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Non-metric dental analysis of a Bronze Age
population from the Armenian Plateau

Anahit Yu. Khudaverdyan
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ABsTrACT: The aim of this study is to assess the biological distance between populations from the Armenian
highland, Georgia, Eastern Europe, Central Asia and Siberia on the basis of the frequency of non-metric
dental traits. It is well known that these traits are characterized by high inter-population differentiation,
low sexual dimorphism, and their recording is affected by relatively small intra and inter-observer error.
These traits are successfully used in the description and explanation of ethno-genetic processes. Compara-
tive analysis was performed on 30 populations, and the frequency of non-metric dental traits in all popula-
tions was determined by principal component analysis. Based on our bio-distance results, we suggest there
was a degree of genetic proximity among inland populations of the Armenian Plateau and Transcaucasian
area at the beginning of the Bronze Age. The Armenian Plateau and Georgian samples and all those from
Kalmykia (Pit Grave culture), the Ukraine (Tripolye culture), the Urals (Sintashtinskaya, Timber Grave
cultures), the Volga region (Pit Grave, Balanovo, Fatianovo, Potapovsky cultures) and Central Asia (Go-
nur-Depe) exhibited close affinities. This conclusion is consistent with that reported by other bio-distance
studies examining non-metric cranial traits and Armenian Plateau samples.
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Introduction
biological affinities. This information is

The study of historical and modern hu-
man dentition in dental anthropology is
a well-established sub-discipline of Phys-
ical Anthropology. It is defined by Hillson
(1996: 1) as “a study of people (and their
close relatives) from the evidence pro-
vided by teeth”. Such research can yield
information on a variety of topics includ-
ing growth, development and a healthy
diet as well as occupational activity and

useful in studies of both individuals and
populations. Non-metric dentition trait
analysis can infer biological relationships
between populations and track evolu-
tionary variation arising from changing
settlement patterns. Dental morphology
provides insights into phenotypic group
differences and suggests differences in
genotypic affiliation (Varela and Cocilovo
2000). Non-metric dental traits are part-
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ly controlled by genetics, and they are
relatively free of gender and age bias
(Scott and Turner 1997). Analysis of bi-
ological relationships using non-metric
dental traits is extremely helpful even in
combined samples, when standardized
procedures are followed (Ullinger et al.
2005).

The highly inherited non-metric mor-
phological crown and roots traits in hu-
man dentition vary within and between
populations. The term “non-metric” im-
plies structural variations of individual
crown and root forms visually scored in
two ways: (1) by the “presence-or-ab-
sence” characteristics of furrow patterns,
accessory ridges and supernumerary
cusps and roots, and (2) by differences in
form, such as curvature and angles (Hill-
son 1996; Scott and Tumer 1997; Zubov
1973, 1979). Numerous studies have
demonstrated that morphological dental
forms respond to the following: (1) mi-
cro-evolutionary forces of genetic admix-
ture (as in Turner 1969; Pinto-Cisternas
et. al. 1995 and Khudaverdyan 2011b),
(2) mutation (in Morris et al. 1978), (3)
genetic drift (Turner 1969; Postnikova
1974; Scott and Dahiberg 1982; Segeda
1993; Khudaverdyan 2009; Vargiu et al.
2009 and Zubova 2008, 2010), and (4)
selection (in Dahlberg 1963 and Scott
and Turner 1988). These factors high-
light the high degree of genetic control.

Investigations have provided informa-
tion on local-scale non-metric variation
in the following populations (1) Asian
and Pacific (Hanihara 1965, 1966; Hani-
hara and Minamidate 1965; Sasaki and
Kanasawa 1998; Kitagawa 2000), (2)
African (Grine 1986, 1990; Lease 2003),
(3) Indian (Lukacs and Walimbe 1984;
Lukacs and Hemphill 1991), (4) Central
Asian (Khodjaiov 1977; Rikushina et al.
2003), (5) European (Jgrgensen 1956;

Kaczmarek and Pyzuk 1985; Kaczmarek
1991, 1992; Segeda 1993; Cucina et al.
1999; Gravere 1999; Lease 2003; Coppa
et al. 2007; Vargiu et al. 2009; Zubova
2010), (6) The near East (Smith 1978;
Smith et al. 1987; Moskona et al. 1998),
Siberia (Postnikova 1974; Tur 2009;
Zubova 2008), (7) Australian (Townsend
and Brown 1981; Townsend et al. 1986,
1990) and (8) North American (Sciulli
1998, Tocheri 2002; Ullinger 2003; Lease
2003; Lease and Sciulli 2005; Edgar and
Lease 2007).

Surprisingly, past and present Tran-
scaucasian populations have received lit-
tle attention (Kashibadze 1990, 2006 and
Khudaverdyan 2009), and reconstruction
of biological relationships among ancient
human groups from teeth remains an im-
portant research problem for Transcauca-
sian bio-archaeologists. The aim of this
work is to compare non-metric dental
variation in ancient Transcaucasian in-
habitants with Bronze Age samples from
Eastern Europe, the European-Russian
steppe, Central Asia and Siberia, and
thus clarify the origins and interactions
between Transcaucasians and neighbour-
ing Eurasians. Our results will test Gam-
krelidze and Ivanov’s (1984) and Gray
and Atkinson’s (2003) hypothesis con-
cerning the ancestral home of Indo-Euro-
pean areas of the Armenian Plateau and
adjoining territories.

The Zubova method (1968, 1973 and
1974) is the most widely employed sys-
tem in the Russian school of anthropol-
ogy and this is the recommended stand-
ard for scoring non-metric dental traits.
These traits are characterised by high
inter-population differentiation, and the
analysis of their occurrence enables re-
searchers to obtain data on genetic re-
lationships between populations with
different ethnic composition. Odonto-



Non-metric dental traits and biological distance 65

logical traits are used successfully to de-
scribe and explain both evolutionary and
micro-evolutionary processes. Similar
type studies are commonly used to deter-
mine specific research questions such as
the synchronic biological relatedness of
segments of a particular society (Johnson
and Lovell 1994) or diachronic changes
in trait expressions in a particular region
(Lukacs and Hemphill 1991; Cucina et
al. 1999; Gravere 1999 and Coppa et al.
2007). Teeth are normally well preserved
in archaeological material and they are
often the only source for investigation of
human remains.

Archaeological context

In early history, the Caucasus was a cross-
roads linking the Eastern and Western
worlds. From IV millennium BC to I
millennium BC, copper, bronze and iron
tools and trinkets were commonly pro-
duced in this region and traded in neigh-
boring lands where those metals were
less abundant (Trifonov 1991; Nechitailo
1991 and Pystovalov 2002). Invention of
wheeled vehicles and “kibetka-houses”
on wheels allowed cattlemen-farmers in
the Near East to move and survive with
ease on the open steppes. Their move-
ment across Eurasia in early times did
not constitute a military invasion. The
wide expanse of the Eurasian steppes
offered favourable conditions for human
life and the spread of information and
technology promoted wide cultural inte-
gration throughout this area during the
Bronze Age (Merpert 1988; Chernykh
1988).

Craniological data enabled identifica-
tion of alien Mediterranean characteris-
tics influencing various ethnic Eurasian
samples, and they revealed a migrato-
ry stream from the Caucasus and Near

East (Solodovnikov 2006; Khokhlov and
Mimokhod 2008; Dubova 2010; Khu-
daverdyan 2011a). These samples exhib-
ited close affinities with the Armenian
Plateau Kura-Araxes culture sample and
also with Tripolye culture samples from
the Ukraine and Moldova (Alekseeva and
Krus 1999 and Khudaverdyan 2011a).
Hence, it is possible to outline cultural
and ethnic communications in antiquity
and also the known role of the Arme-
nian Plateau as intermediary between
the ancient distribution area of Tripolye
cultures and Eastern countries (Passek
1949; Martiroyan and Mnacakanyan
1973 and Lang 2005).

The Kura-Araxes Armenian Plateau
and Georgian samples and the Catacomb
culture samples from Kalmykia, Ukraine
and Dnieper have very close affinities.
Gamkrelidze and Ivanov (1984) devel-
oped a hypothesis concerning this area.
They considered the Armenian uplands
and adjacent territories as the ancestral
home of Indo-Europeans whence part
of the tribes migrated to the Northern
Black Sea Coast through the Caucasus,
and a second part travelled through Cen-
tral Asia and the Volga region. They then
hypothesised that the tribal part which
transported the important Aryan tribes’
Catacomb ceremony was the first trib-
al part who migrated to the Black Sea
steppes through the Caucasus, and per-
haps also by sea. Berzin and Grantovsky
(1962) and Klejn (1984) suggested that
Indo-Aryans originated from the Cata-
comb culture, and Khlopin (1983) also
connected this culture with the Indo-Ar-
yans because the catacomb burial ritual
observed at Sumbar cemetery had its
roots in Southwestern Turkmenistan in
the early IV millennium BC. In contrast,
Fisenko (1966) considered that the Cat-
acomb people were Proto-Hittites, and
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while Kuzmina (1998) supported this
view, Anthony (2007) reported that the
Catacomb ritual originators were Greek
ancestors.

The Armenian Plateau sample, the
Albashevo, Fatianovo and Balanovo cul-
tures and the Timber Grave samples
from the Volga region all exhibit close af-
finities (Khudaverdyan 2011a). The pres-
ence of Mediterranean characteristics in
the following cultures was also noted
by Trofimova (1949); (1) the Fatianovo
culture, (as in Shevchenko 1984, 1986)
(2) the Timber Grave cultures of the for-
est-steppe Volga region (Khokhlov 2000)
and (3) the culture in the Southern Urals
Mountains (Yusupov 1989).

Craniological research of the Elunin-
skaya and Andronovo cultures indicate
a morphological association of these Si-
berian samples with populations from
the Caucasia, the Near East and Central
Asia (Solodovnikov 2006; Khudaverdyan
2011a). The different rates of genetic
drift and external gene flow may have
contributed to the morphological differ-
entiation and diversification in the differ-
ent Eastern European and Siberian pop-
ulations.

The aim of this study is to establish
new non-metric dental data for the an-
cient Transcaucasians, and to compare it
with results from similar studies in East-
ern European, Central Asian and Siberi-
an populations. This will further the un-
derstanding of dental development and
also the genetic relationships between
these populations.

Materials and Methods

This inter-group analysis included a total
of 30 series (Fig. 1, Table 1) from Tran-
scaucasian, Eastern European, Central
Asian and Siberian territories (Postniko-

va 1974; Khodjaiov 1977; Rud 1978;
Kashibadze 1990, 2006, Gravere 1999;
Rikushina et al. 2003; Zubova 2008,
2010; Tur 2009; Khudaverdyan 2009; and
Kitov 2011).

Between 4000 and 3000 BC, the Early
Bronze Age farming and cattle-breeding
Landjik tribe comprised the Kuro-Arex-
es population of the Armenian Plateau,
while the Late Bronze sample centred
on the Black Fortress Armenian Plateau
site. The combination of remains from
these two sites for statistical analysis is
justified by the following: (1) the indi-
vidual 10 to 13 samples were inadequate
for subsequent bio-distance analysis,
(2) there was little distance between
these sites which shared the common
Shirak Plain cemetery and (3) analysis
of all non-metric traits in this study re-
vealed no significant differences between
the remains from these two sites (Khu-
daverdyan 2009). However, remains
from the Lchashen site on the Armenian
Plateau were treated independently be-
cause there were sufficient crania in the
Sevan burial pool (Kashibadze 2006).
The Bronze Age sample contained (1)
remains from the four Armenian sites
of Lchashen, Shirakavan, Keti and Kar-
chakhpyur with the two latter sites dated
1st century BC - 3rd century AD ( Clas-
sical Age: c. 1°t BC — 3 AD, Kashibadze
1990) and (2) the Georgian Digomi and
Mckheti samples which were analysed
together because of their small numbers
(Kashibadze 2006).

The following 10 non-metric den-
tal traits were recorded for compara-
tive analysis, using the binary system of
“presence” or “absence”: (1) diastema
of the upper central incisors I'-I' and
double shovelling; (2) crowding of the
upper lateral incisor 1% (3) reduced hy-
pocone of the upper second molar, forms
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Fig. 1. Map of 30 samples used in the present study: 1-3 Armenian Plateau, 4 Georgia, 5-11 Volga region,
12 Kalmykia, 13-17 Ural, 18-20 Turkmenia, 21 Uzbekistan, 22-24 Ukraine, 25 Karelia, 26-27 Latvia,
28 Siberia, 29 Altai, 30 Siberia

3+ and 3, and reduced maxillary second
permanent molar. Here, Dahlberg’s de-
gree of cusp reduction was employed; (4)
Carabelli cusp on the upper first molar
M!; (5) four-cusped forms on the lower
first molar M; (6) form +5 on the low-
er first molar M, (7) four-cusped crown
form of the lower second molar M,; (8)
deflected metaconid wrinkle on the low-
er first molar M, (9) the variant 2med II
position of the second furrow of the M,
metaconid, and (10) the distal crest on
the lower first molar M, trigonid (Zubov
1968, 1973, 1974).

These were selected because traits (1)
should not reveal inter-correlations in
frequency of occurrence; (2) should have
high inter-group variability; (3) can not
change their degree of formation variant

with an individual’s age; 4) it should be
easy to find comparative data for differ-
ent populations.

This data was then subjected to mul-
tiple correspondence analysis (MCA)
and agglomerative clustering techniques,
the unweighted pair-group method/
arithmetic average algorithm (UPGMA),
which measures similarity as the average
distance between all cases in one cluster
to all cases in another. Here, the average
distance between all cases in the result-
ing cluster is as small as possible and the
distance between two clusters is taken as
the average between all possible pairs of
cases in the cluster. Statistical software
packages of Kozintseva and Kozintseva,
and Stat Soft STATISTICA 6.0 were used
for this analysis.
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Table 1. Transcaucasian, Eastern European, Central Asian and Siberian craniological samples

Region Absolute dates

Sample name Chronological unit Author

1 Armenian Plateau ¢. 4000-2000 BC Khudaverdyan 2009
Landjik, Black Fortress

Armenian Plateau

Lchashen, Shirakavan, Keti, Karchakhpyur

Armenian Plateau

Lchashen
4 Georgia

Digomi, Mckheti

5 Volga region
Total group

6 Volga region
Total group

c. 3000-2000 BC
c. 1 BC-AD 3

¢. 3000-2000 BC

c. 3000-2000 BC

c. 2000-1500 BC
Fatianovo culture

c. 2000 BC
Balanovo culture

Kashibadze 1990,
2006

Kashibadze 2006
Kashibadze 1990
Gravere 1999

Gravere 1999

7 Volga region c. 4000-3000 BC Zubova 2010
Krivaya Luka Pit Grave culture

8 Volga region ¢. 3000-2000 BC Rud 1978
Taktalachuks

9 Volga region c. 3000 BC Kitov 2011
Total group Potapovsky culture

10 Volga region c. 18-15BC Kitov 2011
Total group Pokrovkaya culture

11 Volga region c. 17-16 BC Kitov 2011
Total group Petrovskaya culture

12 Kalmykia c. 4000-3000 BC Zubova 2010
Total group Pit Grave culture

13 Ural c. 17-16-13 BC Kitov 2011
Total group Alakul culture

14 Ural c. 1800-1100BC Kitov 2011
Total group Timber Grave culture

15 Ural Timber Grave and Alakul cultures Kitov 2011
Total group

16 Ural c. 16-12 BC Kitov 2011
Total group I Sintashtinskaya culture

17 Ural c. 16-12 BC Kitov 2011
Total group II Sintashtinskaya culture

18 Turkmenia Painted Ceramics culture Gravere 1999
Total group

19 Turkmenia c. 3000-2000 BC Rikushina et al. 2003
Gonur-Depe

20 Turkmenia c. 3000-2000 BC Rikushina et al. 2003
Altyn-Depe

21 Uzbekistan c. 3000-2000 BC Khodjaiov 1977
Sapalli-tepe

22 Ukraine c. 5000-3000 BC Gravere 1999
Total group Dnieper-Donets culture

23 Ukraine c. 4000-3000 BC Gravere 1999

Total group Cucuteni-Trypillian culture
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Table 1. cont.

Region
Sample name

Absolute dates
Chronological unit

Author

24 Ukraine
Total group
25 Karelia
Oleniostrov
26 Latvia
Total group
27 Latvia
Kiwytkalnsk
28 Siberia
Forret-steppe Barabinskaya
29 Altai
Total group
30 Siberia
Total group

c. 4000-3000 BC
Pit Grave culture
c. 5000-3000 BC
c. 5000-3000 BC

c. 3000-2000 BC

Gravere 1999

Gravere 1999

Gravere 1999

Gravere 1999

c. 1700-1200 BC Zubova 2008
Andronovo culture
c. 1700-1200 BC Tur 2009

Andronovo culture

c. 10-8 BC
Tagarskaya culture

Postnikova 1974

Results

Comparative analysis

Table 2 lists data on the frequency of
occurrence of odontological traits in 11
populations on the Armenian Plateau
in Eastern Europe/Central Asia, listed
in Table 1 as population Nos 1, 5, 6, 7,
12, 18, 20, 21, 25, 26 and 27. The anal-
ysis included a group where we fixed
non-metric traits. The comparative anal-
ysis results emphasise the importance of
the Armenian Plateau’s position on the
anthropological map of Eastern Europe,
Central Asia and Siberia.

Placement of the sample coordinate
axis was determined by the value of di-
mension 1 with 34.7% and dimension
2 which had 25.3% of inertia. The sin-
gular values of the first three dimension
coordinates are given in Table 3, where
(1) the positive weight of dimension 1
gave the maxima of the four-cusp lower
first molars (0.853), the I'-I' diastema
(0.782) and double shovelling (0.794);
(2) the positive weight of dimension 2

provided the maxima for the +5 form
on M, (0.827), the Carabelli cusp on M!
(0.650) and the four-cusp lower second
molars (0.592) and (3) the third coordi-
nates accounted for 20.0% of the inter-
group, and the positive weight signified
the hypocone reduction on M? (0.742).

The graph of the first two dimensions
in Fig. 2 demonstrates how geographic
and ethnic trends are vizualized. The first
dimension shows populations of the Ar-
menian Plateau (Landjik and Black For-
tress), the Volga region (Krivaya Luka:
Pit Grave culture), Turkmenia (Painted
Ceramics culture) and Kalmykia (Pit
Grave culture). These are depicted on the
positive-coordinate axis and are clearly
separated from the other groups, while
Altyn-Depe and Sapallitepe tend to clus-
ter together. Meanwhile, groups from the
Volga region (Fatianovo culture), Karelia
(Oleni ostrov) and Latvia (Kiwytkalnsk
and group c. 5000-3000 BC) cluster on
the negative-coordinate axis.

The distance between the samples
was checked in the cluster tree on Fig. 3,
where the following affinities are noted:
(1) samples from Kalmykia (Pit Grave
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Table 2. Percentage occurence of non-metric dental

traits in comparative samples
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1 23.7 62.5 37.5 31.3 14.3 26.8 64.7 42.5 29.2 42.5
2 2.4 1.2 34.2 43 .4 16.7 16.7 41.7 16.7
3 3.6 1.8 32.7 38.7 233 72.4 16.7 40.0 10.0
4 4.9 1.7 10.3 47.1 9.7 18.5 14.8 8.9
5 2.0 2.0 22.5 18.6 8.8 8.8 86.1 2.9 33.3 0
6 4.0 4.0 28.5 50.0 10.7 53.6 90.5 9.1 28.6 4.5
7 25.0 12.5 16.7 18.2 0 72.7 0 0
8 25.2 35.7 27.2 8.3 50.0 70.0 20.0 11.1
9 50.0 29.1 13.0 86.7 26.7 21.4 12.5
10 52.0 10.9 14.0 76.9 16.7 17.4 3.2
11 43.8 4.3 27.3 82.4 26.7 6.7 0
12 12.5 42.3 5.6 10.5 6.7 89.5 25.0 0
13 47.1 8.0 7.4 68.5 14.3 11.1 3.9
14 12.5 21.7 4.2 88.2 12.5 10.0 8.3
15 35.6 18.8 10.9 82.5 18.5 23.1 0
16 22.2 16.0 17.4 28.6 17.6 5.6 0
17 41.2 15.8 25.0 61.1 41.7 10.0 0

18 3.0 13.6 26.1 28.5 5.7 31.4 92.5 4.2 19.2

19 33.3 38.3 18.8 75.4 83.1 11.5 0
20 15.4 27.3 40.0 18.1 80.7 97.3 23.1 6.3
21 17.2 0 16.7 13.6 33.3 63.0 97.7 15.1
22 4.2 0 16.1 35.2 0 75 7.1 13.3 3.8
23 0 16.7 16.7 50.0 21.4 62.5 9.1 30 0
24 0 15.4 12.5 29.5 6.1 92.9 9.4 24.1 1.1
25 6.7 0 26.2 30.8 3.5 21.4 55.5 15.4 30.8 10.9
26 3.3 3.3 14.1 30.3 2.4 23.8 66.0 11.1 27.0 0
27 9.9 11.3 22.0 38.3 10.2 20.4 83.1 11.4 22.2 14.7
28 27.8 4.8 38.9 89.5 5.6 0
29 0 52.2 68.7 23.8 96.4 10.3 17.2 11.1
30 11.1 41.2 32.1 10.0 90.0 88.3 28.6 3.6

culture) and the Volga region (Krivaya
Luka — Pit Grave culture) are once again
identified as most closely allied with the
Landjik and Black Fortress samples from
the Armenian Plateau, (2) Kiwytkalnsk

samples have affinity with the Turkme-
nia sample (Painted Ceramics culture),
(3) the Latvian sample from. 5000-3000
BC and the Balanovo Bronze Age culture-
from the Volga region exhibit very close
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Table 3. The MCA singular values of seven non-metric dental traits in three dimensions for 11 samples”

Non-metric dental trait Dimension 1 Dimension 2 Dimension 3
I'-I' diastema 0.782 -0.455 -0.042
Double shovelling 0.698 -0.301 0.560
Forms 3+ and 3 hypocone reduction on M? 0.279 -0.113 0.742
Carabelli cusp on M! -0.227 0.650 0.455
Four-cusped M, 0.853 0.079 -0.447
Form +5 on M, 0.440 0.827 0.190
Four-cusped M, 0.529 0.592 -0.310
Percentages of inertia explained 34.7 25.3 20.0

*Samples are listed in Table 1: 1. Armenian Plateau, Landjik, Black Fortress; 5. Volga region, Fatianovo
culture; 6. Volga region, Balanovo culture; 7. Volga region, Krivaya Luka, Pit Grave culture; 12. Kalmykia,
Pit Grave culture; 18. Turkmenia, Painted Ceramics culture; 20. Turkmenia, Altyn-Depe; 21.Uzbekistan,
Sapallitepe; 25. Karelia, Oleniostrov; 26. Latvia c. 5000-3000 BC; 27. Latvia, Kiwytkalnsk.

18
° 1

12

Dimension 2 (25.3)
o
o

-5 . . . . . . . . .
-5 -4 -3 -2 -1 0 1 2 3 4 5

Dimension 1 (34.7%)

Fig. 2. Multiple Correspondence Analysis; 2D plot of column coordinates: dimension 1 x 2

1. Armenian Plateau, Landjik, Black Fortress; 5. Volga region, Fatianovo culture; 6. Volga region, Balanovo
culture; 7. Volga region, Krivaya Luka, Pit Grave culture; 12. Kalmykia, Pit Grave culture; 18. Turkmenia,
Painted Ceramics culture; 20. Turkmenia, Altyn-Depe; 21.Uzbekistan, Sapallitepe; 25. Karelia, Oleniostrov;
26. Latvia c. 5000-3000 BC; 27. Latvia, Kiwytkalnsk.
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21

20

25

27

Cophenetic correlation: 0.877

Fig. 3. Cluster tree

1. Armenian Plateau, Landjik, Black Fortress; 5.
Volga region, Fatianovo culture; 6. Volga region,
Balanovo culture; 7. Volga region, Krivaya Luka,
Pit Grave culture; 12. Kalmykia, Pit Grave culture;
18. Turkmenia, Painted Ceramics culture; 20. Turk-
menia, Altyn-Depe; 21.Uzbekistan, Sapallitepe; 25.
Karelia, Oleniostrov; 26. Latvia c¢. 5000-3000 BC;
27. Latvia, Kiwytkalnsk.

affinities, while (4) the Central Asian
Altyn-Depe and Sapallitepe samples have
the closest affinities of all.

Table 2 presents the frequency of oc-
currence of non-metric dental traits in
20 Transcaucasian, Eastern European,
Center Asian and Siberian populations
listed in Table 1 as: Nos 1-2, 4-6, 8-10,

13-14, 18-20, 22-27, 29. Analysis in-
cluded new groups from the Ukraine, the
Volga, the Urals and Siberia, and the new
non-metric traits of deflected metaconid
wrinkle, 2med (II) and distal trigonid
crest.

The first two coordinate values are
given in Table 4 and placement of the
samples’ coordinate axis was determined
by values of dimension 1 with 32.8% and
dimension 2 with 22.4% of inertia, re-
spectively. The character of attribute con-
nection in these coordinates show that
the large first coordinate axis values cor-
respond to groups with deflected metac-
onid wrinkle (0.767), distal trigonid
crest (0.747), four-cusp lower first mo-
lars (0.710) and hypocone reduction on
M? (0.646). The second coordinate axis
are maximum for the four-cusp lower
second molars (0.749) and the Carabel-
li cusp on the upper first molar (0.621).
The third coordinate axis accounts for
16.6% of the intergroup, and the weight
gives a 2med (I).

The graph of the first two dimensions
in Fig. 4 denotes the following popula-
tions close to the axes’ intersection; (1)
the Georgian Digomi and Mckheti; (2)
the Latvian Kiwytkalnsk and the Vol-
ga region Potapovsky and Pokrovkaya
cultures; (3) the Armenia Plateau sam-
ple of Lchashen, Shirakavan, Keti and
Karchakhpyur serves as a link between
the Volga region Taktalachuks, and the
Ukrainian Cucuteni-Trypillian and Pit
Grave cultures which share affinities.
Meanwhile, the remaining Alakul and
Timber Grave cultures from the Urals
and the Turkmenian Painted Ceramics
culture cluster close to the centre. The
more discriminant distal trigonid crest,
and the four-cusp lower first molar den-
tal traits are on the positive coordinates
of the first axis: with the Armenian Pla-
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Table 4. The MCA singular values of seven non-metric dental traits in three dimensions for 20 samples’

Non-metric dental trait Dimension 1 Dimension 2 Dimension 3
Forms 3+ and 3 hypocone reduction on M? 0.646 0.147 -0.284
Carabelli cusp on M! 0.269 0.621 0.483
Four-cusped M, 0.710 0.558 0.037
Four-cusped M, -0.079 0.749 -0.444
Deflecting wrinkle of metaconid 0.767 -0.446 -0.185
2med (II) 0.388 -0.118 0.755
Distal trigonid crest 0.747 -0.282 -0.214
Percentages of inertia explained 32.800 22.500 16.600

*Samples are listed in Table 1: 1. Armenian Plateau, Landjik, Black Fortress; 2. Armenian Plateau: Lchashen,
Shirakavan, Keti, Karchakhpyur; 4.Georgia, Digomi, Mckheti; 5. Volga region, Fatianovo culture; 6. Volga
region, Balanovo culture; 8. Volga region, Taktalachuks; 9. Volga region, Potapovsky culture; 10. Volga re-
gion, Pokrovkaya culture; 13. Ural, Alakul culture; 14. Ural, Timber Grave culture; 18. Turkmenia, Painted
Ceramics culture; 19. Turkmenia, Gonur-Depe; 20.Turkmenia, Altyn-Depe; 22. Ukraine, Dnieper-Donets
culture; 23. Ukraine, Cucuteni-Trypillian culture; 24. Ukraine, Pit Grave culture; 25. Karelia, Oleniostrov;
26. Latvia c. 5000-3000 BC; 27. Latvia, Kiwytkalnsk; 29. Altai, Andronovo culture.
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Fig. 4. Multiple Correspondence Analysis; 2D plot of column coordinates: dimension 1 x 2

1. Armenian Plateau, Landjik, Black Fortress; 2. Armenian Plateau: Lchashen, Shirakavan, Keti, Karchakh-

pyur; 4.Georgia, Digomi, Mckheti; 5. Volga region, Fatianovo culture; 6. Volga region, Balanovo culture; 8.

Volga region, Taktalachuks; 9. Volga region, Potapovsky culture; 10. Volga region, Pokrovkaya culture; 13.

Ural, Alakul culture; 14. Ural, Timber Grave culture; 18. Turkmenia, Painted Ceramics culture; 19. Turk-

menia, Gonur-Depe; 20.Turkmenia, Altyn-Depe; 22. Ukraine, Dnieper-Donets culture; 23. Ukraine, Cu-

cuteni-Trypillian culture; 24. Ukraine, Pit Grave culture; 25. Karelia, Oleniostrov; 26. Latvia c. 5000-3000

BC; 27. Latvia, Kiwytkalnsk; 29. Altai, Andronovo culture.
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Fig. 5. Cluster tree

1. Armenian Plateau, Landjik, Black Fortress; 2.
Armenian Plateau: Lchashen, Shirakavan, Keti,
Karchakhpyur; 4.Georgia, Digomi, Mckheti; 5.
Volga region, Fatianovo culture; 6. Volga region,
Balanovo culture; 8. Volga region, Taktalachuks; 9.
Volga region, Potapovsky culture; 10. Volga region,
Pokrovkaya culture; 13. Ural, Alakul culture; 14.
Ural, Timber Grave culture; 18. Turkmenia, Paint-
ed Ceramics culture; 19. Turkmenia, Gonur-Depe;
20.Turkmenia, Altyn-Depe; 22. Ukraine, Dniep-
er-Donets culture; 23. Ukraine, Cucuteni-Trypillian
culture; 24. Ukraine, Pit Grave culture; 25. Karelia,
Oleniostrov; 26. Latvia c. 5000-3000 BC; 27. Latvia,
Kiwytkalnsk; 29. Altai, Andronovo culture.

teau group, the Altai Andronovo culture
and the Turkmenian Altyn-Depe samples
exhibiting higher frequencies of these
traits.

The distance between the samples
is checked in the cluster tree in Fig. 5.
Results there show: (1) the Armenian
Plateau Lchashen, Shirakavan, Keti and
Karchakhpyur groups and the Turkmeni-
an Gonur-Depe samples exhibit closest
affinities to the Ukanian Cucuteni-Trypil-
lian tribe cultures and the Balanovo from
the Volga region; (2) the Digomi and
Mckheti Georgian sample shares closest
affinity with the Timber Grave Ural cul-
ture: (3) the Volga Potapovsky culture is
the steppe population with closest affin-
ity to the Latvian Kiwytkalnsk group; (4)
the Altyn-Depe Turkmenian sample is
closest in identity to the Altai Androno-
vo culture and (5) the Turkmenian Paint-
ed Ceramics culture and the Ukrainian
Pit Grave culture also share affinity.

The frequency of occurrence of 5
non-metric dental traits in 26 Transcau-
casian, Eastern European, Central Asian
and Siberian populations is analysed in
Table 2. This compares Tables 1’s re-
duced non-metric traits numbered 11,
15-17, 28 and 30 and the included new
groups. The first two coordinate values
are also presented in Table 5 with place-
ment of the 26 sample coordinate axis
determined by the first dimension value
of 38.8% of inertia and dimension 2 with
22.2%. The following results were deter-
mined: (1) the first dimension has the
greatest values for hypocone reduction
in the second maxillary permanent molar
at 0.82, the four-cusp lower first molars
at 0.756 and deflected metaconid wrinkle
at 0.681: (2) the second dimension has
maximum for the four-cusp lower second
molars at 0.920 and (3) the third dimen-
sion has 17.2% of the intergroup. Finally,
the positive weight gives a Carabelli cusp
on the upper first molar.

The graph resulting from the first two
axes is highlighted in Fig. 6. This shows
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Table 5. The MCA singular values of five non-metric dental traits in three dimensions for 26 samples’

Non-metric dental trait

Dimension 1

Dimension 2 Dimension 3

Forms 3+ and 3 hypocone reduction on M?
Carabelli cusp on M!

Four-cusped M,

Four-cusped M,

Deflecting wrinkle of metaconid
Percentages of inertia explained

0.821 0.192 0.168
-0.482 -0.254 0.833
0.756 0.041 0.307
-0.038 0.920 0.206
0.681 -0.406 0.058
38.900 22.300 17.200

*Samples are listed in Table 1: 1. Armenian Plateau, Landjik, Black Fortress; 2. Armenian Plateau: Lchash-
en, Shirakavan, Keti, Karchakhpyur; 4. Georgia, Digomi, Mckheti; 5. Volga region, Fatianovo culture; 6.
Volga region, Balanovoculture; 8. Volga region, Taktalachuks; 9. Volga region, Potapovsky culture; 10. Vol-
ga region, Pokrovkaya culture; 11. Volga region, Petrovskaya culture; 12. Kalmykia, Pit Grave culture; 13.
Ural, Alakul culture; 14. Ural, Timber Grave culture; 15. Ural, Timber Grave and Alakul cultures; 16. Ural
total group I, Sintashtinskaya culture; 17. Uraltotal group II, Sintashtinskaya culture; 19. Turkmenia, Go-
nur-Depe; 20. Turkmenia, Altyn-Depe; 22. Ukraine, Dnieper-Donets culture; 23. Ukraine, Cucuteni-Tryp-
illian culture; 24. Ukraine, Pit Grave culture; 25. Karelia, Oleniostrov; 26. Latvia c. 5000-3000 BC; 27.
Latvia, Kiwytkalnsk; 28. Forest-steppe Barabinskaya, Andronovo culture; 29. Altai, Andronovo culture; 30.

Siberia, Tagarskaya culture.

the proximity of the following groups
and reveals that they gathered towards
the axes’ intersection; the Potapovsky
culture, the Taktalachuks from the Vol-
ga, the Ural Timber Grave and Alakul
cultures, the Turkmenian Gonur-Depe,
the Latvian Kiwytkalnsk, the Armeni-
an Plateau Lchashen, Shirakavan, Keti,
Karchakhpyur and the Siberian Tagar-
skaya culture. The first axis shows that
the Landjik and Black Fortress Armenian
plateau populations, the Ukrainian Pit
Grave culturecand the Volga Balanovo
culture are close to each on the posi-
tive-coordinate axis. Here, the most dis-
criminant dental traits are the disto-lin-
gual cusp hypocone reduction of the
second maxillary permanent molar, the
four-cusp lower first molars and deflect-
ed metaconid wrinkle. These traits show
higher frequencies in the Urals (Total
group II: Sintashtinskaya Culture), the
Volga region (Petrovskaya culture) and
Armenian Plateau (Landjik and Black
Fortress) groups; and slightly lower fre-
quencies in the Turkmenia (Gonur-Depe
and Altyn-Depe), Altai (Andronovo cul-
ture), Armenian Plateau (Lchashen, Shi-

rakavan, Keti and Karchakhpyur) and the
Volga region (Potapovsky culture and
Taktalachuks) samples. The Ural popu-
lations (Total group II: Sintashtinskaya
culture), Ukraine (Dnieper-Donetz Cul-
ture) and Volga region (Petrovskaya cul-
ture) are located further from the axes’
intersection. Meanwhile, the Ukraini-
an (Cucuteni-Trypillian culture), Geor-
gian (Digomi and Mckheti), and Karelia
(Oleni ostrov) samples are located near
the negative-coordinate axes’ intersec-
tion, while the Volga region Fatianovo
culture and Ural Timber Grave culture
recorded very close affinity.

The cluster tree in Figure 7 checks
the distance between the samples. Here;
(1) the Landjik and Black Fortress Ar-
menian Plateau group share some den-
tal morphological affinities with the Ural
total group II: Sintashtinskaya cultures;
(2) the Forest-steppe Barabinskaya An-
dronovo culture has affinity with the
Volga Pokrovkaya and Petrovskaya cul-
tures,the Kalmykia Pit Grave culture and
the Ural Alakul cultureand (3) The Di-
gomi and Mckheti Georgian samples, the
Ukranian Cucuteni-Trypillian cultureand
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Fig. 6. Multiple Correspondence Analysis; 2D plot of column coordinates: dimension 1 x 2.

1. Armenian Plateau, Landjik, Black Fortress; 2. Armenian Plateau: Lchashen, Shirakavan, Keti, Karchakhpyur; 4.
Georgia, Digomi, Mckheti; 5. Volga region, Fatianovo culture; 6. Volga region, Balanovoculture; 8. Volga region,
Taktalachuks; 9. Volga region, Potapovsky culture; 10. Volga region, Pokrovkaya culture; 11. Volga region, Pet-
rovskaya culture; 12. Kalmykia, Pit Grave culture; 13. Ural, Alakul culture; 14. Ural, Timber Grave culture; 15.
Ural, Timber Grave and Alakul cultures; 16. Ural total group I, Sintashtinskaya culture; 17. Uraltotal group II, Sin-
tashtinskaya culture; 19. Turkmenia, Gonur-Depe; 20. Turkmenia, Altyn-Depe; 22. Ukraine, Dnieper-Donets
culture; 23. Ukraine, Cucuteni-Trypillian culture; 24. Ukraine, Pit Grave culture; 25. Karelia, Oleniostrov; 26.
Latvia c. 5000-3000 BC; 27. Latvia, Kiwytkalnsk; 28. Forest-steppe Barabinskaya, Andronovo culture; 29.
Altai, Andronovo culture; 30. Siberia, Tagarskaya culture.

the Armenian Plateau Lchashen, Shi- menian Plateau sample (Landjik, Black
rakavan, Keti and Karchakhpyur samples  Fortress) and samples from the Volga

displayed very close affinity. region (Krivaya Luka — Pit Grave culture
and the Balanovo culture), Kalmykia (Pit
Discussion and Conclusion Grave culture), and Ukraine (Pit Grave

culture) exhibit very close affinities. The
Factor correspondence and cluster anal- odontological data also revealed close
ysis revealed non-metric odontologic affinities between the Armenian Plateau
analogies for a complex of traits in pop- Lchashen, Shirakavan, Keti, and Kar-
ulations from Transcaucasia, Eastern Eu-  chakhpyur sample, the Ukrainian Tripol-
rope, Central Asia and Siberia. The Ar- ye cultureand the Volga Taktalachuks and
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Fig. 7. Cluster tree

1. Armenian Plateau, Landjik, Black Fortress; 2.
Armenian Plateau: Lchashen, Shirakavan, Keti,
Karchakhpyur; 4. Georgia, Digomi, Mckheti; 5.
Volga region, Fatianovo culture; 6. Volga region,
Balanovoculture; 8. Volga region, Taktalachuks; 9.
Volga region, Potapovsky culture; 10. Volga region,
Pokrovkaya culture; 11. Volga region, Petrovskaya
culture; 12. Kalmykia, Pit Grave culture; 13. Ural,
Alakul culture; 14. Ural, Timber Grave culture; 15.
Ural, Timber Grave and Alakul cultures; 16. Ural
total group I, Sintashtinskaya culture; 17. Ural-
total group II, Sintashtinskaya culture; 19. Turk-
menia, Gonur-Depe; 20. Turkmenia, Altyn-Depe;
22. Ukraine, Dnieper-Donets culture; 23. Ukraine,
Cucuteni-Trypillian culture; 24. Ukraine, Pit Grave
culture; 25. Karelia, Oleniostrov; 26. Latvia c. 5000—
3000 BC; 27. Latvia, Kiwytkalnsk; 28. Forest-steppe
Barabinskaya, Andronovo culture; 29. Altai, An-
dronovo culture; 30. Siberia, Tagarskaya culture.

R

Balanovo culture. Craniological analysis
showed Moldovian and Ukrainian Trip-
olye culture samples are unique in ex-
hibiting much closer affinities to the Ar-
menian Plateau samples (Khudaverdyan
2011a).

The Georgia (Digomi, Mckheti)
group has close affinity with those of the
Latvian (Kiwytkalnsk) and Volga region
(Potapovsky and Pokrovkaya cultures)
samples. The Altyn-Depe Turkmenian
sample’s closest affinity is to the Altai
Andronovo culture, while the closest af-
finity of all was between the Painted Ce-
ramics Turkmenian culture, the Latvian
Kiwytkalnsk and the Ukrainian Pit Grave
culture.

These analyses provided abundant
evidence supporting population migra-
tion from the Armenian Plateau and
Transcaucasia. This is consistent with
recent genetic studies supporting the
Near Eastern contribution to the Euro-
pean gene pool; where the great majority
of European Y chromosomes originated
from Neolithic expansion (Richards et al.
2000; Chikhi et al. 2002 and Balaresque
et al. 2010). This then suggested that the
dispersal of Indo-European languages
was accompanied by migration and gene
flow from the Armenian Plateau and
Transcaucasian homeland to the various
historical seats of Indo-European lan-
guages.

The origin and development of ancient
cultures is clearly connected with general
laws of social and economic development
and environmental influence. The physi-
cal environment has played a significant
role in all stages of mankind’s develop-
ment, and it has paramount importance
in expanding or constraining a socie-
ty’s cultural and economic progress. In
conjunction with the expansion of cat-
tle-breeding and the emergence of an-



78 Anahit Yu. Khudaverdyan

cient metallurgy, the Eurasian steppe de-
veloped from first dividing ethnic groups
to uniting them in a larger community.
The steppe’s wide expanse provided fa-
vourable conditions for human life, and
the spread of information and technol-
ogy promoted wide Bronze Age cultural
integration throughout this area (Saria-
nidi 2010). This has resulted in the con-
temporary ethnic diversity of this region
with its great variety of anthropological
types. Reference to morphological fea-
tures of ancient populations in Eastern
Europe, Central Asia and Siberia has ap-
peared in previous works (Khudaverdyan
2009, 2011a; Khokhlov & Mimokhod
2008; Solodovnikov 2006 and Dubova
2010). This revealed the participation
of Near Eastern, Armenian Plateau and
Caucasian indigenous populations in for-
mation of the anthropological character
of certain tribes and their movements.
It has also inflamed the desire to further
track the roots of the earliest cultural
foundations.

Odontological morphological traits
markedly differentiate the comparative
populations from Transcaucasia, East-
ern Europe, Central Asia and Siberia
emanating from different ethnic and
cultural complexes. Thus, they provide
an appropriate method for studying the
biological differentiation of foundation
populations. Herein, samples from the
Armenian Plateau and Georgia pos-
sessed closest affinity to populations
from Kalmykia (Pit Grave culture), the
Ukraine (Tripolye culture), the Urals
(Sintashtinskaya, Timber Grave cul-
tures), the Volga region (Pit Grave, Bal-
anovo, Fatianovo, Potapovsky cultures)
and from Central Asia (Gonur-Depe).
These conclusions are consistent with
reports from other bio-distance studies
examining non-metric cranial features

and Armenian Plateau samples. Based
on our biodistance results, we suggest
that there was a degree of genetic drift
among inland populations at the begin-
ning of the Bronze Age, Although this
assertion requires further exploration, it
is clear that the techniques employed in
this study were most appropriate in un-
covering existent significant differences
between the populations. In conclusion,
the biodistances determined in non-met-
ric dental traits reported herein indicate
that no significant prehistoric gene flow
occurred in the Armenian Plateau.
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