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Abstract. The distribution of the local populations of Cepaea hortensis (Miiller), C. nemoralis (Linnaeus), and C.
vindobonensis (Férussac) in Bohemia and frequency of colour and shell banding morphs were recorded in 1987 - 1994.
The species differ in their habitat preferences and geographic distribution. While C. hortensis occurs at both urban and
country localities over the whole Bohemia, C. nemoralis is limited to urban localities of northern, central and eastern
Bohemia and C. vindobonensis lives at steppe localities along the Labe river and its major tributaries, and in the Central
Bohemian Karst. The frequency of pink morph in local populations of both species varied between 0 and 100 percent
and was higher in C. nemoralis than C. hortensis populations. In both species the distribution of populations with high
frequency of yellow or pink morphs is mosaic, and the same mosaic pattern has distribution of 00000 and 12345
morphs. High frequency of shell banding morphs 00300 and 00345 in C. nemoralis is limited to small areas. In both
species there was no relationship between the above sea level altitude of the locality and percentage of pink or melanic
individuals in local populations. C. vindobonensis populations of Bohemia show little variation.

INTRODUCTION

The presence of three Cepaea species, C. hortensis (Miiller), C. nemoralis (Linnaeus), and C.
vindobonensis (Férussac) in Bohemia was established since the beginnings of a scientific interest
in malacology.The results of earlier works were summarized by LoZek (1956) who reviewes
several papers concerning the Cepaea species (e.g. Slavik 1865, Petrbok 1943, Sobotka 1945).
Later on, distribution and variation in Cepaea species were not studied in detail except the work
of Schilder & Schilder (1957) which marginally concerns the territory of Bohemia. Some results
were published from surrounding areas of Central and Southern Europe (Jones 1973b, Rafinski
1981).

Earlier studies revealed the differences in geographic distribution of Bohemian Cepaea spe-
cies. While C. hortensis populations were found at the whole territory other species were limited
to some areas. C. nemoralis was found only in the north of the country and in several towns of
western and central Bohemia (Karlovy Vary, Litoméfice, Novy BydZov), and C. vindobonensis
was limited to lowland surroundings of the river Labe and its major tributaries, and the karst areas
of central Bohemia. The authors also mentioned typical differences in species requirements for
habitat quality. Although the occurrence of colour and shell banding morphs was well docu-
mented, a systematic study of their frequencies in local populations was not undertook. Honék
(1995) studied local distibution and shell colour and banding polymorphism of C. nemoralis.
This work revised earlier results and presented some speculations on the causes of local differ-
ences in distribution patterns of C. nemoralis and C. hortensis.
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The aim of this paper is to present a summary of distribution and variation of C. hortensis and
publish the data on morph frequencies in local populations of C. hortensis and C. nemoralis.
These data could provide a basis for the study of temporal changes in geographic distribution and
polymorphism which may take an important part in determining the patterns of local morph
variation (cf. Currey et al. 1968, Wall et al. 1980). Habitat preferences of the species are also
discussed.

MATERIAL AND METHODS

Cepaea nemoralis and C. hortensis were collected systematically at the whole territory of Bohemia, in 1987-1994.
Northern Bohemia was investigated with a particular intensity due to simultaneous occurrence of both species. On
many localities brief visits enabled only investigating the most convenient habitats - roadsides, shrubs, urban ruderal
areas and cemeteries (the latter were particularly convenient for all Cepaea species). The above sea level altitude of the
localities was read from 1:50,000 maps. The geographic position of the localities (Appendices I and II) is indicated with
respect to a reference grid used for faunistic mapping of the country (Novdk 1989) which is identical with the one used
for floristic research in Central Europe (Slavik 1971). The surface of the country is divided into rectangles. Their west-
east dimension is 10’ geographic longitude and north-south dimension is 6’ geographic latitude (approximatelly 11 x
12 km). The rectangles are designated in the west-east (longitudinal) direction by serial numbers beginning with 38
(easterly of 12°00” E), and in the north-south (latitudinal) direction by serial numbers beginning with 49 (southerly of
51°06’ N). Each rectangle is indicated by an apposition of its longitudinal and latitudinal serial number.

The colour and shell banding forms were scored in adult living animals and well preserved dead shells. The locali-
ties where >10 C. nemoralis or >20 C. hortensis individuals were collected were considered for statistic evaluation. The
difference was made due to importance of C. nemoralis data from marginal populations. These data are included in the
Appendices 1 and 2. The colour of the shells was classified as “yellow” or “pink”. In several populations the colour of
some individuals was so pale that distinguishing of yellow and pink forms was difficult. In this case individuals with a
trace of the pink colouration (usually near the top of the shell) were classified as “pink”, the rest was classified as
“yellow”. The shell banding morphs were classified according to generally accepted conventions. The bands are desig-
nated as 1 to 5 beginning from the dorsal side, and a fusion of bands was indicated by bracketts. As the number of fused
bands could increase with animal age the number of fusions was counted at 1/4 whorl from the shell outlet. The
duplicated bands (rare) were censed as single ones. “Hyalozonate” individuals whose bands were replaced by pale
blanks (frequent in some C. hortensis populations) and individuals whose bands were diffuse (lacking the sharp edges)
were censed as corresponding banded morphs. In total, 417 populations of C. hortensis at 343 geographic localities,
220 populations of C. nemoralis at 136 localities, and 35 populations of C. vindobinensis were sampled.

RESULTS
1. Habitats

In Bohemia, all Cepaea species live at urban sites as well as at country habitats little affected
by human activity. The populations were most often encountered at (1) urban habitats - street
margins, parks etc., (2) cemeteries and (3) country habitats - grassy stands, shrubs, hedgerows,
roadsides and other structures created by human activity.

Typical preferences of the Cepaea species differ largely. The main differences were (1) ten-
dency to colonize urban or country habitats, (2) the type of vegetation cover, and (3) the altitude
of the locality (Fig. 1).

C. hortensis is most tolerant in its requirements for habitat quality. The species lives at habitats
grown by broad leaved and grassy herbs, as well as in the understory of shrubs. It was encoun-
tered at both urban (61 % of cases) and country (39 %) localities (cemeteries were not included).
The species was distributed evenly from lowland (160 m a.s.l.) to submontane (740 m a.s.l.)
areas.

C. nemoralis inhabits mostly localities grown by broad-leaved weedy stands and understory of
shrubs. It occurs scarcely at places grown by grassy vegetation. Most localities were within urban
areas and only a small fraction (1 %) were the roadsides in the near surroundings of the towns.

64




Tab1 Graf 1

45
40
M c. hortensis

3B
é 30 } [ c. nemoralis
»
9 25 B c. vindobonensis
e
©
11}
o
-

150 200 250 300 350 400 450 500 550 600 650 700 750
Altitude (m a.s.l.)

g 3

. C. hortensis

(44
(=]

D C. nemoralis

o
o

Localities (%)
8

- N
o o

o

0 10 20 30 40 50 60 70 80 90 100
Percent pink

Fig. 1. Above: Altitudinal distribution of Bohemian localities of the Cepaea species. Below: Frequency of C. hortensis
and C. nemoralis populations according to the percentage of the pink form.

The populations were found over a wide altitudinal range (140 - 580 m a.s.1.), mostly below 450
m a.s.l.

C. vindobonensis lives at grassy steppe localities and at ruderal areas grown by mixed
dycotyledonous and grass stands. Most localities were in the country (93 %). The species was
found at lowland localities between 170 and 400 m a.s.l.

2. Geographic distribution

The three Cepaea species in Bohemia differ in their patterns of geographic distribution.
Populations of C. hortensis were found, with notable exceptions, over the whole territory (Fig. 2).
They were absent in montane areas bordering Bohemian frontiers - Novohradské hory, Sumava,
Cesky les, LuZické hory, Jizerské hory, Krkonose, Broumovské stény and Orlické hory Moun-
tains. The populations were apparently absent (or very scarce) also at some areas of 400 - 700 m
a.s.l. altitude. This concerns the northwest of the country - DZban, Ceské Stfedohoii and Labské
piskovce Hills, and Sldansk4 tabule and Podkru$nohorskd panev Plains. An area where C. hortensis
populations were also not found is the Brdy Mountains, the north of Plzefiskd pahorkatina Hills,
and Tepelské vrchy, Doupovské vrchy and Slavkovsky les Mountains. C. hortensis populations
are also less frequent in the areas where this species is replaced (at some localities) by C.
vindobonensis and C. nemoralis.
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C. nemoralis populatins (Fig. 2) were found in northern Bohemia. The areas where they occu-
pied the majority of the convenient urban sites were (a) the north of the country (bordered by
Labské piskovce, Ceska sttedohofi, Polomené hory, Ralsko-bezdézska tabule, Cesky raj, and
Jizerské hory Mountains), and the towns of (b) Litoméfice and (c) Novy BydZov with their near
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Fig. 2. Geographic distribution of (A) C. nemoralis, (B) C. vindobonensis, and (C) C. hortensis populations.

surroundings. In between these areas, C. nemoralis populations occurred at some urban localities
but other ones were populated by C. hortensis. More southerly only few isolated populations were
found, in Tachov (western Bohemia), Tuchlovice, Unho$t’ and Zasmuky (central Bohemia) and

Chotusice, Havlicktiv Brod and Dolni Krupa (eastern Bohemia). The latter localities should be
added to the list published by Honék (1995).
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C. vindobonensis was distributed at lowland localities of central Bohemia, along the Labe river
and its major tributaries, Jizera, Vltava and Ohfe, and in the StfedoCesky kras karst area of central
Bohemia. Several occasionally recorded localities are shown in Fig. 2.

Fig. 3. Geographic distribution of C. nemoralis populations with high proportions of colour and shell banding
forms. The large points represent populations with (A) >80% of pink individuals, (B) >90 % of 12345 individuals, (C)
>30 % of 00000 individuals, (D) >50 % of 00300 individuals, and (E) >5 % of 00345 individuals. The small points
represent other localities where >10 individuals of C. nemoralis were collected.
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3. Frequency of shell colour and banding forms in local populations

Bohemian populations of C. vindobonensis are practically monomorphic. The only variation
is a reduction of the bands 1 and 2, and occurrence of hyalozonate individuals (Lozek 1956).
Only few individuals showing this type of variation were found. The variation of C. nemoralis
and C. hortensis is discussed below.

3.1 Shell colour

Both C. hortensis and C. nemoralis have either a yellow or a pink shell colour. The populations
with an increased percentage of the pink form were more frequent in C. nemoralis than C. hortensis
(Fig. 1). In C. nemoralis there was no trend to local aggregation of populations with a high
frequency of the pink morph (Fig. 3). In fact, the range of variation in the frequency of pink form
was similar in 53 populations collected on a small area of the towns of Litoméfice and Novy
Bydzov (ca 20 km?), and the 125 populations from the rest of the country. C. hortensis populations
with a high frequency of pink form were also scattered over the whole country (Fig. 4) and
interspersed with populations containing small percentage of pink individuals.

3.2 Shell banding

Populations of C. hortensis consisted of bandless 00000 or five banded 12345 individuals. In
local populations the morphs were present in proportions ranging from 0 to 100 %. Populations
consisting of >90 % unbanded individuals were aggregated in the eastern part of the country (Fig.
4) while populations consisting only of 12345 individuals were found more frequently in the
west (Fig. 4). However, these populatios were interspersed with populations containing interme-
diate proportions of both forms. Many C. hortensis populations contained banded individuals
with two or more confluent bands. The distribution of populations with a high frequency of
findividuals with fused bands was mosaic.

Populations of C. nemoralis contained shell banding morphs 00000, 00300, 00345, and 12345
whose distribution was discussed in detail by Honé€k (1995). The populations with a high per-
centage of morphs 00000 and 12345 (Fig. 3) were scattered over the whole area of species’
geographic distribution while the ones with a high frequency of 00345 and 00300 morphs were
aggregated (Fig. 3). The distribution of the latter morphs may be considered as an example of
area effects. The populations with high proportions of individuals with band fusions were scat-
tered evenly over the whole territory.

4. Morph frequency and the altitude of the locality

We investigated the relationship between the above sea level altitude of the locality (which is
a correlate of climatic conditions) and proportion of morphs which might have a thermoregulatory
function. There was no correlatiom between the altitude of the locality and the percentage of pink
individuals), or the percentage of pooled melanic (123)(45) and (12345) morphs in the respective
populations.

DISCUSSION

In Western Europe, the intraspecific variation of shell colour and banding patterns in Cepaea
species was studied by many authors, since the late 19th century. The materials were sampled at
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Fig. 4. Geographic distribution of C. hortensis populations with high proportions of colour and shell banding morphs.
The large points represent populations with (A) >20% of pink individuals, (B) >90 % of 00000 individuals, and (C)
100% of 12345 individuals. The small points represent other localities where >20 individuals of C. hortensis were
collected.
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a wast number of localities, particularly in Britain, Spain, France and Germany. The local varia-
tion in morph frequency was related to climatic and microclimatic factors (Jones & Irving 1975,
Ramos 1984, 1985, Ratel et al. 1989, Khemici et al. 1989), visual selection by avian predators
(Cain & Sheppard 1954, Cain 1968) and historical events including founder effects (e.g. Lamotte
et al. 1988) which modify the action of selective forces. Despite the large body of accumulated
knowledge the problem resisted the conclusive solution (Jones 1973a, Jones et al. 1977, Cain
1983, Lamotte 1988). Comparative studies of morph frequencies in local populations continue in
contributing relevant information for the study of Cepaea polymorphism. This study presents
results from Bohemia, a territory rather isolated by surrounding mountains and spatially sepa-
rated from Western Europe, with continental climatic conditions.

There exist several analogies as well as important differences between Bohemian and West-
European populations of C. nemoralis and C. hortensis:

(1) The geographic area of C. nemoralis distribution is smaller than the one of C. hortensis (cf.
Lozek 1956, Jones & Clarke 1969, Ramos 1985). In the centre of the overlap of geographic areas
of both species, the oceanic area of Western Europe, both species occupy similar urban and
country habitats and frequently occur in mixed populations (Schilder & Schilder 1953, Mazon et
al. 1989). Habitat preferences of both species in Bohemia are different. C. nemoralis occupies
urban sites. C. hortensis lives in the country habitats as well as at urban sites. The latter are
occupied by C. hortensis in absence of C. nemoralis. Otherwise C. nemoralis replaces C. hortensis
at urban sites almost completely and both species rarely occur in mixed populations (Honék
1995). Similar differentiation of habitat preferences was observed also in Poland (Rafinski 1981).
Our results indicate also different altitudinal preferences. C. hortensis occupied many localities
at altitudes of >300 m a.s.l. where C. nemoralis populations were less frequent. However, this
“tolerance” to highland conditions could be a consequence of the limited geographic distribution
of C. nemoralis. C. hortensis inhabits highland areas of Ceskomoravska vrchovina and submontane
areas of western and southern Bohemia where C. nemoralis is absent. Climatic differences be-
tween lowland and highland areas are small, not likely to limit the presence of C. nemoralis
although this species is probably less tolerant to harsh conditions than C. hortensis (cf. Jones &
Clarke 1969).

(2) Cepaea hortensis and C. nemoralis differ in overall proportion of shell colour morphs. The
average proportions are in accordance with continental trends. In C. nemoralis the average fre-
quency of pink morph is in between the Mediterranean populations with a high frequency of
yellow morph and Atlantic populations with increased frequency of pink form (Lamotte 1988).
The overall proportions in Bohemian populations may be affected by continental climate with
average temperatures lower than in the Mediterranean region and scarce rainfalls. Local effects
of climatic selection (Jones & Irving 1975, Ramos 1984, Lamotte et al.1988, Khemici et al.
1989) could not be detected. The average frequency of pink form in C. hortensis populations is
lower than in C. nemoralis. This situation is similar to Western Europe, France (Guerrucci 1974),
Britain (Cain at al. 1969) and Germany (Schilder & Schilder 1953).

(3) Differences were found also in occurrence of shell banding morphs. Common morphs of
C. nemoralis present in Western Europe, 00000, 00300, 00345, and12345 were found also in
Bohemia. By contrast, only two morphs of C. hortensis, 00000 and 12345, occur in Bohemia, in
contrast to French populations where also 00300, 10305, and 00345 morphs were found (Guerrucci
1974). Similar constraints on variation, however, were found in British (Cain et al. 1969) and
German (Schilder & Schilder 1953) populations of C. hortensis.

(4) Patterns of varriation between local populations of Cepaea in Bohemia and Western Eu-
rope are similar in that frequencies of shell colour and banding morphs vary largely between
populations separated by a small distance or even across a population continuum (Wolda 1969).
As a result, the distribution of populations with different frequencies of particular morphs is
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usually mosaic. Area effects, occurrence of a high proportion of a morph in several populations
aggregated in an ecologically heterogeneous area, were established in West European populations
of C. nemoralis (Cain & Currey 1963). It was suggested that their existence is associated with
unstable habitats and their origin favoured by “historical” events (founder effect) rather than by
the selection process (Cameron et al. 1984, Cameron & Dillon 1984). The existence of area
effects in Bohemian populations of C. nemoralis is an interesting exception. The localities with a
high frequency of 00300 and 00045 morph are aggregated on a rather large area. I suppose that
the area effects are a consequence of the founder effect during the recent expansion of this spe-
cies in northern Bohemia (Honék 1995). In contrast to C. nemoralis, no trace of area effects was
found in C. hortensis whose populations are long established in this area.

In this work only a marginal interest was paid to C. vindobonensis. It is a pontic species which
inhabits south-eastern and eastern-central Europe. Czech Republic is near the north-west edge of
its geographic distribution (LoZek 1956). The absence of variation in many Bohemian populations
contrasts with southern populations where hyalozonate individuals may be rather frequent (Jones
1973a, 1974). The difference is probably due to lower intensity of thermal stress in Bohemian
populations.

Compared with earlier results (LoZek 1956), our data confirmed the statements on habitat
preferences of the Cepaea species, and indicated the spreading of the area of geographic distribu-
tion of C. nemoralis (Honék 1995). Curious is the present absence of this species at the territory
of Prague (Jufickova 1994). This is a cross-road of traffic and offers many sites convenient for C.
nemoralis.
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Appendix 1: Cepaea hortensis
FREQUENCY OF COLOUR AND SHELL BANDING MORPHS
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5453 |Dubd 131] 25 3 3 132_{ 6 1] 1 8l 1
5453 | Berstejn 1 3] 7] 1 11 2[ 1] a5 1 1| 48
5453 | Vrchovany 29 1 E{ o
5453 [Chium 32| 7 1 12 3] 19 2 86| [
5453 | Doksy 26| 1 27 o 27|
5455 | KiaSter Hradi&ts 6 16 1 2 25| 3 3| 28
5457 |R ko pod T 3 23 6 2 2 1 73] 5 5
5463 |B 86 7 1 94| 0|
5555 Y 6 2 2 10[ 13| 1 1 15[ 2§
5557 | Soboth 12 1] 3 ] 1] 1] 24 0] 24
5558 [Jigin 1] 10] 1] 3| 2 1| 4 3] 2 27 o 27
5558 |Jigin 67] 39 1] 21 6 1] 4] 1] 3] 1] 144] 3 3| 147
5558 |Jigin 2] 2 2 24] 1 1] 25'
5558 | Jigin 28] 11 1 3 2[ 1 46| 43 43
5550 [Nova Paka 39 14 4 3 1] 2] 4 1 4 3 75 o] 75
5550 | Lazné Bélohrad 4| 77| 8 10/ 6] 2[ § 4 22| 5/ 8 187 o] 187]
5550 |Lazné 20| 21| 3] § 4 1 8 6 1 69[ o| es|
5550 |Miletin 13[ 51 1] 1 2 2] 80| o 0|
5560 | Miletin 1| 15[ 2] 4 2] 4 1 29| o 29|
5560 | Dvir Kralové 17| 64 3 4 1] 89 0 a‘gl
5560 |Dvar Kralové 6| 15| 21 0 21
5561 | Chvalkovk 3 37 2 42 0] 42
5643 | Hroznétin 3 31 0 31
5644 | Perntejn 7] 15 2 o 22
|5655 | O 16 S| 5| 2[ 1] 4 5| 3 5 50| 11 1| 61
|5657 [ Kopid 1| 2] 3] 4 1 1 9 7 38| o 38
5658 | Nemy® [ 4 p7) 0 2
5658 | Vysoké Vesell 1] 4 1 42| 15| s[ 2 1 23] 65
5658 | Chomutk 15 2] 2 G 2| 9 2 39| o] 39|
5658 | Chomuti 3| 13 2[ s 1 1 1| 7 1 34 o 34|
5650 | Vojice 9 29 7[ 34 )14 1 3 7 4 109| o] 10|
5659 | Ostromér 91 4| 2 1] 4] 2 149| 0| 149|
5659 | Ostromér 20 1] 21| of 21
|5661 [Jasenna 23] 2 1 2 4 1 33| o 33]
|5740 [Luby u Chebu 10 7 7| 3 3 20|
|5740 [Novy Kostel 13| 6 1 20( o 20
|5740 [Kop 51 2 2 1 56 0| 56
|5742 | Chodov 40 1 4 o 41
5742 | BaZicany 50 2 52 o] 52
5742 | Dépottov 23 2 ol EI
5743 | Karlovy Vary 3 30 33 0) 33|
5743 | Karlovy Vary 9| 49 1 1 1 1| 1] 2 3| 64
|5743 | Karlovy Vary 100 100| 15 15| 115
|5743 [Kariovy Vary 2l 23 25| 1 1| 26|
|5743 | Karlovy Vary 18] 20 38| 3 2 5| 43
|5745 |Mastov 10 1 1 1 13[ 16 16[ 29|
5757 |Méstec Kralové 21 8 2 2 33 of 33]
5757 |Méstec Kralové 10 12 2[ 3 3 2 32 o 32|
5758 | Chroustov 2| 12| 9 2 1] 14 10| 5 55 of ss|
5758 | Novy BydZov 71 5[ 2 1 6 314 o] 2]
5758 |Novy Byd2ov M 2 1 2 1 40| 14| 4 1] 2 21| 61
5759 |Nechanice 2] 8 1 1| 2 34 13 1] 1] 1 2[ 1] 4 2| 25 sol
|5759 | Nechanice 2 2 24| 13 13 37
5760 | StéZery 112 5[ 2 119) o] 119
I??&‘Hndlcxrﬂovt 28] 6| 18 3 1] 4 1 8 79) of 79
5760 |Hradec Kralové 46| 23 1] 2 2 74 of 74|
lsno Hradec Krélové s 5 64 0 sgl
|5761 |Cemilov 37 1 3 7 8 7 63 o] 63
5761 |Cemnilov 138 1 139 o] 139|
5848 32 1 1 34| 5 5| 39|
5848 | Luznd u Rakovni} 5[ 2 27 of 27|
5849 |Nové Strasec! s 7 1| 43| o 4
(5849 [ Stochov 19 3 1 23] of 2|
5851 | Cidovice 39 39| o 39|
5852 | Praha 88 88 [
5853 | Radonik 17 17| 16 16 3@{
5854 | Celdkovice 27 27 of 27
|5858 | Chiumec nad Cidlinou 21 1 1] 4 27, o 27|
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5858 | Chlumec nad Cidlinou 13| 6 3 1 | 1 24 | 0]
5859 |Chyst 15| 5§ 2] 1 12 71 2] 34 5 5
5859 [R B&IA 3| 337 2 5 3 5 85 0
Easo ES ] a7 0
5863 nad Orlic 20 6 2| 8] 3] 4 5 48 21
5940 [Cheb 7] 44 2 1 54 0|
5940 | Stary + 24 1 25 0|
5945 | Viadof 7] s1] 5[ 1 4 2 2 72 0|
5946 |Zihle 2| 37 1 60 0|
5946 | 2dar 10 10 22 22
5946 23] 1 24 0|
5948 |Ki 1] 38 1 1 41 0|
5951 |Praha - Ruzyné _ 49| 28 77| 14 14
5951 | Praha - Ruzyn& 8] 254 1 263 2 2
5951 | Praha - Reporyje 1 16| 5 5 27 0
5052 | Praha - Radlice 2| 34 2 1 3 42 0
5955 | Cesky Brod 13 11 1] 3 28] 4 4
5960 | Pardubice 18] 9 3 30 0|
5960 | Pardubi 133 8 141[115 119
5061 43 20 63| 11 35
5961 | Dasice Q[ 51 2[ 1 97| 8 14
5961 | Holice 100 100 0|
|5961 [Homi Rovert 1] 17 1] 1 1] 1 22| 4 6 28
5963 | Sudslava 12 11 23 q{ 23
5963 ys nad Orfici 13] 34 1 1 1 50 1 5| 55
5964 | Ceské Libchavy 7| 3 1 2] 3 52 3| 55
5064 | Pisetnd 15| 5[ 1 21 o 21
6050 | Srbsko 6 25 31 5 5| 36
6051 | Trebotov 6 3] 2 1 12[ 12 12 24)
6051 | Trebotov s| 10| 1 1] 1 18] 11 1 29|
6051 |Mofina 16 6 22| 25 25| 47
6053 |Uhfinéves 100 100 o] 100|
6056 | Zasmuky 61 1 62 o] 62
6056 | Doln! Chwatliny 1| 2 5 6 3 3 20 o] 20|
6057 idy 42 10 3 1 1 1 58 o] 58|
6057 |Malin 26| 6 1 1 2 36 o] 36|
6058 | Svaty Mikulas 17] 1 18[ 14 14
6058 | Zehusi 42 38 8 88 0
6060 [+ méstec 97| 6 1] 2 106 5 5
6060 |Markovice 13 15 28| 0
6062 | Uhersko nul 11| 1 2 1 26| 2 4
6062 | OpoZno s 12] 1 6 1 1 26| 1
6062 | Stradouft 12 33 1 46| 0
6062 | Vraclav 21| 4 2 1 2 30 1 1
6062 | Vysoké Myto 51] 5 2 s8] 2 2| 60
6063 | Vysoké Myto 302 22] 2 5 3 3 337 4 4] 341
6064 | Doinf Li Y 3 1 34 9 43
6064 | Ustl nad Oric( 6 79 85| o] 8s|
6142 | Dolnl Jadru2 23 1 24| 9 9| 33
6142 | Pland 2l 11 13[ 11 1] 24
6142 | Plana 44 1] 1] 3[ 1] 1 3| 54| 18 18] 72
6142 [Otin 38 25 3 1 2 69 o] 69
6143 | Cemodin 49 1 50 o] so|
6154 1| 4 5| 34 34 39
6154 | Kacova Lhota 1 1 1 23 o 23]
6155 |Rataje nad Sazavou 10[ 3 2| 3 3 32
6155 | Podveky 3 21 4 12 9| 10[ 1] 96 o 96
6157 | Cervené 3] 2 2 2| 3 12| 9 o] 21
6157 | Petrovice 42 23] 1| 1 1] 1 3 72 o 72
6157 2 i 21| 4 2[ 1 5| 1 321 67 o] 67
6158 Y P IE) 1 6 3| 2 IS
6158 | Potéhy 92 4 1 1] 5[ 13 11 127 o] 127|
6158 |ZbySov 41 2 1 1 45 0
6159 |Ronov nad Doub 14 7 21| 5 5
6159 |Sed ss5| 2 57 0
6160 | Vapenny Podol 6 22 28 0
6161 | Skute& 58] 66 1 1 1 1 128] 2 4
6163 | Doini Ujezd 10/ 30 40 0
6163 |Litomy8! 16] 35 5 3 59| 2 6|
6164 |N& 8 19 27 0|
6241 |Tachov 1] 30 31 0|
6241 | Tachov 5|15 20 o] 20
6241 | Tachov 371 72 109 o] 109]
6242 |Muténin 36 36 o 36
6243 | Kladruby s| 15 20| o 20
6244 |Sulislav B 3 4 12 8 8| 20
6244 | Blatnice 42 2 44 | o 44
6244 | Jeznd 2] 1 33| 8| 8 4
6245 | Pizef\ - Kfimice s 27 1 33 o 33
6245 | Pizef - Vejpmice 8 7 1 80 o] 80|
6253 |MarSovk 13 40 53 o] 53
6254 |B 26| 12| 2 2 42 0 411]
6254 | Postup 4] 30| 1 7 3 85 o] 85
6255 | Dividov 3] o 1] 5 3 1 1] 1] 1] 1 26| o 26|
6256 | Pertoti 13 14] 4] 1 3 1] 6] 13 4 so| 1 1 eql
6260 | Chotébol 32 4 2 | 75| o 75
6261 |Chium 49 1 1 1 51| o] 1)




6261 |Hiinsko 105 4 1 1 1] o] 111_|
6261 |Holetin 66| 66| o e8]
6343 | Staré Sedio 14| 15 130 [
6345 | Uherce 89| 13 6 2 18 7 135' 0| 135
6346 |Nebliovy 21 21| o 21
6347 i 1 27 28 o 28
6351 [Krdsna Hora 27 2 29| 2 2| 31
6351 |Kamyk nad Vitavou 4 14 1] 9 2 12| 26
6354 A 6 55 1 1| 93| 0|
6355 | Viasim - kostel 25| 20 1 3 49| 19 4 2] 51 1 1] 33| 82
(6355 | Loufovi 52 5 57 o s7
6355 | 61 11 1 1 74 o 74
6355 | NaZerad 7| 23 30 o 30
6357 | Lede¢ nad S& 31 2 1 34 of 34
6358 | Svéti4 nad 3 66 1 1 71 13 13 84
6350 | Havii&kiv Brod a_{ 61 2 109 4 1 5 114
6359 | Pohled 16 7 1 24| o 24
6359 | Doinl Krupd 5 35 o] 35|
6361 | VojnOv Méstec 80| 30 1 1 OL"H
6443 ji 37| 6 1 g’r 48[ o 48
6444 | Buk 3 23 1 1 28 2 2| 30
6444 | Puclice 40 B [] 53| o] 53
6445 | Merkin 44 44 of 44/
6445 | Luzany 3 1 1|22 7 1 62 o 62
6445 | LuZany 15[ 1] S| 1 2 of 22
6460 | Phibysiav 49 8 57| 29 29 86
6461 |2d4r nad S& 126 12 138 o| 138
6547 |Nep 62 62 o] 62
6547 | Neurazy 19 8 1 28 1 3 58| 86|
6554 [Chynov 6 21| 1 28 1 1| 29|
6555 | Obrataf 34 34| 56 2 s8] 92|
6555 | Kred 26| B84 1 111 o] 111]
6556 | Pacov 26| 8| 32 4 4
6556 |\ 63 30 93| o 83
6556 |Nové Cerekev 30 30| 0| 30
6643 | Stary Kiicov 12 5 1 18] 6 6| 24
6645 | StraZov 24/ 2 1 27
6646 | Planice 121 1 122
6647 |Maly Bor 79 1 80|
6648 | Hora2d« 1] 100 101 1
6648 |1 i 74 1 75 4
6648 | Stfeiské Hostice 17|61 1 1 80| 9| 4
6653 | MalSice 29 1 30|
6654 |Hom| Cerekev 78] 1 1 2 82,
6747 |Rabl 6 15 21
6749 | Katovice 13 4 17 61] 7
6749 | Str 81 5 1 3 90| 12
6750 | Kestfany 14] 14 28
6751 |RaZice 14 14 7
6753 | Zai! 2| 18 40| 12| 4
6754 | Skalice 8| 17| 1 1 27| 2
6754 |S 3] 16 2 21
6757 | Zirovnice 2 5 271 1
6757 | Popelin 67 67
6757 | Polatiy 35 35
6846 [+ 1] 57 1 1 1 61 23
6847 | Kadperské Hory 14 2[ 2[ 1 1] 1 1 2| 24
6848 | Vacov 28] 29 57
6853 | Doinl 2] 29 31| 21
6854 | Vesell nad Luznicl 5 7 2 1
6854 | Drahov 6 10 6| 13| 18,
6855  Retice 5| 26| 11 2
6952 [Hosin 12| 1 1 1 4 9 4
6955 | Stra2 nad Ne2arkou 2] 34 3 Kl ] |40

TOTAL 4469] 6130| 228] 267| 147] 88| 136| 26| 93| 249| 28| 203| 24| 12088] 877| 246/ 11




Appendix 2: Cepaea nemoralis
FREQUENCY OF COLOUR AND SHELL BANDING MORPHS B
YELLOW PINK
@ @
g1 3% 97 8 i g o g338%s g, ¥
- HHE EEEEEEENEEREEEEEEEEEEEENER
Ll -1 ) - e ——— - - - - o - S sl S [ = O
4951 12 1 1 25 7 2 S 1 15| 40
4952 s 1 s 2 1 2 1| 70| 2| 25 1 2 3 2 37107
4952 5 1 17 4 8] 23
4955 10| 40| 1 15| 8| 1] 1] 1] 15 2 84| 04
4956 [ 3 3 1 2 16| 17
5052 1 | 1 33 3 2] 1 1 2 73| 109)
505 ] KN 20 4 1] 2 2 2 1 33 34
505, 5 a1 1 29 15 8 5 7] 1] 11 39| 68
505 o 1 3 2 3 1 10] 14
5052 2 1] 1 8| 1 5 49 5 | 13 3 1 31 8 1 33 82
5052 7] 2 10 6 1 82 1 38 8 1] 1 3 4 [ s7| 139
5052 2 S| | 2/ 3 2 72 4 4 3 2| 2| 8] 1] | 54 126
5052 1 2 1 118 1 18 1 10 4 1 38] 51
| 5052 0 2 4 2 53 31| 15 4 7] 2 se[ 112
5053 11 2] 6| 5| 4 54 1 1] 2 4| 58
5056 3 21 2 8 5 4 3 1] 2 25| 48
5056 1 o 4 4 1 4 3 18] 20
5056 1 2 6 18] 37] o 4| 1] 23] 3 1] 13 | 21 5 117|135
5056 5 9 1 2 23 5§ 6 s 9 48 90
5056 1 3 1 22| 8 12 6 31 7 11 39| 61
5056 3 6| 21| 10 1 4 s 5 48| 52
5056 7 5 1 B 7 10 4 1] 2 4 3 31| 64
5056 1 1 2 6 2] 3 11 3 7 27 6 50| 56
5057 e 4 1 2 2| 2 64| 52/ 57 6 4 8 6 8 3 144] 208
7] 7 2 67 31 DB 11 3 1 58| 123
8 S 1 1| e8] 1 8 1 4 s 2 T 2 1 36| 102
3 4 2 1 23] 1 3 1 1 3 4 13| 36
10 o 1 3[1] 3 41| 28] s & DEED 4 58| 99|
7] 3 16 1] 1 [ 4 2| 2 10[ 26|
3 9 5§ 2 2| B4 15| 71 1 9 4/ 3| 21| 1 61 125
1 4 1 40 7 11 2 2 13| 53
[ 1 21| 23 8 2 1 1 1 38| 57
i 2 11 2 2 A 22 1 7 1 1 3 1 1 47| 78
4 2] 2 2] 1 28| 34 2 1 1 1 38| es
2 1 3 4 1 31 1 11 1 2 1 7| 38
2 6 7] 1 s7| 17| 4 1 1 1 25| 82
0 58] 2 1 61| 61
9 1 10[ 14 5 1 1 21| 3
26 1] 1] 4] 1 1 34| 18! o] 1] 1 2 25| 63
71 2 11| 43 3 1 47| =8
18 2 2 23 o 2] 1 1 13] 38
14 14 ' 1
9 1 2 12 "
16 6 2 ] 14] 4 so| 8 7] 1 1 3
5 3 DG 4 3
28] 14 2 4| a5 19 8 2 2
12 7 7 27| 65 13] 7 6 16
65 1 1 67 24 1
1 1 2 18 4 2 5 4
7l 1 1 9 3
8| 7 1 1 27| 2 6| 16 2 85
6 6 3 1 19| 44 4 11 1
2 2| 3 8| 10 i 3 s 2
1 1 12 4 2 1 2
2 8 2 1 14| 2 1 6 4 5
2 2 4 4 2 1 2] 3 1 7
6 1 1 1 9 3 1 3
B 2 711 2 3 2
2 2 1 1 7 % 1
1 1 8 2 7 15| 1] 28] 1 62| 63
3 [ [ 1 4|16 10| 4] 1 45# 1 1 38| 42
5353 15| 2 2 ] I S S ) 1 15| 4 1 5| 2 i 64| 121
5353 24 1 2| s 2 DS 34 0] 3 o] 7] 1] 11| 3 78] 113
5353 6 1 1 2 10[ 14 8 1 31 27 37
5354 10 2 8 1 12 7] DR 1 4 1 1] 42| 154
5355 45 13 1 102| 13 1 14| 118
5355 4 6 21 18 1 17| 38
5356 3 3 1 28] 15 19 5 s 3 s 7
5356 0 15| 34 1 43 71 101] 101
5356 3 25 | 1 2 6 U 37
5357 3 2 5 1 19 1 2 1 21 T 3 10] 29
5357 B0 6 2| 8 2 68 1 1| e9)
5357 9 1 1] es] 13 6 2 4 25| 84
5357 2 1| 10| 18 ST 1 1] 23] 33
5357] 1 4 17 4 1 3 1 26 30
5359 2 2 1 | 1] 1| o 11
54501 2 T 65| 1| o5 96| 161
5450 8 s 2 4 75 79 i1 a 5 12 83| 168
5450 s 3 3| ee| 35| a1 s| o 1] 1, 1 2| 8s| 174
5450 6 13 12 o[11] 12| 124 7] 1] 8 7] 3] 2 4 4| o] 5| 48| 172
5450 7] 3 1 1 1| 48] 2] se 2| 1] 8 4] B 1 79| 125
5450 1] 3 19 17] 8 s4| 52| s6 1 12] 12 1 16 1] 1| 2| 164] 258
5450 Li 6 3 2 6 35| 6] 34 7] 3 1 9 2[ 1 63| 98
5450 14 4 1 a 13 35| 1 11, 6 4 2 72| 108]
5450 3 s 1 2| 62| 112] 6| 3 121] 183
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