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Abstract. Cepaea nemoralis, a species widely distributed in western Europe and north and south of the
territory of the Czech Republic. Here it was first observed in 1890s and since then it has been recorded
many times, perhaps not only because of the greater surveying intensity but also due to spreading of the
species distribution. The number of the known localities was increased nearly twice only since 1989. The
main direction of spread of the area of C. nemoralis “continuous™ distribution is from the north-west to
south-east. The number of isolated localities in the rest of the territory was also increased. The spread may
be supported by human activities.

m Gastropoda, Helicidae, Cepaea nemoralis, distribution, spreading, Czech Republic

INTRODUCTION

Cepaea nemoralis (LINNAEUS, 1758) is a helicine species with Atlantic and Central Euro-
pean distribution (e.g. Lozek 1956). The species is widespread west of 14° E. North of
51° N the species area is spread far east, to Poland, Lithuania and south Sweden, and
south of 48° N it extends to Hungary, Serbia, and western Ukraine. The preference for
particular habitats changes as one moves from west to east. In western Europe many po-
pulations live at grassy or forest habitats while in the East the species is nearly exclu-
sively restricted to urbane areas (Kerney et al. 1983).

Unlike west European populations whose existence may be traced for thousands of
years ago (Currey et Cain 1968), populations at the territory of the Czech Republic are
probably of recent origin. The species was not mentioned in the first review of Czech
molluscs (Slavik 1868). Later on, the occurrence of C. nemoralis was reported by Uli¢ny
(1892-95), who found it at several localities. Several authors since then have published
records of C. nemoralis (e.g. Hlavac 1940; Petrbok 1940, 1954). All the known data were
reviewed by Flasar (1989); he listed 84 localities where C. nemoralis has been found
since late 1800s. Honek (1995a, b) studied the geographic variation of the shell colour
and band polymorphism in western Czech Republic (Bohemia) but did not provide a syn-
thetic review of C. nemoralis distribution.

In this paper we summarize the published data and several new records of C. nemoralis
distribution in the Czech Republic. From this material we attempt at investigating the di-
rection and rate of spread of this species, which might have occured during 1900s.
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MATERIAL AND METHODS

Data. In this work we record the occurrence of C. nemoralis known up to 2003. The da-
ta were retrieved from the published sources, the review compiled by Flasar (1989), and
the later published studies (Honék 1995a, b). Furthermore, the unpublished findings
made by several authors are also included. The localities of C. nemoralis were either in-
vented by a systematic (Honék 1995a, b) or a random search (others). The systematic sur-
vey was limited predominantly to the western part of the Czech Republic (Bohemia). It
consisted of visiting urban sites convenient for C. nemoralis life (cemeteries, surround-
ings of railway stations, old gardens, ruins). The data for the Czech Republic include
those summarised by Flasar (1989), more recent published data (Honék 1995a, b; Ko-
vanda in Jufickova 1995; Kolouch 1997; Dvorak 1998, 1999; Flasar 1998; Jufickova
1998; Hlavac et al. 2002; Dvoték et al. 2003) and unpublished data collected by the au-
thors and several collaborating persons (Appendix 1).

Mapping. The geographic distribution of localities was plotted onto a standard refe-
rence grid of the Czech Republic. In order to investigate geographic increases in the dis-
tribution (=spreading) of C. nemoralis, the territory of the Czech Republic was divided
into northern (>50° N), central (49-50° N) and southern (<49° N) zones. Each zone was
divided into 1° N X 1° E rectangles, then grid quadrants were laid onto these rectangles.
The number of quadrants at least partly situated within the Czech territory was counted
for each rectangle. The number of quadrants containing at least one locality of C.
nemoralis was determined for three periods, before 1950, between 1950-1989, and
1989-2003.

Testing the species spread. The probability of finding C. nemoralis was calculated for
each rectangle as (number of quadrats with C. nemoralis)/(total number of quadrants in
the rectangle). The average probability for each zone was derived from the arithmetic
mean of the probabilities of rectangles belonging to this zone. The differences between
the zones were tested, separately for each time period, by one-way analysis of variance
(ANOVA) with probability of finding C. nemoralis in particular rectangles as replicates
and zones as factors.

RESULTS

Present distribution

The present distribution in the Czech Republic is patchy. The presence of C. nemoralis
was recorded in 107 squares. The species distribution over the Czech territory is uneven
(Fig. 1). The area of “continuous” distribution extends in the north-west of the country.
The boundary of this area could be traced rather precisely (Honék 1995a, b). Approxi-
mately it extends between 13°50" E and 15°20' E, north of 50°24' N; between 15°20' E
and 16°00' E this area extends south to 50°00" N. Beyond the edge of the area of “con-
tinuous” distribution the species was found at localities over the whole territory of the
Czech Republic. Clusters of several localities were found in central Bohemia
(50°00'-50°12"' N, 13°40'-14°30" E), and southern (48°42'-49°10' N, 16°40'-17°00" E),
central (49°36'-49°54' N, 17°50'-18°10" E) and eastern Moravia (49°36'-49°54' N,
17°50'-18°30' E).

The species distribution is patchy because most C. nemoralis populations live close to
the anthropogenous biotopes. Only rarely they occupy sites away from interior of human
settlements, particularly railroads, roadsides, isolated cemeteries (Honék 1995a, b) or
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Fig. 1. Distribution of Cepaea nemoralis in the Czech Republic. Explanations: empty circle — distribution
known in 1950, half circle — extended distribution up to 1989, full circle — extended distribution up to
2003.

banks of ponds (Dvorak 1998). A small living population was observed in the cellars of
the castle of Skalnd, in 1996-1999 (Dvotédk 1999). This population became extinct after
the reconstruction of the castle, and no specimen was found on February 4, 2003 (L.
Dvoték, unpubl.). On the territory of the Czech Republic, C. nemoralis lives at low alti-
tudes, mostly below 500 m a.s.l. The highest locality was Pavliv Studenec, at 730 m a.s.l.

Spreading of species distribution in the past

The area where species was found increased since its first report by Uli¢ny (1892-95),
who established the presence in 5 quadrants of the mapping grid system. Until 1950 the
species was known from several quadrants (Fig. 1). Between 1950 and 1989, several new
localities were added. Flasar (1989) reported the species presence from dozens new quad-
rants, including the new data and earlier established localities verified after 1950. We
added three unpublished quadrants established in early 1970’s (see Appendix 1) into da-
ta belonging to the period before 1989 (Fig. 1). According to Hon€k (1995b) and other
collectors, occurrence of C. nemoralis was established in many new quadrants after 1989.
Currently the species is thus known from more than 100 quadrants (Fig. 1).

The direction and rate of C. nemoralis spread could be seen from the distribution in dif-
ferent periods. Since before 1950, the species remained most abundant in the northern
part of Bohemia (zone >50° N). But even here, the probability of finding a quadrant con-
taining C. nemoralis locality increased nearly four times (Table 1). The probability of
finding C. nemoralis in the central and southern zones of the country also increases, al-
though in 2003 it remained 3.5—4.8 times smaller than in the north. The increase was
greatest in central zone (49°-50° N) where the probability of finding C. nemoralis had
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Table 1. Change in proportion of the geographic grid squares (+ SE) where C. nemoralis was established
before 1950, between 1950-1989, and after 1989 until 2003. The territory of the Czech Republic is divid-
ed into three latitudinal zones each of which includes N of 1° N x 1° E geographic degree rectangles (com-
pletely or in part).

Latitude N Before 1950 1989 2003
>50° N 6 0.066 + 0.023 0.109 + 0.042 0.248 + 0.090

49-50° N 7 0.005 + 0.005 0.011 +0.009 0.070 +£0.019
<49° N 5 0.022 + 0.022 0.041 +0.032 0.052 + 0.043

Total 18 0.030 £ 0.011 0.052 £ 0.019 0.124 +0.038

increased 14.0 times since 1950. In contrast, in the southern zone (<49° N), the proba-
bility increased only 2.4 times. This is an indirect indication of the gradual spread of
C.nemoralis distribution from north to south, first to the central then to the southern parts
of the country. This spread of populations gradually smoothed the geographic differences
in C. nemoralis distribution between the zones, which were substantial before 1989 but
became no longer statistically significant in 2003 (Table 2).

Table 2. Significance of differences in proportion of the geographic grid squares occupied by C. nemoralis
between the latitudinal zones dividing the Czech Republic.

Effect Error
df MS df MS F p
1950 2 0.286 15 0.059 4.88 0.023
1989 2 0.379 15 0.103 3.69 0.050
2003 2 0.642 15 0.203 3.16 0.071

DISCUSSION AND CONCLUSIONS

The fact of spreading C. nemoralis area

We demonstrated an increasing number of localities occupied by C. nemoralis since its
first finding at the territory of the Czech Republic, in 1890s (Uli¢ny 1892-95). This trend
was indicated by earlier data (Hon€k 1995a), but in the last years the species area appar-
ently spreads more rapidly than before. Does this spread only reflect an increasing
amount malacological faunistic investigation or the area of C. nemoralis distribution re-
ally increases? With regard to a number of distinguished malacologists that investigated
the territory of the Czech Republic before 1950 (see Lozek 1956 for review) it seems very
improbable that the limited distribution established by earlier authors is an artefact caused
by systematic overlooking of the species presence. Several authors intensively studied the
area of central Bohemia (see comments in LoZek 1956) but did not mention the species
presence, although its occurrence is very conspicuous. This indicates that the increasing
number of localities where C. nemoralis was found could be attributed to an increase of
the area of species distribution. C. nemoralis is apparently in the course of spreading, and
the area of its distribution in the Czech Republic is expanding.

Human activity may be an important factor in the species dispersal. Hon€k (1995a) sus-
pected two means of C. nemoralis spread: railway transport and marketing of potted
plants. This conjecture was based on a standard association between C. nemoralis popu-
lations and railway stations and cemeteries where potted plants were exposed.

In western Europe, C. nemoralis do not spread because of its origin area of distribution
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and its occurrence on natural biotopes. The situation in the surrounding countries in cen-
tral Europe is similar to the Czech Republic. The species probably spreads in southeast
or east direction in Hungary (Domokos 1996, Nacsa 2003) and in Poland (M. Ozgo —
pers. comm.), but no locality has been established in Slovakia.

Direction of spreading

In the Czech Republic the distribution in northern Bohemia apparently continues C.
nemoralis distribution in eastern Germany and southwest Poland. The populations of
northern Moravia are probably contiguous with those found in Upper Silesia. The ab-
sence of geographic arriers and frequent communication between people on both sides of
the boundary may favour initial spread of the species into the territory of the Czech
Republic.

Between 1950 and 2003 the species area spreaded from northwest to southeast. Any
other directions of spreading and origin of isolated populations in the south and east of
the Czech Republic are difficult to trace. The connection with populations of Western
Europe is difficult. Along the western and southwestern boundary of the Czech Republic
indigenous populations are separated from the populations of Germany and Austria by
mountain ranges (Ore Mts., Cesky Les Mts., and the Bohemian Forest). Of course, some
populations might cross these barriers (e.g. those established along the Eger river or those
found near Tachov). Some localities in south Bohemia and Moravia could be contagious
with those of Upper Austria. However, we suppose that most of the dispersed populations
originated by random drift between indigenous populations assisted by human activities.
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APPENDIX

C. nemoralis distribution — unpublished data

5254: Straz pod Ralskem, alder woodland near ~ 5352: BliZevedly, introvillan, August 7, 2004,

the pond, May 17, 1995, L. Dvorak. P. Kment.

5256: Janov nad Nisou, affluent of the Luzickd ~ 5738: LuZni Potok creek by Pstviny, village ru-
Nisa River, 2001, L. Jufickova; Liberec, ins, August 5, 2003, L. Jufickova.
Stefanikovo namésti square, April 13,  5848: LiSany, Prazska Street, roadside, July 7,
2003, L. Dvorak; Liberec, Truhlarska 2002, A. Honék.

Street, April 14, 2003, L. Dvorak. 5852: Boranovice, a descent, summer 2002, B.

5257: Janov nad Nisou, intravillan, 2001, L. Urbéankova.

Jufic¢kova. 5853: Podolanka, by the patch between the

5354: Mimon, by the wall near the park, May fields, October 21, 2000, M. Hrabakova.
16, 1995, L. Dvorak. Praha 10-Horni Pocernice, garden,

5450: Zalhostice, railroad 200 m NW the rail- 2003, J. Straka.
road station, October 10, 1999, P. Smar-  5949: Ploskov, grounds of an estate, September
da (det. M. Horsak). 22,2003, L. Dvorak et P. Tuckové; Luby,

5638: Rtizové Udoli by Hranice, alder wood- ruins easterly of a village, September 22,
land with willow in the creek alluvial in 2003, L. Dvorak et P. Tuckova.
the village, August 5, 2003, L. 5951: Praha-Ruzyné, Stochovskd street, road-
Jurickova. side, June 4, 1999, A. Honék.
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5952:

5957:

5958:

6052:

6054:

6056:

6070:

Praha, Budéjovicka underground station
— SKY club Brumlovka env., March 24,
2001, V. Vrabec, May 7, 2003, L.
Dvorak; Praha 11-Jizni Mésto 11, build-
ing ground of the SIP, September 7,
2001, V. Vavra (det. J. Hlavac); Praha
11-Jizni Mésto I, Kvétnového Vitézstvi
Street 1554, school garden, October 10,
2002, V. Vavra (det. J. Hlavac).

Kolin, garden of the house opposite the
private grammar school, 1996, V.
Vrabec.

Chvaletice, garden of the house Nr. 231,
1996 and 1997, A. Rafajova.
Praha-Lahovicky, garden in grounds of
Autobenex company, N of inflow of
Berounka River to Vltava River, Febru-
ary 7, 2004, J. Hlavac.

Vyzlovka, garden alpinum, June 23,
1996, A. Honék; motorway D1, 17 km
from Prague, grassy dike, July 22, 2003,
L. Jufickova.

Zasmuky, intravillan, February 2, 1992,
V. Vrabec.

Bruntal, garden in Zluty Kopec street,
behind the tunnel, 1998, P. Tuckova.

6173-74: Pustd Polom, May 1998, L. Gembal,

6240:

6246:

coll. Silesian Museum Opava.

Pavliv Studenec, remnants of the an-
cient village, July 5, 1999. A. Hon¢k.
Plzen-Bory, Bettinger street, ruins,
1998, M. Mergl.

6368:

6369:

6370:

6376:

6468:

6469:

7066:

7167:

7266:

7267:

Stien, intravillan near the house Nr. 78,
March 25, 2003, M. Manas.
Olomouc-Cernovir, nearby the allotted
gardens, March 8, 2003, M. Maiias.
Hlubocky, side ditch in a valley of Trna-
va stream, autumn 1992, M. Manas.
Frydek-Mistek, bushes in S part of
Mistek in the 1. méje street, July 10,
2003, L. Dvorak.

Slatinice, cemetery entrance, April 26,
2001, A. Honék.

Olomouc, Heyrovského street fore the
garages, November 5, 1994, M. Manas;
Olomouc-Nové Sady, housing estate,
April 26, 1999, M. Matias; Olomouc-
Slavonin, allotted gardens, July 25,
2002, M. Malcova.

Hustopece, behind the bus station near-
by the hospital, June 2003, M. Straka
(det. M. Horsak).

Podivin, side ditch, August 14, 1975, O.
Ditrich; Ladn4, railroad nearby the sta-
tion, July 2, 1973, O. Ditrich.

Lednice, castle park, May 15, 1971, Ju-
ly 9, 1972, July 2, 1973, August 14,
1975, O. Ditrich.

Bfeclav, the Thaya River alluvium,
September 3, 1973, O. Ditrich; Pos-
tornd, the Thaya River alluvium, April 8,
1974, O. Ditrich.
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