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Abstract—Microspatial differentiation of the population gene pools of the terrestrial mollusk Helicopsis striata 
(Muller, 1774) is revealed for various conditions of the Southern Mid-Russian Upland, which is caused by the 
fragmentation of habitats and differences in the intensity of the gene flow between demes. The spatial differ
entiation of H. striata, due to the special features of its biology, is the highest among other terrestrial mollusks 
of the studied region. Populations with a low variability and weak gene pool differentiation are demonstrated 
to be the most vulnerable. The methodological importance of the intrapopulation structure of the species is 
specifically noted for the works on estimating the state of the population’s gene pools, since the single datasets 
of individual demes cannot demonstrate the true nature of the genetic structure of the populations.
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INTRO D U CTIO N
Spatial genetic differentiation is an important 

marker of the state of natural populations under vari
able conditions of the environment [21]. For example, 
with an increase of the biotopic diversity in a popula
tion, intrapopulation groups that are stable in space 
and time (demes or subpopulations) are formed, each 
of which is adapted to the local conditions [3, 4, 14]. 
This considerably increases the viability of the popula
tion and contributes to its further survival. The 
appearance of the genetic isolation of demes can be 
considered a key aspect in the formation of the struc
ture, as that appearance is the direct consequence of a 
disturbance of panmixia and leads to the temporary 
stabilization of the intrapopulation structure.

A highly aggregated type of spatial structure and 
low migratory activity make terrestrial mollusks good 
model objects for studying intrapopulation structuring 
[6]. Currently, there are well-known studies of the 
microspatial genetic structure in mollusks such as Tro- 
choidea geyeri (Soos, 1926) based on RAPD  markers 
[23]; Pomatias elegans (Muller, 1774), based on iso
zymes [22]; Helix aspersa (Muller, 1774), based on iso
zymes and microsatellites [16, 17, 24]; and Brephulop- 
sis bidens (Krynicky, 1883), based on the variability of 
conchological features [5, 19]. However, many prob
lems of the genetic structuring of the populations of 
terrestrial mollusks remain unsolved. In particular,

one of the m ost recent trends is to estimate the differ
entiation of the population’s gene pools of the rare and 
vulnerable mollusk species, which can become an 
important part of the studies on the conservation and 
restoration of their populations. In this respect, popu
lations of the xerophilious mollusk Helicopsis striata, 
which inhabits the rugged landscape of the Southern 
Mid-Russian Upland and which is protected in Bel
gorod region in Russia [13].

The aim of the study is to analyze the microspatial 
differentiation of the genetic structure of H . striata 
populations living in heterogeneous conditions of the 
Southern Mid-Russian Upland.

MATERIALS AND METHODS

Studies of the intrapopulation differentiation of the 
H . striata gene pool were conducted in the autum n of 
2011 and 2012. For this purpose, six model popula
tions (Fig. 1) were selected in the Southern M id-Rus
sian Upland associated with biotopes with different 
topographic and climatic conditions (Table 1).

In each population of H. striata, five experimental 
sites with an area of 25 m 2 each were laid at equal inter
vals of 150—200 m, within which the individuals were 
collected. Due to the relatively large distance between 
the collection points, each site was assumed to corre-
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Fig. 1. Location of studied H. striata populations in Southern Mid-Russian Upland: (1) Belaya Gora; (2) Belenikhino; (3) Gub
kin; (4) Zasosna; (5) Verkhnye Lubyanki; (6) Osadchee.

spond to a separate deme. Therefore, 30 demes from 
six populations of H. striata were studied.

The isozymes were exctracted from the feet of mol- 
lusks. The electrophoresis of isozymes was then con

ducted in 10% polyacrylamide gel (VE-3 chamber, 
Helicon). To detect nonspecific esterases, the blocks 
were stained in the substrate mixture: Tris HCl (pH 7.4), 
a-naphthyl acetate, fast red TR; to detect superoxide

Table 1. Description of H. striata collection sites
Population Coordinates Description

Belaya Gora 50°37'29.65" N 
36°37,09.64" E

Isolated population (colony) located on steep northwestern bank of Severskii 
Donets River in forest-steppe zone. Landscape is highly fragmented due to 
natural and anthropogenic processes. Typical calcephyte and dry meadows

Belenikhino 50°54'48.11" N 
36°38'34.49" E

Colony located on steep eastern bank of Sazhenskii Donets River in forest- 
steppe zone. Landscape highly fragmented with gullies. Common dry meadows, 
steppes with calcephyte elements and flora representative of Lower Alps. Pro
nounced differences between sites

Gubkin 51° 17'40.59" N 
37°32'24.21" E

Semi-isolated population located on eastern bank of Velikii Kolodez River 
(Upper Pooskolye) in forest-steppe zone. Landscape fragmented due to eco
nomic use. Common feather grass steppes with calcephyte elements and flora 
representative of Lower Alps. Pronounced differences between sites

Zasosna 50°37'48.29" N 
38°25'21.31" E

Semi-isolated population located on flat and eroded northern bank of Tikhaya 
Sosna River in steppe zone. Typical feather grass steppes and dry meadows with 
calcephytes and flora representative of Lower Alps. Differences between sites 
insignificant

Verkhnie Lubyanki 50°27'44.49" N 
37°43'59.22" E

Colony located on steep eastern slope of right bank of Oskol River (Middle 
Pooskolye) in steppe zone. Landscape fragmented with gullies. Common 
feather grass steppes and dry meadows with calcephyte elements and flora rep
resentative of Lower Alps. Pronounced differences between sites

Osadchee 50°21'04.30" N 
38°56'43.52" E

Semi-isolated population located on flat northeastern bank of Chernaya Kalitva 
River. Common feather grass steppes with elements of Lower Alps. No differ
ences between sites
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Fig. 2. Electrophoregram demonstrating presence of 0-alleles in EST5 locus (a) in Zasosna population and EST6 locus in Belaya 
Gora population (b). Genotypes of individuals are listed for these loci.

dismutases, a mixture of a potassium phosphate buffer 
(pH 7.8), NTS, and FMS was used. Since the first 
publications on the genetics of H. striata [10, 12], we 
have obtained new data on the variability of the gene 
pool of the populations of this mollusk and on the 
nature of the allelic diversity of the allozyme loci. For 
example, in the previously utilized EST5  locus (non
specific esterases), we identified the fifth allele, which 
has no enzyme activity (the so-called 0-allele), and 
therefore its homozygotes are not identified in the gel 
block and heterozygotes are only present as a single 
band of the active allele (Fig. 2). Furthermore, the 
0-allele (also the fifth one) was detected in the EST6  
locus. It was only found in the Belaya Gora popula
tion. When the 0-allele was fixed in the population for 
any locus, we identified heterozygotes and homozy
gotes by the emerging allele according to the degree of 
its activity relative to other individuals. In that case, we 
proceeded on the principle that homozygotes are 
manifested more intensely on the electrophoregrams 
than the heterozygotes, since the concentration of the 
enzyme is higher in the homozygotes.

Therefore, we used four loci of nonspecific m ono
meric esterases (EST5  with five alleles, EST6  with five 
alleles, E ST 7  with two alleles, and EST8  with three 
alleles) and two loci of superoxide dismutase (SOD2 
dimer with two alleles and SOD7 m onomer with three

alleles) as the genetic markers of the H. striata popula
tion structure (Fig. 3). All alleles were inherited 
codominantly.

DNA was isolated using proteinase K and with sub
sequent purification with a mixture of chloroform and 
isopentanol [12, 20]. ISSR  amplicons of primer 
UBC811 (5'-[GA]8C-3') were used as the DNA mark
ers. The volume of the PC R  mixture was 20 p.L; it con
tained 20 ng of genomic DNA, 10 mM  of Tris HCl 
(pH 8.3), 50 mM  of KCl, 4 mM of MgCl2, 0.25 mM  
of dNTP, 0.5 p.M of the primer, and 1 unit of Taq 
DNA polymerase. The reaction was performed in a 
MyCycler thermocycler (BioRad, United States) 
under the following conditions: ho t start, 2 min at 
94°C, 40 cycles (denaturation, 30 s at 94°C; primer 
annealing, 30 s at 55°C; synthesis, 2 min at 72°C), 
additional synthesis, 10 min at 72°C. The P C R  prod
ucts were separated by electrophoresis in 2% agarose gel 
using a TAE buffer, 100 V, 45 min. The blocks were 
stained with ethidium bromide. Based on the pictures of 
electrophoresis, we comprised the binary matrices, where 
the presence of a band was designated by 1 (allele p) and 
its absence was denoted by 0 (allele q). Previously, 17 loci 
were isolated in H. striata using UBC811 primers. The 
obtained DNA patterns and their interpretation are given 
in the publication of E.A. Snegin [11].
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EST5 34 33 44 23 12 23
EST6 44 34 13 23 33 24
E ST7 12 11 22 12 11 12
EST8 11 13 33 12 22 23

SOD2 11 12 22 12

SOD7 11 12 22 13

Fig. 3. Graphic image of studied allozyme loci and respective allele combinations.

In total, genotypes of 757 H. striata specimens were 
identified using allozymes and 701 specimens using 
ISSR  loci.

The data were mathematically processed in the 
Excel (Microsoft Office), GenAlEx v 6.5 [21], and 
F-stat [18] software. The Debets polygons were con
structed in Statistica 6.0.

RESULTS AND DISCUSSION

The Debets polygons that were constructed based 
on the allele frequencies of the studied isozyme loci 
are presented in Fig. 4.

Based on the obtained data, we find it impossible to 
estimate the degree of the intrapopulation structure 
for the Osadchee and Gubkin populations due to the 
absence of the variability for all the studied isozyme 
loci. In the remaining populations, we observed vary
ing degrees of genetic differentiation of the demes 
based on the allele frequencies. For example, the fre
quency of the first allele EST7-1  in the Belaya Gora 
population comprises 0.731 in the first deme, and in 
the fifth deme, a hundred percent homozygosity for 
this allele is observed. Based on the allele SOD2-2, 
there are even more pronounced changes between the 
demes of this population: this allele was not found in 
the first subpopulation, while in the fifth deme, its fre
quency was 0.430. Such significant changes in the allele 
frequencies within a single population are also observed 
for other loci, as well as in the other studied populations 
of the mollusk. In many loci, we identified the clinal or 
sinusoidal (which smoothly increases/decreases, then 
smoothly decreases/increases) variability of the allele 
frequencies in the populations (Fig. 5).

The obtained data suggest a low level of gene flow 
within the local populations.

The portion of polymorphous loci (p) in demes of 
the populations also proved not to be constant. For 
example, in the Verkhnie Lubyanki population, p  var
ies from 33.3% (deme no. 4) to 66.7% (deme nos. 1 
and 3). We observe significant differences between 
demes based both on the allele frequencies and the 
genetic variability indices of the individual isozyme loci.

However, based on the average values of the 
remaining genetic variability indices (with the excep
tion of the inbreeding coefficient F) calculated for all 
loci, we found no reliable differences between demes 
in the populations (Table 2). Therefore, each studied 
population has a similar degree of genetic diversity 
within its distribution range, which indicates the spa
tial stability of the H. striata population’s gene pools.

The Debets polygons constructed based on the fre
quencies of the q allele of 17 ISSR  loci in the demes of 
the H. striata populations are presented in Fig. 4. The 
obtained data are correlated with the variability of the 
allozymes. The richest gene pools are in the H. striata 
populations from the basin of the Severskii Donets 
River: Belaya Gora and Belenikhino, and the poorest 
are in Osadchee and Gubkin. Just as for allozymes, we 
observe significant differences in the frequencies of 
DNA alleles even between adjacent demes in the pop
ulations. As a result, the Debets polygons that were 
constructed based on the frequencies of the q allele 
frequently differ even in the adjacent demes of a single 
population.

However, the general topography of the genetic 
variability in different sections of the distribution 
range of populations remains similar. For example, the 
average values of the genetic variability indices that
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Fig. 4. Debets polygons constructed on allele frequencies of isoenzyme and ISSR loci in demes (1—5) of H. striata populations.

were calculated based on the ISSR  loci within the pop
ulations between demes do not differ significantly, 
which confirms the data on the spatial stability of the 
intrapopulation genetic variability based on the allo- 
zymes (Table 3).

Based on the analysis of the allele frequencies of 
the isozyme loci in the studied populations, we then 
calculated the inbreeding coefficients for different lev
els of the population’s hierarchy: Fis, Fit, and Fst, as 
well as the subdivision index Фй (AMOVA method). 
We found that the studied isozyme loci make different 
contributions to the subdivision of populations. For 
example, Fst in the Belenikhino population, which 
reflects the degree of population differentiation, was
0.024 for the SOD2 locus and 0.204 for the EST5  
locus, i.e., almost nine times greater. Furthermore, 
the same loci contribute differently to the structure of 
different populations. For example, Fst for the EST5  
locus in different populations ranges from 0.105 in the 
Belaya Gora population to 0.260 in the Verkhnie Lub- 
yanki population. This is probably due to the multidi
rectionality of the vectors of the selection and genetic 
automatic processes both in different loci and in dif
ferent H. striata populations.

The calculation of the average values of the 
inbreeding indices Fst and Fit revealed a deficiency of 
heterozygotes for the analyzed loci in the majority of 
populations (Table 4).

This may indicate a low gene flow and formation of 
original intrapopulation groups in H. striata popula

tions. The calculation of the average values of the indi
ces Fst and Фй (Table 5) confirms these conclusions. 
The studied populations have different degrees of 
genetic dissociation between the demes. The greatest 
genetic structuring was found in the Verkhnie Luby- 
anki and Zasosna populations, which inhabit the 
steppe’s natural zone. The degree of the biotope frag
m entation of the Zasosna population is considerably 
lower than in the less genetically structured Belenikh- 
ino population, which indicates a different degree of 
migratory activity (active and passive) of H. striata 
individuals in different populations.

The values of the Фй index calculated for the ISSR  
loci (Table 6) demonstrate that the gene pool of the

1.0-,

3  °.2 
0

SOD2-2
EST8-2
EST5-3
EST7-1

Demes

Fig. 5. Values of allele frequencies of isozyme loci in demes 
of Belaya Gora population.
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Table 2. Indicators of genetic variability of H. striata in population demes (M ± m) based on isozyme loci

Population Deme n P, % ha he I Ho He F

1 26 50.0 1.50 ± 0.22 1.42 ± 0.19 0.32 ± 0.14 0.21 ± 0.10 0.23 ± 0.10 0.09 ± 0.10*
Belaya 2 36 66.7 1.83 ± 0.31 1.36 ± 0.15 0.36 ± 0.12 0.22 ± 0.08 0.22 ± 0.08 0.00 ± 0.06*
Gora 3 38 66.7 1.83 ± 0.31 1.57 ± 0.21 0.45 ± 0.15 0.35 ± 0.12 0.30 ± 0.10 -0.16 ± 0.05

4 34 66.7 1.83 ± 0.31 1.48 ± 0.25 0.40 ± 0.16 0.25 ± 0.09 0.24 ± 0.10 -0.05 ± 0.07*
5 43 50.0 1.67 ± 0.33 1.54 ± 0.25 0.38 ± 0.18 0.24 ± 0.11 0.26 ± 0.12 0.05 ± 0.04*
1 40 83.3 2.00 ± 0.26 1.43 ± 0.22 0.38 ± 0.15 0.23 ± 0.11 0.23 ± 0.10 0.06 ± 0.11*

Belenikhino
2 39 83.3 2.33 ± 0.42 1.83 ± 0.32 0.60 ± 0.18 0.32 ± 0.11 0.37 ± 0.11 0.09 ± 0.14*
3 22 83.3 2.33 ± 0.42 1.69 ± 0.24 0.57 ± 0.16 0.33 ± 0.09 0.35 ± 0.09 0.03 ± 0.05*
4 40 66.7 2.17 ± 0.31 1.67 ± 0.20 0.55 ± 0.14 0.32 ± 0.11 0.35 ± 0.09 0.08 ± 0.14*
5 24 66.7 2.00 ± 0.37 1.45 ± 0.22 0.39 ± 0.17 0.17 ± 0.08 0.23 ± 0.10 0.21 ± 0.10*
1 16 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -

Gubkin
2 17 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
3 19 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
4 19 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
5 20 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
1 26 50.0 1.50 ± 0.22 1.38 ± 0.18 0.31 ± 0.14 0.21 ± 0.10 0.21 ± 0.10 0.02 ± 0.08*

Zasosna
2 24 50.0 1.50 ± 0.22 1.26 ± 0.13 0.26 ± 0.12 0.15 ± 0.08 0.17 ± 0.08 0.11 ± 0.05*
3 22 33.3 1.33 ± 0.21 1.24 ± 0.15 0.20 ± 0.13 0.12 ± 0.08 0.14 ± 0.09 0.12 ± 0.02*
4 25 50.0 1.50 ± 0.22 1.29 ± 0.17 0.24 ± 0.13 0.16 ± 0.09 0.16 ± 0.09 0.00 ± 0.01*
5 21 50.0 1.50 ± 0.22 1.20 ± 0.10 0.23 ± 0.10 0.16 ± 0.08 0.14 ± 0.07 -0.09 ± 0.11
1 27 66.7 2.00 ± 0.37 1.44 ± 0.18 0.41 ± 0.15 0.23 ± 0.08 0.25 ± 0.09 0.06 ± 0.06*

Verkhnye 2 22 50.0 1.50 ± 0.22 1.24 ± 0.14 0.23 ± 0.11 0.11 ± 0.06 0.15 ± 0.08 0.27 ± 0.06*
Lubyanki 3 28 66.7 1.83 ± 0.31 1.24 ± 0.12 0.26 ± 0.11 0.12 ± 0.06 0.16 ± 0.07 0.22 ± 0.08*

4 26 33.3 1.50 ± 0.34 1.27 ± 0.17 0.24 ± 0.15 0.12 ± 0.07 0.15 ± 0.10 0.23 ± 0.01*
5 28 50.0 1.50 ± 0.22 1.43 ± 0.20 0.33 ± 0.15 0.24 ± 0.11 0.23 ± 0.10 -0.09 ± 0.12
1 26 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -

Osadchee
2 24 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
3 23 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
4 23 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -
5 26 0.0 1.00 ± 0.00 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 -

n, number of individuals in dataset; *, significant deficit of heterozygotes; Aa, average number of alleles in locus; Ae, effective allele 
number in locus; I, Shannon index; Ho, observed heterozygosity; He, expected heterozygosity; F, inbreeding coefficient. Groups with 
monomorphic loci for which Fwas not determined marked as line.

Verkhnie Lubyanki population is the most subdivided, 
and the gene pool of the Belaya Gora population1 is 
the least subdivided. The studied populations in gen
eral have a lower Ф81 value based on the ISSR  loci than 
on allozymes. This is probably due to the fact that the 
ISSR  loci mostly characterize a selectively neutral part 
of the genome and to a larger degree they reflect 
genetically automatic processes in the studied popula-

1 The monomorphism of the studied genetic markers in the Osad- 
chee population does not allow us to make conclusions on the 
nature of the structuring of its gene pool and the level of gene 
flow between demes.

tions. In this aspect, the degree of differentiation of the 
Gubkin population gene pool is notable, as it is m ono
morphic based on the loci of isozymes. The variability 
of this population based on the DNA markers was also 
comparatively low (only 11.76% of the loci are poly
morphous). However, we found rather significant dif
ferences between demes (Фй =  0.206) (Table 6).

It should also be noted that the degree of subdivi
sion of individual populations (Fst < 0.245 ± 0.056) is 
predictably lower than the Fst value we previously 
obtained for the H. striata of the entire Southern M id
Russian Upland as a general population (Fst =  0.503 ±
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Table 3. Average values of genetic variability in H. striata population demes based on DNA markers

Population Deme n P, % A A I He

1 39 76.47 1.65 ± 0.17 1.52 ± 0.09 0.44 ± 0.06 0.30 ± 0.05
2 39 70.59 1.59 ± 0.17 1.52 ± 0.10 0.42 ± 0.07 0.29 ± 0.05

Belaya Gora 3 36 64.71 1.53 ± 0.17 1.50 ± 0.10 0.40 ± 0.08 0.28 ± 0.05
4 34 76.47 1.65 ± 0.17 1.57 ± 0.10 0.45 ± 0.07 0.31 ± 0.05
5 31 88.24 1.88 ± 0.08 1.59 ± 0.09 0.48 ± 0.06 0.33 ± 0.04
1 24 76.47 1.65 ± 0.17 1.49 ± 0.08 0.43 ± 0.06 0.29 ± 0.04
2 24 70.59 1.59 ± 0.17 1.42 ± 0.08 0.38 ± 0.07 0.25 ± 0.05

Belenikhino 3 21 70.59 1.53 ± 0.19 1.43 ± 0.09 0.37 ± 0.07 0.25 ± 0.05
4 24 70.59 1.59 ± 0.17 1.46 ± 0.09 0.40 ± 0.07 0.27 ± 0.05
5 24 82.35 1.71 ± 0.17 1.50 ± 0.08 0.45 ± 0.06 0.30 ± 0.04
1 18 5.88 0.59 ± 0.15 1.03 ± 0.03 0.03 ± 0.03 0.02 ± 0.02
2 18 5.88 0.59 ± 0.15 1.03 ± 0.03 0.03 ± 0.03 0.02 ± 0.02

Gubkin 3 17 17.65 0.76 ± 0.18 1.07 ± 0.05 0.07 ± 0.04 0.05 ± 0.03
4 18 11.76 0.71 ± 0.17 1.08 ± 0.06 0.07 ± 0.05 0.05 ± 0.03
5 20 17.65 0.76 ± 0.18 1.12 ± 0.06 0.10 ± 0.06 0.07 ± 0.04
1 23 52.94 1.24 ± 0.22 1.29 ± 0.09 0.27 ± 0.07 0.17 ± 0.05
2 25 52.94 1.24 ± 0.22 1.35 ± 0.10 0.29 ± 0.07 0.20 ± 0.05

Zasosna 3 21 47.06 1.06 ± 0.23 1.24 ± 0.08 0.23 ± 0.07 0.15 ± 0.05
4 23 35.29 0.88 ± 0.22 1.25 ± 0.10 0.20 ± 0.07 0.14 ± 0.05
5 17 41.18 1.00 ± 0.23 1.27 ± 0.10 0.21 ± 0.07 0.14 ± 0.05
1 24 47.06 1.24 ± 0.20 1.27 ± 0.08 0.25 ± 0.07 0.17 ± 0.05
2 20 52.94 1.24 ± 0.22 1.36 ± 0.09 0.31 ± 0.07 0.21 ± 0.05

Verknye Lubyanki 3 22 41.18 1.12 ± 0.21 1.22 ± 0.08 0.20 ± 0.07 0.13 ± 0.05
4 24 35.29 1.06 ± 0.20 1.26 ± 0.09 0.21 ± 0.07 0.15 ± 0.05
5 24 47.06 1.29 ± 0.19 1.24 ± 0.08 0.22 ± 0.07 0.14 ± 0.05
1 24 0.00 0.35 ± 0.12 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
2 24 0.00 0.35 ± 0.12 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Osadchee 3 24 0.00 0.35 ± 0.12 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
4 24 5.88 0.41 ± 0.15 1.03 ± 0.00 0.03 ± 0.03 0.02 ± 0.02
5 24 0.00 0.35 ± 0.12 1.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Table 4. Average values of inbreeding coefficients in H. striata populations based on isozyme loci

Populations Fis Fit Fst

Belaya Gora -0.026 ± 0.047 0.082 ± 0.046 0.106 ± 0.015
Belenikhino 0.086 ± 0.097 0.181 ± 0.091 0.101 ± 0.028
Zasosna 0.013 ± 0.038 0.261 ± 0.041 0.245 ± 0.056
Verkhnye Lubyanki 0.080 ± 0.067 0.264 ± 0.078 0.207 ± 0.027
Fis, inbreeding coefficient of individual relative to subpopulation; Fit, inbreeding coefficient of individual relative to large population; 
Fst, inbreeding coefficient of subpopulation relative to large population. Due to Gubkin and Osadchee populations being monomorphic 
by studied allozymes, their coefficients Fit, Fis, Fst, and Фй are absent.

0.101), since the gene pool of an individual population 
includes only a portion of the gene pool of all the pop
ulations of the mollusk from the study region. How
ever, differentiation of the gene pools of the local

H . striata populations is higher than in many other 
species of terrestrial mollusks. For example, in the 
mesophilic mollusk Bradybaena fruticum, Fst was 0.135 
[9] in the entire Southern M id-Russian Upland, while
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Table 5. Results of molecular variance analysis (AMOVA) in H. striata populations for isoenzyme loci variability

Population Variance df SS MS E фй; p

Belaya Gora
Between populations 
Within populations

4
172

62.757
264.175

15.689
1.536

0.402
1.536

0.208 (p = 0.001)

Belenikhino
Between populations 
Within populations

4
160

76.418
330.121

19.105
2.063

0.524
2.063

0.203 (p = 0.001)

Zasosna
Between populations 
Within populations

4
113

70.122
120.633

17.530
1.068

0.699
1.068

0.396 (p = 0.001)

Verknye Lubyanki
Between populations 
Within populations

4
126

81.799
165.460

20.450
1.313

0.732
1.313

0.358 (p = 0.001)

df, degrees of freedom; SS, sum of squares; MS, mean square; E, variance estimation; p, significance level.

Table 6. Results of AMOVA in H. striata populations based on ISSR loci

Population Variance df SS MS E фй; p

Belaya Gora
Between populations 4 36.054 9.013 0.189

0.078 (p = 0.001)
Within populations 174 391.510 2.250 2.250

Belenikhino
Between populations 4 57.632 14.408 0.524

0.195 (p = 0.001)
Within populations 112 241.821 2.159 2.159

Gubkin
Between populations 4 5.312 1.328 0.060

0.206 (p = 0.001)
Within populations 86 19.985 0.232 0.232

Zasosna
Between populations 4 34.424 8.606 0.330

0.186 (p = 0.001)
Within populations 104 150.365 1.446 1.446

Verkhnie Lubyanki
Between populations 4 39.269 9.817 0.381

0.251 (p = 0.001)
Within populations 109 123.942 1.137 1.137

Osadchee
Between populations 4 0.033 0.008 0.000

0.000 (p = 0.100)
Within populations 115 0.958 0.008 0.008

in the xerophilous species Chondrula tridens and 
Cepaea vindobonensis, Fst was 0.164 and 0.173, respec
tively [7, 8].

Therefore, H. striata is characterized by one of the 
lowest degrees of the gene flow among the mollusks 
inhabiting the Southern M id-Russian Upland. We 
believe that this is due to the special features of the 
biology o f the species. H. striata is a stenobiontic spe
cies common in the biotopes of thoroughly warm 
meadows or steppe slopes [10, 12, 13]. The back
ground mollusk species selected for the comparison 
are eurybiontic mesophiles or facultative xerophiles 
that inhabit both dry and moist biotopes [12]. It is 
known that snails are only active and capable of 
migrating in moist periods [15]. Moreover, since in the 
dry habitats such periods are considerably rarer than in 
moist habitats, H. striata has less total time for migra
tion than the eurybiotic or mesophilic snail species. 
Furthermore, unlike some other xerophilic species, 
H. striata buries itself in the soil during droughts, due

to which it becomes almost inaccessible for passive 
migration [1].

A low gene flow, as well as its intragroup compo
nent exceeding the intergroup one, leads to the forma
tion of the original structured population gene pools, 
each of which is adapted to the local environmental 
conditions [2]. This organization of the genetic struc
ture apparently allows H. striata to adapt to the envi
ronm ent of the M id-Russian U pland’s rugged land
scape with its many diverse microconditions most 
effectively. However, the excessive specialization of 
the populations is accompanied by a reduction of their 
genetic variability and can lead to a loss of adaptive 
plasticity with the subsequent extinction in the case of 
a change in the environmental conditions. W hat is the 
more relevant for populations of the mollusk such as 
the Osadchee and Gubkin.

It should be noted that a significant fragmentation 
of the landscape is not a prerequisite for the spatial dif
ferentiation of the population gene pools into original 
genepools of demes. For example, the Zasosna popu
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lation inhabits a relatively uniform biotope, lacking 
significant physical barriers (Table 1). Nevertheless, it 
has high values of Ф81 based on both isozymes and 
DNA. This is probably due to the special features of 
the biology of the mollusks, in particular their low 
mobility and confinement to the local microniches, 
which makes geographical distance by itself an isolat
ing factor.

CONCLUSIONS
H. striata is characterized by a varying degree of 

spatial differentiation of the population’s gene pools in 
the Southern M id-Russian Upland. The degree of the 
variety of the environmental conditions is not as 
important for the formation of the genetic structure as 
the degree of individual migratory activity, which is 
the highest in the populations of the Severskii Donets 
River basin. However, the gene pools of populations of 
the steppe zone and Upper Pooskolye with the lowest 
gene flow are more isolated and it is probable that 
those populations are characterized by higher rates of 
the reduction in genetic diversity due to the greater 
activity of random  processes. We believe that the eco
nomic use of the habitats of these groups can cause 
further depletion of their gene pool and subsequently 
their extinction.

In comparison with other studied species of the ter
restrial mollusks of the Southern Mid-Russian 
Upland, H. striata is characterized by the lowest 
degree of gene flow. This is due to this mollusk being 
stenobiontic and to its lesser capability for active and 
passive migrations.

Furthermore, according to our data, it is necessary 
to consider the nature of intrapopulation spatial differ
entiation for obtaining a more objective picture of the 
state of population gene pools, since in some cases, 
datasets from the individual demes of the highly differ
entiated population might not reflect its general state.
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