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Shell banding and colour polymorphism of introduced snail
Cepaea hortensis (Gastropoda, Pulmonata, Helicidae)

from some parts of Eastern Europe
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ABSTRACT. The phenotypic composition of C. hortensis colonies was studied in Western Ukraine (more than
30 thousand adults from 23 settlements and 5 administrative regions) and the Moscow region of Russia (more
than 500 adults and juveniles from two colonies in Moscow and Vidnoe). Most Western Ukrainian colonies
were characterized by the absence of pink shells, the high frequencies of unbanded shells (70% or more), as
well as the white ground colour in all banded shells. It is supposed that the latter feature makes it possible to
reliably identify the colonies formed by the descendants of the primary introduction of C. hortensis into Western
Ukraine, which occurred in the 20th century, from later and independent repeated introductions of this species.
Unlike Western Ukraine, snails with yellow banded and pink shells were found in both colonies from the Mos-
cow region. Pink banded shells were registered only in Moscow as well as in two colonies from Lviv. In two
of the three colonies mentioned, part of the pink unbanded (Moscow) or all pink shells (Lviv) had a dark lip.

[Tonmumopdu3mM OKpacku pakOBHUHBI HHTPO-
nyuupoBaHHoil ynutku Cepaea hortensis
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PE3IOME. HccrnegoBan (eHETHYECKHI COCTaB
koiouuii C. hortensis Ha 3anane YkpauHbl (0ojee
30 ThIC. B3pOCHBIX 0coOeil u3 23 HaceICHHBIX
MYHKTOB M 5 aJIMHHHCTPATUBHBIX 00JacTeil) M B
MocxkoBckoii obmactu Poccun (6onee 500 B3pocibIX 1
HETIONIOBO3PEIBIX 0c0o0eit 13 MBYX KOoJOHUI B MOCKBe
u Bumgaom). [Ing OonpIIMHCTBA 3amagHOYKPAUMHCKUX
KOJIOHMW OBUIO XapaKTepHO OTCYTCTBHE PO30BBIX
PaKoBUH, BBICOKHE YacCTOTHI OECIIOJIOCHIX PaKOBUH
(70% u Gonee), a Takxke Oenblit HOHOBBIH IIBET Y BcexX
MOJIOCATHIX PaKOBHH. [Ipe/monaraeTcs, 9To Mo CIIe THIHA
MpHU3HAK ITO3BOJSET HANEKHO HIACHTU(UIHNPOBATH
KOJIOHWH, 0O0pa30BaHHBIC MOTOMKAMH IEPBUYHON
uaTpoayknuu C. hortensis Ha 3amaja YKpauHBI,
npousormieiieil eme B XX B., OT Ooyiee MO3IHUX U
HE3aBHCUMBIX ITOBTOPHBIX MHTPOIYKIMHA 3TOTO BHJIA.
B ommawme ot 3amaga YkpauHbl, B 000X KOJIOHHSX U3
MoCKOBCKO# 00TaCTH BCTPEUATNCh YAUTKH C KEITHIMH
MOJIOCATBIMU M PO30BBIMH paKkoBHHAMHU. Po30BBIC
M0JIOCAThle PAKOBHHBI OBLIM OTMEYEHBI TOJIBKO B
Mockse U B 1ByX KOJIOHUSX 130 JIbBOBa. B 1ByX 13 Tpex
YIOMSIHYTBIX KOJIOHWH 4YacTh PO30BBIX OECITONOCHIX
(MockBa) miu Bce po30BbIe pakoBUHEI (JIEBOB) mMerH
TEMHYIO TyOy.

Introduction

Cepaca hortensis (Miiller, 1774) is a species of
the Central European origin [Boettger, 1926; Taylor,
1914], the natural range of which also includes ap-
parently many countries of the Northern and Western
Europe [Kerney et al., 1983, map 364]. It can reach
the Iberian Mountains in Spain in the southwest
[Mazon et al., 1990], as well as Sweden, Finland and
Norway in the north. The eastern and northeastern
boundaries of the natural range of C. hortensis can
pass through western Slovakia [Kerney et al., 1983],
western and northern Poland [Wiktor, 2004] and the
eastern Baltic states, in the northeast reaching the
Leningrad region of Russia, where some marginal
populations of this species are known [Alexandrov,
Sergievsky, 1980].

C. hortensis was first successfully introduced to
the west of Ukraine no later than the second half of
the 20th century, most likely together with seedlings
of ornamental shrubs [Sverlova, 2002a]. In the largest
city in Western Ukraine, Lviv, this species appeared
no later than the 1970s. At the end of the 1970s, ac-
cording to the observations of the first author there
were already some colonies of this species.

Earlier malacological studies conducted in the
city and its environs at the end of the 19th century
[Bakowski, 1882, 1884] as well as numerous con-
chological materials collected on this territory in the
second half of the 19th century and at the beginning
of the 20th century and deposited in the malacologi-
cal collection of the State Museum of Natural History
in Lviv [Gural-Sverlova, Gural, 2020], indicate the
absence of C. hortensis in Lviv until the beginning
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of the 20th century inclusive. Unfortunately, later
the land molluscs of the city were not investigated
until the end of the 20th century when C. hortensis
had already become a typical representative of the
urban fauna [Sverlova, 2002a; Sverlova et al., 2006].

A study carried out in 1998 and covering most of
Lviv revealed a clear connection between C. horten-
sis and ornamental shrubs (snowberry, privet, spirea,
etc.), often planted in the form of hedges, less often in
separate small groups along the streets and in parks.
This relationship was especially noticeable in the
new microdistricts of Lviv, where planned planting of
ornamental shrubs was carried out relatively recently
and the snails have not yet had time to populate other
habitats suitable for them [Sverlova, 2002a]. The
noted regularity suggested that at the initial stage
of introduction into Western Ukraine, C. hortensis
could enter the nursery that supplied seedlings for
landscaping the city.

Later, we revealed the same patterns not only for
Lviv but also for other settlements of the Lviv region,
where similar hedges from ornamental shrubs were
often planted near railway stations, hospitals, sana-
toriums, educational and administrative buildings,
in parks and just along large streets. In the Ivano-
Frankivsk region, where C. hortensis is still known
from only a few settlements (Ivano-Frankivsk and its
immediate vicinity, Bogorodchany) [Gural-Sverlova,
Gural, 2020], in some cases, snails were also found
in places with similar landscaping.

Other finds made in household plots and summer
cottages in both regions may result from secondary
transfers of snails by humans, most often along with
plants, as well as during children’s games [Sverlova,
2002a]. Together with plant waste, snails also often
end up on wastelands, roadsides, forest belts planted
alongside them, etc. At the biogeostationary of the
Ivan Franko National University of Lviv in the north
of the Volyn region, C. hortensis was also brought
along with seedlings of ornamental shrubs from Lviv.

Today, numerous finds of this species are known
in the Lviv region, there are single records in other
administrative regions of Western Ukraine [Gural-
Sverlova et al., 2020, fig. 3B]. C. hortensis has not
yet been found in other parts of Ukraine, except for
the only find in 2018 in the city of Lugansk in the
east of the country [UkrBIN, 2020].

Unlike Western Ukraine, only two colonies of
C. hortensis are currently found and examined in
the Moscow region of Russia, the first of which
was recorded in 2012 in Vidnoe, the second in 2015
in Moscow [Egorov, 2015, 2018]. However, their
shell colour and banding polymorphism has been
described only in general terms, without a complete
phenotypic composition of the samples.

The mass occurrence of C. hortensis in Lviv
made it possible already at the turn of the 20th and
21st centuries to study shell colour and banding

polymorphism in urban colonies of this species on
large quantitative material, describe its main pecu-
liarities [Sverlova, 2001a], and the variability of the
phenotypic composition within the city [Sverlova,
2001b, 2005], compare the results with data from
other parts of the species range [Sverlova, 2001a,
2002b, 2004], and subsequently analyze the long-
term dynamics of the morph frequencies in model
colonies [Gural-Sverlova, Gural, 2018].

However, there has recently been an urgent need
to summarize the quantitative data accumulated
from 1999 to 2020, and not only in Lviv but also in
other surveyed localities of C. hortensis in Western
Ukraine. Also, only very recently we found one
specific feature of banded shells in almost all known
colonies of C. hortensis in Western Ukraine, which
will be described for the first time in detail and illus-
trated in this article. This feature most probably not
only indicates the kinship of most Western Ukrainian
colonies but also makes it possible to distinguish the
descendants of the initial introduction of C. hortensis
into this region (most likely in the second half of the
20th century) from relatively recent, independent
transfers [Gural-Sverlova et al., 2020]. We would
also like to compare the features of the phenotypic
structure of C. hortensis from different parts of East-
ern Europe with similar data described for the main
part of the species range.

Material and methods

Shell colour and banding polymorphism was
studied in the colonies of C. hortensis from 5
administrative regions in Western Ukraine: Lviv
(mainly), Volyn, Ivano-Frankivsk, Transcarpathian
and Khmelnitsky. Live adult snails, less often their
empty shells, were collected from April 1999 to June
2020 at 23 settlements. The shell ground colour and
banding pattern were determined for more than 30
thousand specimens of C. hortensis.

Detailed information about the sites and time
of collection is given in Supplementary material.
There is also information about one additional site
in Lviv (designated as L0), which was not used for
quantitative analysis of the phenotypic composi-
tion, but where several snails with shell or body
colouration not typical for Western Ukraine were
found. The locations of the collecting sites in Lviv
are shown in Fig. 1, in other settlements of Western
Ukraine in Fig. 2.

We also studied samples from two colonies of C.
hortensis in the Moscow region (Moscow and Vid-
noe), collected from 2014 to 2019 by R.V. Egorov.
The total number of adults was 412, juveniles with
a shell diameter of at least 1 cm — 122. The habitats
of C. hortensis in the Moscow region are described
in more detail in the publications of Egorov [2015,
2018] and shorter in Supplementary material.
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FIG. 1. The locations of the collecting sites in Lviv. Codes and descriptions of sites see Supplementary material.

PUC. 1. Pacnionoxenue mect coopa Bo JIbBoBe. Kombl u onrcanust yuyactkoB cM. B Supplementary material.

In a number of cases, samples collected in dif-
ferent years, as well as at neighboring sites, were
combined. In particular, this made it possible to no-
ticeably reduce the number of analyzed samples from
Lviv. At 7 sites (L1-L3, L7, L9-L11), the aggregates
of samples collected in different time periods were
separately considered: from 1999 to 2004 (indicated
by the letter “a”) and from 2015 to 2018 (“b”). The
long-term dynamics of the phenotypic composition

of C. hortensis at these sites was described in detail in
a previous publication [Gural-Sverlova, Gural, 2018].

For the convenience of further analysis, all the
investigated sites were divided into 4 groups accord-
ing to the territorial principle and indicated by the
corresponding letter codes: L — the administrative
territory of Lviv city; LR — other settlements in Lviv
region; WU — other administrative regions in Western
Ukraine; MR — Moscow Region of Russia. When
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FIG. 2. The locations of the collecting sites in Western Ukraine except Lviv. Codes and descriptions of sites see Supplementary

material.

PUC. 2. Pacnonoxxenue mect coopa Ha 3anajie Ykpauns! BHe JIbBoBa. Kozbl 1 onncanus yqacTkoB cM. B Supplementary material.

analyzing the quantitative distribution of phenotypes
among banded shells, due to the small number of
banded shells in many samples, the second and third
groups were considered together.

A possible relation of the phenotypic composi-
tion of the West Ukrainian colonies of C. hortensis
with vegetation was considered using the example
of the most well-studied Lviv park — Stryisky Park
(L10). To do this, all samples were divided into three

groups collected in the following habitats: 1) open
sites overgrown with nettles, horse sorrel, and other
tall herbage; 2) ornamental shrubs planted in separate
groups or in the form of hedges; 3) forest-like sites,
in most cases with sparse tree and shrub vegetation.
Each group included samples collected in different
parts of the park. The minimum sample size was 89
specimens.

Phenotypes were scored based on the ground
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colour of the shells and banding pattern of their body
whorl according to the standard method [Clarke,
1960]. Spiral dark bands were designated by Arabic
numerals from 1 to 5, counting them from the apex
to the base of the shell. The absence of band(s)
was indicated as “0” in place of the corresponding
numeral(s). The fusion of adjacent bands was indi-
cated with parentheses. The bands were considered
to be fused if they were fully or partially merged for
no less than a quarter of a whorl before the aperture.

In addition to the three shell ground colours (yel-
low, pink, or brown), which are usually considered
in such studies, we additionally distinguished a
group of shells with a white ground colour. This was
due to the fact that white shells are often found in
Western Ukraine, both in unbanded [Gural-Sverlova,
Gural, 2018] and especially in banded snails [ Gural-
Sverlova et al., 2020]. When determining the ground
colour of banded shells, particular attention was paid
to the shell apex (usually more intensely coloured in
non-white shells) and to the unicolour zone around
the umbilicus. In order to more reliable determine
the colour of empty shells or shabby shells of liv-
ing individuals, their surface was moistened with
water. The ground colour of the shells was scored as
A —white, Y — yellow, P — pink (brown shells were
completely absent in the studied samples).

When determining frequencies of different phe-
notypes among banded shells, only adult snails or
their empty shells were taken into account. Addi-
tional samples of juveniles from the Moscow region
were used only for a more accurate calculation of
the frequencies of individuals with different ground
colours, as well as with unbanded and banded shells.

When phenotypes not typical for Western Ukraine
were found (yellow banded, pink shells, etc.), we
additionally examined the territories adjacent to the
site in order to more accurately assess how limited
these forms are in space. The presence of colonies
of another introduced species, Cepaea nemoralis
(Linnaeus, 1758), was also noted, which only rela-
tively recently began to spread intensively across
Lviv along with ornamental plants [Gural-Sverlova
et al., 2020].

In addition to the shell colouration, the presence
of some individuals with a distinct gray body pig-
mentation, also very rare in Western Ukraine, were
noted. This body colouration was considered as
“dark”, in contrast to the usual “light” colouration,
in which the snail’s body usually appears light beige,
almost white. When dark-coloured individuals move,
a narrow light longitudinal band on the body can be
seen from above. In light-coloured snails, this band
does not differ from the colouration of adjacent parts
of the body.

The materials used in this study were partially
deposited in the malacological collection of the
State Museum of Natural History of the National

Academy of Sciences of Ukraine in Lviv [Gural-
Sverlova, Gural, 2020]. This is primarily related to
samples collected in Western Ukraine outside Lviv
city and to all samples from the Moscow region of
Russia. Most of the snails collected in Lviv, after
scoring the phenotypes, were released to the same
site (in 1999-2004) or to another site in the city
(49°50.51°N, 24°03.65’E) that was not included
in the study (in 2015-2018). In the latter case, the
possibility of repeated scoring of some individuals
during the repeated collection of snails for several
consecutive years was excluded. In earlier samples,
this possibility existed, but it decreased significantly
for two reasons. Firstly, about half of adult individu-
als in colonies can be replaced annually by young
snails that have reached maturity [Schnetter, 1950].
Secondly, only a part of adults are picked up for the
samples.

To compare the frequencies of one trait in two
large samples (more than 100 individuals), the
Student’s test was used; for low frequencies (less
than 20%), the significance of the differences was
additionally checked using the arcsine transforma-
tion [Shebanin et al., 2008]. When comparing the
frequencies of one or more traits in a larger number
of samples, the Chi-square test was used.

The article uses the term “colony” to denote
the aggregation of individuals of the same species
(in this case, C. hortensis), found by us in a certain
limited territory, but, in contrast to some definitions
of the term “population”, not necessarily isolated,
completely or at least partially, from other similar
aggregations. We also prefer not to use the term
“population” for recently formed isolated colonies
with a small number of individuals, since it is not
known whether they will be able to become estab-
lished populations in the future, capable of main-
taining their numbers for a long time, which is also
considered one of the population criteria.

Results

In almost all studied Western Ukrainian colonies of
C. hortensis, two shell ground colours were recorded:
yellow (expressed with different intensities, from pale
to intense yellow) and white (on empty or shabby shells
it may look grayish, and sometimes even light beige
due to a darkened periostracum, but always without a
yellow tint). The yellow ground colour was recorded
almost exclusively in unbanded shells, white in almost
all banded and about 7% of all unbanded shells col-
lected in Western Ukraine (Table 1).

Snails with yellow banded shells (Fig. 3 B-D)
have so far been found only in few colonies from
Lviv (first recorded in 2019) and one from Zhovkva
(in 2018). The collecting place for such specimens
was limited to tree and shrub plantings near one (LO,
LR26) or few (L20, L23) buildings or several tens
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of meters of a fence near the former garden centre
(L15). On the adjacent sites, only banded snails with
a white ground colour were observed, for example,
on the site L21 (Table 1) which was no more than
100 m away from L20.

In addition to the sample described in Table 1,
which had a very low frequency of banded shells,
several additional collections of exclusively banded
snails were carried out at the site L15. In total, 41
adult snails with banded shells were collected on a
plot more than 100 m long, among which there were
only three yellow specimens found in the central
part of the site, near the grapes planted at the fence.
Among the immature banded snails at the same site,
not a single yellow one was found.

In 2020, one specimen of C. hortensis with yellow
banded shell was first found in Obroshine, at the edge
of the site LR13. It is possible that its appearance in
Obroshine was associated with ornamental shrubs
planted on the adjoining household plot several
years ago.

In the Moscow region, white shells (banded and
unbanded) were found only in Vidnoe, yellow — in
both colonies (Table 1). Unlike Western Ukraine,
banded shells here most often had a yellow ground
colour, less often white (in Vidnoe) or pink (in
Moscow).

In Western Ukraine, snails with pink shells were
first recorded by us in one small colony in Uzhgorod
in 2015 (Fig. 3E). The specificity of this colony
(WUS) also lies in the fact that so far neither white
nor banded shells have been found there. In Lviv, so
far, only two colonies with unbanded and banded pink
shells have been registered at the above-mentioned
sites L20 and L23, together with yellow banded shells
(Fig. 3C). No snails with pink shells have yet been
found in other settlements in Western Ukraine. On
the contrary, pink shells occur in both known colonies
of C. hortensis in the Moscow Region: only among
the unbanded in Vidnoe, both among the unbanded
and banded in Moscow (Table 1).

About half of the snails collected in Vidnoe and
about 73% of the snails from Western Ukraine had
yellow unbanded shells. In many colonies, the fre-
quency of this phenotype was even higher (Table 1).
Only in a few cases, shells of a different colouration
predominated in Western Ukraine, for example, pink
unbanded in Uzhgorod (WUS). On the contrary, in
Moscow, almost half of the collected snails had yel-
low banded shells (Table 1).

The following phenotypic composition of C.
hortensis colonies can be considered typical of
Western Ukraine: yellow unbanded (predominant),
white unbanded and white banded shells (Fig. 3A).
In some cases, white unbanded shells were not found
(Table 1) due to their complete absence or, possibly,
a very low frequency of occurrence. Despite the
relatively low frequencies of banded shells at most

of the studied sites, colonies monomorphic by the
absence of bands are rare.

With rare exceptions, in the colonies of C. hor-
tensis in Western Ukraine, there is a pronounced
predominance of snails with unbanded shells (Table
1). A high frequency of such shells was observed at
sites with different vegetation (with a predominance
of trees, ornamental shrubs and hedges of them or
herbage, see below) and with varying degrees of
shading of the sites by trees and apartment buildings.
In the Moscow region, a similar trend was noted only
in the mostly open biotope in Vidnoe. In the park of
the Timiryazev Agricultural Academy in Moscow,
about two-thirds of the collected snails had banded
shells with different ground colour.

In the large park of Lviv (L10), the ratio of the
main variants of shell colouration (yellow unbanded,
white unbanded, banded) varied greatly in all types
of habitats (Table 2). A similar pattern was observed
for the relative frequencies of white unbanded shells
calculated from the number of unbanded shells in
the samples, and shells with fused bands calculated
from the number of banded shells (Fig. 4). On aver-
age, the lowest frequencies of unbanded and yellow
unbanded shells were observed in forest-like sites,
although here, too, they exceeded 60% (Table 2).
Snails with white unbanded shells were more com-
mon in shrubs and hedges.

About three fourth of the banded shells collected
in the studied East European colonies of C. hortensis
were represented by phenotype 12345 (Table 3).
Among the shells with fused bands, the phenotype
(12)345 prevailed. In the park biotopes of Lviv,
phenotypes (12)345 and 1(23)45 were almost equally
common. Shells with the absence of one band were
much rarer than with different band fusions. They
were mainly represented by the phenotype 12045.
The phenotypes with the fusion of the lower (4th and
5th) bands were, on average, 3-4 (Western Ukraine)
or 7 (Moscow region) times more rare than those
with upper bands fused (Table 4).

In Moscow, snails with pink unbanded shells
showed a pronounced variability of lip colour —
from the white lip characteristic of C. hortensis or a
small pinkish spot near the columella to the dark lip
resembling that of the related species C. nemoralis
(Fig. 5A). In snails of other phenotypes in the same
colony, the lip was always light, with a maximum
with a small pinkish spot. Similar pinkness on the
parietal wall of the aperture and/or on the lip part
near the columella was occasionally also observed
in Lviv and other Western Ukrainian colonies of C.
hortensis (Fig. 5B). At the site L20 in Lviv, all pink
shells (both unbanded and banded) had a dark lip
(Fig. 5C, D). Most often, it was only slightly lighter
than that of C. nemoralis, less often light pink (Fig.
5C) but along its entire length. In another Lviv colony
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FIG. 3. Variability in shell and body colouration of C. hortensis in Western Ukraine. A. Lviv (L11), a typical set of phenotypes
(Y00000, A00000, A12345) and a light-coloured body. B. Lviv (L20), with a regionally rare phenotype Y12345. C. The
same site, banded shells with three ground colours (pink, white, yellow). D. Lviv (L15), banded shells with yellow (top)
and white (bottom) ground colour. E. Uzhgorod (WUS5), with a regionally rare phenotype PO0000 and well expressed body
colour variability. F. Zhovkva (LR26). Codes of sites see Supplementary material.

PUC. 3. V3meHYHBOCTh OKpacku pakoBuHBI U Tena y C. hortensis Ha 3amane Ykpawsbl. A. JIeBoB (L11), Tunmunbiii Habop
denorumos (Y00000, A00000, A12345) u cBemias okpacka tena. B. JIeBos (L20), mpucyTCTBYeT peaKuil Ui pernoHa
tdenorun Y12345. C. Tot e y4acTok, [0JI0CcaThle PAKOBUHBI ¢ TPpeMsl (JOHOBBIMH LBETaMH (PO30BBIH, OIIBI, KENTHIi).
D. JIsBoB (L15), monocarsie pakOBHHEI C JKEITHIM (BBEpXy) 1 OenbiM (BHH3Y) (oHOBEIM mBeToM. E. Vikropon (WUS),
MPUCYTCTBYET peakuii st perrona ¢enorun PO0000 u xopoiio BeipakeHHasi H3MEeHYMBOCTH okpacku Tena. F. JKosksa

(LR26). Kozer yaacTkoB cM. B Supplementary material.

of C. hortensis with pink shells (L23), they all had
a white lip.

In one small colony in Zhovkva (LR26), part
of the banded shells had not only a yellow ground
colour, very rare in Western Ukraine (see above), but

also thin, weakly pigmented bands (Fig. SE, F). Such
bands had 13 of 20 adult and juvenile (with a shell
diameter of at least 1 cm) banded snails and their
empty shells collected at this site. Another adult snail
with the same shell colouration was found several
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Table 1. The phenotypic composition of the studied samples of Cepaea hortensis.

Tabmn. 1. denernueckas CTpPyKTypa UCCIeI0BaHHBIX BBIOOPOK Cepaea hortensis.

Frequencies, %

Codes Total White Yellow Pink Total un-
unbanded | banded | unbanded | banded | unbanded | banded banded
Western Ukraine — Lviv city
Lla 1565 7.6 17.0 75.4 - - - 83.0
L1b 2808 7.0 16.1 76.9 - - - 83.9
L2a 1843 4.4 20.5 75.1 - - - 79.5
L2b 2010 4.0 19.1 771 - - - 81.0
L3a 2307 2.1 15.5 82.4 - - - 84.5
L3b 1336 2.2 7.3 90.4 - - - 92.6
L4 742 - 81.1 18.9 - — - 18.9
L5 999 0.1 37.4 62.5 - - - 62.6
L6 111 2.7 37.8 59.5 - - - 62.2
L7a 179 3.9 36.3 59.8 - - - 63.7
L7b 102 2.9 3.9 93.1 - - - 96.0
L8 366 4.1 11.2 84.7 - - - 88.8
L9a 408 6.6 7.4 86.0 - - - 92.6
L9b 274 6.6 9.5 83.9 - - - 90.5
L10a 8163 7.2 22.8 70.0 - - - 77.2
L10b 328 10.7 23.8 65.5 - — - 76.2
Llla 1502 6.5 12.1 81.5 - — - 87.9
L1lb 274 12.4 10.9 76.6 - - - 89.0
L12 123 22.0 7.3 70.7 - - - 92.7
L13 69 4.3 17.4 78.3 - - - 82.6
L14 327 2.1 12.5 85.3 - - - 87.5
L15 375 20.3 4.0 75.2 0.5 - - 95.5
L16 170 3.5 29.4 67.1 - - - 70.6
L17 27 11.1 22.2 66.7 - - - 77.8
L18 162 2.5 26.5 71.0 - - - 73.5
L19 102 2.9 20.6 76.5 - — - 79.4
L20 159 8.8 10.7 41.5 18.9 5.7 14.5 56.0
L21 64 14.1 15.6 70.3 - - - 84.4
L22 90 - 45.6 54.4 - - - 54.4
L23 107 - 9.3 65.4 6.5 14.9 3.7 804
L24 39 - 7.7 92.3 - — - 92.3
Total 27131 5.7 20.4 73.6 0.1 0.1 0.1 79.3
Western Ukraine — Lviv region

LR1 97 15.5 12.4 72.2 - - - 87.6
LR2 78 - 16.7 83.3 - — — 83.3
LR3 54 5.6 13.0 81.5 - - - 87.0
LR4 42 38.1 - 61.9 - - - 100
LR5 63 1.6 28.6 69.8 - - - 71.4
LR6 16 - 12.5 87.5 - — - 87.5
*LR7 538 - 72.1 27.9 - - - 27.9
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Frequencies, %
Codes Total White Yellow Pink Total un-
unbanded | banded | unbanded | banded | unbanded | banded banded
LRS 130 - 28.5 71.5 - - — 71.5
LR9 126 - 15.9 84.1 - - - 84.1
*LR10 172 - - 100 - - - 100
LR11 35 - 2.9 97.1 - - - 97.1
LR12 10 - - 100 - - — 100
*LR13 380 0.3 53.2 46.6 - - - 46.8
LR14 78 6.4 19.2 74.4 - - - 80.8
LR15 32 3.1 28.1 68.8 - - - 71.9
LR16 389 7.7 14.4 71.9 - - — 85.6
LR17 13 7.7 + 92.3 - — - 100
LR18 118 1.7 5.1 93.2 - - - 94.9
LR19 62 - - 100 - - - 100
LR20 98 1.0 10.2 88.8 - - - 89.8
LR21 19 5.3 15.8 78.9 - - - 84.2
LR22 36 11.1 2.8 86.1 - - - 97.2
LR23 35 17.1 11.4 71.4 - - - 88.6
LR24 531 0.6 14.7 84.7 - - - 85.3
LR25 13 - 7.7 92.3 - - - 92.3
*LR26 21 + 4.8 52.4 42.9 - - 52.4
LR27 108 - 5.6 94.4 - - - 94.4
*LR28 344 11.3 21.8 66.9 - - - 78.2
Total 3638 3.5 26.5 69.7 0.2 - - 73.2
Western Ukraine — other regions
WUl 86 18.6 8.1 73.3 - - - 91.9
wu2 92 8.7 90.2 - - - 91.3
Wwu3 16 100 - - - - - 100
Wwu4 13 38.5 - 61.5 - - — 100
*WUS 24 - - 45.8 - 54.1 — 100
WUu6 12 - 100 - - - - -
*WU7 24 - 25.0 75.0 - - - 75.0
Total 267 14.2 12.3 68.5 - 4.9 - 87.6
Russia — Moscow region
MR1 259 - - 12.0 49.8 22.0 16.2 34.0
**MR1 351 - - 10.8 47.0 20.5 21.7 31.3
MR2 153 9.2 5.9 49.0 17.6 18.3 - 76.5
**MR2 184 9.3 7.1 48.1 16.4 19.1 - 76.5
Total 412 34 2.2 25.7 37.9 20.6 10.2 49.7
**Total 535 32 2.4 23.5 41.7 20.0 9.1 46.7

Notes: an asterisk denotes samples that included empty shells; two asterisks — samples with adults and juveniles; pluses — co-

louration variats that were observed only in juveniles; in bold and underlined, frequencies in excess of 50%.
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Table 2. The phenotypic composition at sites with different vegetation (Stryisky Park, Lviv).

Tabmn. 2. denernueckas CTPYKTypa BEIOOPOK Ha ydacTKax ¢ pasHoil pacturensHoCTIO (CTphIiicKuil napk, JIbBoB).

. Frequencies, %
Statistical -
parameters \Xgifi bbi?l?iz((il)(: White unbanded Yellow unbanded Total unbanded
Herbage (7 samples)
Min — Max 0.7-39.6 0-7.0 53.4-993 60.4-99.3
Mean 15.1 3.9 81.0 84.9
Standart error 117.2 2.5 143.2 117.2
Shrubs / Hedges (17 samples)
Min — Max 3.1-29.2 0.5-245 56.2-95.0 70.8 —96.9
Mean 15.1 9.6 75.3 84.9
Standart error 17.0 13.9 37.5 17.0
Forest-like (7 samples)
Min — Max 23.2-39.2 0-10.6 59.7-67.4 60.8 — 68.8
Mean 31.3 4.1 64.6 68.7
Standart error 11.1 7.7 7.6 1.1
Differences of mean values for three groups of habitats

Chi-square test 10.74** 3.79 7.14% 10.74**
The same for three variants of shell colouration 13.98%*

(banded, white and yellow unbanded)

Notes: asterisks indicate significant differences for o <0.05 (*) or o <0.01 (**).

hundred meters away from LR26, in a habitat that
was soon completely destroyed by construction.
In other colonies of Zhovkva, quantitative data on
which are given in Table 1 (LR27, LR28), as well
as during route inspections of the city, such shells
were not found.

In addition to the above-described and mainly
inherited traits, in the studied Western Ukrainian
colonies of C. hortensis some rare shell colouration
variants were recorded that were found only in single
individuals and are probably modifications. These
include shells with an unclear third (Fig. 6A), fourth
(Fig. 6B) or first band, which we considered in the
calculations (Table 1) as the phenotype Y00000. Rare
modifications are also cases of an abrupt change in
the phenotype of the forming shell after wintering
(Fig. 6D, E). A little more often in Western Ukraine
occurs additional (split) bands (Fig. 6F, G), described
in more detail in one of the previous publications
[Sverlova, 2003]. One such shell was also found in
the Moscow region (Fig. 6H). Sometimes there are
traces of hyalozonate bands on the unbanded shells
from Western Ukraine, most often the 3rd band. Only
in single cases are all five transparent bands more or
less clearly visible on the shells (Fig. 6C).

Most studied Western Ukrainian colonies of C.
hortensis were characterized not only by the absence
of yellow banded shells (see above), but also by the

presence of snails with only a light-coloured body
(Fig. 3A). On the contrary, body colour variability
was well expressed in Uzhgorod (Fig. 3E), at few
sites in Lviv (Table 5) as well as in the Moscow
region. Single individuals with a dark-coloured
(dark gray) body were found in Zhovkva (Fig. 3F)
and Zubra. Almost always, such snails were found
at sites where rare for Western Ukraine variants of
shell colouration were also recorded (Table 5), often
together with C. nemoralis.

Discussion

The assumption about the common origin of
most of the known Western Ukrainian colonies of C.
hortensis (see Introduction) is with a high probability
confirmed by the peculiarities of their phenotypic
composition. The most indicative in this respect is
not the absence of pink shells, which are more rare
than yellow also in the natural range of the species
[Cameron, 2013, table 2; Schilder, Schilder, 1957,
map 65], as well as not the very high frequencies
of unbanded shells, which theoretically can be the
result of climate selection [Gural-Sverlova, Gural,
2018]. A specific feature of most Western Ukrainian
colonies of C. hortensis is the linked inheritance of
the presence of bands on the shell and the absence of
yellow pigment in it, as a result of which the banded
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Table 3. Composition of the phenotypes among banded shells (regardless of their ground color).

Tabmn. 3. Pacipenenenue GeHOTUIIOB CPeAN TOJIOCATHIX PAKOBHH (HE3aBUCHMO OT MX (JOHOBOTO LIBETA).

Western Ukraine Russia
Lviv _ o . B g
Phenotypes ” L2 § k= E’ E 5 2 5 § g &

£ 22| 8|5 | £ 8|88 & | 2| | =

& Os S a 3 N i< =
12345 1665 2422 403 63 153 70 159 98 28 5061  74.20

With band fusion
(12)345 167 584 10 8 53 9 12 44 2 889  13.03
1(23)45 156 84 1 1 - 1 3 7 4 257 3.77
(123)45 45 113 - 1 - 1 1 10 1 172 2.52
(12)3(45) 46 84 - 1 6 6 4 6 - 153 2.24
123(45) 43 27 - 4 7 1 6 2 - 90 1.32
(123)(45) 25 39 - - 1 1 - - 1 67 0.98
(12345) 24 7 - — 1 - 1 1 - 34 0.50
1(23)(45) 16 3 - - - - - 1 - 20 0.29
1(234)5 15 2 - - 1 - - - - 18 0.26
1(2345) 13 - - - - - - - - 13 0.19
(1234)5 3 1 - - - - — - - 4 0.06
12(34)5 - 2 - - - - - - - 2 0.03
12(345) - - - - - 1 - - - 0.01
One band absent
12045 7 9 9 - 2 1 - 1 - 29 0.42
10345 - 2 2 — 1 - 1 - - 6 0.09
02345 - - - - - - - 1 - 0.01
Combination of band absence and fusion

(12)0(45) - 2 - - - - - - - 2 0.03
(12)045 - 1 - - - - - - - 1 0.01
103(45) - - - — 1 - - - - 1 0.01
Total 2225 3382 425 78 226 91 187 171 36 6821

shells with a yellow ground colour are completely
absent in such colonies.

It is significant that the yellow banded shells ap-
parently are often found in introduced colonies of C.
hortensis from other parts of Eastern Europe. In the
Moscow region, they were present in both investi-
gated colonies, with white banded shells (Vidnoe)
or without them (Moscow). Moreover, shells with a
yellow ground colour in both cases prevailed among
banded shells (Table 1). From the photographs kindly
provided to us by O.Yu.Kruglova (Belarusian State
University), we can conclude that snails with un-
banded and banded shells of both colours occur in
Minsk. Unfortunately, so far we have not been able
to obtain similar information on the ground colour of
the banded shells of C. hortensis in Brest [Sverlova

et al., 2006], located near the Belarusian-Ukrainian
border.

The few local findings in Western Ukraine of C.
hortensis specimens with yellow banded and/or pink
shells are most probably caused by relatively recent
repeated introductions of this species to Ukraine
independent of its introduction and subsequent
unintentional spreading in Lviv region (mainly)
and neighbouring regions in the 20th century. An
additional, although perhaps less reliable feature
indicating such independent and later introductions
may be frequent presence in the same colonies of
snails with a dark-coloured body (Table 5), which
are absent in most Western Ukrainian colonies of
C. hortensis. As shown by the experiments [Cain
et al., 1968; Wolda, 1969], in the related species C.
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FIG. 4. Percentage of shells with different colouration in the samples collected at sites with different vegetation, Stryisky Park, Lviv.

PUC. 4. Jlonst pakoBUH C pa3HOU OKpacKoil B BEIOOpKax, COOpaHHBIX Ha y4acTKaX ¢ pasHOl pacTUTENbHOCTHIO, CTpBIHCKHIA

napx, JIbBos.

nemoralis, the pale (yellowish) body colour is reces-
sive in relation to dark (gray).

Significantly, the colonies where the unusually
coloured individuals of C. hortensis are found in
some cases live together with the relatively young
[Gural-Sverlova et al., 2020] colonies of another
introduced species, C. nemoralis (Table 5), which
suggests their relatively recent joint introduction
along with ornamental plants.

Unfortunately, in publications devoted to shell
colour and banding polymorphism in C. hortensis,
shells with a white ground colour are usually not
distinguished as a separate group, and, obviously,
they are considered together with yellow shells.
Therefore, we are not able to compare our results
with quantitative data from different parts of the

natural range of'this species. However, in the Western
Ukrainian colonies there are no transitional forms
between light yellow and white unbanded shells,
which makes it possible to reliably identify them
in samples [Gural-Sverlova, Gural, 2018], in most
cases even on empty shells or on shells with a very
shabby surface. This is also true for banded shells,
in which the ground colour is usually clearly visible
at the apex and near the umbilicus (Fig. 3D).

Also, we do not have information about the heri-
tability of white shell colour in Cepaea. However, it
is known that the pink ground colour in C. nemoralis
and C. hortensis is dominant in relation to yellow, and
brown is dominant in relation to pink and yellow [Mur-
ray, 1975]. Therefore, we can assume that the presence
of a white shell is a recessive trait. The hereditary na-
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Table 4. Percentages of different fusions among five-banded shells.

Tabmn. 4. YacToTs! pa3nuyHbIX CIUSHUI CPEIH 5-TIOTOCHIX PAKOBUH, Y.

. Western Ukraine Russia
Fusion types . Spemes ?ange . . Moscow
[Schilder, Schilder, 1957] Lviv Other localities Region

Phenotypes with fused bands
(12)345 10.8 13.4%* 9.3 22.4%%*
(123)(45) 2.7 1.1%* 0.2%%* 0.54
(12345) 2.3 0.6%* 0.2%* 0.54
(12)3(45) 2.3 2.3 1.7 2.9
123(45) 2.2 1.3%%* 1.8 1.0
1(23)45 2.1 4.3%* 0.6%* 5.4%%
(123)45 2.0 2.8%* 0.3%%* 5.4%%
Other 0.8 1.0 0.2* 0.5
In total 25.1 26.8* 14.3%* 38.5%*

Pairs of fused bands
Bands 1 and 2 20.3 20.4 11.7*%* 31.7%*
Bands 2 and 3 9.8 9.8 1.4%* 12.2
Bands 3 and 4 2.8 1.2%%* 0.4%%* 0.5%
Bands 4 and 5 9.9 5.9%%* 4.0%* 5.4%
Relative to the 3rd band

Above the 3rd band 22.9 25.5%* 12.4%* 37.6%*
Below the 3rd band 10.3 6.3%* 4. 1%%* 5.4%
Number of 5-banded 67285 5586 990 205

shells

Notes: in the calculations, shells with the absence of one or more bands were not taken into account. Statistically significant
differences from the data from the monograph [Schilder, Schilder, 1957] are indicated as: * 0. <0.05; ** 0. <0.001 (Student’s

t test); “ significant when using arcsine transformation.

ture of this trait in C. hortensis is indirectly confirmed
by the long-term relative stability of the frequencies of
white unbanded shells at the studied sites in Lviv with
rather large variability of these frequencies between
the sites [Gural-Sverlova, Gural, 2018].

Among the banded phenotypes that are relatively
common in at least some parts of the natural range
of C. hortensis [Schilder, Schilder, 1957], 00300
and 10305 were absent in the introduced colonies
of this species studied by us. Over the entire period
of research in Western Ukraine, a single shell with a
fuzzy third band was found (Fig. 6A), most likely a
modification from 00000. Within the natural range
of C. hortensis, the average frequency of phenotype
00300 decreases to the north and east, up to its com-
plete absence [Schilder, Schilder, 1957, map 61],
which is also confirmed by later studies [Cameron,
2013, table 7]. In the eastern part of the natural
range, the phenotype 10305 also disappears [Schil-
der. Schilder, 1957, map 62]. If the absence of both
mentioned phenotypes in the studied colonies is not a
random result of the founder effect, it may indirectly
indicate that the snails were introduced, most likely,
from a relatively close part of the natural range of C.
hortensis. Since the primary introduction of C. hor-

tensis into Western Ukraine apparently occurred in
the second half of the 20th century, the transfer of
molluscs from some country of the former socialist
camp is also the most probable in this case.

In general, the absence of some bands on banded
shells is rarely found in the studied East European
introduced colonies of C. hortensis (Table 3). More-
over, they are most often represented by the pheno-
type 12045, the inheritance of which in Cepaea was
questioned by many researchers [Diver, 1939; Lang,
1906; Wolda, 1969]. Since the 3rd band appears first
on the shells of juvenile snails [Andreassen, 1978],
it is possible that its phenotypic manifestation may
depend more strongly on the adverse influence of
the environment.

Both the presence and even predominance of the
phenotypes Y00300 and PO0300 were described for
two introduced colonies of C. hortensis in Minsk,
Belarus [Kruglova, Kolesnik, 2017], the data about
which are shown in Table 6. However, a year earlier,
the same authors published data on the phenotypic
composition of introduced colonies of C. nemoralis
[Kolesnik, Kruglova, 2016], living at the same sites
and having not only the same set but also similar
frequencies of the predominant phenotypes (Table 6).
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FIG. 5. Not typical colouration of the shell lip and bands in some specimens of C. hortensis in the studied samples. A. Moscow
(MR1), lip colouration variability in the phenotype PO0000. B. Dubliany (LR24), a pinkish tint on the parietal wall of the
aperture and on the lip near the columella. C. Lviv (L20). Dark lip in pink unbanded shells. D. The same in pink banded
shells. E. Zhovkva (LR26), weakly pigmented bands. F. The same site, weakly and normally pigmented bands. Codes of
sites see Supplementary material.

PUC. 5. Herunmynas okpacka ryObl U MOJIOC Ha PAKOBHHE Yy HEKOTOPBIX ocobeit C. hortensis B MCCIIEIOBaHHBIX BHIOOPKAX.
A. Mocksa (MR1), nusmenunBoctb okpacku ryosr y ¢enoruna P00000. B. y6nsusr (LR24), po3oBatblii OTTEHOK Ha
MapHeTaIbHON CTEHKE YCThsSl M Ha ydacTke TyOsI Bosie cronouka. C. JIeos (L20). TemHas ry6a y po30BBIX OECIOIOCHIX
paxoBuH. D. To ke 1151 po30oBbIX Mosocareix pakoBuH. E. XKosksa (LR26), cnabo nurmentuposanHslie mojockl. F. Tot ke
Y4acToK, ¢J1a00 ¥ HOPMaJIbHO IIMTMEHTHPOBaHHEIE 1o10ckl. Kozpl yuacTkoB cM. B Supplementary material.

Since snails were not determined by malacologists,
it is possible that instead of C. hortensis, the authors
dealt with immature C. nemoralis or with a mixture
of both species. The latest version is supported by a
sharp increase in the frequencies of the phenotypes
Y00000 and Y12345 common for C. hortensis, re-
corded near the metro station “Grushevka” in 2017.

The other two colonies of C. hortensis from Minsk
and its environs (Table 6), were represented only
by the most common for C. hortensis phenotypes:
Y00000, Y12345 and Y(12)345 . However, separa-
tion of the shell ground colour into yellow and white,
in this case was not carried out (O.Yu.Kruglova,
personal communication).
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Table 5. Occurrence of rare variants of shell and body colouration in the studied Western Ukrainian colonies of Cepaea hortensis.

Tabn. 5. BerpeyaeMoCTh PeAKHX BapHAHTOB OKPACKM PAKOBHMHBI M TeIa B MCCIEIOBAHHBIX 3aMagHOYKPAWHCKUX KOJTOHUSIX

Cepaea hortensis.

Shell Shell lipe Body Presence
Locality, code of Cepaea
’ ellow .

o pink dark dark (gray) | nemoralis
Lviv, LO + — - + +
Lviv, L15 + — - - +
Lviv, L20 + + + + +

Lviv, L23 + + - +

Zubra, LR18 - — - + +
Zhovkva, LR26 + — - + -
Uzhgorod, WU5 - + - + -

A specific feature that allows one to significantly
reduce the number of territories that could become
a potential source of introduction of C. hortensis
into Moscow as well as to the site L20 in Lviv is the
presence of a dark lip in some pink unbanded shells
in the first case (Fig. 5A) and in all pink shells in the
second case (Fig. 5C, D). The spatial distribution
of this locally occurring trait in Europe is detailed
in the monograph [Schilder, Schilder, 1957, p. 163,
185, 187, map 66]. Not taking into account the
weak pinkness, which is sometimes observed on
the parietal wall of the aperture and on the lip frag-
ment near the columella, as in the natural area of C.
hortensis [Schilder, Schilder, 1957, p. 163], and in
introduced Western Ukrainian colonies of this spe-
cies (Fig. 5B), German researchers identified three
types of expression of this trait, confined to different
regions. In the first case, as in Moscow, a dark lip is
found only in the phenotype P00000. In the second
case, as in Lviy, it is found only in pink (banded
and unbanded) shells, in the third it can also appear
on yellow shells. According to their geographical
distribution [Schilder, Schilder, 1957, map 66],
the first type was called Thuringian, the second
Danish-Norwegian, and the third French-English.
But it should be borne in mind that the mentioned
researchers called pink (or rather, red) both pink
and brown shells in Cepaea.

According to later, but more geographically
limited data [Ozgo, 2010], in different regions of
Europe, a dark lip can locally occur in shells of
different colours. So, in north-western Poland, it
was noted in shells of brown (mainly) and pink (in
a single sample) colour. Judging by the photograph
in the article, the lip, pinkish over its entire length,
was found there in both unbanded and banded shells
(similar to the “Danish-Norwegian type” by Schider,
Schider [1957]). In Germany, between Midlich and
Halberstadt, a dark lip was found predominantly in

pink and brown shells (without specifying of their
banding phenotypes), and occasionally also in yellow
shells. In Wiltshire, UK, there was a linked inheri-
tance of the dark lip and pink shell, which was only
occasionally disturbed by the presence of a dark lip
in the yellow shells [Ozgo, 2010]. Unfortunately, in
this case, it is also not known whether the pink shells
with the dark lip were banded or unbanded. Earlier it
was suggested that the colony of C. hortensis in the
park of the Timiryazev Agricultural Academy could
be formed by snails accidentally introduced from
East Germany already in the second half of the 20th
century [Egorov, 2018].

Compared with the data from different parts of the
species range (but mainly from Germany), general-
ized in the monograph [Schilder, Schilder, 1957],
phenotypes with fusions of the lower bands were
less common in the colonies studied by us (Table 4).
The frequencies of the fusion of the 1st and 2nd, 2nd
and 3rd bands were the same in Lviv, decreased in
other habitats in Western Ukraine, increased in the
Moscow region.

Earlier, we found that the ratio of the frequencies
of the most common phenotypes with fused bands
and, especially, that of the frequencies of the fusion
of different pairs of bands, demonstrates temporal
stability in Lviv colonies of C. hortensis and, at
the same time, may vary between colonies [Gural-
Sverlova, Gural, 2018; Sverlova et al., 2006]. The
latter was considered as the possible beginnings of
the genetic and phenotypic differentiation within the
city [Gural-Sverlova, Gural, 2018].

Well-marked differences can also be observed
between different areas (Table 4) and between dif-
ferent settlements in the same region (Table 3). For
instance, in Gorodok, where at one of the studied
sites a high frequency of banded shells was noted,
which is not typical for Western Ukraine (LR7, see
Table 1), almost all of these shells were represented
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FIG. 6. Rare colouration variants, which are obviously modifications. A. Lviv (L14), a fuzzy third band on a genetically unbanded
shell. B. Lviv (L10), the same for the fourth band. C. Lviv (L1), hyalozonate bands. D, E. Lviv (L1 and L3), abrupt change
in the phenotype of the forming shell after wintering. F, G. Lviv (L10), additional (split) band. H. Vidnoe (MR2), similar
to F. Codes of sites see Supplementary material.

PUC. 6. Peaxue BapuaHTbl OKPACKH, O4EBHIHO, sBJsIoInecs Mopuiukanusamu. A. JIbos (L14), HeueTkas TpeTbs 1mojoca Ha
reHeTHyecku Oecronocoii pakosuHe. B. JIbBoB (L10), To xe camoe aist getBeptoii monockl. C. JIbBoB (L 1), ruano3zoHatHble
nonocsl. D, E. JIeBoB (L1 n L3). Pe3koe nusmenenue penorumna crposeiicst pakoBuHsl nocie 3uMoBku. K, G. JIssos (L10),
JoToTHUTeNbHas (pacuieruiennas ) nonoca. H. Bugnoe (MR2), ananoruano F. Kogpl yuactkoB cM. B Supplementary material..

by phenotype 12354, and rare shells with fused bands
were represented almost exclusively by phenotype
(12)345 (Table 3). In Obroshyne, the phenotypes
with the fusion of the 2nd and 3rd bands were very
rare. And the phenotype 1(23)45, quite common in
Lviv and, especially, in city parks (Table 3), has not
yet been registered there.

The average frequency of unbanded shells in
the Western Ukrainian colonies of C. hortensis
exceeds that in any part of the natural range of this
species [Cameron, 2013, table 6]. This is especially
noticeable when compared with the average values
indicated for a similar diapason of geographical
latitude (most of the studied sites in Western Ukraine
are located between 48 and 50°N): 68% in the west,
41% in the centre and 40% in the east.

Earlier it was suggested that such a high propor-
tion of unbanded shells in Western Ukraine, usually

observed even in the habitats most shaded by trees
(Table 2; Fig. 4) and/or multi-storey buildings, may
be the result of the influence of a more continental
climate in this region [Sverlova et al., 2006]. This can
be confirmed by a statistically significant decrease
in the frequencies of banded shells at several sites in
Lviv, found by comparing data from 1999-2004 and
2015-2017 [Gural-Sverlova, Gural, 2018]. Simulta-
neously, an increase in the average daily temperature,
daily temperature fluctuations, the number of days
with a maximum temperature of +30°C or more,
and also a decrease in the amount of precipitation in
the summer were observed in the city due to global
warming [Gural-Sverlova, Gural, 2018, Table 3],
with the result that the climate has become even
more continental.

In the immediate future, similar studies of the
long-term dynamics of the phenotypic composition
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Table 6. The phenotypic composition of the introduced colonies of Cepaea in the Minsk region, Belarus.
Tabn. 6. deHeTnveckas CTpyKTypa HHTPOAYLHPOBAHHBIX KoJoHNH Cepaea B MuHCKoi obnactu, benapycs.
Samol Frequencies, %
Years a;izg © Yellow* Pink Total
Yo | vi [ v3 | vys|[ po | PL | P3 [ P5 unbanded
Minsk, Uruchye microdistrict, near a military town
**C. hortensis [Kruglova, Kolesnik, 2017]
2015 100 20.0 44.0 2.0 15.0 4.0 13.0 2.0 - 24.0
The same site, C. nemoralis [Kolesnik, Kruglova, 2016]
? ? 28.2 46.7 ? ? ? ? ? ? ?
Minsk, near the metro station “Grushevka”
**C. hortensis [Kruglova, Kolesnik, 2017]
2014 151 - 43.0 - 6.6 - 50.3 - - -
2015 91 33 33.0 1.1 6.6 1.1 52.7 - 2.2 44
2017 78 422 7.7 - 35.8 - 10.2 - 3.8 422
The same site, C. nemoralis [Kolesnik, Kruglova, 2016
? ? ? 21.9 ? ? ? 64.5 ? ? ?
Minsk region, agricultural town of Priluki
C. hortensis [Kruglova, Kolesnik, 2017]
2015 193 50.8 - - 49.2 - - - - 50.8
Minsk, Alibegov street
C. hortensis (personal communication of O.Yu.Kruglova)
2019 108 95.4 — — 4.6 — — — — 95.4

Notes: * may also include the shells with a white ground colour; ** the data may concern immature C. nemoralis or a mixture of
both species; PO—P00000; P1 —P00300; P3 —P00345 and other pink three-banded; P5 — P12345 and other pink five-banded,
Y1-Y5 — similarly for yellow shells; ? — cannot be calculated from published data.

would be desirable to carry out also in the Moscow
region, even more distant from the natural range of
C. hortensis, as well as with an even more continen-
tal climate. No less interesting is the fact that about
40% of snails in Moscow and almost 20% in Vidnoe
have pink shells (Table 1), a feature that is extremely
rare in Western Ukraine. Further study will help to
determine whether the frequencies of this trait will
remain relatively stable or decrease in favor of a
lighter ground colour (yellow).

In Western Ukraine, special attention will be paid
to sites where the frequencies of banded shells were
recorded, which are atypically high for this region,
as well as to colonies that could have formed here
as aresult of relatively recent repeat introductions of
C. hortensis from other countries and independent of
the primary introduction of this species that occurred
in the 20th century. First of all, the presence of yel-
low banded shells absent in the descendants of the
primary introduction can be used for the detection
of these colonies.
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