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ABSTRACT

The objective of this study was to discriminate the honeybee populations distributed in different
regions of northern Turkey, in a land strip approximately following the Black Sea Coast up into
Thrace. To assess the morphological variation between populations, a total of 58 colonies was
evaluated in statistical analysis based on standard morphometric measurements using 34
morphometric characters. Discriminant function analysis (DFA) yielded high percentages of correct
reclassifications between 6 tentative population groups from geographic regions differing in climatic
and ecological characteristics. In particular, results showed a gradual character shift from the East-
ern end of the distribution (bordering Georgia) to the Western end (bordering Bulgaria) of the sam-
pling area. To explore relations to adjacent subspecies, we included reference samples obtained
fromthe Morphometric Bee Data Bank in Oberursel-Germany. This combined DFA confirmed that A.
m. anatoliaca is the predominant subspecies in northern part of Turkey extending into Thrace region.
A. m. caucasica is prevalent in some Eastern Black Sea locations, but allocations to this subspecies
were also found scattered westwards up to Northern Thrace indicating the influence of beekeeper
activities. Bees in Southern Thrace were A. m anatoliaca, while those of North Thrace, though mixed,
showed close relations to A. m. carnica.
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oz

Bu calismanin amaci, Tiirkiye’nin kuzeyindeki farkhh boélgelerde, yaklasik olarak Karadeniz
Boélgesi’nden Trakya’ya devam eden bir kara seridinde yayilis gosteren balarisi populasyonlarini ayirt
etmektir. Populasyonlar arasindaki morfometrik varyasyonu belirlemek igin toplam 58 koloni 34
morfomertik karakter kullanilarak standart morfometrik oOlgiimlere dayali olarak istatistiksel
analizlerde degerlendirilmistir. Ayrisim fonksiyon analizi (DFA), iklim ve ekolojik 6zellikleri farkhlik
gosteren cografik bolgelerdeki belirsiz 6 populasyon grubu arasinda yiiksek dogru siniflandirma
yiizdeleri vermistir. Ozellikle, sonuglar érnekleme alaninin Dogu ucundan (Giircistan sinirindaki) Bati
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ucunakadar (Bulgaristan sininndaki) kademeli bir karakter kaymasi gostermistir. Yakin alttiirlerin
iligskilerini arastirmak i¢in Almanya-Oberursel’deki Morfometrik Ari Veri Bankasr'ndan elde edilen
referans orneklerini analizlere dahil ettik. Bu kombine edilmigs DFA, Trakya bolgesine uzanan Tiirki-
ye'nin kuzey kesimindeA. m. anatoliaca’nin baskin alttiir oldugunu dogrulamigtir. A.m.caucasicabazi
Dogu Karadeniz lokasyonlarinda yaygindir, fakat bu alttiiriin béliinmesi, ayrica batiya dogru Kuzey
Trakya'ya kadar daginik halde bulunmasi arici faaliyetlerinin etkisine isaret etmektedir. Trakya’nin
guneyindeki arilar A. m. anatoliaca iken Trakya’nin kuzeyinde bulunanlar karigik olsa da A. m. carnica

ile yakin iligki gé6stermektedir.

Anahtar kelimeler:Apis mellifera, balarilari, morfometri, Kuzey Tiirkiye

INTRODUCTION

Turkey is situated in a significant geographic
position where the three continents Europe, Asia
and Africa (via Mid-East) are connected. It
encompasses a wide range of different climatic
zones and ecological regionswhich are reflected in
the diversity of honeybees. Four honeybee
subspecies had been described in Turkey, based
on multivariate statistical analysis of standard
morphometric characters and on six enzyme
systems, (Ruttner, 1988; Kandemir et al., 2000).
Apis mellifera anatoliaca is distributed throughout
Central Anatolia, the Aegean and Mediterranean
regions, and a large part of the Black Sea region. A.
m. caucasica resides in North-eastern Anatolia, A.
m. meda in the southern Anatolia, and A. m.
carnica in the Thrace region (Ruttner, 1988; Kan-
demir et al., 2000; Smith et al., 1997). In addition,
A.m. syriaca is found in the southern part of Turkey
near Hatay (Kandemir et al., 2006).Further
morphometric, biochemical and genetic research
had basically supported this distribution (Guler and
Kaftanoglu, 1999a, 1999b; Palmer et al., 2000;
Kandemir et al., 2006; Bodur et al., 2007; Ozdil et
al., 2009, 2012; Ozkan Koca and Kandemir, 2013).
Even though extensive migratory beekeeping is
practiced in Turkey, native subspecies and their
ecotypes are still partly preserved. However, this
pattern is endangered because the number of pro-
fessional beekeepers which transport colonies over
wide distances and rely on commercially produced
gueens increases rapidly.

The northern parts of Turkey stretching along the
Black Sea coast cover a range of honeybee subs-
pecies, from A. m. caucasica at the Georgian bor-
der over A. m. anatoliaca in north Anatolia to A. m.
carnica in Thrace. This area encompasses several
regions differing in climatic and ecological
conditions. Eastern Anatolia is a predominantly
mountainous region with some forest, mostly

covered by grassland and an alpine zone at higher
elevations.The region is known for longfreezng cold
winters with heavy snow fall and short hot
summers. The Eastern Black Sea is a temperate
humid rainforest region in the lower parts, but steep
mountains rise immidiately at the coast, frequently
separated by rivers between these mountains. The
winters are mild and long in the coast and cold on
the mountains. The Western Black Sea region,
though basically similar to the east, is less humid
and mountains are much lower. The Marmara
region in the West is divided by the Marmara Sea
and has two parts. South Marmara in Asia Minor,
where Blacksea, Aegean and Central Anatolia
meet, is considered a transition zone between
Europe and Asia Minor. Here, winters are rather
mild and summers are moderate. Thrace is situated
at the European side and comprised of
mostlygrassland with short mild winters and
moderate or hot summers.

The common method to distinguish honeybee
subspecies is the study of morphometric characters
on the body parts, using wing venation angles,
lenght measures of body parts, and pigmentation
patterns (Reviewed in Ruttner, 1988, Meixner et al.,
2013), to be evaluated by multivariate statistical
anaysis. The objective of our research is to
investigate the extent of morphometric variation of
honeybee populations distributed in the northern
Turkey including South Marmara and Thrace re-
gions.

MATERIALS AND METHOD

Honeybee samples were collected in May-August
of 2002-2005 from 58 colonies in northern Turkey
ranging from sea level up to 3000 m to the Bulga-
rian border in Turkey, includingthe adjacent Bulga-
rian region(Figure 1, Table 1). Bee samples were
taken from remote villages with no or only minor
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short-distance migratory beekeeping. Areas with
intense migratory beekeeping were mostly avoided
but in few cases some samples were included to
improve representation of the region. Some of the
sampling points in both Georgian (Camili-Artvin)
and Bulgarian border (Armutveren-Kirklareli) were
situated in native bee preservation areas and sam-
pling permission was obtained from authorities. Bee
samples were shaken from a brood comb into a
plastic bag containing a chloroform sucked cotton
ball to obtain a fully stretched out proboscis. Sam-

ples were then transferred into a plastic bottle con-
taining 70% ETOH. A total of 10 worker bees per
colony were measured for a total of 34
morphometric characters (Ruttner, 1988) using a
stereomicroscope and a PC-based video
measuring system developed by Meixner and
Meixner  (2004).  Multivariate  morphometric
analyses were performed on this measured data of
58 colonies obtained from different regions in
northern Turkey.
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Figure 1.Sampling locations of honeybee samples from northern Turkey. Names for numbered localities are

given in Table 1.

Sekil 1. Kuzey Turkiye'deki balarisi 6rneklerinin lokasyonlari. Numaralandiriimis lokasyon isimleriTablo 1

verilmigtir.

Honeybee samples were assignedto six groups
(Eastern Black Sea Coast, EBC; Eastern Black Sea
Mountain, EBM; Western Black Sea, WB; South
Marmara, SM; North Thrace, NTH; South Thrace,
STH) according to geographic regions of apparent
climatic and ecological differences. To assess the
morphological variation between these six groups,
first an analysis of variance (ANOVA) was carried
out on the mean values of the colony sample
measurements. Then a discriminant function
analysis (DFA) was carried out, and re-
classification rates were estimated using leave-one-
out (cross-validation) classification and cross
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validation tests to check the accuracy in identifying
the colonies. To investigate the clinal structure
along the northern parts of Turkey, regression
distribution of DA function over longitude was
applied. In a second DFA, reference samples
representing A. m. anatoliaca, A. m. carnica, A. m.
caucasica, A. m. cecropia, A. m. ligustica, A. m.
macedonica and A. m. Mellifera from the
Morphometric Bee Data Bank in Oberursel were
included into analysis and samples were force-
allocated into these subspecies. All of the statistical
analyses were carried out using SPSS 13.0 (SPSS,
2004) software.



RESULTS

Morphometric
Populations

Analysis of Honeybee

Analysis of variance (ANOVA) of morphological
characters showed that all of the measured
morphological characters displayed statistically
significant differences among honeybee
populations (P<0.05). The DFA confirmed reliable
separation of the honeybee populations from the six
regions. Of five relevant DFA axesthe first, the
second and the third represented 63.4%,15.2% and
9.1% of the total variation, respectively. Scatter plot
of the first two DFA axes showed three major
groups: the first group included the colonies of
NTH, the second group included the colonies of
STH, and the third group included the colonies of
EBC, EBM, WB and SM (Figure 2). The members
of these third group regions, however, showed
some overlapping with each other, with the colonies
of SM somewhat more separate. Cross validation
tests based on these discriminant functions re-
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assigned 86% of the colonies to their correct
original group, and all regional population except
the WB population colonies were correctly re-
classified to their assigned groups. In the WB
population, 12 of 17 samples (70.6%) were
correctly re-allocated into the WB population, while
1 (5.9%), 2 (11.8%) and 2 (11.8%) were assigned
to the EBC, EBM and SM populations, respectively.
The geographic distribution of re-allocations is
shown in Figure 3a. In particular, a clear relation to
the geographic position is apparent indicating a
clinal, transitional pattern along the coast, with
NTH set apart. This gradual East-West transition is
clearly supported by regression analysis of the first
three DFA axis sample scores over longitude,
yielding significant slopes (F1: Beta=-0.593
p<0.0005; F2: Beta=0.426 P<0.001; F3: Beta=-
0.319 P=0.013, NTH excluded). This transition can
be visualized in Figure 3b, where sample RGB
color values are computed from the first three DFA
axis scores, thus reflecting their morphometric
positioning.

v EBC East Black Sea Coast

® EBM East Black Sea Mountain
@® WB Western Black Sea

A SM  South Marmara

1 STH South Thrace

& NTH North Thrace

@ Group centroid

Figure 2. Scatter plot of DFA based on morphometric characters of honeybee populations from six

geographic regions.

Sekil 2. Alti cografik bdlgeden toplanan balarisi érneklerinin morfometrik karakterlere dayali DFA dagilim

grafigi.
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Figure 3. a) Geographic distribution of colony re-allocations into six regional groups. b) Visualization
morphometric positioning of colony samples. Sample plot RGB color values are computed from the first three

DFA axis scores.

Sekil 3. a) Kolonilerin 6 bolgesel gruba yeniden yerlestirilmesinin cografik dagilimi b) Koloni 6rneklerinin
morfometrik pozisyonlarinin gézlenmesi. Ornek grafik RGB renk dederleri ilk 3 DFA eksenlerinden hesap-

lanmistir.
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Morphometric Analysis of Honeybee Samples in
Relation to Adjacent Subspecies Reference
Samples

When reference samples from the Oberursel Data
Bank were included in DFA, four DFA axes were
included in the calculations, and the first, the
second and the third axes represented 62.3%,
21.2% and 6.9% of the total variation, respectively.
All colonies from five geographic region (EBC,
EBM, WB, SM and STH) clustered with A. m.
anatoliaca and A. m.caucasica reference data, thus
representing members of the O honeybee lineage
except one from EBC region which was allocated to
A. m. carnica Figure 4). Though allocations to A. m.
anatoliaca was found in 3 locations in the eastmost

Black Sea regions, this subspecies was also found
in 5 locations scattered in the WB and SM region.
The presence of this subspecies far from its
Caucasian origin area in these regions of intense
and advanced beekeeping clearly indicated the
effect of beekeepers colony transport or queen
breeding efforts. We did not find A. m. caucasica in
the Thrace locations. While bees in South Thrace
region were still allocated to A. m. anatolica, the
bees in the North Thrace / Bulgarian border region
were mostly allocated to A. m. carnica (5 out of 10
samples). However, even in that region a
substantial portion (3 out of 10) were more close to
A. m. anatoliaca then to any of the other tested
subspecies, with the remaining 2 samples allocated
to A. m. ligustica or A. m. macedonica.
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Figure 4. Geographic distribution of DFA force allocation of colony samples into seven adjacent subpecies
represented by reference samples from the Oberursel Data Bank. Geographic positions of these reference

samples if within the map range are also shown.

Sekil 4. Koloni érneklerinin DFA zorlamasi ile Oberusel veri bankasi’ndaki referans 7 yakin alttiir drneklerine
gore yerlestirmesi. Eger harita alani igerisinde ise bu referans érneklerinin cografik pozisyonu da goésterilmis-

tir.
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DISCUSSION

The morphometric method we used here to study
populations distributed in the northern Turkey
including South Marmara and Thrace regions is
commonly applied to study variation in honey-
bees.The results showed, that bees differed in their
morphometric characters between the six local
population groups proposed from climatic and
ecological differences, and colonies could be
reliably resampledinto their respective groups using
DFA. Moreover, the placements of these groups in
DFA plots, as well as regressions of the first three
DA functionson longitude displayed a structured
pattern which supported an east-west population
transition. This concurs with results of Kandemir et
al. (2000) who had applied multiple regression
analysis on latitude and longitude to morphometric
and electrophoretic variables, also showing that
somemorphometric characters and gene
frequencies were significantly related to geographic
position (latitude and longitude). Our study also
showed that colonies from Thrace region as well as
part of the colonies from south Marmara formed
separate clusters, with the NTH cluster closely
affiliated to A. m. carnica.Colonies in Eastern Black
Sea, where honeybees are more preserved

compared to other regions in Turkey, overlap with
colonies in Western Black Sea coastal areas. This
suggested that A. m. caucasica is prevalent in
some Eastern Black Sea locations and its influence
may extend to Western Black Sea.

A DFA together with subspecies reference samples
(Oberursel Data Bank) confirmed that A. m. anato-
liaca is the predominant subspecies in the northern
part of Turkey, with its influence extending into the
Thrace region. Some samples were found in North
Thrace, which predominantly was shown to be affi-
liated to C lineage subspecies, mainly A. m. carni-
ca. The overall east-west transient pattern indicated
that the original natural distribution is still apparent.
However, even though the bee samples were taken
from stationary beekeepers and native populations,
a significant degree of mixing was also apparent
throughout the region, particularly evidenced by
scattered occurrences of A. m. caucasica rigth into
the westmost beekeeping areas. Since the highest
number of migratory beekeepers are located in
middle Black Sea area, eastern bees were
apparently transported along the coastal region and
mixed, or by introduction of purchased queens from
other regions. Genetic studies could help to
clarifythis situation.

Table 1. Locations and collection date of the samples of honeybees analyzed in northern Turkey. Location

as indicated on the map shown in Figure 1.

Tablo 1. Kuzey Turkiye’den analiz edilen balarisi drneklerinin toplanma zamani ve lokasyonlari. Lokasyonlar

Sekil 1°de harita tzerinde gosterilmigtir.

Location Latitude Longitude  Altitude (m) Date
Eastern Black Sea Coast (EBC)

1. Camili-Borgka-Artvin 41°26' N 41°51' E 1500-1750 2002
2. Kabaca-Murgul-Artvin 41°18'N 41°35' E 750-1000 2002
3. Morkaya-Yusufeli-Artvin 40°51'N 41°33' E 1250-1500 2002
4. Kemer-Cayeli-Rize 41°05' N 40°44' E 0-250 2002
5. Cilekli-Trabzon 41°00'N 39°43' E 0-250 2002
6. Yokusdibi-Ordu 40°56' N 37°52'E 250-500 2002
Eastern Black Sea Mountain (EBM)

7. Pasinler-Erzurum 39°59'N 41°41' E 1500-1750 2002
8. Erzurum 39°54' N 41°17' E 2000-2250 2002
9. Ihca-Erzurum 39°56' N 41°07' E 1750-2000 2002
10. Ispir-Erzurum 40°28'N 40°59' E 1000-1250 2002
11. Ballikoy-Anzer-Rize 40°39'N 40°44' E 2500-2750 2002
12. Bayburt 40°15'N 40°13' E 1500-1750 2002
13. Akgal-Kurtin-Gumishane 40°37'N 39°11'E 1500-1750 2002
14. Soéguteli-Kurtin-Glimugshane 40°33'N 39°11'E 1750-2000 2002

Western Black Sea (WB)
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15. Kuscular-Bafra-Samsun 41°34'N 35°53'E 0-250 2002
16. ignesokigi-Erfelek-Sinop 41°58' N 35°01'E 0-250 2002
17. Boyabat-Sinop 41°29'N 34° 47 E 250-500 2005
18. Boyabat-Sinop 41°24'N 34°50' E 500-750 2005
19. Yilanli-Hanon(-Kastamonu 41°43'N 34°23' E 1250-1500 2005
20. Beléren-inebolu-Kastamonu 41°55' N 33°47'E 500-750 2002
21. Inebolu-Kastamonu 41°59'N 33°44'E 0-250 2005
22. Haci6zkoy-Karabiik 41°02'N 32°34'E 1000-1250 2005
23. Bartin 41°40'N 32°20'E 0-250 2002
24. Derbent-Bartin 41°35' N 32°27'E 500-750 2005
25. Kdz.Eregli-Zonguldak 41°18'N 31°25' E 0-250 2002
26. Karakavuz-Kdz. Eregli-Zonguldak 41°01'N 31°39'E 1250-1500 2005
27. Gerede-Bolu 40°52'N 32°19'E 1250-1500 2005
28. Bolu 40°43'N 31°26'E 1250-1500 2002
29. Kaynasli-Diizce 40°47' N 31°18'E 250-500 2005
30. Akgapinar-Sakarya 40°50' N 30°23' E 0-250 2005
31. Tarakh-Sakarya 40°49'N 30°29'E 0-250 2005
South Marmara (SM)

32. Bilecik 40°16'N 30°01'E 500-750 2005
33. Pazaryeri-Bilecik 40°09' N 29°58' E 500-750 2005
34. Gorukle-Bursa 40°14'N 28°48' E 0-250 2002
35. Ikizce-Bursa 40°16' N 28°31'E 0-250 2002
36. Gillice-M.Kemalpasa-Bursa 40°02' N 28°23' E 0-250 2002
37. Bandirma-Balikesir 40°21'N 27°59'E 0-250 2002
38. Uziimli-Goénen 40°06'N 27°39'E 0-250 2002
39. Calioba-Bandirma-Balikesir 40°14' N 27°46' E 0-250 2002
40. Balikhgesme-Balikesir 40°20' N 27°02' E 0-250 2005
41. Balikhigesme-Canakkale 40°20' N 27° 02 E 0-250 2002
42. Karacadren-Canakkale 39°58' N 26°22'E 250-500 2005
43. Kepez-Canakkale 40°10'N 26°24' E 0-250 2005
44. Guzelyal-Ganakkale 40°16'N 26°34' E 0-250 2002
45. Bayramig-Canakkale 39°48' N 26° 36’ E 0-250 2002
South Thrace (STH)

46. Saricaali-ipsala-Edirne 40°53' N 26°20' E 0-250 2002
47. Omurca-Merig-Edirne 41°05' N 26°20' E 0-250 2002
48. Uzunkdprii-Edirne 41°16'N 26°42' E 0-250 2002
North Thrace (NTH)

49. Derekdy-Tr-Bg Border 41°59'N 27°24' E 750-1000 2005
50. Dizorman-Tr-Bg Border 41°51'N 27° 21 E 500-750 2005
51. Boztas-Tr-Bg Border 41°55' N 27°38'E 500-750 2005
52. Sisliova-Tr-Bg Border 41°57'N 27°53'E 250-500 2005
53. islambeyli-Tr-Bg Border 41°40'N 27°42'E 500-750 2005
54. Tsarevo-Tr-Bg Border 42°10'N 27° 01 E 250-500 2005
55. S.Sinemorets-Tr-Bg Border 42°08' N 27°13'E 250-500 2005
56. S.Kosti-Tr-Bg Border 42°03'N 27° 45 E 0-250 2005
57. M.Turnovo-Tr-Bg Border 42°01'N 27° 27" E 500-750 2005
58. S.Zvezdets-Tr-Bg Border 42°06'N 27°22'E 500-750 2005

*Turkey (Tr), Bg (Bulgaria)
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lu, Ege ve Akdeniz Bolgesi ve Karadeniz Bolge-
si’'nin buylk bir kisminda dagiimaktadir. A. m.
caucasica Kuzeydogu Anadolu’da, A. m. meda
Glineydogu Anadolu’da ve A. m. carnica Trakya'da
bulunmaktadir. Ayrica A. m. syriaca Hatay yakinin-
daki Tarkiye'nin glney kesiminde bulunmaktadir.
Morfometrik, biyokimyasal ve genetik olarak yapilan
diger calismalar bu dagilimi desteklemistir. Kara-
deniz'in kiyr kesimi boyunca uzanan, Turkiye'nin
kuzey kesimlerinde farkl alttirler (A. m. caucasica,
A. m. anatoliaca ve A. m. carnica) yayilis goster-



mektedir. Bu arastirmanin amaci, Gliney Marmara
ve Trakya Bdlgeleri de dahil olmak Uzere, TUrkiye'-
nin kuzeyinde bulunan balarisi populasyonlarinda
morfometrik varyasyonu arastirmaktir.

Materyal ve Metot

Calisma igin balarisi érnekleri 2002-2005 vyillarinda
Mayis ve Agustos aylari arasinda, Turkiye'nin ku-
zeyinde bulunan ve Turkiye sinirina yakin Bulgaris-
tan bdlgesinden kolonileri de igeren toplam 58 ko-
loniden toplanmistir (Sekil 1, Tablo 1). Her bir kolo-
niden toplam 10 is¢i arida morfometrik karakterler
Meixner ve Meixner (2004) tarafindan gelistirilen
Olcim sistemi ile Olgliimis ve c¢ok degiskenli
morfometrik analizler bu dlgilen veriler ile gercek-
lestiriimistir. Analizler igin balarisi érnekleri, bulun-
duklari cografik bdlgelerin belirgin iklimsel ve ekolo-
jik farkliliklarina gore alti ana gruba (Dogu Karade-
niz-Kiyr Bélgesi, EBC; Dodu Karadeniz-Daglik Bol-
ge, EBM; Bati Karadeniz, WB; Giney Marmara,
SM; Kuzey Trakya, NTH; Gliney Trakya, STH) ay-
riimis olup gruplar arasindaki ayrimi gérmek igin
ayrisim fonksiyon analizi (DFA) yapilmistir. Capraz
dogrulama testi ile kolonilerin diger gruplara dagih-
mi ve kendi orginal gruplarina yerlesme yuzdelikleri
kontrol edilmistir.Oberursel Morfometrik Ari Banka-
sI’'ndan elde edilen A. m. anatoliaca, A. m. carnica,
A. m. caucasica, A. m. cecropia, A. m. ligustica, A.
m. macedonica ve A. m. mellifera altturlerine ait
referans orneklerinin verileri DFA’ya dahil edilerek
orneklerin hangi alttiir gruplarina dahil oldugu belir-
lenmistir. Ayrica Tarkiye'nin kuzey bdlgeleri boyun-
ca klinal yapiyr arastirmak icin, érneklerin bulundu-
gu lokasyonlarin boylamlari Gizerinde DA fonksiyon-
larinin regresyon dagilimi uygulanmistir. TUm ista-
tistiksel analizler SPSS 13.0 programi kullanilarak
gerceklestirilmistir.

Sonuglar ve Tartigma

Balarisi Populasyonlarinin Morfometrik Analizi:
DFA alti bélgedeki balarisi populasyonlarinin glve-
nilir ayrilmasini dogrulamigtir. DFA’nin ilk iki ekse-
nindeki dagilim grafiginde, ¢ temel grup ayrilmistir:
ilk grup NTH kolonilerini, ikinci grup STH kolonilerini
ve Uglncl grup EBC, EBM, WB ve SM Kkolonilerini
icermektedir (Sekil 2). Ancak tglincl grup bolgele-
rinin Gyeleri birbirleri ile bazi értismeler gostermek-
te olup SM kolonileri digerlerinden biraz daha fazla
ayrilmaktadir. Ayrisim fonksiyonlarina bagl olarak
¢apraz dogrulama testi, WB kolonileri harig kolonile-
rin %86’sini kendi orijinal gruplan igerisinde sinif-
landirmistir. Kolonilerin yeniden gruplara ayrilmala-
rinin cografik dagihmi Sekil 3a’da goriimektedir.
Orneklerin  bulundugu lokasyonlarin  boylamlari
Uzerinde DA fonksiyonlarinin regresyon dagilimina
goOre o6rnekleme alaninin dogu ucundan (Gircistan
sinirindaki) bati ucuna kadar (Bulgaristan sinirinda-
ki) kademeli bir gegis gortlmektedir (Sekil 3b).

Balarisi Ornekleri ile Yakin Alttiirlerin Referans
Orneklerinin Morfometrik Analizi: Oberursel Veri
Bankasi’'ndaki referans drnekler DFA’ya dahil edil-
diginde, analiz Trakya bolgesine kadar uzanan
Tarkiye'nin kuzey kesiminde A. m. anatoliaca’nin
baskin alttir oldugunu dogrulamigtir. A. m.
caucasica bazi Dogu Karadeniz lokasyonlarinda
yaygindir, fakat bu alttirin bélinmesi, ayrica batiya
dogru Trakya'nin kuzeyine kadar daginik halde
bulunmasi arici faaliyetlerinin etkisine isaret etmek-
tedir. Trakya’nin gineyindeki arilar A. m. anatoliaca
iken Trakya’'nin kuzeyinde bulunanlar karisik olsa
da A. m. carnica ile yakin iligki gostermektedir (Se-
kil 4).
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