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On the Y Chromosome Haplotype

of the First Farmers in the Historical
Territory of Croatia and the Directions
of Agricultural Diffusion in Europe

SUMMARY

Agricultural production arrived in Croatia’s territory from the Middle East at
around 6000 BC. The spread of agriculture in Europe, and thus also in Croatia,
was spurred by the immigration of populations with the haplotypes Eu4, Eu9,
Eul0 and Eull (nomenclature according to Semino et al., 2000). The shares
(%) of today’s inhabitants with these haplotypes are the result of the high
number of Neolithic immigrants and the relationship between immigrants
and indigenous Palaeolithic inhabitants. The share of “Neolithic haplotypes”
in Croatia is lower than in the countries (regions) through which agriculture
expanded toward Croatia (Serbia, Kosovo, Albania, Greece, Turkey, Syria
and Lebanon). Comparison of the share of “Neolithic haplotypes” in Croatia
with the share of such haplotypes in countries north of Croatia (Hungary,
Czech Republic, Poland, Ukraine, Belarus and Germany) has shown that the
share of Neolithic haplotypes in Croatia does not differ statistically from
these countries. This indicates a specific relationship between the indigenous
Palaeolithic inhabitants and the Neolithic immigrants in Croatia’s historical
territory.
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INTRODUCTION

Discussion on the links between the origins of
agricultural production (Neolithization) in Europe
and the genetic structure of Europeans was launched
by Ammerman and Cavalli-Sforza (1984) in their
book The Neolithic Transition and the Genetics of
Populations in Europe.

The theories that Ammerman and Cavalli-Sforza
put forward spurred a great deal of research and
debate (Barbujani et al., 1994; Bentley et al., 2002;
Binder, 2000; Chikhi et al., 1998; Harris, 1996;
Juri¢, 2002: Lillie, 1998; Otte, 1998; Teschler-Nikola
et al.,, 1999). Following our research (Juri¢ et al,,
2001) into agricultural production methods in the
oldest agricultural settlements in Slavonia, in the
area between Vinkovci and Slavonski Brod, we
concluded that land cultivation and animal husbandry
technologies that were used in these settlements
had emerged and developed in the Middle East and
that they were brought to this region of Croatia by
immigrants. In that work (sent to print on May 19,
2000), we posited that in the future, when the genetic
structure of Croatia’s population is determined,
analyses would show that the Neolithic immigrants are
the ancestors of a large portion of the contemporary
population of Croats. The first genetic analyses of
samples from Croatia were published only six months
after the submission of our work to print (November
10, 2000). In that work (Semino et al., 2000), it was
established that haplotypes Eu4, Eu9, Eul0 and Eull
originate from the Middle East and that they were
brought to Europe by immigrants. The authors named
these haplotypes “Neolithic markers,” while Renfrew
(2002) called them “Neolithic haplotypes.” These
Neolithic immigrants were the first European farmers
(Harris, 1996; Gronenborn, 1999; Price, 2000).

Different designations of haplotypes have been
used in later research, because the Y chromosome
consortium (YCC) established in 2002 proposed a new
system of nomenclature and categorisation (Hammer,
2002). The new nomenclature and categorisation
encompassed the entire variability of the non-
recombinant part of the Y-chromosome by means of
a hierarchical classification. The categorisation also
includes the divisions in the Eu system according to
Semino et al. (2000), which enables a parallel use
of both systems. Many authors have adopted this
approach, because it is necessary to consider the
works published in systems that were used prior to
the proposed YCC system if one wants to carry out
a research or draw any conclusions. This system set
down a method for designation and diversification
within the haplotypes of the “Eu” system developed
by Semino et al. (2000), and that developed by
Underhill et al. (2000 and 2001).

Under the new system, Eu4 is categorized in
haplogroup E, Eu9 in haplogroup J, EulO in F,
and Eull in haplogroup G. Subsequently, Semino
et al. (2004) conducted additional research into
haplogroups E and J, which are more widespread in
Europe than the remaining two haplogroups, and
published their diversification within haplotypes
Eu4 and Eu9.

In the aforementioned work of major importance,
Semino et al. (2000) ascertained that the impact of
Neolithic immigration on Mediterranean and non-
Mediterranean populations was different. This impact
was analysed by the course of regression and the
extent of correlation between the distance of the
analysed populations from Lebanon and Syria (X)
and the percentage of “Neolithic markers” in these
populations (Y). The analysis is shown in Chart 1.

The analysis by Semino et al. (2000) assumed that there
were two directions of the diffusion of agricultural
production, and they were named “Mediterranean”
and “non-Mediterranean.”

However, analyses of the diffusion of agricultural
production to the northern shores of the Adriatic Sea
indicate that specific relationships existed between
immigrant farmers and indigenous inhabitants in this
region and that specific pottery cultures emerged
(Dimitrijevi¢ et al., 1998; Juri¢, 2003).

Archaeological research has unambiguously shown
that the direction of Neolithization in the territory
along the Adriatic coast was different and distinct
from the direction that proceeded from Greece
toward Pannonia (Benac, 1979). The analyses of
the time-line and direction of diffusion of Neolithic
pottery cultures confirm the specific aspects of the
diffusion of agricultural production along the Adriatic
coast.

Study of the origins and diffusion of agriculture
and domestication of plants and animals became
an unavoidable element of the study of human
evolutionary genetics (Jobling et al., 2004), because
the shares (%) of haplotypes/haplogroups in various
populations of Europeans are to a considerable
degree the result of immigration of the first farmers
from the Middle East.

This work provides an analysis of the changes in
the share (%) of “Neolithic haplotypes”—or the
haplogroups according to the YCC—in the three
established directions of Neolithization. Testing of
the differences in these shares between Croatia and
selected countries will contribute to our knowledge
on Neolithization in Croatia’s territory and also in
the territory north of Croatia, i.e. in the area to
which agricultural production spread from Croatia’s
territory.
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MATERIALS AND METHODS

The directions of the diffusion of Neolithization
have been determined on the basis of published
works on the genetic share of “Neolithic haplotypes”
in European and Middle Eastern countries and the
appearance and dating of pottery cultures. The share
of “Neolithic haplotypes” in these directions has
been analysed, and tests have been conducted of
the established proportions between Croatia and
the following countries or regions: Lebanon, Syria,
Turkey, Greece, Albania, Kosovo, Macedonia, Serbia,
Hungary, the Czech Republic, Ukraine, Belarus,
Poland, Germany, Calabria, Italy (northern), France,
Catalonia, the Basque country in France and the
Basque country in Spain.

Testing of the differences in proportions has been
conducted according to M. F. Triola (2004).

RESULTS AND DISCUSSION

On the basis of the distribution and changes in pottery
cultures, it is possible to ascertain that there were
three directions of Neolithization. These directions
are designated by numbers 1, 2 and 3 shown on
Map 1.

Map 1 shows the three directions of diffusion
of agricultural production (Neolithization).
Neolithization spread from the Middle East to Greece,
and from Greece it expanded to Italy and then to
the Atlantic coast on the Iberian Peninsula and in
southern France. The second direction of diffusion
went along the northern shores of the Ionian and
Adriatic Seas to the Alps, while the third went through
the Vardar River valley to Central Europe and then
to the shores of the Atlantic on the west, and also
through western Ukraine toward the Urals.

The divider between the first and second direction
of diffusion is the Adriatic Sea, while the divider
between the second and third direction is the point of

Map 1. Directions of Neolithization from 8000 to 5000 BC

contact between the Impresso and Starcevo cultures,
as established by Benac (1979). The distribution of the
Koros$ culture is indicated with the direction 3a.

An analysis of the age of finds discovered on the
direction of diffusion leading toward the south and
north of Croatia is shown in Table 1.

The data in Table 1 make it possible to determine
the time of diffusion of agriculture in directions 3
as shown in Map 1.

Table 2 shows the share (%) of the “Neolithic
haplotypes,” or the haplogroups based on the
YCC system, in the established directions of
Neolithization.

The designation accompanying the percentage of
“Neolithic haplotypes/haplogroups” pertains to the
data sources: 1 — Renfrew, 2002; 2 — Semino et al.,
2000; 3 — Perici¢ et al., 2005; 4 — Kharkov et al.,
2005.

Differences from the percentage of haplotypes in
Croatia of “Neolithic haplotypes” by directions of
agricultural diffusion are shown in Table 3.

Table 1. The results of radiocarbon (14C) dating of some oldest Neolithic sites in Star¢evo and Impresso culture (data from

Krajcar Bronic et al. 2004)

Sample code Location Culture Conventional Calibrated age (Cal
4G age (BP) BC) and probabilities
7-494 TopolCani - Cuka (Macedonia)  Starevo 7680 = 160 6700 — 6370 (61.7%)
7-495 7010 = 190 6060 — 5710 (68.2%)
7-411 Odmut (Montenegro) Neolithic 7440 * 150 6440 — 6200 (58.9%)
7-2924 Zadubravlje — DuZine (Croatia) ~ Starevo 7 620 * 140 6610 — 6340 (57.2%)
7-2923 6995 + 115 5930 — 5740 (55.5%)
7-1967 Vela spila Impresso 7300 = 120 6260 — 6020 (65.0%)
7-1968 (Korcula Isl., Croatia) 7033 + 120 6020 — 5780 (68.2%)
BIn-636 Obre I (Bosnia and Impresso 6795 = 150 5840 — 5540 (68.2%)
UCLA-1605 Herzegovina) Starevo 6710 = 60 5670 — 5550 (60.0%)
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Table 2: Neolithic haplotypes according to Semino et al., 2000 and Renfrew, 2002 (Eu4, Eu9, Eul0 and Eull) or Neolithic
haplogroups based on the YCC designations (E, J, F and G) in the directions of agricultural diffusion from the Middle East into

Europe

Country (region) n %E (Eu4) +]J(Eu9) + Distance from Lebanon and Syria, km
Total Neolithic haplotypes ~ F(Eu10) +G(Eul1)

Lebanon 31 23 74.1' 0
Syria 20 13 65.0° 0
Turkey 30 20 66.5* 650
Greece 76 38 49,9 900
Albania 51 27 53.1° 1,200
Kosovo 114 73 64.1° 1,200
Macedonia 79 34 43.1° 1,050
Serbia 113 33 29.3° 1,300
Croatia 58 8 13.8! 1,600
Hungary 45 6 13.3' 1,700
Czech Republic 45 7 15.5' 2,000
Ukraine 50 7 14.0' 2,000
Belarus 68 8 11.8* 2,150
Poland 55 2 3.6! 2,100
Germany 16 1 6.2' 2,200
Calabria 37 20 53.9' 1,450
Italy-northern 50 13 26.0' 1,900
France 23 6 26.0" 2,750
Catalonia 24 4 16.7" 2,750
Basque — France 22 1 4.5' 3,050
Basque — Spain 45 2 4.1' 3,400

Table 3. Differences in proportion of “Neolithic haplotypes”
between Croatia and other countries (regions) along the three
directions of diffusion of agricultural production from the
Middle East

Country (region) “Neolithic haplotypes” “t” size
Difference from Croatia
Lebanon 60.3 +5.6887%%
Syria 51.2 +4.4514%%
Turkey 52.7 +5.0315%*
Greece 36.1 +4.3608%%*
Albania 39.3 +4.3849%%*
Kosovo 50.3 +6.2354%%
Macedonia 29.3 +3.6751%*
Serbia 15.5 +2.2476%
Hungary 0.5 —0.0734
Czech Republic 1 +0.2426
Ukraine 0.2 +0.0299
Belarus -2 —0.3361
Poland —-10.2 —1.9082
Germany -7.6 —0.8234
Calabria 40.1 +4.1803%*
Italy-northern 12.2 +1.5974
France 12.2 +1.3094
Catalonia 2.9 +0.3381
Basque — France -9.3 -1.1755
Basque — Spain -9.7 -1.6492

*P < 0.05; **% P < 0.01

The results of testing shown in Table 3 lead to
the conclusion that the share (%) of “Neolithic
haplotypes” in countries (regions) east of Croatia is

significantly higher. It is also higher in southern Italy
(Calabria). Along the third direction of diffusion in
countries north of Croatia, the share of “Neolithic
haplotypes” does not differ statistically from that of
Croatia. In northern Italy, France and Catalonia, the
decline of “Neolithic haplotypes” compared to the
Middle East and Greece and Albania is more gradual,
which indicates that the Neolithic immigrants were
more numerous or that the original Palaeolithic
inhabitants adapted to the new situation more slowly.
The differences in the current share of descendents
of Neolithic immigrants between the Mediterranean
and Central Europe (shown in Chart 1) result from
the large decline in “Neolithic haplotypes” in Croatia
in comparison to the neighbouring countries east of
Croatia. The smaller share of “Neolithic haplotypes”
in Croatia’s territory probably influenced the decline
of these haplotypes in the territory north of Croatia
as well. The difference between Croatia on one
hand and Serbia, Kosovo, Albania, Macedonia and
Greece on the other, with reference to “Neolithic
haplotypes” percentages is statistically significant
(Table 3). In this study, P values were not corrected
for multiple tests made, for example by Bonferroni
correction for experiment - wise a. Thus, significance
obtained should be taken with caution as it was not
conservative.

The results obtained in this research allow us to
formulate a hypothesis on the specific relationships
between Neolithic immigrants, as the first food
producers in Croatia’s territory, and the indigenous

Vics

Agric. conspec. sci. Vol. 70 (2005) No. 4



ON THE Y CHROMOSOME HAPLOTYPE OF THE FIRST FARMERS IN THE HISTORICAL TERRITORY OF CROATIA
AND THE DIRECTIONS OF AGRICULTURAL DIFFUSION IN EUROPE

Palaeolithic inhabitants. The genetic origin of
Croatia’s population indicates that the indigenous
Palaeolithic inhabitants accepted food production
technology rapidly enough to secure their numerical
growth, since until the industrial revolution the size
of population depended exclusively on available
quantities of food.

Research and knowledge on Neolithization in Croatia’s
historical territory contributes to the understanding
of Neolithization in the region north of Croatia, in
a broad swath of territory between the Atlantic and
Ukraine, that is, in the regions that were home to
Linear Pottery cultures.

REFERENCES

Ammerman, A. J., Cavalli-Sforza, L. L. (1984): The Neolithic
Transition and the Genetics of Populations in Europe,
Princeton University Press.

Barbujani, G., Pilastro, A., De Domenico, S., Renfrew, C.
(1994): Genetic Variation in North Africa and Eurasia:
Neolithic Demic Diffusion vs. Paleolithic Colonisation.
American Journal of Physical Anthropology, Vol. 95(2),
pp. 137-154.

Benac, A. (1979): Prelazna zona. In: Praistorija jugosloven-
skih zemalja II. Neolitsko doba,

Bentley, R. A., Price, T. D., Luning, J., Gronenborn, D., Wahl,
J., Fullagar, P. D. (2002): Prehistoric migration in Europe:
Strontium isotope analysis of early neolithic skeletons.
Current Anthropology, Vol. 43(5), pp. 799-804.

Binder, D. (2000): Mesolithic and Neolithic Interaction in
southern France and northern Italy: new data and current
hypotheses. In: T. D. Price (ed.), Europe’s First Farmers,
pp. 117-143, Cambridge University Press.

Chikhi, L., Destro-Bisol, G., Bertorelle, G., Pascali, V., Barbu-
jani, G. (1998): Clines of nuclear DNA markers suggest
a largely Neolithic ancestry of the European gene pool.
Proceedings of the National Academy of Sciences of the
United States of America, Vol. 95(15), pp. 9053-9058.

Dimitrijevi¢, S., Tezak-Gregl, T., Majnari¢-Pandzi¢, N. (1998):
Prapovijest, Naprijed, Zagreb.

Forenbaher S., Miracle P.T. (2005): The spread of farming in
the Eastern Adriatic. Antiquity, Vol. 79, pp. 514-528.

Gronenborn, D. (1999): A Variation on a Basic Theme: The
Transition to Farming in Southern Central Europe. Jour-
nal of World Prehistory, Vol. 13(2), pp. 123-209.

Hammer, M. (The Y Chromosome Consortium) (2002): A
Nomenclature System for the Tree of Human Y-Chro-
mosomal Binary Haplogroups. Genome Research, Vol.
12(2), pp. 339-348.

Harris, D. R. (ed.) (1996): The Origins and Spread of Agricul-
ture and Pastoralism in Eurasia, Smithsonian Institution
Press, Washington, D.C.

Jobling M.A., Hurles M., Tyler-Smith C. (2004): Human evo-
lutionary genetics. Ed. Garland Science.

Jurié, 1. (2002): Poceci poljoprivredne proizvodnje na hrvats-
kom povijesnom podrucju. Agriculturae Conspectus Sci-
entificus, Vol. 67(4), pp. 181-193.

Juri¢, I. (2003): Geneticko podrijetlo Hrvata. Etnogeneza i
geneticka otkrica, Self-published edition, Zagreb.

Jurié, 1., Bogunovié¢, M., biki¢, M., Balen, J. (2001): Znacajke
poljoprivredne proizvodnje u naseljima starcevacke kul-
ture na prostoru izmedu Vinkovaca i Slavonskog Broda
u Hrvatskoj. Drustvena istrazivanja, Vol. 10, n. 46(0),
pp. 1131-1158.

Kharkov V.N., Stepanov V.A., Feshchenko S.P., Borinskaya
S.A., Yankovsky N.K., Puzyrev V.P. (2005): Frequencies
of Y Chromosome Binary Haplogroups in Belarussians.
Russian Journal of Genetics, Vol. 41, No8, pp. 928-931.
Translated from Genetika Vol. 41, No. 8, 1132-1136.

Krajcar Broni¢, 1., Minichreiter, K., Obeli¢, B., Horvatincic,
N. (2004): The oldest early Neolithic (Starcevo culture)
settlements in Croatia: Zadubravlje-Duzine and Slavonski
Brod-Galovo. In: Radiocarbon and Archaeology: Proceed-
ings of the 4th Symposium, Oxford, 2002., T. Higham,
C. Bronk Ramsey, C. Owen (eds.), pp. 229-246, Oxford
University School of Archaeology Monograph 62, Oxbow
Books.

Lillie, M. C. (1998.): The Mesolithic-Neolithic transition in
Ukraine: new radiocarbon determinations for the cem-
eteries of the Dnieper Rapids Region. Antiquity, Vol.
72(275), pp. 184-188.

Obeli¢ B., Krznari¢ Skrivanko M., Marijan B., Krajcar Broni¢
I. (2004): Radiocarbon dating of Sopot culture sites (late
neolithic) in Eastern Croatia, Radiocarbon, Vol. 46, No
2.

Otte, M. (1998): Prehistory of the Europeans: A Comment
on Cavalli-Sforza. Journal of Anthropological Research,
Vol. 54(3), pp. 401-405.

Perici¢ M., Bara¢ Lauc L., Martinovi¢ Klari¢ I., Rootsi S.,
Janicijevi¢ B., Rudan I., Terzi¢ R., Colak I., Kvesi¢ A.,
Popovi¢ D., §ijaéki A., Behluli 1., Pordevi¢ D., Efremovska
Lj., Bajec D. D., Stefanovi¢ D. B., Villems R., Rudan P.
(2005): High — Resolution Phylogenetic Analysis of South-
eastern Europe Traces Major Episodes of Paternal Gene
Flow Among Stavic Populations. Mol. Biol. Evol. (10):1-
12.2005.

Price, T. D. (ed.) (2000): Europe’s First Farmers, Cambridge
University Press.

Renfrew, C. (2002): “The Emerging Synthesis”: the Archaeo-
genetics of Farming/Language Dispersals and other
Spread Zones. In: P. Bellwood & C. Renfrew (eds.),
Examining the farming/language dispersal hypothesis,
pp. 3-16, McDonald Institute Monographs, University of
Cambridge.

Semino, O., Passarino, G., Oefren, P. J., Lin, A. A., Arbu-
zova, S., Beckman, L. E., De Benedictis, G., Francalacci,
P., Kouvatsi, A., Limborska, S. Marciki¢, M., Mika, A.,
Mika, B., Primorac, D., Santachiara-Benerecetti, A. S.,
Cavalli-Sforza, L. L., Underhill, P. A. (2000): The Genetic
Legacy of Paleolithic Homo sapiens sapiens in Extant
Europeans: A'Y Chromosome Perspective. Science, Vol.
290(5494), pp. 1155-1159.

Semino O., Magri C., Benuzzi et al. (16-co-authors). (2004):
Origin diffusion, and differentiation of Y-chronosome
haplogroups E and J: inferences on the neolithization of
Europe and later migratory events in the Mediterranean
area. Am. J. Hum. Genet. 74: 1023-1034.

Teschler-Nicola, M., Gerold, F., Bujatti-Narbeshuber, M., Pro-
haska, T., Latkoczy, C., Stingeder, G., Watkins, M. (1999):
Evidence of genocide 7000 BP — Neolithic paradigm and
geo-climatic reality. Collegium Antropologicum, Vol.
23(2), pp. 437-450.

Vics

Agric. conspec. sci. Vol. 70 (2005) No. 4

125



126 | Ivan JURIC

Triola M.F., (2005): Elementary statistics. Ed. Pearson Addi- Underhill, P. A., Shen, P., Lin, A. A., Jin, L., Passarino, G.,

son Wesley.

Underhill, P. A., Passarino, G., Lin, A. A., Shen, P., Lahr, M.
M., Foley, R. A, Oefner, P. J., Cavalli-Sforza, L. L. (2001):
The phylogeography of Y chromosome binary haplotypes
and the origins of modern human populations. Annals
of Human Genetics, Vol. 65(1), pp. 43-62.

Yang, W. H., Kauffman, E., Bonné-Tamir, B., Bertran-
petit, J., Francalacci, P., Ibrahim, M., Jenkins, T., Kidd,
J. R., Mehdi, S. Q., Seielstad, M. T., Wells, R. S., Piazza,
A., Davis, R. W., Feldman, M. W., Cavalli-Sforza, L. L.,
Oefner, P. J. (2000): Y chromosome sequence variation
and the history of human populations. Nature Genetics,
Vol. 26(3), pp. 358-3061.

acs70_18

Vics

Agric. conspec. sci. Vol.

70 (2005) No. 4



