cur-
rent inhabitants of Tuscany are the direct mitochondrial
descendants of the Etruscans, and their results sug-
gested an evolutionary link with Anatolia that would
support Herodotus’ view (Achilli et al., 2007; Brisighelli
et al., 2009). However, analyses of mitochondrial DNA
(mtDNA) sequences from bones excavated in Etruscan
necropolis (Vernesi et al., 2004) raised questions about
the significance of the similarities observed between
modern populations. Indeed, based on ancient DNA
data, the Etruscans appeared to represent a single bio-
logical population, connected by genetic links across its
territory, but showed a limited genetic resemblance with
modern people of the same area (Vernesi et al., 2004).
Explicit tests comparing mtDNAs of ancient (i.e., Etrus-
can) and modern inhabitants of Tuscany ruled out the
hypothesis that the former might be the latter’s direct

ancestors (Belle et al., 2006; Guimaraes et al., 2009).
Among the possible explanations for these results are
the presence of massive errors in the Etruscan sequen-
ces (as suggested by Bandelt and Kivisild, 2006), a com-
plete population extinction, and a persistence of the
Etruscans’ genetic heritage only in isolated localities,
whereas most contemporary Tuscans would be
descended from different mitochondrial ancestors.

Two recent studies contributed to clarifying this com-
plex picture. First, Bayesian analysis of patterns of
mutation showed no evidence of systematic errors in the
ancient Etruscan sequences, which might explain the
observed differences between modern and ancient inhab-
itants of Etruria (Mateiu and Rannala, 2008). Errors are
always possible and sometimes hard to identify in
ancient DNA analyses, but as far as one can test, Ver-
nesi et al.’s (2004) Etruscan sequences comply with the
highest quality standards. Second, in a study including
a new set of ancient DNA sequences, in which alterna-
tive demographic models were explicitly tested by
Approximate Bayesian Computation (ABC), the results
were compatible with a genealogical continuity between
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the Etruscans and two Tuscan isolates (Volterra and
Casentino) that had not been previously compared with
them. By contrast, another population of the former
Etruscan homeland, Murlo, and a forensic sample from
the main city in the area, Florence, showed no special
relationships with the Etruscans (Ghirotto et al., 2013).
The former finding means that populations separated by
short distances may differ in their genetic relationships
with ancient populations (as already seen in Sardinia;
Ghirotto et al., 2010), and the latter confirms that the
Etruscans cannot be regarded as the global ancestors of
the people now living in what once was their territory.

In this article, we used all the available ancient
mtDNA samples from classical Etruria, the inferential
power given by the ABC methods, and the information
on the genealogical relationships between the Etruscans
and the communities of Volterra and Casentino (Ghirotto
et al., 2013) to further investigate the Etruscans’ biologi-
cal origins. Because previous inhabitants of Etruria,
associated with the Villanovian culture, cremated their
dead, empirical genetic comparisons going further back
in time are unfeasible. We then compared the observed
genetic data with the results of millions of simulations
of modern and ancient mtDNAs, generated under demo-
graphic models differing for the homelands of Etruscan
people, namely, Western Anatolia or Central Italy. This
way, we could test whether or not the genetic links
between modern Anatolians and Tuscans may have been
established through a process of gene flow occurring
approximately between the tenth and eight centuries
BC, and thus possibly associated with the onset of the
Etruscan civilization in Italy.

MATERIALS AND METHODS

Genetic data

Historical Etruria comprises much of current Tuscany
and the northernmost region of current Latium
(Fig. 1). Therefore, in this study, we excluded previously

published specimens coming from the regions of Etrus-
can expansion to the North (Adria) and to the South
(Capua), because (a) we had no idea of the levels of
admixture with non-Etruscan people in these localities
and (b) there was no reason to assume that these popu-
lations could have contributed to the ancestry of modern
Tuscans.

We analyzed 360 bp [positions 16024–16383 of the
Cambridge reference sequence (CRS) (Andrews et al.,
1999)] within the HVRI (hypervariable I) region of
mtDNA. In all statistical analyses, we replaced the
nucleotides occupying position 16180–16188 and 16190–
16193 with the nucleotides in the CRS, to avoid the
stretch of adenines and cytosines known to result in
apparent length polymorphism of the mtDNA sequence
(Bendall and Sykes, 1995; Bandelt and Kivisild, 2006).

We considered samples of three main historical peri-
ods: the Etruscans (with specimens dated around 2,500
years ago, on average), the medieval Tuscans (dated
around 900 years ago), and modern subjects. The Etrus-
can sample is composed of 30 sequences from different
necropolis (Vernesi et al., 2004; Ghirotto et al., 2013).
The Medieval sample comprises 27 sequences collected
in various Tuscan localities (Guimaraes et al., 2009).
The modern sample comprises the following: (a) two
Tuscan populations [Casentino, 122 sequences and Vol-
terra, 114 sequences (Achilli et al., 2007)] for which we
previously demonstrated a high level of genealogical con-
tinuity since Etruscan times (Ghirotto et al., 2013) and
(b) a population from Western Anatolia [35 sequences
(Di Benedetto et al., 2001)], representing the putative
Etruscans’ homeland according to Herodotus.

Summary statistics

In this study, statistics summarizing genetic diversity
were calculated by using Arlequin ver. 3.5.1. (Excoffier
and Lischer, 2010). The within-population diversity of
each sample is described by (i) sample size, (ii) number

Fig. 1. Geographic location of the samples considered in the ABC analysis. Triangles, contemporary Tuscans (n 5 236); Circles,
Medieval Tuscans: 1. Massa Carrara (n 5 3), 2. Florence (n 5 10), 3. Pisa (n 5 6), 4. Livorno (n 5 3), 5. Siena (n 5 4); 6. Grosseto
(n 5 1); Squares, Etruscans: 1. Castelfranco di Sotto (n 5 1); 2. Volterra (n 5 3); 3. Casenovole (n 5 10); 4. Castelluccio di Pienza
(n 5 1); 5. Magliano/Marsiliana (n 5 6); 6. Tarquinia (n 5 9); Star, Turks (n 5 35).
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of different haplotypes, (iii) mean pairwise difference,
(iv) haplotype diversity, and (v) number of segregating
sites (Table 1a). In addition, we quantified the relation-
ships between Tuscans and Anatolians calculating, for
each comparison, Hudson’s FST (Hudson et al., 1992) an
index of genetic diversity particularly suitable for hap-
loid sections of the genome; and a measure of allele
sharing, defined as the number of haplotypes of the Ana-
tolian sample also present in each Tuscan sample, scaled
by the total number of haplotypes in the latter. In this
way, we divided the number of shared haplotypes,
respectively, by 21, 14, 72, and 57, namely, the number
of haplotypes in the Etruscan, Medieval, Casentino, and
Volterra’s samples (Table 1b).

Tested demographic scenarios and priors

We designed two models, both assuming a common
origin of populations of the Eastern and Northern Medi-
terranean shores during the Paleolithic dispersal of ana-
tomically modern humans from Africa (see, e.g., Otte,
2000), but differing in the timing of a migration event.
We did that by simulating an ancestral population split
1,000 generations ago, roughly equivalent to 25,000
years ago if one assumes, according to Fenner (2005), an
average generation time of 25 years. In time, the first
resulting lineage gave rise to the Etruscans (100 genera-
tions or 2,500 years ago) who, in turn, are the ancestors
of the medieval Tuscans (36 generations or 900 years
ago) and of current inhabitants of Casentino and Vol-
terra (placed 0 generations ago); the second lineage gave
rise to the Western Anatolian population. Both lineages
grew exponentially in size after the split. Under Model
A, migration from the East, followed by admixture, took
place in a relatively remote past [between 6,000 and
10,000 years ago, based on estimates in Ghirotto et al.,
(2013)], whereas under Model B this event happened
just before (and was crucial for) the onset of the Etrus-
can culture. For each model, we tested various admix-
ture rates.

The models are characterized by demographic and evo-
lutionary parameters whose values are independently
drawn in each simulation experiment from uniform and
wide prior distributions. The ancestral population sizes
ranged from 5 to 6,000 individuals and the effective pop-
ulation sizes for modern Tuscans and Anatolians were
independently sampled from a prior distribution ranging

between 100 and 400,000. The prior for mutation rate
was between 0.0003 and 0.0075, in agreement with
recent papers based on ABC methods (Sanchez-Quinto
et al., 2012; Ghirotto et al., 2013). A schematic outline of
the models is in Figure 2 and a complete description of
the prior information considered is in Table 2.

Approximate Bayesian computations: Model
choice

The two models were compared, and their parameters
were estimated, under an ABC framework (Beaumont
et al., 2002). The ABC methods combine the analysis of
abundant data and realistic models. They allow the
probabilistic comparison of different models of evolution
accounting for the observed variation, the simultaneous
estimation of demographic and evolutionary parameters,
and the quantitative evaluation of the results’ credibility
(Beaumont et al., 2010). ABC method is intuitively very
easy: in principle, to test hypotheses on the genealogical
relationships between samples, millions of genealogies
are generated under different models and assuming dif-
ferent parameter values. The simulations that produce
genetic variation patterns close to the observed data are
retained and analyzed in detail. Indeed, parameter val-
ues and model features in the retained simulations are
of course interesting because they are able to generate
datasets with some properties found in the observed
data. This approach could meet with difficulties because
of the large number of parameters needed to fully
describe the genealogy underlying the observed data,
but the flexibility of ABC makes it possible to evaluate
the likelihood also for complex demographic models
(Marjoram and Tavarè, 2006). Indeed, the ABC approach
allows one to approximate the likelihoods by comparing
summary statistics extracted from the data, rather than
the DNA sequences themselves, thus reducing the
amount of information to account.

The various steps of the ABC procedure and their
rationale are described in detail in Bertorelle et al.
(2010), and summarized below:

1. For both models, we ran a large number of
coalescent-based simulations using the program
BayeSSC (Anderson et al., 2005; see http://iod.ucs-
d.edu/simplex/ssc/BayeSSc.htm); in particular, we

TABLE 1. Statistics summarizing (A) intra- and (B) interpopulation genetic diversity

A

Etruscans Medieval Casentino Volterra Turks

No. of sequences 30 27 122 114 35
No. of distinct Haplotypes 21 14 72 57 29
Mean pairwise difference 2.966 1.972 4.105 3.850 4.689
Haplotype diversity 0.943 0.860 0.976 0.955 0.965
Segregating sites 24 14 62 58 43

B

Fst
Etruscans 0.000 0.015 0.020 0.012 0.033
Medieval 0.015 0.000 0.020 0.013 0.045

Allele sharing
Etruscans 1.000 0.238 0.333 0.238 0.143
Medieval 0.357 1.000 0.500 0.429 0.286

These values were used in the ABC analysis.
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generated 2,000,000 simulated datasets for each
model (two) and each admixture rate (nine), for a
total of 36,000,000 simulations. The values of
the other parameters (i.e., population sizes, timing of
the demographic events, mutation rates) defining the
demographic processes described by the model were
drawn from the prior distributions for each simulated
dataset.

2. Summary statistics were estimated from both the
observed data and from each simulated dataset.
Then, after normalization of all statistics, for each
simulated dataset, a Euclidean distance between the
observed and simulated summary statistics was
calculated.

3. Models were then compared for the goodness of their fit
to the data. For this procedure, we followed two meth-
ods, both based on the Calmod function written by M.
A. Beaumont (available at PopABC website: https://
code.google.com/p/popabc/source/browse/trunk/scripts/cal
mod.r) for the R statistical package. Under the first
method, the AR, or acceptance–rejection procedure
(Pritchard et al., 1999), the posterior probability of a
model is obtained by simply counting the proportion of
the simulations in which either model generates statis-
tics arbitrarily close to the observed statistics. This
method is considered reliable only when applied to a
few simulations showing an excellent fit with the
observed data (Beaumont, 2008); therefore, we retained
the 750 simulations resulting in the shortest Euclid-
ean distances. The second criterion is a weighted
multinomial logistic regression (LR) between the sum-
mary statistics and a categorical variable indicating

either demographic model (Beaumont, 2008). For this
calculation, we retained the 150,000 simulation
experiments associated with the shortest Euclidean
distances.

Parameter estimation

For the best model, we retained the 5,000 simulations
generated under that model showing the shortest associ-
ated Euclidean distances, from a total of 5,000,000 simu-
lations. Then, parameters were estimated by a locally
weighted multivariate regression (Beaumont et al.,
2002), after a logtan transformation to prevent the esti-
mate from exceeding the bounds of the prior distribution
(Hamilton et al., 2005).

Quality of the estimation: Type I error and
posterior predictive test

To check whether the power of the LR and AR proce-
dures is sufficient to actually identify the best model
based on the available data, we followed an approach sug-
gested by Fagundes et al. (2007) and Cornuet et al.
(2008). First, we simulated 1,000 datasets from the prior
distribution under the submodel emerging as the most
likely, and we analyzed them as if they were observed
datasets in an ABC analysis. We then assigned each of
the 1,000 simulated datasets to the model showing the
highest posterior probability. Finally, we calculated Type I
error as the number of experiments in which the simu-
lated model was not recognized by the model selection
procedures.

Fig. 2. (A) and (B) Schematic presentation of the two models tested and ABC results among the admixture rates tested for
each model. (C) ABC results of the comparison between submodels A90 and B50.
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The above-described procedures are suitable to iden-
tify the model better reproducing the observed statistics,
but do not test whether either model is realistic at all.
To that end, we eventually evaluated by a posterior pre-
dictive test whether the model we chose has the ability
to reproduce the observed data (Gelman et al., 2004).
Therefore, we simulated 1,000 datasets according to the
model with the highest probability using the estimated
posterior parameter distributions. Then, we calculated
20 summary statistics that had not been considered dur-
ing the previous inferential step, namely, nucleotide
diversity and Tajima’s D within each sample, and five
Hudson’s FST and five allele-sharing measures that
describe the genetic distance between the Tuscans’ sam-
ples. We compared these values with the same observed
statistics and estimated a posterior predictive P-value
for each summary statistic. Finally, these probabilities
were combined into a global P-value, following a proce-
dure described in Ghirotto et al. (2010).

RESULTS

Table 1 shows the statistics summarizing genetic vari-
ation in the five samples considered. The posterior prob-
ability of the alternative models being compared
essentially measures the model’s ability to generate data
closely resembling the observed data.

Under the ABC framework we actually started by
comparing two sets of models. We assumed either (Model
A) that the genetic resemblance between Central Italy
and Anatolia is because of a relatively ancient gene flow
between these geographical regions, or (Model B) that
migration from Anatolia brought into Central Italy the
immediate ancestors of the Etruscans. The first test we
ran was a comparison of the probabilities of various
admixture rates (0.50, 0.60, 0.70, 0.80, and 0.90) within
each demographic model (as a consequence, each Model
was divided into five submodels, namely, A50, A60, A70,

A80, A90 and B50, B60, B70, B80,B90).
We found that the highest posterior probabilities cor-

responded to an admixture rate of 0.90 for Model A (sup-
ported by 29% of the experiments under the LR
approach and 33% under the AR approach; Fig. 2A) and
0.50 for Model B (supported by 29% of the experiments
under the LR approach and 33% under the AR approach;
Fig. 2B). We then proceeded to compare the models
keeping constant the admixture rates thus estimated
(submodel A90 vs. submodel B50), so as to use for both
models the most likely admixture level.

Submodel A90 proved about twice as likely as the
alternative model, regardless of the criterion used for

model selection (posterior probabilities were 66% under
the LR approach and 70% under the AR approach; Fig.
2C). This result also held when different numbers of
simulations were considered to compare models. In addi-
tion, the Model A results provided the most probable sce-
nario even when compared with Model B, considering
lower admixture rate (data not shown).

Once submodel A90 proved able to generate statistics
in better agreement with the observed data than the
alternative submodel B50, we calculated its parameters’
posterior probabilities, here reported in Table 2 and
Figure 3, along with the priors. Narrow posterior distri-
butions of the estimates mean that independent simula-
tion experiments suggest similar values, and hence that
these estimates are reliable. That seems the case for the
ancient populations’ sizes, the time to the Most Recent
Common Ancestor (MRCA), and the mutation rate; the
median for this statistic is 0.17 mutational events per
million years per nucleotide, close to the values esti-
mated in previous comparable studies (Hill et al., 2007;
Ghirotto et al., 2010). The median time of admixture,
8,396 years ago, is probably an underestimate because
the modal value corresponds to the upper limit of the
priors we imposed. In other words, had we chosen a
broader distribution of priors, we would have likely
inferred an older gene flow event. Our purpose, however,
was not to estimate a specific date for an event that may
well have occurred across many years, or even centuries,
but to see if that event has any chance to have closely
preceded the appearance of Etruscan artifacts in the
archeological record. The answer is that the probability
of such a recent event is less than one-third, which
means that the alternative is more than twice as likely.
The estimates for the archaic population size of Tuscans
and Turks are low, not an unexpected finding for the
Mediterranean basin in Paleolithic times. On the con-
trary, the sizes of both modern populations show broad
distributions of posterior probabilities. Such a finding is
common in studies comparing populations across time
(Fagundes et al., 2007; Belle et al., 2009; Laval et al.,
2010), and probably reflects the effect of immigration,
resulting in incorporation of novel mtDNA variants from
external sources that are not easily incorporated into
the models. This input of external DNAs increases the
internal diversity of populations, and hence the (corre-
lated) estimate of population size.

To be reliable, these results must be supported by evi-
dence that, at the sample sizes we considered, our meth-
ods for model selection (AR and LR) were powerful
enough to identify the correct model. To answer this
question we calculated, for Model A90 and Model B50,

TABLE 2. Priors, estimates, and R2 of the parameters estimated under Submodel A90. LowB and UppB are, respectively, the lower
and upper bound of the 95% credible interval of the posterior probability distributions

Priors Median Mode 95% HPD LowB 95% HPD UppB R2

Time MRCA a 44,424 40,712 9,864 183,807 0.51
Mutation rate (0.0003–0.0075) 0.0016 0.0016 0.0007 0.0032 0.77
Time admixture (6,000–10,000) 8,396 10,000 6,007 10,000 0.02
Ne ancestral Tuscans (5–6,000) 140 36 5 4,729 0.16
Ne ancestral Turks (5–6,000) 676 229 5 5,814 0.31
Ne Tuscans (100–400,000) 180,421 128,721 18,257 400,000 0.53
Ne Turks (100–400,000) 302,391 400,000 6,259 400,000 0.23

HPD, highest posterior density; MRCA, most common recent ancestor.
a The time to the most recent common ancestor, Time MRCA, was estimated from the simulated data and not extracted from a prior
distribution.
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the Type I error, generating by simulation 1,000
pseudo-observed datasets according to each model,
with samples having the same size and age as the
observed samples. Analyzing by ABC method these
datasets generated under submodels A90 and B50 as if
they were observed datasets, we found that both were
in general correctly identified with a probability of
recovery ranging from 72% to 84%, so that Type I
error was, respectively, 28–16%. As could be expected,
the statistical power in this comparison is not very
high, because these models are rather similar, differing
just for the timing and extent of an admixture event
(Table 3).

A related, but different, question would be whether
submodel A90 can indeed generate patterns of varia-
tion compatible with variation in the observed data.
The P-values calculated by the posterior predictive test
led to a global P-value for the whole model of 0.48.
This probability means that the statistics generated by
the model we chose as the best one broadly overlap
with, and do not significantly depart from, those in
the observed data.

DISCUSSION

The genetic patterns observed at the mtDNA level in
the past and present Tuscany have a higher probability
of resulting from an ancient migration process from Ana-
tolia than by a migration occurring just before, and asso-
ciated with, the origins of the Etruscan culture.

This finding is supported by explicit tests of hypothe-
ses against ancient and modern DNA data. It confirms
in part previous results based on modern data only,
showing that the main separation between the Anatolian
and Tuscan mitochondrial pools most likely occurred at
least 6,500 years ago, or earlier if the two populations
kept exchanging migrants after separation (Ghirotto
et al., 2013). Similarly, we did not incorporate into our
models the possibility of genetic exchanges between Ana-
tolia and Tuscany after the main admixture event; we
see no reason to exclude that these exchanges might
have occurred, but, had we considered them, the admix-
ture event would have been placed in a more remote
past. Therefore, no genetic evidence, either based on
ancient or modern DNA variation, suggests an input of
people emigrating from Anatolia into Tuscany as a likely
causal factor in the origin of the Etruscan civilization.

The analysis of modern mtDNAs (Ghirotto et al.,
2013) and the comparison of ancient and modern DNAs
(this study) have another result in common. Despite
being based on different methods, and on largely (even if
not completely) independent datasets, both dated the
contact between the ancestors of current Anatolians and
Tuscans at a moment in which gene flow was extensively
occurring in Europe, namely, the Neolithic period.
Indeed, studies of mitochondrial (Simoni et al., 2000)
and nuclear (Chikhi et al., 1998) DNAs in modern Euro-
peans, and comparisons of mitochondrial haplogroups
between modern and ancient populations (Bramanti
et al., 2009; Fu et al., 2012; Sanchez-Quinto et al., 2012)

TABLE 3. Type I errors for the two best models emerging from
the ABC analysis

Model A90 Model B50 Type I error

AR
Model A90 0.81 0.19 0.19
Model B50 0.28 0.72 0.28
LR
Model A90 0.85 0.15 0.15
Model B50 0.27 0.73 0.27

AR, acceptance–rejection criterion; LR, logistic regression criterion.
The numbers in bold indicate the percentage of experiments in
which the simulated model was successfully recognized.

Fig. 3. Posterior distribution of parameters under submodel A90. On the x-axis are the parameter values and the width of the
axis expresses the range of the (uniform) prior distribution of each parameter, on the y-axis their frequencies in the 5,000 best-
fitting simulation experiments (out of 5,000,000 performed).
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show that the Neolithic spread of farming technologies
in Europe was accompanied by significant demographic
changes. The actual impact of Neolithic processes on
European genetic diversity is still debated (e.g., Soares
et al., 2010; Arenas et al., 2013) but there is little doubt
that a Westward gene flow from the Near East or Anato-
lia into Europe took place in the Neolithic period (Barbu-
jani and Goldstein, 2004; Barbujani, 2012).

The difference in the probabilities of the two models
compared, approximately twofold, is not large. However,
one has to consider that (a) genetic differences between
populations are minimal in Europe, with the main geo-
graphical gradients accounting for some 0.45% of the
global diversity (Novembre et al., 2008); (b) because only
mtDNA has been typed on a sufficiently large scale to
allow for diachronic comparisons, only one locus, albeit a
highly variable one, could be considered; (c) a large num-
ber of population movements is documented in the eth-
nohistorical record of Europe (Sokal et al., 1993; Sokal
et al., 1996), each of them potentially confounding the
genetic pattern left by a more remote event, such as the
one we were analyzing; and (d) the two models we were
comparing differed only as for the timing of a migration
event, and so could not possibly be expected to differ by
much in their consequences. In light of these factors, it
would have been unrealistic to expect greater levels of
statistical significance in this study, and it seems
remarkable that we could demonstrate a substantial dif-
ference in the models’ posterior probabilities. Availability
of nuclear DNA sequences from ancient specimens will
radically improve our inferential power, but at present
only a handful of ancient individuals have been studied
at the nuclear level (Sanchez-Quinto et al., 2012).

We are fully aware that the processes that occurred in
the Mediterranean area over the long time span consid-
ered in this study are far more complex than the one
actual model. That is also the reason why we chose to
focus mainly on admixture rates equal to or greater
than 50%. Although lower values were also taken into
consideration, comparing a large number of hypotheses
differing for only one parameter, the admixture rate in
this case is notoriously complicated (e.g., Konečn�y et al.,
2013). At any rate, smaller Anatolian contributions to
the Etruscan gene pool would hardly have been compati-
ble with the notion that the Etruscans are an immigrant
Eastern population. In addition, it would have been
extremely difficult to tell apart smaller admixture rates
from the effects of some of the migration processes that
occurred in later prehistoric and historical times. There-
fore, we do not give any special importance to the point
estimate we obtained for the date of a likely contact
between the ancestors of Anatolians and Tuscans, which
was admittedly calculated in a rather rough manner.
What matters, and has historical relevance, is that this
date is clearly earlier than 2,500 or 3,000 years ago, and
that a similar date was also inferred from the analysis
of only modern DNAs (Ghirotto et al., 2013). More to the
point, in this study the posterior probability of Model B
increased for older dates of the migration episode, thus
suggesting that, if anything, our date might underesti-
mate, certainly not overestimate, the age of the contact.

Therefore, this study shows that inference based on
DNA diversity in modern populations is well comple-
mented by ancient DNA studies, and that considering
both kinds of data is important if one is to identify the
genealogical links of populations. Future studies also
considering nuclear DNA diversity in ancient samples

will add further details to the general picture, and may
possibly lead us to reconsider some of the conclusions of
this study. However, the analysis of ancient nuclear
genes is still in its infancy and it will take time to accu-
mulate sufficient sample sizes to explicitly test models
on the genealogical links between the past and current
populations. For the time being, it seems safe to say
that, based on the best available data as analyzed by the
most advanced biostatistical methods, ancient and mod-
ern DNA evidence converges in not suggesting a biologi-
cal origin of the Etruscans outside Italy. The existing
similarities between the Anatolian and Tuscan gene
pools (Achilli et al., 2007) can simply be accounted for by
the effects of older, or much older, prehistoric contacts,
unrelated to the later development of the Etruscan
culture.
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