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Abstract—The gene pool of the entire population of all the 21 raions (districts) of the Belgorod oblast (region)
has been studied using anthroponymic data. Considerable geographic variations of the number of surnames and
the degree of population subdivision (0.00003 < f* <0.00125) in the 21 districts have been demonstrated. Dis-
tricts with low population subdivision levels are mainly located in the central and southwestern raions of the
Belgorod oblast, contain an urbanized area (city), and border on Ukraine (they are characterized by a consider-
able Ukrainian immigration). Urbanization significantly affects the population structure of the Belgorod oblast.
In urbanized districts, rural populations lack the relationships between the population size, number of surnames,

and population subdivision level (f,).

INTRODUCTION

While intense population genetic studies of various
ethnic groups of Russia are being carried out, the gene
pool of Russians remains one of the most poorly stud-
ied. Until recently, researchers focused on Altaian,
northern Caucasian, Cis-Ural, central Asian, Siberian,
Far Eastern, and other populations, in which a wide
range of population demographic, biochemical, and
molecular genetic markers was analyzed [1-12].
Although Russians are the largest population group of
Russia and inhabits a vast geographic area, its popula-
tion genetic description is restricted to arelatively small
number of populations [1, 6-14]. As noted in [5], many
characteristics of the Russian gene pool may be
inferred from those of surrounding populations, rather
than estimated from the available results of studies in
Russian populations themselves. Such studies are now
an urgent task in the population genetics of Russia.

The Central Chernozem region of Russia is part of
the geographic area originally populated by Russians
and is characterized by large population size and den-
sity. The population genetic study of this region is espe-
cially important because of intense migrations and
recent administrative and demographic changes.

The Belgorod oblast (region) is an adequate model
for studying the population demographic transforma-
tions that are now observed in central Russia. First, the
area of the modern Belgorod oblast covers southern
portions of the geographic area originally populated by
Russians, and the city of Belgorod itself, as well as sur-
rounding settlements, was founded in the 16th century

as part of the fortification line along the southern border
of Russia [15]. Second, anthroponymic data on south-
ern Russia (mainly represented by the Belgorod oblast)
show a “family name portrait” that stands out among
other Russian regions [16]. Third, in contrast to mot
Russian regions, both urban and rural population sizes
of the Belgorod oblast are growing due to intense immi-
gration, despite the low birthrate and high death rate
[17]. Fourth, although this region lies in the zone where
the Russian ethnic group was formed, the Belgorod
oblast itself is “administratively young™: it was formed
from several raions (districts) of the Kursk and Voro-
nezh oblasts as recently as in 1954, Before our study,
the population genetic mechanisms of the formation of
so large regional populations had not been studied, and
the effects of the types and trends of administrative
reorganizations on the population genetic structure had
not been estimated. Fifth, the population of the Bel-
gorod oblast, located at the Russian—Ukrainian border,
has been contributed by not only Russians, but also
Ukrainians and Belarussians [18]. To date, the structural
characteristics of the gene pools of Russian populations
located at the boundaries between areas populated by
different Eastern Slavic ethnic groups have been poorly
studied, and their place in the system of the entire East-
ern Slavic gene pool has not been determined.

Thus, population genetic study of the Belgorod
oblast as a model object offers a unique possibility not
only to analyze the gene pool of one of the main Rus-
sian population groups located at the interface between
two Eastern Slavic ethnic groups, but also to estimate






f; (corresponding to Wright’s Fgr) estimates the
expected frequency of isonymic marriages under the
assumption of a complete panmixia (an elementary
population without assortative marriages). Note that the
value firaion) reflects random inbreeding in each particu-
lar elementary (raion) population and does not charac-
terize the total population of the Belgorod oblast. The
inbreeding level in the elementary (raion) population
already contains the contributions of all higher levels of
the population system (oblast etc.). Therefore, to obtain

the real estimate f*, we subtracted the variation

accounted for by the oblast hierarchical level (f;ion)
from the gross (direct) raion estimate (f;gpias):

f ;*Eraion—oblast) = Sr(ion) — ficoblasty WHETE fi(raion) 18 the
mean inbreeding at the elementary (raion) population
level obtained by averaging the f, estimate over raions
and fr(oblast) is the random inbreeding in the total oblast
population [21].

The frequencies of all surnames were also used to
calculate the migration index (v), surname diversity
index (o), entropy of surname distribution (H), and
redundancy of surname distribution (R) suggested by
El’chinova [11]. The population migration index (v) is
O if all persons in the population have the same surname
and 1 if all of them have different surnames. The migra-
tion index is used to calculate the surname diversity
index (o) depending on the population size. The
entropy (H) [11] is O if all persons in the population
have the same surname and H, = log,N if all of them
have different surnames (N). The entropy is calculated
as H = _qu' x log,q; = —Zailogzai/N + H,, where
g; is the frequency of the ith surname in the population
and q; is the frequency of carriers of the ith surname
there. In fact, this equation does not take into account
single carriers of a surname, because log 1 = 0. The sur-
name distribution redundancy (R) is 100 if all persons
have the same surname and O if all of them have differ-
ent surnames [11].

v=~1-D/IIN -1,
where N is the population size;
o=NXV/(1-V),
R=100x (1 - H/Hy),

where Hy = log,N.

RESULTS AND DISCUSSION

Population Genetic Characteristics
of Surname Distribution in the Belgorod Oblast

We used surname frequencies at the elementary
(rural raion) level to study the genetic structure of all
rural districts of the Belgorod oblast.

The surname numbers in raion populations of the
Belgorod oblast varied within a wide range (more than an
order of magnitude). The number of surnames was the

smallest 1272 surnames in a population of 12737 people)
in the Krasnoe raion and the largest (22 135 surname in
a population of 187 229 people) in the Staryi Oskol
raion (Table 1). The mean number of surnames per
raion was 5638.

The mean population subdivision level of raion pop-
ulations of the Belgorod oblast (Table 1) was f* =

0.00031, individual values varying from 0.00003 in the
Belgorod raion to 0.00125 in the Krasnoe raion. Thus,
the variation of this parameter in different raion popu-
lations was substantial (by a factor 40).

Our data on the subdivision of the Belgorod popula-
tions agree with earlier data obtained by one of us
(Churnosov [13]) on the population of the Kursk oblast:

the mean value was f; = 0.00065, individual values in
11 raions varying from 0.00014 to 0.00157. This
parameter was also shown to vary considerably in rural
populations of the Kostroma oblast (from 0.0003 to
0.0050) [22] and Kirov oblast (from 0.00021 to
0.00109) [9]. Unfortunately, it is difficult to compare
directly our data on the f; values in the Belgorod popu-
lation with these values in other regions because of the
differences, first, in the hierarchical ranks of the ele-
mentary populations (rural municipalities and districts)
and, second, in the coefficient k£ used for calculating f;
(4 and 28): in this study, we analyzed district popula-
tions and used a coefficient of 4, whereas researchers
that studied the population genetic structures of the
Arkhangel’sk, Kirov, Kostroma, and Tver oblasts took
rural municipalities to be elementary populations and
used a coefficient of 1/28 (taking into account the cor-
rection for unequal representation of sexes in interme-
diate ancestors); the f, values of elementary popula-
tions included the f; values of higher hierarchical lev-
els [6, 9, 22].

For correct comparison with literature data, we cal-
culated the random inbreeding f, for two raions of the
Belgorod oblast (the Krasnoe and Prokhorovka raions)
with the use of the same algorithm as that used in the
studies [6, 9, 22]; i.e., first, at the level of rural munici-
palities, second, with a correction coefficient of 1/28,
and third, without subtracting the components
accounted for by higher hierarchical levels. In this case,

the £ (municipatity) TOT ten rural municipalities of the Kras-
noe raion was 0.0013, the values for individual munic-
ipalities varying from 0.00053 to 0.00187. In the

Prokhorovka raion, the f:(municipatity) £0r 19 rural munic-
ipalities was 0.00076, the values for individual munici-
palities varying from 0.00028 to 0.00188. These results
are comparable to these data on the Kostroma and
Kirov oblasts, where this parameter also considerably
varied in different rural populations (from 0.0003 to
0.0050 [22] and from 0.00021 to 0.00109 [9], respec-

tively). However, the mean value f(municipality) fOT the

two raions of the Belgorod oblast was considerably
higher than these parameters for the rural populations



Table 1. The distributions of the number of surnames, population subdivision level ( f*), surname diversity (o), entropy of

surname distribution (H), redundancy of surname distribution (R), and migration index (v) among raion (district) populations
of the Belgorod oblast

Raion absolleg (l)g I;I%I;Irlsl Egioglge ofl\slﬂrmngle;es IE o i R v
Alekseevka 58858 5401 0.00028 | 6536 | 10.67 31.74 | 0.0119
Belgorod 63042 10643 0.00003 | 262.15 | 11.94 25.12 | 0.0240
Borisovka 19366 3500 0.00022 | 134.42 | 10.56 25.88 | 0.0369
Valuiki 56461 7628 0.00015 | 122.78 | 11.22 2892 | 0.0158
Veidelevka 19324 2825 0.00033 | 81.02 | 10.15 28.69 | 0.0279
Volokonovka 28230 3704 0.00024 | 91.81 | 10.49 29.03 | 0.0242
Gaivoron 20606 3388 0.00029 | 100.50 | 10.37 27.66 | 0.0288
Gubkin 87926 9999 0.00019 | 90.23 | 11.29 3129 | 0.0089
Ivnya 18802 2749 0.00048 | 6095 | 9.91 3023 | 0.0217
Korocha 30125 4388 0.00022 | 106.20 | 10.60 28.73 | 0.0236
Krasnoe 12737 1272 0.00125 | 1823 | 8513 | 3757 | 0.0141
Krasnogvardeiskoe 35027 3562 0.00025 | 6832 | 10.28 31.87 | 0.0188
Krasnaya Yarusa 11589 2064 0.00052 | 7038 | 9.77 27.61 | 0.0329
Novyi Oskol 38108 5507 0.00019 | 11636 | 10.90 28.36 | 0.0207
Prokhorovka 22878 3531 0.00039 | 75.02 | 10.20 29.57 | 0.0208
Rakitnoe 26744 3687 0.00029 | 8291 | 10.32 29.80 | 0.0219
Roven’ki 18507 2311 0.00062 | 4245 | 9.64 3203 | 0.0188
Staryi Oskol 187229 22135 0.00007 | 151.03 | 12.23 30.16 | 0.0068
Chernyanka 25871 3987 0.00025 | 105.15 | 10.58 27.82 | 0.0257
Shebekino 73120 9424 0.00016 | 109.25 | 11.37 29.62 | 0.0115
Yakovlevskii 38862 6684 0.00009 | 200.08 | 11.34 25.63 | 0.0291
Average for the oblast 42543 5638 0.00031 | 102.6 10.59 20.4 0.0211

of the Arkhangel’sk and Tver oblasts [23, 24]. For
example, in the Vinogradskii raion of the Arkhangel’sk

oblast, the weighted average f(muicipaliyy = 0.00036; in
the Udomlya and Ostashkov raions of the Tver oblast,
these values were 0.00034 and 0.00037, respectively.

The wide variation of the population genetic charac-
teristics of the Belgorod oblast illustrated by the f, val-
ues is further confirmed by the data on surname diver-
sity (o) and the entropy (H) and redundancy (R) of sur-
name distribution (Table 1).

We estimated the effectiveness of these parameters
in correctly describing the genetic structure of the Bel-
gorod population. The random inbreeding f, was corre-
lated with R, o, and H, but not with the migration index
(v) (Table 2). Note that the Krasnoe and Belgorod
raions of the Belgorod oblast stood out among all the
21 raions because of polar values of all population
genetic parameters. The random inbreeding level was
the highest in the Krasnoe raion and the lowest in the
Belgorod raion.

Thus, district populations of the Belgorod oblast
were characterized by a mean random inbreeding level

of ¥ =0.00031, the inbreeding levels in individual

raions considerably varying (from 0.00003 to 0.00125
in the Belgorod and Krasnoe raions, respectively).

Regarding other population genetic parameters,
namely, surname diversity (o), the entropy (H) and
redundancy (R) of surname distribution, and migration
index (v), only the surname distribution redundancy (R)
proved to be suitable for a correct description of the
genetic structure of the Belgorod oblast population.
This parameter was significantly but moderately corre-
lated with £, (p = 0.39, P < 0.05). The surname diversity
(o), the entropy (H) parameters almost completely cor-
responded to the population subdivision level, being
strongly negatively correlated with f; (the p values were
—0.90 and —0.96, P < 0.001), whereas the migration
index (v), which, in theory, must be closely correlated
with f;, did not show a significant correlation (p = 0.15
(P =0.52)).

Effect of Urbanization on the Population Structure

To estimate the effect of urbanization on population
subdivision, we analyzed the distribution of surnames



and the random inbreeding parameters in the rural and
urban populations of the raions that contained an urban-
ized zone (a city). There were nine (43%) such raions
in the Belgorod oblast (Table 3). On average, the rural
populations of these nine raions were characterized by
a smaller number of surnames, smaller population size,
and higher subdivision level compared to the urban
populations of these raions. Regarding individual
raions, however, this was true for only four out of nine
raions (the Alekseevka, Valuiki, Gubkin, and Staryi
Oskol raions), where the random inbreeding in the rural
populations was, on average, two to four times higher
than in the rural populations (Table 3).

In the Korocha raion, the situation was opposite: the
inbreeding level of the urban population was higher
than in the rural one (0.00052 and 0.00037, respec-
tively). In four raions (the Gaivoron, Novyi Oskol, She-
bekino, and Yakovlevskii raions), the f, values for the
rural and urban populations were approximately equal.
In the Gaivoron raion, the population size and the num-
ber of surnames in the urban population were two times
lower than in the rural population, but their f, values
were about the same.

To estimate the patterns, trends, and strengths of
relationships of the population subdivision level with
the number of surnames and population size, we calcu-
lated Spearman’s coefficients of correlation (Table 4)
between these parameters for the following population
groups: all raion populations (21 raions), rural popula-
tions of urbanized raions (9 raions), and urban popula-
tions of the same 9 raions. In general, the following
relationship was found for raion populations: there
were significant negative correlations of the subdivi-
sion level (f,) with the number of surnames and popula-
tion size, these last two parameters being strongly pos-
itively correlated with each other. Similar relationships
of about the same strength between these parameters
were found in urban populations. On the other hand, the
subdivision level (f,) in rural populations of urbanized
raions was not correlated significantly with either the
number of surnames or the population size, although
the relationship between the number of surnames and
the population size was still preserved.

Thus, the population subdivision (the random
inbreeding £,) in the Belgorod oblast population was
related to the population size and the number of sur-
names: an increase in the population of a raion led to an
increase in the number of surnames, which eventually
resulted in a decrease in the random inbreeding in the
population. This tendency observed in the total Bel-
gorod oblast population was characteristic of urban
populations and disappeared in rural populations of
urbanized raions.

In summary, we found a considerable effect of
urbanization on the population structure of the Bel-
gorod oblast population. Strong relationships between
the population size, surname number, and population
subdivision level (f;) were characteristic of the total

Table 2. Spearman’s coefficients of correlation (p) between
the surname diversity (o), entropy of surname distribution (H),
redundancy of sumame distribution (R), migration index (v), and

population subdivision level (/7 ) in the Belgorod oblast

Population genetic I
parameter 0 P
o -0.90 <0.001
H -0.96 <0.001
R 0.39 <0.05
% 0.15 0.52

population of the Belgorod oblast and urban popula-
tions but disappeared in the rural populations of urban-
ized raions, which suggest that their population struc-
tures were substantially altered, i.e., cities caused
destruction of the surrounding rural populations.

Grouping the Raion Populations
According to the Subdivision Level

We divided all raions of the Belgorod oblast into
three groups according to the population subdivision
level (figure).

Group I was characterized by a low subdivision
level (£ varied from 0.00003 to 0.00022; mean value,

0.00015). This group comprised nine raions (43% of all
raions of the Belgorod oblast), mostly those located in
the central and southwestern Belgorod oblast. Seven of
these nine raions contained urbanized zones (cities),
including Belgorod, which is the administrative center
of both the Belgorod raion and Belgorod oblast. Four
raions of this group (the Borisovka, Belgorod, She-
bekino, and Valuiskii raions) border on Ukraine, which
may have determined intense immigration from
Ukraine to these districts. According to statistical data
[16], Ukrainians are the second largest ethnic group in
the structure of immigration to the Belgorod oblast in
2000-2004, outranked only by Russians (14.6 and
71.1%, respectively).

Group II was characterized by a moderate subdivi-
sion level ( fF varied from 0.00023 to 0.00042; mean

value, 0.00029). Group II comprised eight raions (38%)
mainly located closer to the periphery of the Belgorod
oblast than group I raions. Most of them (five raions)
were located in the eastern part of the Belgorod oblast.

Group III was characterized by a high subdivision
level (£ varied from 0.00043 to 0.00125; mean value,

0.00072). This subdivision level was observed in four
“marginal” raions located at the very periphery of the
Belgorod oblast.

Thus, analysis of the geographic location of raions
with different population subdivision levels (f;) showed



Table 3. Distribution of family names and subdivision level (f;) in urban and rural populations of Belgorod oblast

Population Number of residents aged above 18 Number of family names I

Alekseevskii raion

rural population 21685 2556 0.00071

Alekseevka 29176 4233 0.00032
Valuiskii raion

rural population 28908 4106 0.00041

Valuiki 27553 5286 0.00026
Graivorongkii raion

rural population 16095 2739 0.00048

Graivoron 4511 1396 0.00047
Gubkinskii raion

rural population 25304 3747 0.00072

Gubkin 62582 8438 0.00027
Korochanskii raion

rural population 25512 3881 0.00037

Korocha 4613 1346 0.00052
Novooskol’skii raion

rural population 20760 3463 0.00036

Novyi Oskol 17348 3481 0.00038
Starooskol’skii raion

rural population 28983 4408 0.00062

Staryi Oskol 158246 20848 0.00016
Shebekinskii raion

rural population 36185 5701 0.00032

Shebekino 36935 6259 0.00035
Yakovlevskii raion

rural population 24705 4747 0.00028

Stroitel’ 14157 3443 0.00025
Mean

urban population 25349 3496 0.00048

rural population 39458 6081 0.00033

that raions with a low random inbreeding level were
mainly located in the central and southwestern parts of
the Belgorod oblast and were surrounded at the western
and eastern peripheries by raions with moderate and
high inbreeding levels. Raions with a high f, were char-
acterized by the presence of an urbanized zone (a city);
in some of these raions, bordering on Ukraine, a consid-
erable Ukrainian immigration was observed.

Summarizing the result of the anthroponymic study
of the gene pool of the Belgorod oblast population, it
should be noted that, first, the number of surnames and
subdivision level considerably vary in the 21 raions of

the Belgorod oblast (0.00003 < f* < 0.00125). Most

raions with low subdivision levels are located in the
central and southwestern Belgorod oblast, contained an
urbanized zone (a city), and border on Ukraine (which
accounted for a considerable Ukrainian immigration).

Second, urbanization considerably affects the popu-
lation structure of the Belgorod oblast. In urbanized
raions, rural populations lose the relationship between
the population size, number of surnames, and subdivi-
sion level (f;) that is characteristic of the total Belgorod
oblast population, which suggests that the effect of cit-
ies destroys their population structure. Third, among



Table 4. Spearman’s coefficients of correlation (p) between the number of surnames, population subdivision level (f;), and

population size for all raion populations and tehrural and urban populations of urbanized raions of the Belgorod oblast

Urban population Rural population All district populations
of the Belgorod oblast
Parameters compared (nine urbanized raions) (21 raions)
p p p p p p

Surname number—population size 0.98 <0.001 0.78 <0.001 0.97 <0.001

Surname number—inbreeding £, -0.76 <0.001 -0.58 0.10 -0.92 <0.001

Population size—inbreeding f. -0.72 <0.001 -0.12 0.77 -0.86 <0.001

the population genetic indices studied, including the 8. Ginter, EX., Effect of Genetic Structure on Hereditary

surname diversity index (o), entropy of surname distri- Diseases in Russian Populations, Vestn. Ross. Akad.
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correct description of the genetic structure of the Bel- Characteristics of Geographic Distribution of Autosomal
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