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ABSTRACT                        Nonmetric traits are frequently analyzed in the field of anthropology to measure 
genetic relatedness, or biodistance, within or between populations. These studies are performed 
under the assumption that nonmetric traits are genetically inherited. Historically, interpretations 
of both biological and cultural change within the Armenian Highland, have cited large-scale 
population movements. Biological estimates of this change have traditionally relied upon biodis-
tance estimates, using odontologic, craniofacial measures of both deformed and nondeformed 
skulls. In order to evaluate whether large-scale prehistoric and historic migrations occurred in 
the Armenian Highland, we examine biodistance results from nonmetric cranial traits for 19 
samples that represent all time periods on Armenian Highland. None of the distances between 
each pair of samples examined by this study were significant. These results suggest biological 
continuity on the Armenia populations. Biodistance results also suggest endogamy within inland 
populations. The broader implications of these results are discussed.
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Figure 1. Map. Origins of 19 Armenian Highland samples used in the present study: 1. Landjik, 2. Black Fortress, 3. Nerkin Getashen I, 4. Nerkin 
Getashen II, 5. Nerkin Getashen III, 6. Artik, 7. Karmir, 8. Sarukhan, 9. Arcvakar, 10. Karashamb, 11. Akunk, 12. Lchashen, 13. Shushi, 14. Kar-
chakhpyur, 15. Shirakavan, 16. Beniamin, 17. Vardbakh,  18. Black Fortress I, 19. Bingel Dag.



Materials and Methods



Table 1. Armenian Highland craniological samples.

Sample name Date Researchers

1 Landjik c. 4000-3000 BC Khudaverdyan, 2009
2 Black Fortress c. XIV-XII BC Khudaverdyan, 2009
3 Nerkin Getashen I c. XV BC Movsesyan,1990
4 Artik c. XV/XIV-XI BC Movsesyan,1990; Movse syan, Kochar, 2001
5 Total group: Landjik, Black Fortress, Nerkin Getashen I, Artik I period Khudaverdyan, 2009; Movsesyan,1990
6 Sarukhan c. XI-IX/ VIII BC Movsesyan,1990
7 Nerkin Getashen II c. XIII-XII BC Movsesyan,1990
8 Nerkin Getashen III c. IX-VIII BC Movsesyan,1990
9 Arcvakar c. XI-IX/ VIII BC Movsesyan,1990
10 Akunk c. XI-IX/ VIII BC Movsesyan,1990; Movse syan, Kochar, 2001
11 Karashamb c. XI-IX/ VIII BC Movsesyan,1990
12 Karmir c. XI-IX/ VIII BC Movsesyan,1990
13 Lchashen c. 3000  - 2000 BC Movsesyan,1990
14 Shushi c. 3000- 2000BC Movsesyan,1990
15 Sarukhan, Nerkin Getashen II and III, Arcvakar, Akunk, Karashamb, 

Karmir, Lchashen, Shushi
II period Movsesyan,1990

16 Shirak Plateau (total group): Landjik, Black Fortress, Artik I period Khudaverdyan, 2009; Movsesyan,1990
17 Sevan region (total group): Sarukhan, Nerkin Getashen II and III, 

Arcvakar, Akunk, Karashamb, Karmir, Lchashen
II period Movsesyan,1990; Movse syan, Kochar, 2001

18 Karchakhpyur-Shirakavan c. 1 BC – AD 3 Movse syan, Kochar, 2001
19 Beniamin c. 1 BC – AD 3 Khudaverdyan, 2000
20 Vardbakh c. 1 BC – AD 3 Khudaverdyan, 2005
21 Black Fortress I c. 1 BC – AD 3 Khudaverdyan, 2005
22 Karchakhpyur-Shirakavan, Beniamin, Vardbakh, Black Fortress I c. 1 BC – AD 3 Khudaverdyan, 2009; Movse syan, Kochar, 2001
23 Bingel Dag 20 century Bunak, 1927; Movse syan, Kochar, 2001



Results and Discussion 

Table 2. A complete list of nonmetric traits analyzed and the methods used to score them.

Trait Scoring Method

Sutura metopica absent, complete
Foramen sup raorbital presence/absence
Foramen infraorbitale accessorium two distinct foramina, more than two distinct foramina
Foramen parietale present (on parietal), present (sutural). Absent 
Os bregma ti cum presence/absence
Os epi p tericum presence/absence
Os apicis lambdae presence/absence
Os asterii presence/absence
Ossa suturae coronalis presence/absence
Ossicula suturae squamosae presence/absence
Ossa suturae sagittalis presence/absence
Ossa suturae lambdoïdeae presence/absence
Canalis condylaris intermedius patent, not patent
Canalis hypoglossi bipartite complete (within canal)
Foramen mastoideum absent absent, 1, 2, more than 2
Foramen mastoideum exsutural absent, 1, 2, more than 2
Foramen spinosum bipertitum partial formation
Foramina alatine minoranus absent, 1, 2, more than 2 (the lesser palatine foramina lie on both sides 

of the posterior border of the hard palate immediately posterior to the 
greater palatine foramen)

Foramina  mentale accessorium absent, 1, 2, more than 2
Os zygomaticum bipartitum presence/absence
Tuberculum praecondylare presence/absence (immediately anterior and medial to the occipital con-

dyle)

Torus palatinus presence/absence
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Table 4. Elements of three initial components for 11 groups.

Trait I II III

Sutura metopica (frontalis)  0.976  0.017    0.066
Foramen sup raorbital -0.711  0.642    0.227  
Foramen infraorbitale accessorium  0.486  0.693  -0.500
Os zygomaticum bipartitum  0.014  0.932  -0.253
Ossa suturae coronalis -0.233  0.882    0.280
Os epiptericum  0.823  0.326    0.399
Os asterii  0.882  0.427    0.064
Foramen parietale  0.938 -0.090    0.007
Canalis condylaris intermedius  0.975 -0.003    0.114
Canalis hypoglossi bipartite  0.897 -0.290  -0.106
Values  58.403  29.200    6.361

Table 5. Values of three initial components for 11 groups.

Sample name I II III

Lchashen -0.949 -1.043  0.215
Akunk -2.446 -2.555 -0.494
Artik -0.757 -1.387 -0.151
Shirak Plateau /I period/ -0.351  2.582  0.423
Sevan region /II period/ -0.362  0.755  0.996
Beniamin-Vardbakh-Black Fortress I  0.356  2.164 -1.720
Karchakhpyur-Shirakavan -1.644 -1.591  0.316
Armenia  (I period: Bronze Age)  0.209  1.558  0.840
Armenia (II period: Bronze and Early 
Iron Ages)

-0.401  0.549  0.497

Armenia (III period: Ancient Age) -0.537  0.471 -0.929
Armenia (IV period: Modern Arme-
nians)

 6.882 -1.503  0.007

Figure 2. Cluster tree: 1. Lchashen, 2. Akunk, 3. Artik, 4. Shirak Plateau 
/I period/, 5. Sevan region /II period/, 6. Beniamin-Vardbakh- Black 
Fortress I, 7. Karchakhpyur-Shirakavan, 8. I period (total group: Bronze 
Age), 9. II period (total group: Bronze and Early Iron Ages), 10. III period 
(total group: Ancient Age), 11. IV period (Bingel Dag).



Table 6. Matrix of distance, values for eleven Armenian Highland mortuary samples examined in this study.

Sample name 1 2 3 4 5 6 7 8 9 10 11

1.Lchashen
2. Akunk 2.24
3. Artik 0.54 2.08
4. Shirak Plateau /I period/ 3.68 5.62 4.03
5. Sevan region /II period/ 2.05 4.19 2.46 1.92
6. Beniamin-Vardbakh, Black Fortress I 3.97 5.62 4.04 2.30 3.14
7. Karchakhpyur-Shirakavan 0.89 1.49 1.02 4.37 2.76 4.72
8. Armenia  (I period: Bronze Age) 2.91 5.07 3.25 1.24 1.00 2.64 3.69
9. Armenia (II period) 1.71 3.85 2.07 2.04 0.54 2.85 2.48 1.23
10. Armenia (III period)/ 1.94 3.60 2.03 2.51 1.95 2.07 2.65 2.21 1.43
11. Armenia (IV period)/ 7.85 9.40 7.64 8.32 7.65 7.68 8.53 7.39 7.58 7.73 -

Table 7. Elements of three initial components for 14 groups.

Trait I II III

Sutura me topica -0.465  0.749 -0.210
Foramen sup raorbitale -0.297  0.444  0.741
Ossa suturae coronalis -0.316  0.896  0.044
Os asterii  0.100  0.708  0.245
Foramen pa ri etale  0.799  0.039  0.376
Os apicis lambda  0.788  0.202  0.069
Ossa suturae sagittalis  0.262  0.847  0.371
Ossa suturae lambdoïdeae  0.877 -0.081  0.148
Foramen mastoideum absent  0.892 -0.031  0.208
Canalis condylaris intermedius  0.794  0.023 -0.358
Canalis hypoglossi bipartite  0.097  0.429 -0.850
Torus palatines  0.524  0.608 -0.552
Values  35.194  28.205  17.989

Figure 3. Cluster tree: 1. Armenia  (I period: Bronze Age), 2. Armenia 
(II period: Bronze and Early Iron Ages), 3. Shirak Plateau (I period), 
4. Artik, 5. Sevan region (II period), 6. Akunk, 7. Lchashen, 8. Central 
Asia (Sapallitepe-Gonur Depe), 9. Volga region (Fatianovo culture), 
10. Volga region (Balanovo culture), 11. Siberia (Andronovo culture), 
12. Siberia (Afanasevo culture), 13. Siberia (Karakolskaya culture), 14. 
Siberia (Tagarskaya culture).



Table 8. Values of three initial components for 14 groups.

Sample name I II III

Armenia /I period: Bronze Age/ -0.118    3.235    0.401
Armenia /II period: Bronze and Early 
Iron Ages/

-0.710    1.032  -0.294

Shirak Plateau /I period/ -0.199    3.671    0.035  
Artik -2.788  -0.997  -1.242
Sevan region /II period/ -0.751    1.713  -0.058
Akunk -1.982  -2.123  -2.252
Lchashen -2.476  -1.170  -0.955
Central Asia /Sapallitepe, Gonur Depe/ -1.926  -0.071    1.900
Volga region /Fatianovo Culture/  3.723  -0.344  -2.469
Volga region /Balanovo Culture/  3.705  -0.196  -0.881
Siberia /Andronovo Culture/  1.669  -2.518    2.327
Siberia /Afanasevo Culture/  0.184  -1.536    1.612
Siberia /Karakolskaya Culture/  0.369  -0.547    1.068
Siberia /Tagarskaya Culture/  1.301  -0.151    0.809  

Figure. 4. Cluster tree: 1. Armenia (Beniamin-Vardbakh-Black Fortress 
I), 2. Armenia (Karchakhpyur-Shirakavan), 3. Armenia (total group: 
Ancient Age), 4. Ukraine (Dzuravka), 5. Ukraine (Chernykhov- Ro-
mashki-Derevynnoe-Teleshovka), 6. Ukraine (Gavrilovka-Voloshskoe), 
7. Ukraine (Koblevo-Ranjevoe-Viktorovka, 8. Dnestr region (Budeshti), 
9. Dnestr region (Malaeshti), 10. Latvia (Latgali).

Sample name 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1.Armenia /I period:
Bronze Age/

2. Armenia /II period: 
Bronze and Early Iron 
Ages/

2.38

3. Shirak Plateau /I period/ 0.57 2.71
4. Artik 5.27

 
3.06 5.49

5. Sevan region /II period/ 1.71 0.72 2.04 3.59
6. Akunk 6.26 3.92 6.48 1.71 4.59
7. Lchashen 5.18 2.90 5.44 0.46 3.48 1.68
8. Central Asia /Sa-
pallitepe-Gonur Depe/ 

4.06 2.74 4.52 3.39 2.90 4.63 3.11

9. Volga region /Fatianovo 
culture/

5.98 5.13 6.15 6.66 5.48 5.98 6.43 7.15

10. Volga region /Balanovo 
culture/

5.29 4.62 5.57 6.55 4.92 6.16 6.26 6.28 1.59

11. Siberia /Andro novo 
culture/

6.33 5.01 6.86 5.91 5.43 5.87 5.46 4.37 5.65 4.45

12. Siberia /Afana sevo 
culture/

4.93 3.32 5.45 4.16 3.77 4.47 3.71 2.59 5.53 4.52 1.92

13. Siberia /Kara kolskaya 
culture/

3.87 2.35 4.38 3.94 2.76 4.36 3.54 2.49 4.88 3.88 2.68 1.14

14. Siberia /Tagar skaya 
culture/

3.69 2.58 4.18 4.65 2.91 4.90 4.29 3.41 4.08 2.94 2.84 1.95 1.05 -

Table 9. Matrix of distance, values for fourteen Eurasia mortuary samples examined in this study.



Table 10. Elements of three initial components for 10 groups.

Trait I II III

Sutura me topica -0.047    0.871  -0.143
Foramen sup raorbitale -0.802  0.497 -0.024
Foramen infraorbitale accessorium  0.397  0.859  0.159
Os asterii  0.659  -0.033 -0.456
Foramen pa ri etale  0.826    0.006    0.012
Ossa suturae lambdoïdeae  0.658    0.630    0.061
Canalis condylaris intermedius  0.863  -0.343    0.266
Canalis hypoglossi bipartite -0.074    0.042    0.916
Values  38.788   28.276   14.611

Table 11. Values of three initial components for 10 groups.

Sample name I II III

Beniamin-Vardbakh-Black Fortress I -1.275    2.011  -0.909
Karchakhpyur-Shirakavan -3.518  -1.377    0.206
Armenia (IV period: Ancient Age) -2.070    0.559  -0.162  
Ukraine (Dzuravka)  0.154  -1.466  -0.555
Ukraine (Chernykhov-Romashki-Derevynnoe- Teleshovka)  1.641    0.606  -2.023
Ukraine (Gavrilovka-Voloshskoe)  1.302  -2.898    0.330
Ukraine (Koblevo-Ranjevoe-Viktorovka)  1.565  -0.052    0.625
Dnestr region (Budeshti) -0.043    1.208    1.821
Dnestr region (Malaeshti)  1.484    1.310    1.105
Latvia (Latgali)  0.759    0.100  -0.438

Table 12. Matrix of distance, values for ten Eurasia mortuary samples examined in this study.

Sample name 1 2 3 4 5 6 7 8 9 10

1.Beniamin et al.
2. Karchakhpyur-Shirakavan 4.21
3.Armenia (total group: Ancient Age) 1.82 2.45
4.Ukraine (Dzuravka) 3.78 3.75 3.03
5. Ukraine (Chernykhov-Romashki-
Derevynnoe- Teleshovka)

3.42 5.96 4.15 2.94

6. Ukraine (Gavrilovka- Voloshskoe) 5.68 5.06 4.85 2.04 4.23
7. Ukraine (Koblevo- Ranjevoe-Viktorovka) 3.83 5.27 3.77 2.32 2.73 2.87
8. Dnestr region (Budeshti) 3.10 4.62 2.91 3.58 4.24 4.57 2.37
9. Dnestr region (Malaeshti) 3.49 5.75 3.85 3.50 3.21 4.28 1.45 1.69
10. Latvia (Latgali) 2.83 4.57 2.88 1.68 1.88 3.14 1.34 2.64 2.09 -
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