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Abstract—The article presents the results of assessing the variability of parameters of Malecot’s isolation by
distance model among the population of Kursk and Voronezh governate from 1890–1910 to 1951–1953. Over
60 years, there was an increase in the level of local inbreeding (2.8 times) and root-mean-square distances
between the places of birth of spouses taking into account long-distance migrations (3.7 times) and without
them (5.44 times) and a decrease in the effective population size (2.8 times) and the coefficient of linear sys-
tematic pressure (4.5 times).
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INTRODUCTION
When describing the population structure of the

population and its dynamics, it is important to quan-
tify marriage and migration parameters, which can be
indicators of Malecot’s isolation by distance model
[1–3]. This model of isolation by distance is widely
used in population genetic studies and makes it possi-
ble to establish the dependence of the degree of con-
sanguinity of spouses on the distance between their
places of birth. The advantage of this approach is the
ability to assess both inter- and intrapopulation relat-
edness [3]. It should be noted that the local inbreeding
values (a), obtained using this model correspond to
the indicator of population subdivision (Wright Fst)
calculated by surnames [3–6].

Using Malecot’s isolation by distance model, the
population was studied of both various foreign popu-
lations (Bar, Australia, Switzerland, Iceland, etc.) [2,
7–11] and populations in Russia (Kostroma, Kirov,
Arkhangelsk, Tver, and Kursk oblasts, Krasnodar krai,
Republic of Adygea, Republic of Mari El, Udmurtia,
Tatarstan, etc.) [5, 6, 12–27] and the former CIS
(Ukraine, etc.) [28–30].

This communication continues the series of works
[31] devoted to the study of the dynamics of a number
of population-demographic indicators among the
population of the south of Central Russia and presents
the results of studying the parameters of the model of
isolation by distance among the population of the
Kursk and Voronezh provinces, from which Belgorod

oblast was formed in 1954, over time 60-year period
(from the 1890s to 1951–1953).

MATERIALS AND METHODS

The object of this study is the population of the
Central Black Earth Region (Kursk and Voronezh
governates) from the late 19th century to the mid-
20th century. Detailed characteristics of the studied
uezds (later districts) and the criteria for their inclu-
sion are presented in the previously presented work
[31]. The study was conducted over two time periods:
1890–1910 and 1951–1953—until the formation of the
Belgorod oblast in 1954 from part of the districts of the
Kursk and Voronezh governates. The work included
Belgorod, Grayvoronsky, Korochansky, Novo-
oskolsky, Starooskolsky uezds (districts), which were
part of the Kursk governate, then the Kursk oblast,
and after 1954 were transferred to Belgorod oblast.
Other uezds (districts), Biryuchansky (later Krasno-
gvardeysky and partially Alekseevsky) and Valuysky,
until 1954 were part of the Voronezh governate, then
Voronezh oblast; after 1954, they are districts of Bel-
gorod oblast. The material for the study was data from
records of church and parish books from the Civil
Registry Office Archive of Belgorod oblast at the end
of the 19th century (1890–1910, 4925 records), as well
as acts civil status of the regional registry office archive
for 1951–1953 (5128 records). Information about the
places of birth of brides and grooms was copied from
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the vital records. Next, we measured the distances
between the birthplaces of the spouses in a straight line
in kilometers using the Internet resource
https://ru.distance.to/Just…. A total of 10053 dis-
tances between the birthplaces of spouses were
included in the analysis. Calculations of isolation
parameters by Malecot distance were carried out in
accordance with the works of G. Malecot [1],
N.E. Morton [2], G.I. Elchinova, and others [3, 4,
25]. The analysis of the parameters of the Malecot
model was carried out at the uezd (district) level.

RESULTS
Parameters of Malecot’s Isolation by Distance Model 

among the Population of Kursk and Voronezh 
Governates

1. 1890–1910. Study of the indicators of Malecot’s
isolation by distance model in the uezds of the Kursk
and Voronezh governates in 1890–1910 showed signif-
icant variability in such indicators as the root-mean-
square distances between the places of birth of spouses
taking into account long-distance migrations
(2.6 times: from 21.75 to 55.84 km) and without them
(2.6 times: from 8.65 to 22.62 km) and the coefficient
of linear systematic pressure (2.2 times: from 0.01942
to 0.04168) (Table 1).

In general, in the Voronezh governate, the root-
mean-square distances between the places of birth of
spouses, taking into account long-distance migrations
(1.4 times) and without them (1.6 times), and the
effective pressure of migration (1.2 times) were higher
than in the Kursk governate. At the same time, the
average values of the coefficient of linear systematic
pressure (1.5 times) and local inbreeding (1.4 times) in
the Voronezh governate are lower than in the Kursk
governate owing to the fact that the effective popula-
tion size in the Voronezh province exceeded the effec-
tive population size in the Kursk governate by 1.2 times
(Table 1).

Among the urban population, compared to the
rural population, the values of local inbreeding are
higher (by 19.5 times), the mean square distances
between the places of birth of spouses, taking into
account long-distance migrations (by 1.9 times) and
without them (by 2.7 times), and the effective popula-
tion size and the coefficient of linear systematic pres-
sure lower by 13.8 times and 2 times, respectively.
Also, urban populations were characterized by higher
variability of most calculated indicators. It should be
noted that the rural population of all seven counties
experienced an equally low (0.00006–0.00014)
inbreeding load.

2. 1951–1953. In 1951–1953, among the popula-
tion of Kursk and Voronezh oblasts, the maximum
variability was noted for the coefficient of linear sys-
tematic pressure (4 times, with variability from
0.00291 to 0.01154), root-mean-square distances
RUSSI
between the places of birth of spouses taking into
account long-distance migrations (2 times, with vari-
ability from 93 to 185.02 km) and without them (3.6
times, with variability from 36.78 to 133.25 km), effective
population size (2.7 times, with variability from 13359
to 36485), and local inbreeding (2.2 times, from
0.00010 to 0.00022) (Table 2).

In 1951–1953 districts of Kursk and Voronezh
oblasts experienced equally low inbreeding load with
insignificant differences in the values of the root-
mean-square distances between the places of birth of
spouses taking into account long-distance migrations
and without them (higher in the Voronezh region—
1.3, 1.6 times, respectively), the coefficient of linear
systematic pressure, and the effective population size
(slightly higher in the Kursk region—1.9 and 1.2 times,
respectively) (Table 2).

Among the urban population, the effective popula-
tion size was smaller (1.6 times), and the level of local
inbreeding was significantly higher (4.2 times) com-
pared to the rural population. Also, urban populations
were characterized by higher variability in a number of
indicators (local inbreeding—18.5 times, effective
population size—18.4 times, coefficient of linear sys-
tematic pressure of migration—5.2 times, root-mean-
square distances between the places of birth of spouses
without taking into account long-distance migra-
tions—4.6 times) compared to rural populations
(Table 2). It should be noted that the rural population
of all seven regions experienced an equally low
(0.00016–0.00033) inbreeding load, which increased
3.4 times over the past 60 years (from 1890–1910 to
1951–1953).

Thus, from the end of the 19th century to the mid-
dle of the 20th century, the root-mean-square dis-
tances between places of birth of spouses increased
taking into account long-distance migrations and
without them (3.7 times and 5.4 times, respectively),
the value of local inbreeding (2.8 times) with a
decrease in the effective population size (2.9 times),
and the coefficient of linear systematic migration pres-
sure (4.5 times).

DISCUSSION

Analysis of the parameters of Malecot’s isolation
by distance model among the population of the Cen-
tral Black Earth Region from 1890–1910 to 1951–
1953 showed an increase in the level of local inbreed-
ing (2.8 times) against the background of a decrease in
the effective population size (almost 3 times). It
should be noted that the period of 1890–1910 was
characterized by high values of the effective popula-
tion size and a minimal level of local inbreeding,
which in turn was determined by the large population
of the uezds of Kursk and Voronezh governates, from
which Belgorod oblast was subsequently formed.
Uezds were very large administrative-territorial units.
AN JOURNAL OF GENETICS  Vol. 60  No. 9  2024
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For example, on the territory of the former Grayvo-
ronsky uezd, there are currently five districts [32]. The
subsequent sharp decline in the effective population of
the Belgorod region by the period of 1951–1953 was a
consequence of three catastrophic, from a demo-
graphic point of view, crises: (1) World War I, civil war,
famine—1915–1922; (2) collectivization, famine—
1930–1936; (3) Great Patriotic War, famine—1941–
1945. So, for example, according to N.V. Chugunova
in the 1930s, the number of residents of the Belgorod
oblast within its modern borders decreased from 1.8 to
1.4 million people, or by almost 25% (for 1930–1939)
[33]. Demographic losses of the Belgorod region from
the famine of 1932–1933 were comparable to the
losses of the civilian population of the region from the
occupation by troops of Germany and its allies in
1941–1943 [34]. Belgorod land became the scene of
severe battles during the Great Patriotic War. Thus,
during the Battle of Kursk and the Prokhorovsk tank
battle, the city of Belgorod was almost completely
destroyed, and out of 34000 inhabitants, only 150 peo-
ple remained by the day of liberation. A similar situa-
tion was observed in other settlements of the Belgorod
region.

It should be noted that, from the end of the 19th
century to the middle of the 20th century, the range of
marriage migrations expanded significantly [31], as
evidenced by the increase in the root-mean-square
distances between the places of birth of spouses taking
into account long-distance migrations and without
them. However, the effective migration pressure has
not changed over the 60-year period. This is explained
by the administrative-territorial transformations of
counties and provinces, as a result of which the
boundaries of modern districts of the Belgorod region
were formed, and this was accompanied by a signifi-
cant decrease in the effective population size.

It is worth noting that, over a 60-year period, the
variability of the main parameters of Malecot’s isola-
tion by distance among the urban and rural popula-
tions was somewhat different. From the end of the
19th century to the middle of the 20th century, the
effective population size among the urban population
increased by 2 times, and the level of local inbreeding
decreased by 1.4 times compared to the rural popula-
tion. Among the rural population, there was a decrease
in both the effective size by 4.3 times and the level of
local inbreeding by 3.4 times.

The connection between the parameters of popula-
tion isolation (local inbreeding, migration, etc.) and
the prevalence of hereditarily determined human dis-
eases has been shown by numerous studies [6, 12, 13,
15, 35–38]. This determines the need to take into
account these indicators when planning population
genetic and medical genetic studies [39–46].
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