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ABSTRACT Basque population history has been examined through classic genetic markers, mtDNA, Y
chromosome haplogroups, craniometrics, and recently dental morphology. Dental morphological data
show Basques have a classic European dental pattern but fall as an outlier among European popula-
tions. Expanding on that work, Basque tooth size was examined to further evaluate the affinities of the
Basque population. Mesiodistal and buccolingual maximum crown measurements were taken from me-
dieval and post medieval skeletons from the Catedral de Santa Marfa in Vitoria, Spain, along with living
samples of modern Basques, Spanish, and Spanish Basques from dental students at the Universidad del
Pais Vasco. A dental metric examination affirms the outlier status of Basques, as they exhibit smaller
crown areas than neighboring populations. In biodistance analyses Basque populations group with lin-
guistically and geographically distant populations. Even with gene flow from Spain, France, and North

Africa, Basque individuals still demonstrate a unique pattern coincident with their ancient origins.

The Basque Country, Euskalherria, is located in the
southwestern corner of France and north central
Spain. The population of the region is well known
for its unique language, as “the sole surviving pre-
Indo European language of Western Eu-

rope” (Trask, 1997:35). Many anthropological ap-
proaches have been taken to better understand the
place of Basques in European history, from linguis-
tic to archaeological research, and more recently
investigating genetic haplotypes. Early research
explored Basque blood groups, finding that
Basques had high frequencies of the blood type O
allele (ca. 75%), low rates of blood type B allele (ca.
3%), and the world’s highest frequencies of the
negative allele (“r” or “cde”) in the Rhesus blood
group system (ca. 50%) (Roychoudhury and Nei,
1988). These frequencies set them apart from other
Western Europeans (Alberdi et al., 1957; Chalmers
et al.,, 1948; van der Heide et al., 1952). These unu-
sual blood types were interpreted by Cavalli-
Sforza (2000) as a possible link to the first wave of
people coming into Europe during the Paleolithic
and served as the stimulus for many genetic stud-
ies to examine the origins and affinities of the
Basque population. Analyses of mitochondrial
DNA (mtDNA) show unique haplogroups suggest-
ing in situ evolution with minimal gene flow
(Alzualde et al., 2005; Alzualde et al., 2006; Mar-
tinez-Cruz et al., 2012). Y chromosome polymor-

Dental Anthropology

phisms show low levels of diversity, suggesting
that this population has been evolving in the re-
gion for millennia (Alonso et al., 2005; Hurles et al.,
1999).

More recently, data on Basque dental morpholo-
gy was investigated to explore the population his-
tory of this group. Typically, European popula-
tions are classified by morphologically simple teeth
where trait absence is more common than trait pres-
ence (Scott and Turner, 1997). Scott and colleagues
(2013) found that Basque samples, both historic
and living, have high rates of hypocone and hy-
poconulid reduction on UM2 and LM2, respective-
ly. There is also an extremely high frequency of
double rooted lower canines, a classic European
trait (Scott et al., 2013; Scott and Turner, 1997).
These findings place Basque groups into the over-
all category of Western Europe, within the
‘Eurodont’ dental pattern (as coined by that study).
There is no single trait that separates the Basques
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from other European groups. It is rather the accu-
mulation of slight but consistent differences that
create their outlier status (Scott et al., 2013).

To further explore dental variation among
Basque populations we evaluate here dental met-
rics. The goal of the present study is to determine
if the unique population history of the Basques is
evident in tooth crown size throughout time. If
preceding studies are any indicator, it is expected
that Basques will show tooth size patterns like
those of the other Western Eurasian groups, with
slight differences reflecting their long-term occu-
pancy in Western Europe along with relative geo-
graphic isolation. It is further expected that these
patterns will be evident from Medieval to modern
times.

Materials and Methods
The skeletal remains examined in this study were
collected from the Catedral de Santa Maria in Vito-
ria-Gazteiz, Alava, Pais Vasco, Spain. These re-
mains date from the 11th to the 19th century, and
were also the subject of studies on dental morphol-
ogy (Scott et al., 2013), oral health (Hopkinson,
2009), craniometry (Janzen, 2011), dental chipping
(Scott and Winn, 2010), and taphonomy
(Hopkinson et al., 2009). Sex was estimated by one
of the authors (GRS) based on skull and pelvic
morphology (Buikstra and Ubelaker, 1994).

Additionally, dental casts were collected from
living people by Alberto Anta at the University of
the Basque Country from students who were en-
rolled in the dental school at that time. For these
individuals, sex and cultural identification
(Basque, Spanish-Basque, or Spanish) were record-
ed at time of casting.

Maximum crown measurements were taken by

one of the authors (GRS) following Moorrees
(1957). Measurements were taken on the left side of
the dental arcade. The right antimere was substi-
tuted in cases of antemortem or postmortem tooth
loss, gross carious lesions, excessive wear, or any
other condition that would make the left side un-
observable. Teeth with large carious lesions, exces-
sive dental calculus, or marked occlusal wear were
omitted from analysis. Table 1 is a summary of
material available for study in this analysis.

Along with maximum mesiodistal (MD) and
buccolingual (BL) crown measurements, two addi-
tional measurements were calculated. Tooth size
as the product of the maximum crown dimensions
was also analyzed (TS=MDxBL) as was total crown
area for each tooth type. Crown area was defined
as the sum of TS (XTS) for all teeth in a single tooth
class, with the exception of the third molar.

To analyze sexual dimorphism, the male mean
was divided by the female mean of each measure-
ment for each tooth, and then multiplied by 100
(Garn et al., 1967b; Harris, 1997). Sexual dimor-
phism was also examined through a multivariate
analysis of variance (MANOVA) and a Student’s t-
test. Statistical significance was measured using the
Bonferroni correction. Principal components analy-
sis (PCA) and discriminant function analysis
(DFA) were used to explore differences between
populations.

Three major benefits of using a PCA in the
study of human tooth size variation include: (1)
reducing data on inter-correlated variables into
compound variables; (2) extracting the major de-
velopmental fields controlling tooth size; and (3)
providing statistically independent measures for
between group comparisons (Harris, 1997). The
extracted components were then used in Euclidean

Table 1. Male and female samples by time period.

Time Period Population Location of Collection Male (n) Female (n)
Medieval Basque Catedral de Santa Ma- 65 28
(1100-1350) ria

Catedral de Santa Ma-
Post Medieval Basque ria 90 126
(1400-1850)
Dental Casts; Universi-
Modern Spanish dad del Pais Vasco, 8 48
anish-Basque ental Schoo
(2005) Spanish-Basq Dental School 13 39
Basque 8 28
Total 184 269
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distance analysis in which Ward’s dendrograms
were created.

Tooth apportionment was used to create residu-
al scores, where the expected variation (PCA on
the sum of the dental arcades) was subtracted from
the observed variation (PCA for all individual
tooth measurements). These are used to view a
group’s variation in the entire dentition or by mor-
phogenetic fields, depending on research questions
and available data sets (Harris, 1997).

The use of residual scores shows each group’s
variation from their predicted overall tooth size.
These residual scores can be visualized through
bar graphs or the scores can be subjected to further
statistical analysis to show population grouping.
The axis on which the scores are plotted represents
the expected size of the dentition for each sample;
negative scores, as indicated by bars plotting be-
low the expected line, show teeth that are smaller
than expected, while positive scores show teeth
that are larger than expected. Analysis using resid-
ual scores allows published mean scores to be
used, expanding sample sizes in comparative anal-
yses (Harris and Rathbun, 1991).

While PCA emphasizes variation within popu-
lations, discriminant function analysis
examines variation by maximizing differences be-
tween groups and minimizing variation in a
group (Kachigan, 1986). Raw data are required to
run a discriminant function; therefore, this
method was only used to examine variation for
samples collected as part of this study. Using these
samples, a stepwise DFA was used to compare
Basque temporal periods. All analyses were con-
ducted in SPSS version 22 (IBM Corp., 2013).

To explore population variation, eighty-two
comparative samples of summary statistics of den-
tal metrics were assembled from published sources
(Table 2). These samples cover multiple temporal
periods and geographic areas and were divided
into five regions (Western Eurasia, Sino America,
Sahul Pacific, Sunda Pacific, and Sub Saharan Afri-
ca) for comparisons described by Scott and Turner
(1997). To examine Basque variation, analyses fo-
cused on: (1) temporal variation within the Basque
samples; (2) Basque variation viewed on a conti-
nental level comparing Basque samples to Western
Eurasian groups; and (3) Basque variation in a
global context.

Results

Dental metrics were evaluated for sexual dimor-
phism within the five samples: medieval, post me-
dieval, modern Basque, Spanish, and Spanish
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Basque. The degree of sexual dimorphism ((male
mean/ female mean)*100) is in line with other
odontometric studies (Moorrees 1957; Keiser 1990)
that show males with teeth on average 2-4% larger
than females, with canines slightly more dimorphic
at 4-6% (Table 3). The modern Basque sample was
the only sample to vary, with males not exhibiting
larger teeth than the females, although this is most
likely due to the over representation of females in
the sample (see Table 1).

First, temporal variation was examined. A cross
-validated stepwise DFA classified individuals into
one of three groups (medieval, post medieval, or
modern) with an accuracy of 46.4%, which is
slightly better than random chance (Table 4). Medi-
eval and modern samples have the highest per-
centages of correct classification, both around 70%,
while the post medieval was the hardest to classify
with a rate of 27%. Poor classification of the post
medieval group was expected, as this transitional
group most likely represents the median between
the medieval and modern groups, thus allowing
for incorrect classifications to occur more frequent-
ly.

Crown areas were used to examine differences
between temporal periods and population. Plotting
anterior and posterior crown areas for all popula-
tions collected, there is a clear shift in tooth size as
time increases. Although among males, there is a
shift from the expected, as the modern Basque
populations have slightly smaller teeth than medi-
eval Basques (Figure 1). This is mostly likely due to
the poor representation of males in the modern
sample, where males were underrepresented in the
dental school population when the casts were col-
lected. When looking at females, post medieval
Basques show larger tooth size for both premolars
and molars when compared to medieval Basque
samples (Figure 2). Premolars show an increase in
size of 5.7% while molars increased by 6.6%. Mod-
ern Basques exhibit larger teeth than the post me-
dieval samples at 8.3% in premolars and 1% in mo-
lars.

Examining Basque tooth crown apportionment
along with other Western Eurasian populations
from the published literature, residual factors for
all dental arcades were used to make bar graphs
following the methods of Harris and Rathbun
(1991). As tooth crown measurements are sexually
dimorphic, males and females were analyzed sepa-
rately. Examining all measurements for male Euro-
pean samples, medieval Basques show scores of
disproportionally small teeth, with post medieval
Basques and medieval Norwegians falling interme-

2020 | Volume 33

Issue 02



20

Table 2. Published comparative samples used in analyses by region.

Region Population Citation

Western Eurasia Anglo-Saxon Lavelle 1968
Bedouin Rosenzweig and Zilberman 1969
British Lavelle 1968
Caucasus Kieser et al. 1985
Circassian (Israel) Koyoumdjisky-Kaye et al. 1977
Coimbra Galera and Cunha 1993
Druse Koyoumdjisky-Kaye et al. 1977
English Lavelle 1968
Finland Alvesalo 1985
Iceland Axelsson and Kirveskari 1983

Sino America

Jewish Cochini
Medieval Norwegians
Modern Greek
Modern White

North Finland

NP Lapp

Pashtun

Rural Ancient Greek
Skolt Lapps

South African Whites
Tristan da Cunha
Urban Ancient Greek
Adena

Ainu

Aleut

Cahokia Mound 72
Canadian Eskimo (Iglooik)
Canadian Eskimo (HB)
Chinese Bronze

East Greenland Eskimo
Glacial Kane

Fukuoka

Highland Beach
Hopewell

Indian Knoll

Jomon

Kansas Schultz Mound
Korean

Kyoto

Lengua

Pecos

Shanghai

St. Lawrence Island Eskimo
Tennessee (A)
Tennessee (M)
Tennessee (W)

Tibet

Ticuna

Xi Shang Neolithic
Yayoi

Yunnan

Rosenzweig and Zilberman 1967
Beyer-Olsen and Alexandersen 1995

Zorba et al. 2011
Axelsson and Kirveskari 1983
Kirveskari et al. 1977
Kirveskari 1977

Sakai et al. 1971
Henneberg 1998
Kirveskari 1977

Kieser et al. 1985e
Thomsen 1955
Henneberg 1998

Sciulli 1979

Brace and Nagai 1982
Moorrees 1957
Thompson 2013
Mayhall 1979

Mayhall 1979

Brace 1976

Pedersen 1949

Sciulli 1979

Brace and Nagai 1982
Iscan 1989

Sciulli 1979

Perzigian 1976

Brace and Nagai 1982
Phenice 1969

Brace and Nagai 1976
Brace and Nagai 1982
Kieser et al. 1985e
Nelson 1938

Brace and Nagai 1982
Scott and Gillispie 2002
Hinton et al. 1980
Hinton et al. 1980
Hinton et al. 1980
Sharma 1983

Harris and Nweeia 1980b
Brace, Shao, Zhang 1984
Brace and Nagai 1982
Brace and Nagai 1982
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Table 2. Published comparative samples used in analyses by region (cont’d).

Region

Population

Citation

Sahul Pacific

Australian Aborigine
Broadbeach

Bougainville (Solomon Islands)

Walbiri, Australia

Western Australia

Campbell 1925

Smith et al. 1981

Bailit et al. 1968

Barrett et al. 1963,64; Brace 1980

Freedman and Lofgren 1981

Sunda Pacific Cook Island, Mangaia Yamada et al. 1988
Cook Island, NS Group Yamada et al. 1988
Cook Island, Pukapuka Yamada et al. 1988
Cook Island, Rarotonga Yamada et al. 1988
Cook Island, S Group Yamada et al. 1988
Javanese Bronze Brace 1976
Java Brace 1980
India (Chalcolithic) Lukacs 1985
India Acharya and Prabhu 2011
India Walimbe 1985
Philippines Potter et al. 1981
South-east Java Taverne 1980
Tajik Sakai et al. 1971
Thai Brace 1976
Thai Bronze Brace 1976
Yang Shao Neolithic Brace, Shao, Zhang 1984

Sub Saharan Africa Bantu Shaw 1931

Griqua Kieser 1985

San van Reenan 1982
San Drennan 1929
South African Black, Contemp. Kieser et al. 1987
South African Black Kieser et al. 1987
South African Jacobsen 1982
Southern African van Reenan 1982
Teso Barnes 1969

Table 3. Sexual dimorphism separated by temporal period

UniMD UI2MD UCMD uPitMD UP2ZMD UMIMD UM2MD
Medieval 105.23 105.39 104.00 103.66 103.64 103.86 106.09
Post Medieval 100.65 103.54 103.26 101.29 102.57 101.44 102.32
Spanish 102.79 104.51 102.39 101.71 103.35 102.29 101.26
Spanish-Basque 103.54 103.95 104.94 106.74 102.89 105.45 105.95
Basque 105.32 102.95 102.46 99.49 95.94 95.78 97.56

UI1BL UI2BL UCBL UP1BL UP2BL UM1BL UM2BL
Medieval 103.21 104.73 102.54 102.61 103.97 103.30 105.78
Post Medieval 104.60 106.96 103.82 101.24 101.43 102.57 102.97
Spanish 105.88 103.77 103.04 100.68 102.82 101.73 104.15
Spanish-Basque 111.28 115.41 112.71 106.27 107.18 104.27 108.62
Basque 100.43 106.32 104.92 99.18 97.60 100.10 101.38

LIIMD LI2MD LCMD LPIMD LP2MD LM1IMD LM2MD
Medieval 97.15 101.33 102.02 103.46 104.94 105.25 104.84
Post Medieval 100.87 102.08 102.70 102.13 100.64 104.55 103.82
Spanish 102.99 104.47 102.55 100.60 100.55 100.16 102.38
Spanish-Basque 101.01 103.32 106.08 105.62 104.61 104.09 105.44
Basque 98.75 102.67 99.94 101.68 85.40 98.63 96.10

LI1BL LI2BL LCBL LP1BL LP2BL LM1BL LM2BL
Medieval 101.56 101.57 103.89 102.50 102.69 101.87 102.42
Post Medieval 103.11 102.47 107.93 102.21 101.35 103.37 104.23
Spanish 104.25 98.66 102.38 100.49 99.43 102.80 103.35
Spanish-Basque 110.68 103.49 107.82 110.29 106.93 106.86 108.19
Basque 103.33 99.63 97.08 98.06 99.64 97.40 97.58
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Table 4. Cross-Validated, Stepwise DFA Summary for all Basque temporal periods.

Assigned Group Predicted Group Membership
Medieval Post Medieval Modern Total
Count Medieval 42 14 5 61
Post Medieval 69 31 15 115
Modern 3 7 25 35
Percentage Medieval 68.9% 23.0% 8.2% 100.0%
Post Medieval 60.0% 27.0% 13.0% 100.0%
Modern 8.6% 20.0% 71.4% 100.0%
Male Population Female Populations
330,04 K Medieval Basques ool - Medieval Basques
X Modern Basques Modern Basques
Modern Spanish Modern Spanish
7 Modern Spanish-Basques A Modern Spanish-Basques
320.04 - Post Medieval Basques X Post Medieval Basques
g s 2700
< 3100 & k
3 c
s :
2 2 *
5 30007 5 26001
s 5
£ £
2900
x 2500
0y
280.0
.*.
oo 6200 5400 8600 5800 A0 s s - o
Posterior Crown Area Posterior Crown Area

Figure 1. Anterior and posterior crown areas showing
temporal change in tooth size for male samples.

diately. Modern Basques show the least divergenc-
es from the predicted dental size (Figure 3). Resid-
ual scores were then visualized through a Ward’s
dendrogram to view how Western European popu-
lations grouped based on tooth apportionment. In
the male samples, modern Basques group with
ancient Greeks and medieval Norwegians, while
the medieval and post medieval Basques group
clustered with NP Lapps and Coimbra samples
(Figure 4).

Male world residual scores showed similar pat-
terns to those observed within Western Eurasia
when looking at all MD and BL measurements.
The Basque samples show similar apportionment
to each other, as well to the Coimbra and Ainu
samples (Figure 5). In the male residual dendro-
gram for world populations (Figure 6), the medie-
val and post medieval Basques group near each
other and the medieval Norwegian samples, as
well as the Portuguese Coimbra sample; modern
Basques group near ancient and modern Greeks,
Jomon, South African Blacks, India, and Tibet.

Dental Anthropology

Figure 2. Anterior and posterior crown areas showing
temporal change in tooth size for female samples.

As seen in the Western Eurasian male residual
scores, the female Portuguese Coimbra sample,
shows the greatest divergence from the predicted
size of the dentition, followed by the medieval
Basques, NP Lapps, and medieval Norwegians,
respectively (Figure 7). Again, the post medieval
Basques fall in between the medieval and modern
Basque scores. When viewing residual scores
through dendrograms, the modern samples and
post medieval Basques group with Greek popula-
tions, and the medieval Basques group with Coim-
bra and NP Lapps (Figure 8). Many of the patterns
observed in the Western Eurasian groupings are
also reflected in residual scores for female world
samples (Figure 9), as the medieval and post medi-
eval Basque samples group with other Western
Eurasian populations, Greeks, Coimbra, and NP
Lapps, with two additional samples, the Ainu and
the Griqua. The modern Basque sample aligns with
populations that create a geographically isolated
grouping that includes the San, India, Jomon, and
the Philippines (Figure 10).
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Figure 3. Residual factor graph plotting the residual of anterior MD and BL measurements
for Western Eurasian male populations.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
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Figure 4. Ward’s (1963) Dendrogram based on residual scores of all MD and BL measure-
ments for Western Eurasian Male populations.
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Viewing MD and BL measurements for world
male samples using PCA in a dendrogram, clear
geographic separations emerge (Figure 11). Dis-
tinctions between Sahul-Pacific and Sunda-Pacific
are clearly seen. Sunda-Pacific and Sino-American
are more mixed, yet still lie in the first branch of
the dendrograms separating these groups from the
Western Eurasian groups which diverged in the
lower branch. The medieval Basque samples again
group with their Coimbra neighbors, post medie-
val Basque samples grouped together with NP
Lapps, medieval Norwegians, South Africa, and
Ainu. Residual scores show modern Basques align
with other small-toothed groups (Greeks, Anglo-
Saxons, and English). Much like males, female
world population samples show the same distinc-
tions between the geographical regions (Figure 12).
Ainu, medieval Norwegians, NP Lapps, Griqua,
and Coimbra align with the medieval and post me-
dieval Basque samples. The medieval Basque sam-
ple show the closest apportionment to Coimbra,
representing the Iberian Peninsula. Modern
Basques grouped with India, Jomon, South Africa,
and British samples.

Discussion

Though genetic studies suggest increased move-
ment into the Basque Country during post medie-
val times, the overall distinct phenotype of the
modern Basque population is still evident when

Dental Anthropology

compared to geographically proximate popula-
tions. When viewing Basque variation in the con-
text of other Western Eurasian groups, interesting
patterns emerge. Medieval Basques consistently
group within Western European populations, most
often with Coimbra, their Portuguese neighbors.
Post medieval and modern samples grouped with
the NP Lapps, medieval Norwegians, and the
Greeks, both ancient and modern. This grouping of
Basque samples with these samples is consistent
with their isolated status. NP Lapps differentiate at
a high level because, like the Basques, they are geo-
graphically removed and linguistically distinct
(Uralic language family vs. Indo-European) from
other Western Europeans. This uniqueness has
been suggested to be related to a Paleolithic origin
of the Lapps (Cavalli-Sforza et al., 1994). The pat-
tern of Basques grouping with other geographical-
ly and linguistically isolated Western European
populations is also seen in genetic (Azualde et al.
2005; Azualde et al. 2006; Martinez-Cruz et al.,
2012), and dental studies, both in terms of mor-
phology (Scott et al., 2013) and metrics.

Given that Basques align with other geograph-
ically and linguistically isolated populations, ra-
ther than more neighboring European and North
African populations, this could support the long-
held position that they represent a continuous set-
tlement in the Pyrenees since the Paleolithic fol-
lowed by relative genetic isolation, while still al-
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Figure 7. Residual Factor Graph plotting the residual of all MD and BL measurements for Western Eurasian
Female populations.
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Figure 9. Residual Factor Graph plotting the residual of all MD and BL measurements for World Female populations.

lowing for recent gene flow from Iberian and/or
North African groups.
Using dental metrics to view the Basques on a

worldwide scale, they do remain distinct. There are

clear separations between world regions, with

Western Eurasia separating on its own branch. Me-
dieval and post medieval Basque samples do, how-

ever, group with other distinct groups, including
Coimbra, NP Lapps, medieval Norwegians, and
somewhat surprisingly, the Ainu. The modern
Basque samples showed similar patterns, as they
grouped with small-toothed Western European
populations (British and Greeks), but they also

group more frequently with non-European popula-

tions, such as India, Griqua, and the Jomon.
The medieval and post medieval samples show
a more consistent grouping within Western Eu-

rope, whereas modern Basques were more likely to

group with outside populations within the West-
ern Eurasia branch. The differences between the
modern samples and those from the preceding pe-
riods (i.e. medieval and post medieval) might be
explained by the overrepresentation of females in
the modern sample, ethnic self-identification, or to
disparities between measurements taken directly
from the teeth of the two skeletal samples and
those taken from dental casts of the modern sam-

Dental Anthropology

ple. It is very likely that the modern Basque sample
is representative of a more genetically diverse pop-
ulation in comparison to the earlier skeletal sam-
ples.

Focusing on medieval and post medieval
Basques, there is a pattern of grouping with West-
ern Eurasian samples in general, and with outliers
in particular. These consistent groupings could
further provide support that the Basque popula-
tion has a deep history in Western Europe, one that
precedes by millennia the influx of Indo-European
farmers from the Middle East and Anatolia
(Cavalli-Sforza, 1994; I1zagirre et al., 2001).

Conclusions

Basques are an anthropologically significant popu-
lation due to their antiquity and genetic isolation in
the Pyrenees mountains of northern Spain and
southern France. A better understanding of this
population would help to provide greater insights
into the movement and interaction of human pop-
ulations in Europe.

As genetic (Azualde et al. 2005; Azualde et al.
2006; Martinez-Cruz et al. 2012) and dental studies
show (Scott et al. 2013), the Basques are a Western
Eurasian population, yet they fall outside this
broader population grouping, often clustering with

2020 | Volume 33 | Issue 02




28

India

India

Modern Basque
Jomon

Philippines

Southern African
Ancient Greek Urban
Modern Spanish
Greek Modern
Modern Spanish-Basque
Medieval Norwegians
Ainu

Post Medieval Basque
NP Lapp

Medieval Basque
Grigqua

Coimbra

Cook Island, NS Group
Cook Island, S Group
South African Black
West Australia

Cook Island, Pukapuka

South African Black, Contemp.

Boughainville
Yuendumu

English

British

Anglo-Saxon
Ancient Greek Rural
Skolt Lapps
Hopewell

MNorth Finland
Shanghai

Xi Shang Neolithic
Yunnan

Korean

South African

Yayoi

Canadian Eskimo (HB)
Glacial Kane

Finland

Kyoto

Indian Knoll

Fukuoka

Ticuna

Cook Island, Mangaia
Canadian Eskimo (Oglooik)
Cahokia Mound 72
Yang Shao Neolithic

Cook Island, Rarotonga

8] ]
= N N

(%]

19

18
65

59
60
68

51

66

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

10
1

15
1

20 25
1 1

Dental Anthropology

Figure 10. Dendrogram plotting the residual of all MD and BL measurements for World Female populations.
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non-European populations. While genetic isola-
tion played a major role in the genetic make-up of
the Basques, there is evidence of gene flow be-
tween Basques and linguistically and culturally
different surrounding populations, specifically the
Spanish and North Africans (Azualde et al. 2005;
Azualde et al. 2006; Martinez-Cruz et al. 2012).
Though gene flow is evident, it does not mask the
uniqueness of Basque genetics, be it in blood
groups, mtDNA, Y chromosomes, or dental mor-
phometrics.

Geographic and linguistic barriers could be ma-
jor factors in the isolation of the Basques in prehis-
toric times, though these would have been barriers
more easily crossed in historic times, as evidenced
by genetic studies. This research supports the idea
that the Basques are one of the oldest populations
in Europe. Their subsequent isolation throughout
prehistoric times appears to have preserved their
unique genetic heritage. Interestingly, increased
gene flow in later periods does not correspond
with stronger connections with other Western Eu-
ropean populations in terms of dental metrics.
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