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I. INTRODUCTION

Owing to the large number of species included in this sub-family there
are differences regarding some taxones as to their place in the system.
During the description of new species the anatomical differences were
not always taken into consideration even though they often faciliate
determination which may be difficult because of the great similarity
between the shells. Neither was the considerable variability and plas-
ticity of shells always correctly assessed which lead to the deseription
of ill justified species. This shortcoming could have been eliminated
only partially so that the question of validity of many systematic units
remains open. On the territory of CSSR these problems are related to
the species of the Candidula genus even though in this case anatomical
differences in the genital apparatus were taken into consideration.

Most species are found in full territorial expansion which may be
directly observed, e. g. in the populating of artificially created biotopes.
As the distribution of Helicellinae was described in our literature only
individually I have made an attempt to make a survey of their accurate
distribution in CSSR.

I also tried to make an assessment of the variability of shells and of
the genital apparatus which have also received little attention.

Some members of this sub-family show a remarkable relation to sites
affected by man and often to farm cultures. Expansion through farm

*) Ph.D. Thesis, Faculty of Science, Prague, 1976
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crops or means of communication can be demonstrated on species of
the Helicellinae sub-family. Therefore 1 determined soil conditions.

All these problems require detailed research; especially the biology -
of these species is presented in literature only marginally. Snails of this
sub-family have the advantage that they are more available for these
purposes than most others. Helicellinae therefore may serve as a model
group through which it would be possible to penetrate deeper into the
biology of terrestrial molluscs.

At this point I would like to thank doc. RNDr. Miroslav Kunst, CSc., for reading
through the work and for his valuable comments regarding form and contents,
RNDr. Vojen LoZek, DrSc., for the topic, for reading the work and for his comments
and help with compiling the list of sites of Helicopsis striata. 1 wish to thank also
all those who gave me their lists of the sites of different species from their personal
collections (V. LoZek, Jar. Brabenec, I. Hruby, M. Lisicky, S. Ma&cha, ]. Ponec, B.
Zvarit). Last but not least I must thank Ing. J. Slabecius and Mrs. Z Slabecius for
their help in processing the material and completation of supplements.

II. SURVEY OF LITERATURE

Species of the Helicellinae sub-family were fodowed in taxonomical literature already
since MULLER’S times (1774). It is important to name at least ROSSMASSLER 1835—
1877), PFEIFFER ([1846), ALBERTS (1860), WESTERLUND (1876, 1887), KOBELT (1878],
CLESSIN (1887, 1884), GOLDFUSS (1900), GEYER (1927), GERMAIN [(1930), EHRMANN
(1933, 1962), WAGNER ([1933), SOOS (1943), LICHAREV (1952), GROSSU (1855). Most
of the earlier authors based their findings only on shell features attributing excessive
importance to shell variability and so created a large number of taxones which were
later withdrawn as synonyms; while the converging members of different genera were
replaced by shells.

Though the first anatomical works on these species are quite old (SCHMIDT, 1855)
anatomical features were not used in taxonomy until by HESSE (1926). In this sub-
-family he recognised only two genera with many sub-genera. Later (1934) he supplemen-
ted his work and pointed out the convergence in the shape of shells in forms that,
according to the organization of the genital apparatus, belong in different places of
the sub-family system. At the same time he was aware of the bias of his view of the
group taxonomy and pointed out other important studies of the anatomy of the nervous
system, biology and distribution of the different species.

Many papers also dealt with the effect of calcium carbonate on the occurrence of
snails, e. g. REICHERT (1927), LAIS (1943), TRUBSBACH (1943, 1947}, A. H. SCHMIDT
(1955). :

The biology and ecology of some species of the Helicellinae sub-family was studied
mainly by SCHMID (1930, 1934, 1968), HORST (1959) and FROMMING (1954, 1962).

A comparative study of the morphology of the genital apparatus Stylommatophor is
presented by NORDSIECK [1966).

In Czech literature SLAVIK (1868) and ULICNY (1892—5) deal with the species of
the sub-family from the faunistic aspect,

Data about this group are also contained in faunistic and ecological papers by many
authors such as: ROHLENA [1920), REMES (1922), HLAVAC (1933, 1937, 1949), PETR-
BOK (1919, 1936a, 1936b, 1936c, 1936d, 1938a, 1938b, 1938c, 1938d, 1945, 1947), JANDL
(1949].

Later it would be mainly LOZEK (1946, 1947a, 1947h, 1948a, 1948b, 1949a, 1949Db, 1951a,
1951b, 1952, 1953a, 1953b, 1954, 1955a, 1955b, 1955c, 1955d, 1955e, 1955f, 1956, 1957, 1959,
1962, 1963), BRABENEC (1954), MACHA 1960), HRUBY (1957, 1966), HUDEC (1957, 1960,
1961, 1962), HORINEK (19686).

HUDEC (1964, 1966) gave more attention to the Candidula soosiana and Helicopsis
striata species and their distribution in Czechoslovakia.
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III. WORKING METHOD

Species of the Helicellinae sub-family are sufficiently large and visible enough to
be manually collected. Material designed for processing at some later time can be
preserved in a dry place in a cardboard box where it stays alive for half a year and
more.

1 obtained the bodies of snails for anatomical purposes by suffocating the animals
in distilled water. I did the fixation in 2 % formol and permanently stored them in
80 % alcohol. Some preparates are made from fresh material, when the snails were
suffocated in water and immediately dissected.

Prior to the actual dissection I dissolved the shell in 10 % hydrochloric acid. I used
only shells with a developed lip containing sexually mature specimens. I arranged the
extracted genital apparatus on a wax tray with pins in order to be able to measure
the different parts. Then I fixed the preparate in 5% formol. A larger part of the
genital apparatus is firm and is not significantly affected by conservation. The mucoid
spermoviductus [S0O) which is the softest part (the size of which I am not giving)
decreases only in width after conservation.

I placed the preparate prepared in this way onto a Petri dish containing water,
inserted in the magnifying apparatus and copied, 10x magnified, on to paper. In this
way I obtained drawings of 187 sets of genital apparatuses of all species of the sub-
-family Helicellinae from the most different localities.

I did the actual measuring of the genital apparatus on the drawings. The results are
given in the tables of the different species in millimeters. These data I used to con-
struct graphs by which I could determine intraspecies variability and differences in
the size of the genitals between the species.

The measured object I stained with a 1% solution of pale-green water paint, de-
hydrated in ethylene glycol monomethyl ether (instead of the conventional time-con-
suming dehydration by the alcohol series) and after half to one hour transferred it
into xylol where the preparate can be left for as long as necessary (but for at least
one hour), Finally I embedded the genital apparatus in Canada balsam. Ethylene gly-
col makes the preparate highly translucent and causes it to contract (dissolves fat)
and therefore is suitable only for tougher objects and only for overall morphology.

I obtained the jaws by direct extraction with preparation needles under a binocular
microscope or by disrupting the head tissues and gullet in a 1% solution of NaOH
which also releases the radula. In this way, however, if the hydroxide is carelessly
heated, the jaw can be damaged and so it is suitable only for the extraction of the
radula which is more resistant. The jaw and the radula can be obtained very easily
from the disintegrating gullet. I embedded both the jaw and the radula in Canada
balsam.

I proceeded in the same way to obtain the dart. The extracted dart sac I put into
ethylene glycol and after 24 hours into xylol. Here it very soon becomes clear (dep-
ending on the species in 20—30 minutes) so the dart can be clearly seen.

Together with the shells I collected samples for the determination of plant cover
of some sites and samples of soil from depths of 0—10 cm, ofr assessing CaCO3 con-
tents in the soil. I determined the percentage of calcium carbonate in the sample by
using the JANKO calcimeter on the basis of the volume of CO: released after the
disintegration of the carbonate by hydrochloric acid in a 20 % concentration. Instead
of water in the eudiometric tubes I took the advice of the late dr. K. Komdrek and
used a saturated solution of sodium chloride to prevent the carbon dioxide from being
absorbed by the water. For analysis I used soil sieved through a 0.8 mm sieve, dried
at 105°C and in the tables I recorded the average of three readings from each site.
The principle and the procedure of the whole work is described by KLIKA, NOVAK,
GREGOR (1954).

All material and protocols used in the work are deposited in the Zoological Depart-
ment of the National Museum in Prague.
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Explanation to symbols used in figures and tables
All data given in milimeters

No. = number of microscopic preparation
b/h = shell breadth / shell height
P = penis (lenght / width])
MR = musculus retractor
E = epiphallus (lenght/width)
F = flagellum (lenght)
vD = vas deferens (lenght)
BT = bursa telae [lenght /width)

1 = part grown together with vagina

2 = free part of bursa telae
GM = glandulae mucosae (lenght) . 5 ::’i‘dt‘;on
TR = truncus receptaculi (lenght/width) e
RS = receptaculum seminis (lenght/width)
510] = spermoviductus (lenght)
GA = glandula albuminalis (lenght] g
DH = ductus hermafroditicus (lenght)
n = number of specimens examined
X = mean
s = standard error
v% = coefficient of variation
var. l. = lenght extent of variation

var. b, = breadth extent of variation
In localities marked by + known as Candidula soosiana from recent lilerature.

IV. SYSTEMATICAL SURVEY

Family: HELICIDAE

The family includes the most advances members of the Helicacea super-family which
occurs in the Paleartic region. The mucous glands of the dart apparatus are formed
by firm, cylindrical tube organs connected with the vagina. They are simple, bifid or
branched The dart sac contains a rod shaped, in different species differently adjusted
calcium carbonate formation, the dart. Differences in the genital apparatus as well
as in the shell design are t-he basis for differentiating eight sub-families five of which
live in central Europe.

Sub-family: Helicellinae

The sub-family has a wealth of representatives mainly in the Mediterranean and the
more southern states of western Europe. Central Europe is inhabited only by some
of the species; five species, which systematically (ZILCH, JAECKEL, 1962) belong into
four genera (formerly sub-genera), are found in CSSR. All are adapted to life on steppe
or semi-steppe sites; they occur in both original biotcpes and secondary biotopes
which they rapidly invade either directly or indirectly and often with the help of man.
In favourable years reproduction may be violent. Their place in the system depends
mainly on the anatomy of the animal while in shell formation numerous cunvelgences
exisl.

According to SCHILEYKO (1978) this sub-family represents a group of heterogenous
polyphyletic taxones which as such lack systematic status. On the basis of comparison
of the morphelogy of the genital apparatus of Helicellinae and Hygromiinae and the
evaluation of the adaptive significance of the retractor of the right ommatophore in
Helicellinae, SCHILEYKO considers each taxone of this group to be only a derivate
of the appropriate taxone of the Hygromiidae family. Species of the Helicellinae sub-
family are thus just xerophilous Hygromiidae which appeared on Earth in connection
with the creation of open arid sites. According to the number and distribution of the
dart sacs in the vagina SCHILEYKO places them either into the sub-family Trzehzmae
(Helicopsis, Helicella) or Hygromiinae (Candidula, Cernuella).
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Shell: medium sized to small, mostly with thick wall, wiht narrow to broad um-
bilicus. Very variable, from quite flat ones sometimes with a sharp keel to spired
shapes. The basic colour is opaque white or yellowish, most often with numerous dark
bands or spots, The surface is almost smooth, finely to sharply striate, sometimes
with a fine, often with a coarse, wrinkled or granular sculpture.

The aperture is round, lunate or = oblique [in keeled forms). The lip is sharp, with-
out teeth, often with a conspicuous internal rib set not far from the edge, slightly
extended in only some species (H. itala).

Genital apparatus: the retractor of the top right antenae (ocular) lays
freely next to the genital apparatus. The penis is short, the epiphallus usually longer,
slender, cylindrical, the musculus retractor is usually joined to the front end of the
epiphallus. The flagellum is rarely as long as the penis and epiphallum taken together,
most often it is much shorter and even rudimentary. The glandulae mucosae are almost
always fusiformly distributed around the vagina or connected to form 2—4 bundles
which are simple, bifid or rarely more branched out. One, two or four dart sacs with
or without a dart often grown together along the whole length to the vagina. The
dart has = conspicuous crown, it is smooth, round, straight or slightly bent, some-
times broader at the tip with thin appendages. The dart sac and glandulae mucosae
are rarely absent, however, in that case the appendicula is developed. Truncus recep-
taculi is straight, slender, of varying length. Receptaculum seminis is lancetted, oval
or triangular. Many species possess a comparatively large spermatophor.

Cytological data: according to the research of RAINER (1967) the number
of chromosomes in species of this sub-family is interesting. Candidula unifasciata
(n = 27) differs from the Helicella genus (H. itala, H. obvia both with [n = 26) in
special features of the chromosome set, The Candidula genus has one large and four
particularly small bivalents while the Helicella genus possesses three large and no
small elements. Thus, current division into different genera is, from the cytological
particularly small bivalents while the Helicella genus possesses three large and no
aspect, justified. Species of the Helicella genus cannot be distinguished on the basis
of chromosome pattern.

] aw: mostly ontognath, rarely aulacognath with 4—20 flat, broad, narrowly com-
pressed or broadly divided lamellae which form a bedenticled margin.

Radula: the central tooth is three-pointed, the lateral teeth are two-pointed, the
marginal teeth have two or more often 3—5 points.

Genus: CANDIDULA KOBELT, 1871
Synon.: Xeroalbina MONTEROSATO, 1892

Shell: smaller, striate to ribbed, with regularly increasing whorls, the last one
is slightly predominant. The whorls are from above and from bellow sightly depressed,
sometimes with a suggestion of a blunt edge on the periphery.

Genital apparatus: one large unpaired dart sac, glandulae mucosae in two
bundles with 2—4 branches in each.

Candidula unifasciata (POIRET, 1801)

Synon.: Helix unifasciata POIRET, 1801, Cogquilles fluv. et terr., Prodrome, pp. 14

(France, type ?].

Helix candidula STUDER, 1820, Syst. Verz. der bis jetzt bekannt geword.

Schweiz. Conchyl. p, 87 (Switzerland, type ?).

Helicella (Candidula] soosiana ]. (H.) WAGNER, 1933, Allat, Kézl., 30, 3, p.

151 (Hungary, Hiivosvdlgy near Budapest, typ. mat. destroyed), syn. n.

Shell: depressed globose, walls rather thick, opague, with fine to coarse ribs

[especially on the last whorl]. Basic colour is whitish, horn yelow with a well develop-
ed broader band on the periphery. Bellow it there are four or five narrow bands which
may be absent. The bands are black or brownish, often interrupted or fused and often
completely absent, The shell has four or five whorls vaulted from above and from
below slightly depressed. The whorls grow regularly and relatively slowly the last
one may slightly predominate; the suture bends very shortly, often conspicuously
downwards, near the aperture. The aperture is slightly slanting, transverse short,
elliptical to round. The lip is straight, sharp, only near the columella is it a little
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broader. The internal rib is strong and raised to slightly flat, sometimes completely
absent, The parietal callus is unmarked. The narrow umbilicus accounts for up to
1/5—1/7 of the breadth of the shell, Shell breadth is 6.2 mm, height 3.5 mm (the aver-
age of 1446 specimens from Czechoslovak populations I measured].

All the given diagnostical features are subject to considerable changes among the
different populations. 3

Colour of animal: the foot is pale, head and mantle gray to dark gray.

Genital apparaus: one large dart sac (3.6—4.0 mm long) is by more than
half of its length fused with the vagina, the free end is oval (0.9—1.3 mm long). The
dart is thin, slightly bent. At the end of the truncus receptaculi which bears a spher-
ical or lance receptaculum seminis there are two bundles of glandulae mucosae usually
split up into more branches (3—9). The penis is short, fusiform or globose, inflated,
the epiphallus is thin, cylindrical. The flagellum is very short (0.5—0.7 mm).

Jaw: odontognath, I determined 12—14 flat lamellae.

Radula: [LASKOVA, 1969) in animals with shells of 6.2—8.7 mm (breadth) and
3.9—5.6 mm [(height) in size the radula length ranges from 1.59 to 2.31 mm and its
breadth from 0.48 to 0.69 mm.

The number of teeth set in serial rows: 85—104
The number of teeth set in transverse rows: 35—49

The central part is formed by one serial row of teeth which are three-pointed and
symmetrical. Largest is the central point (mesocone) adjoined from either side by
one ectocone. The teeth are smaller in the lateral part.

The lateral part comprises 7—12 serial rows af teeth on either side. The teeth have
two points, the mesocone is larger than the neighboring ectocone.

The marginal parts on either side of the radula comprise 9—12 serial rows. The teeth
usually have three points, towards the edge of the radula they become lower and
broader, The mesocone is largest of the points, the inner endocone is smaller than
the outer point — ectocone. Closer to the edge of the radula the ectocones on the
teeth split into more than 2—3 points. Most often they are single-pointed. The last
row of teeth has already an irregular shape (Fig. 1).

4 5, =
S9 R
Fig. 1.
Candidula unifasciata — radular teeth
(after Laskova, 1969)
1 central tooth M
y 9 lateral teeth S;—So
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Biotope: it inhabits slopes facing east to south and windrows on a calcareous
substrate. Settles on secondary, xerothermous biotopes created by deforestation, cal-
cium quarry spoil banks, railway and road trenches. All these are substitution sites,
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Overall distribution: west European — central European. Pyrenees,
France, Belgium, Netherlands, Denmark, north of Italy, Sardinia, south and west Alps,
Jura; quite numerous in the Highlands of the FRG, in Austria, Poland (south), CSSR.

Vertical distribution: in the Alps up to an altitude of about 2,000 m, in
CSSR up to 650 m at most.

Distribution in CSSR: (Fig. 2). CSSR is the easternmost border of dis-
tribution of this species. The oldest occurrence is known from the last century from
the vicinity of Opofno (lgt. J. Kopecky). Another small island in Bohemia is around
Tachlovice u Nuéic. In Moravia it is found in the area between N. [itin and Té&Sin.
In Slovakia it inhabits the north-west .

Fig. 2.
Distribution of Candidula unifasciata (Poiret) in Czechoslovakia
A population known as Candidula soosiana []. Wag.)

Fossil distribution: there are only few data available about the distribution
of this species in the quartery. They are from the travertines and loess in the southern
part of FRG and Thuringia. Authentically recent findings on our territory are not old.
It seems that this species is subrecent in Czechoslovakia, Populations in Slovakia
could have appeared on their present sites after deforestation. According to research
of V. LOZEK (1963) this took place some 200 to 300 years ago as proved by the oc-
currence on holocene travertine near Kralovany.

Genus: iiELl[:DPSlS FITZINGER, 1833

Synon.: Helicella FERUSSAC, 1821
Striatella WESTERLUND, 1876 (partim]
Martha A. ]. WAGNER, 1915

Shell: conspicuously lamellaed with rapidly growing whorls the last one of which
is very predominant, they are well arched even on the under side.
Genital apparatus: 4 symmetrical dart sacs of which only the two external

ones contain a dart each; four glandulae mucosae each of which splits to form 2—3
branches.

Helicopsis (Helicopsis) striata (0. F. MULLER, 1774)
Synon.: Helix striata 0. F. MULLER, 1774, Verm. terr. et fluv., II, 33, No. 238 (Saxonia,
type ?),
Helix costulata (ZIEGLER) C. PFEIFFER, 1828, Naturg. deutsch. Land- u.
Stissw. Moll., III, p. 32, tab. VI, fig. 21, 22 [Austria near Vienna, type ?).
Shell: depressed globose to depressed round with broadly conical + raised disc,
rather thick walled, strong, not translucent, opaque, = irregularly strongly and bluntly
ribbed, less so on the under side. The basic colour is whitish with 1—8 dark brown
bands which are often interrupted appearing to be lines of spots, or are fused or
absent, sometimes without bands in which case they are of an irregular brownish
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tinge, Four-and-a-half to five whorls are well arched, regularly growing, the last
clearly predominating; the suture at the aperture bends down only slightly. The aper-
ture is a little ablique, round, slightly cut out by the parietal wall. The lip is sharp,
straight in the lower and slightly broadened in the columella section. The whitish in-
ternal rib is flat, broad and strong, usually slightly elevated. The parietal callus is
hardly distinguishable. The umbilicus is open, not too broad (it is 1/7 to 1/5 of the
shell breadth). Shell breadth ranges from 7.0—9.0 mm, height 5.0—6.0 mm (LOZEK,
1956).

A considerably variable species: the smallest shapes range around 6.0:4.0 mm
and are sometimes even smaller, the breadth rarely exceeds 10.0 mm and the height
7.0 mm. Also colouring varies considerably. Purely white specimens are found frequent-
ly, specimens with bands of various patterns are common, while specimens completely
and mostly brown are rare [LOZEK, 1956).

Colour of animal: white foot and the rest of the body and gray mantle.

Genital apparatus: two dart sacs on either side of the vagina the inner
ones are smaller and fused with the vagina, Ony the two outer ones each contain
one short and smooth, straight or slightly bent pointed dart. Truncus receptaculi is
of medium length with 4 fusiform glandulae mucosae at the base each of which splits
to form 2—3 branches.

Jaw: odontognath, 5—6 broad ribs slightly protrude and form a slightly toothed
margin. Size: length 0.4—0.5 mm, breadth 0.08—0.09 mm (according to my own measur-
ings].

Radula: the lateral and marginal teeth are two-pointed.

Biotope: inhabits grass steppe slopes on unfirm substrate (loess, marl, calcareous
sands) at low altitudes. It belongs to the typically pedophilic elements, rare on rocky
or stony sites [LOZEK, 1974a].

Overall distribution: central European — west European. Portugal,
southern foothills of eastern Pyrenees, north and east France, sporadically in FRG
and the north German lowland, CSSR, western region of USSR, Austria, Hungary.

Data from the west (France, etc.) are not reliable however, for confusion with
other simillar species, especially Trochoidea geyeri (SOO0S]), cannot be ‘excluded. Also
data from eastern Europe require anatomical verification. The species Trochoidea
{ Xeroclausa] geyeri (SOOS, 1926) was systematically sought for on the territory of
CSSR but in vain.

In 1969 E. GITTENBERGER described a new species from Austria — Helicopsis [Heli-
copsis) austriaca — which differs from H. striata particularly by more conspicuous
striation and smaller shell dimensions, also by a relatively short epiphallus, strong
glandulae mucosae and two long bent darts.

All these species connected with H. striata, including the Helicopsis hungarica
(SOOS et WAGNER, 1935) ought to be approached with caution, while a thorough
analysis of the whole problem based on the study of variability within the sub-family
would be expedient.

Vertical distribution: CSSR — 150 to 500 m (D&vin).
Most localities are found on sites lower than 300 meters.

Distribution'in CSSR: it is limited to original steppe, low altitude regions
in Bohemia, south Moravia and south Slovakia (Fig. 3).

Fossile distribution: a frequent species in some pleistocene sediments,
especially in loess, sometimes far from the range of their current occurence (England).
Fairly frequent also in holocene, especially in strata of the dry sub-boreal period,
mainly within the region of their current area of occurrence, as a rule occurs more
frequently than today. A comparison revealed that since the end of pleistocene Heli-
copsis striata is in permanent recession,

This species belongs among the most common molluscs in our loess and pleistocene
chernosem, not often in other sediments. In the loess regions of central Bohemia it
belongs among the most frequent snails of the pleistocene fauna. The distribution
area in this country used to be much larger and in places also with denser populations.
It was frequent even in regions where it is no longer found or only very rarely
(Kutnd Hora district, Bohemian karst, inside of Polomené Mts.]). Still more conspicuous
is the difference in the loess regions of Moravia, west and south Slovakia where it is
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Fig. 3.

Distribution of Helicopsis striata (Miill.) in Czechoslovakia
@ recent occurrence [animal recently collected)

A recent occurrence probable (shells recently collected)
-+ undefined occurrence [subfosil?)

O suspected of displacing from loess [pleistocene)

now found but rarely. In the Dunaj basin region [arround Stdrovo, Trnava, river Véh
basin to Trendin) recession started apparently already during wiirm. The Helicopsis
striata on this territory is important as a stratigraphic element (LOZEK, 1955f).

Genus: HELICELLA FERUSSAC, 1821

Synon.: Xerophila HELD, 1837
Planatella CLESSIN, 1876

Shell: larger, 12.0—20.0 mm broad, depressed, round, with a very flattened con-
ical to completely flattened disc and very broad umbilicus.

Genital apparatus: on the vagina there are two large symmetrlca} dart
sacs each containing one dart, the glandulae mucosae form two bands with 4—6
branches in each.

Helicella (Helicella) itala [LINNAEUS, 1758)

Synon.: Helix itala LINNAEUS, 1758, Systema Naturae I
Helix ericetorum 0. F. MULLER, 1774, Ver. terr. et fluv., II, 33, No. 236 (Italy,
type ?)
Helix cespitum DRAPARNAUD, 1805 (partim), Hist. Mcu 109, tab. VI, fig.
16,17,

Shell: very depressed, round with a low flatly conical disc, thick walls, quite
strong, =+ slightly translucent, slightly shiny, delicate irregular striation. The basic
colour is whitish — vyellow to skin with translucent light to darker brown bands
[sometimes colourless). The bands sometimes almost disappear, however, they are
rarely completly absent. There are five-and-a-half to six whorls, well arched, quite
slowly and regularly growing; the suture close to the aperture turns downwards sud-
denly and rather sharply. The aperture is oblique, round or very short and somewhat
obliquely transversally elliptical, the parietal wall slightly cut out; its edges are
very close together on the parietal wall. The is is sharp, on the side, on the under
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side and near the columella markedly broaded with a very thin brownish internal rib
and a very thin but clear parietal callus. The umbilicus is broadly opened (it is
almost one-third of the shell breadth). Shel breadth is 15.0—16.0 mm, height 7.5—
8.5 mm.

The size is variable, the breadth fluctuates between 11.0—18.5 mm, the ratio of the
dimensions is also variable (LOZEK, 1956).

Animal colouring: the whole body has little pigmentation hence appears
to be light (SCHMID, 1968).

Genital apparatus: two dart sacs are fused symmetrically and far with the
vagina and are thus close to each other. Each contains one tusk-like bent dart, flat-
tened at the tip and with two short blades. The glandulae mucosae consist of 4 bands
(SCHMID, 1968). HESSE (1926) states 4 bands with 2—4 finger-like blind branches
in each. The penis is rather short only a little thicker than the cylindric epiphallus,
the flagellum is rather short, the penis retractor attached at the beginning of the
epiphallus, atrium is short.

Jaw: odontognath. Comprises 7—8 broad protruding lamellae which form a clearly
toothed concave margin. Size: Length 0.6—0.7 mm, breadth 0.2—0.3 mm (my own
measuring).

Radula: (LASKOVA, 1969), in animals with shells of sizes 13.2—17.2 mm (breadth)
and 7.2—9.5 mm (height) the length fluctuates from 2.76 to 3.60 mm and the breadth
from 0.99 to 1.29 mm.

The number of teeth in the serial rows: 109—154.
The number of teeth in transverse rows: 53—67.

The central part is formed by one serial row of three-point teeth in the middle of
the radula, symmetrical small points (ectocones) are attached to the main point
(mesocone) at the same height, they are smaller and shorter than teeth of the lateral
part.

The lateral part comprises 10—18 serial rows. Closer to the central part the teeth
are larger and broader, towards the lateral part they slightly decrease in size, and
they are somewhat slimmer, two-points. The mesocone is higher than the ectocone.

The lateral part comprises 14—22 serial rows on either side of the radula, It differs
from teeth of the lateral part by the appearance of another point (endocone) which
is oriented towards the centre of the radula. At first the teeth are three-point, towards
the edge of the radula the ectocone cleaves to form more points (2—5). In most
specimens a sporadical cleaving of the endocone to form two points can be seen.
The shape of the last tooth in this part is irregular. From the lateral part direction
the teeth become lower but also wider.

Biotope: inhabits grass steppe slopes, windrows and fields. Occassionaly it
occurs on railway and roadside ditches.

Fig. 4. Distribution of Helicella itala (L.) in Czechoslovakia
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Overall distribution: west Europe to central Whole of western Europe,
parts of the western Alps, Jura, FRG, south-west GDR, Austria, Bohemia.

Vertical distribution: Pyrenees up to 2,000 m, Bohemia up to 400 m.
Distribution in CSSR: rare and only in the north of Bohemia (Fig. 4).

Fossile distribution: occurs only in pleistocene — French and English,
sporadically in the Federal Republic of Germany; more frequently in holocene within
the region of the current area.

In CSSR findings are rather young and therefore this species may be considered
as typical for the sub-recent period. It is possible that it is a relatively recent (new
age) introduction [LOZEK, 1955f].

Helicella (Helicella) obvia (MENKE, 1828)

Synon.: Helix neglecta, HARTMANN, 1821, Neue Alpina (Winterthur) 1:226 (Augsburg,
Frankreich, Strassburg, Wien). —, Hartmann, 1824, in Sturm Deutschlandes
Fauna 6 (7) Wiirmer: No. 9. No Helix neglecta, DRAPARNAUD, 1805.
Helix obvia MENKE, 1828, Synopsis Methodica Molluscorum... (Ed. 1):13.
Nomen novum for Helix neglecta HARTMANN, 1821, not DRAPARNAUD, 1805.
Locus typicus, restr, nov.: Wien.
Helix obvia HARTMANN, 1842, Erd und Siisswasser-Gastropoden der Schweiz,
5 :148, tab. 45, fig. 1—6 [type locality and type ?]).
Helix candicans L. PFEIFFER, 1841, Arch. Naturgesch. 7 (1):220. Locus
typicus: Ungarn: Szigliget near lake Balaton.

Shell: rather depressed and round with a slightly domed disc, thick walled,
firm, non-translucent, opaque to sligthly shiny. Very finely and irregularly ribbed,
smoother on the under side. The basic colour is white with dark brown to almost
black bands, which often split, fuse or disintegrate in numerous varieties, sometimes
they are completely absent while at others they predominate, There are five and-a-
-quarter to five-and-a-half whorls, from. the top slightly and otherwise well vaulted,
growing regularly and rather fast, the suture bends down slowly and gradually at the
aperture. The aperture is mildly oblique, = round, slightly cut out by the parietal
wall. The lip is sharp, straight; the deeply set internal rib is broader, flat, slightly
elevated, parietal callus is weak but clear. The umbilicus is open wide (it is more
than 1/4 of the shell breadth). Shell breadth: 15.0—17.0 mm, height: 7.8—9.5 mm
(LOZEK, 1956].

Markedly variable: small populations and different specimens have dimensions
11.0—11.5 mm and 6.5—6.8 mm; larger specimens and populations reach up to 19.0:
11.0 mm. The height and shell colour are very variable; different populations usually
show a certain character but more permanent deviations cannot be asserted.

Animal colour: pigmentation is within borders, the front part of the body is
light, the mantle convexity is very dark (SCHMID, 1968).

Genital apparatus: 2 dart sacs stand out symmetrically from the vagina
[as oposed to H, ‘itala). Each contains one almost straight or slightly curved dart
which is at the tip unclearly square with-two short blades (SCHMID, 1968). Glandulae
mucosae are formed by four bands. The rest is simillar to H, itala.

Jaw: odontognath., Is formed of 8—10 lamellae which form a teethed concave
edge. Size: length 0.6—0.7 mm, breadth 0.2—0.3 mm (my own measuring).

Radula: (LASKOVA, 1969) in animals with shell sizes of 12,1—15.1 mm (breadth)
and 6.1—9.6 mm (height) the length of the radula ranges from 2.49 to 3.27 mm and
its width from 0.93 to 1.29 mm.

Number of teeth in serial rows: 102—131
Number of teeth in transverse rows: 55—71

The central part is formed by one serial row width regular three-point teeth. On
both sides of the largest central point, mesocone, set at the same level are two
smaller points, ectocones, The teeth are smaller than in the lateral part.

The lateral part comprises 10—16 serial rows on either side of the radula. The
teeth are two-point, the mesocone.is larger and higher than the ectocone. Closer to
the central part they are broader than those closer to the marginal part.

The marginal part consists of 16—24 serial rows of teeth on either side of the
radula. It differs from the teeth of the lateral part in having an additional point,
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ectocone, which is attached to the mesocone at the somewhat higher level than the
ectocone. Even in this part there occurs a split mesocone. This phenomenon is more
frequent than in H. itala but is also variable. The ectocone does not cleave either and
has one-point or splits into 2—4 points, it is slimmer than in H. itala.

Biotope: inhabits dry steppe slopes, fields, windrows. Secondarily it inhabits
railway and roadside ditches. In cooler forest regions it lives only on calcareous sub-
strates.

Overall distribution: Moldavia, Doburdja, Bulgaria, central Balkan, Car-
pathian countries, Alps up to Switzerland, CSSR, south Poland, Scwabian Jura, upper
Rhineland, Thuringia, lower regions of Harz, sporadically in the north-German low-
lands.

Vertical distribution: Alps 1,350—1,400 m, Switzerland up to over 2,000 m.
CSSR maximum 800—900 meters.

Distribution in CSSR: in forestless, dry and warm regions of steppe
character it belongs among the most common snails. In Bohemia very common in the
central and north-western part and in the wide region of the Elbe rivler basin, island
occurrence in south Bohemia where it is limited to metamorphosed lime. In Moravia
it is dispersed at lower altitudes throughout the region. In Slovakia it inhabits the
lowlands in the"South up to Turna u Kogic, in the west it is found in the Véh river
basin up to the vicinity of RuZomberok, in places it penetrates the inner Carpathian
districts (the region between Poprad and Sabinov u Pre$ova (Fig, 5).

Fig. 5. Distribution of Helicella obvia (Menke) in Czechoslovakia

”

Fossile distribution: in central Europe found in the youngest holocene,
in lower Danube river basin, even on the Black Sea coast and allegedly also in
pleistocene loess (according to PETRBOK).

In CSSR this species is an important component of the subrecent layers. In south
Slovakian karst it appeared only in the post-Halstadt period. Helicela obvia is a
typical example of a steppe species which spread to this territory from south-east
Europe. It flooded central Europe in large areas so that today it determines the
nature of whole snail communities and is one of our most common species. The time
of its arrival is not exactly determined, however, the main invasion was apparently
at a very late, probably medieval date, and still continues. Data from older layers
are not reliable (LOZEK, 1955f).
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Genus: CERNUELLA SCHLUTER, 1838
Sub-genus: Xerocincta MONTEROSSATO, 1892

Shell: depressed, globose but higher than in the genus Helicella which it closely
resembles.

Genital apparatus: differs conspicuously from genus Helicella by two dart
sacs located on one side of the vagina.

Cernuella (Xerocincta) neglecta ([DRAPARNAUD, 1805)
Synon.: Helix neglecta DRAPARNAUD, 1805, Hist. moll., p. 108, tab. 6, fig. 12, 13
(France: Lauserte, le Sorézois, type ?]. .

Shell: brown bands are usually brighter than in H. itala but no so dark as in
Helicella obvia. Characteristic is the brownish red to violet tinge of aperture edge
especially on the under side, Also the sharp lip is inside brownish to strong brown-
-violet even in the rather frequently occurring shells without bands. The porcelaine
white - internal rib gradually turning into a violetish shade (SCHMID, 1968) is con-
spicuous. The umbilicus is obviously narrower than in Helicella itala. The shell breadth
is 9.0—14.0 mm, height 6.9—10.0 mm (ZILCH, JAECKEL, 1962).

Animal coloun: as oposed to the two mentioned species the body of this one
is gray to dark.

Genital apparatus: Two dart sacs on one side of the vagina, the inner
one, which is fused with the vagina, is larger. The outer one contains one dart which
is strongly club-like, slightly curved, with 4 sharp edges at the tip, the horisontal
ones being leaf-like broadened (SCHMID, 1968). At the base of the long and thin
tfruncus receptaculi are two bands of glandulae mucosae with 5—7 simple or bifid
glands. The receptaculum seminis is longitudinally ovate or lancet-like. The penis is
short, a little swollen; the epiphallus is long, thin, cylindric; the flagellum is much
shorter than in H. itala and H. obvia. The musculus retractor is, as opposed to the
other two species, attached closely on the tip of the penis; the atrium is also con-
spicuously longer.

Jaw: odontognath, Comprises 9—14 lamellae which form a clearly teethed edge.
Size: length 0.6—0.7 mm, breadth 0.2—0.3 mm (my own measuring].

Radula: (LASKOVA, 1969) in animals with shells 14.1—18.9 mm (breadth) and
8.1—11.4 mm (height) the length of the radula ranges from 2.94 to 3.51 mm and
its width from 1.11 to 1. 38 mm.

Number of teeth in serial rows: 116—137
Number of teeth in transverse rows: 63—83

The central part is formed by one serial row of three-point symmetrical teeth which
are only slightly smaller than teeth on the lateral part. The largest point, mesocone,
is adjoined by two smaller ectocones.

The side field comprises 13—20 serial rows. The teeth are two-point, almost all
are the same but those closer to the marginal part are lower,

Fig. 6. Distribution of Cernuella neglecta (Drap.) in Czechoslovakia
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The marginal part on either side of the radula comprises 13—22 serial rows of
mostly three-point teeth. The middle point (mesocone) is adjoined higher by a smaller
endocone which does not cleave and has one point. The ectocone is attached lower.
It is usually one-point and only close to the edge of the radula does it cleave to
form 2—4 points.

Biotope: southern and eastern warm steppe slopes, field paths but also railroad
trenches. Rapidly penetrates cultured areas (fields of clover, lucerne and cereals].

Overall distribution: western Mediterranean (originally). Eeastern Spain,
southern France, Italy, islands of the Mediterranean Sea. From where in the past
thirty years it is spreading rather quickly into other European countries. In France
up to the bonder with Belgium, England, FRG, GDR, Switzerland, Bohemia [(LOZEK,
1957, SCHMID, 1968).

Vertical distribution: sites at low and medium altitudes. CSSR: 200—
300 m.

Distribution in CSSR: rare and only in the Elbe region (Fig. 6].

Fossile distribution: in CSSR C. neglecta is only a recent species which
appeared in this country as isolated introductions after 1950.

V. GENITAL APPARATUS OF SPECIES
OF THE HELICELLINAE SUB-FAMILY

Just as all the other pulmonate snails even members of this sub-
family are hermaphroditic with a genital apparatus consisting of a male
and female section. As the organization of the apparatus is an important
systematic feature, in particular determining the genus, it should be
given special attention. In many cases determination is only possible
on the basis of the morphology of this apparatus, especially of the
copulation organs, for the shels of some representatives of different
genera might converge almost perfectly.

The genital system consists of the gonad [germinative gland) and gonoducts [ﬂuct
to the exterior).

1. The gonad is mot paired and is located in the back section of the intestinal
pouch and is surrounded by hepatopancreas, In hermaphrodites gametes are created
in the reproductive gland of hermaphrodites [ovotestis] from the germinative epithe-
lium. It may create male and female cells in separate sections of the organ or next
to each other. The production of both kinds of gametes may be successive or simul-
taneous. Besides the reproduction cells the epithel produces interstitial cells which
took over the nutritive function and phagocytosis.

2. Gonoduct of hermaphrodites consists of hermaphroditic male and female sec-
tions. The proximal part of the gonoducts is a simple hermaphroditic passage [(duc-
tus hermaphroditicus). While the pallial and cephalopodial part of the gonoduct have
independent male and female passages and copulation organs. The pallial section is
known as the spermoviduct (in literature presented as "uterus -+ prostate”) because
the male and female parts are not isolated.

For copulation there is the male copulation organ (penis and accessory organs)
and the female copulation organ (vagina and accessory organs). In species of the
Helicellinae sub-family the genitals consist of the following parts:

a) male — penis (P), epiphallus (E) and flagellum (F), which serve to transfer
the sperm into the spermatophore, if developed, and vas deferens (VD).

b) female — wvagina (V) to which 1—4 dart sacs (bursa telae, BT) with darts are
attached. The upper art of the vagina, where the truncus receptaculi (TR) carrying
receptaculum seminis (RS) separates from the free part of the oviduct (0), is adjoined
by a lager or smaller number of dart glands — glandulae mucosae (GM]).
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c) comon sections — spermoviductus with prostate [SO) which is entered by the
ductus, hermaphrodicus (DH) from the hermaphroditic gland — glandulae herm-
aphroditica (GH).

At the point where the ductus hermaphrodicus enters the spermoviductus also the
glandulae albuminalis [GA) is attached. The common genital outlet is the atrium (A).

During copulation the specimens are joined to each other with their
right sides, from the genital opening of each of the two the vagina,
penis and dart sac are extended and interconnected. The accepted
sperm pases through the vagina and truncus receptaculi into the recep-
taculum seminis where it is stored until the eggs are fertilized.

The genital apparatus is described in literature only sporadically or
the data are based on the different observations. Due to the variability
of the different species this is quite unsatisfactory and therefore I tried
to measure a somewhat larger number of specimens of the diifferent
species. The results of measuring 187 specimens are recorded in tables
and graphs. In order to determine the progress and when the growth
of genital apparatus is terminated (in relation to the size of the shell])
I dissected also juvenile secimens, of which I give the measurements
only for comparison with a mature genital apparatus.

Candidula unifasciata (POIRET)
To determine the variability of the genital apparatus I used 38 speci-
mens of typical populations C. unifasciata (Fig. 7) and 69 specimens of

Fig. 7. Fig. 8.

Genital apparatus of Candidula unifasciata Genital apparatus of C. unifasciata
(No. preparation 11g), (population S. soosiana),

Chynice - Dubecky mlyn, 20. 10. 1968, Vreten u Sn#&Znice, 11. 10. 1968,
enlarged 6Gtimes [No. preparation 9e), enlarged 6times
Shell size: breadth = 5.2 mm, Shell size: breadth = 6.4 mm,

height = 3.0 mm height = 3.7 mm
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populations formarly denoted as C. soosiana (Fig. 8) in text and tables
marked with *). The localities involved are as follows.

No. 11. Chynice u Nuéic, Dubecky Mlyn, 20. 10. 1968
17. Stramberk u N. Ji¢ina, Staré lomy, 10. 10. 1968
33. Stramberk u N. Jiina, Staré lomy, 8. 10. 1970
35. Drahel€ice u Nufic, 16. 6. 1870

36. Canka u Opocna, 23. 9. 1972 (lgt. ]. Brabenec)
8. Rdjeckd Lesnd - Suja u Ziliny, 11. 10. 1968

9. Vreten u Sné&Znice, 11. 10. 1968

30. Branné u Hanusovic, 6. 10. 1870

37. Brannd u HanuSovic, 10. 10. 1972

31. Sob&%ovice u Zermanické piehrady, 8. 10. 1970
32, Stankovany u Kralovan, 8. 10. 1970

34, Drietoma u Trenéina, 9. 10. 1970

+ o+ o+

Average measurings of all localities are recorded in table I.

The size of the genital apparatus in juvenile specimens is given in
table II and fig. 9, 10. In specimens with a shell breadth of 5.2 mm
and height of 3.3 mm it is about half developed .

-~

Fig. 9.

Candidula unifasciata (young, No. preparation 26a)
Chynice - Dubecky mlyn, 29. 6. 1968, enlarged G6times,
_~ Shel size: breadth = 5.2 mm, height = 3.3 mm

% g e Fig. 10.
Candidula unifasciata (young, No. preparation 26b]
Chynice - Dubecky mlyn, 29. 6. 1968, enlarged 6times

Shell size: breadth = 4.0 mm, height = 2.4 mm

N

The dart sac with dart 2.5 mm long is shown in Plate V/1, 2.

Questions of the relation between species Candidula unifasciata and
Candidula soosiana were investigated in this country mainly by HUDEC
(1964). Though he considers C. soosiana to be a justified species he
points to some differences among different populations and to common
features with C. unifasciata. 1 based my study of these populaitions
mainly on this work. Therefore, for the sake of clarity, and better orien-
tation, I present the anatomical differences between the two species just
as HUDEC presented them in his publication.

In my opinion a mere verbal description of the distinguishing features
is in many cases insufficient and often just subjective. All data, if pos-
sible and expedient, ought to be presented also in numeric form. I have
the following comments to the noted anatomical differences.
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Table I. Candidula unifasciata (and population ,soosiana“)
Mean value shells and genital apparatus from 12 localities

L
el E F | vbD | By | B, |BTi4o| GM | TR | BRs | Tn' | so | 6a | DH
104 | 105 | 104 96 99 100 98
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Table II. Candidula unifasciata (young), Chynice, Dubecky ml¥n, 29. 8 1968

No. | Shell p E F vD | BT, | BT |BTi4+2| OM | TR Rs | ¥ | so | ca | pH
b/h RS
52 | 16 | 25 20 | 09 17 | 10

26a 32 |68 [ 52 | o4 |30 | 85 | 04 |20 ix | o2 2% [em | 13 | 25
40 | 15 | 17 10 | os

B 12z Log [0 {22 AR ke 39 1 08 | 45 | 25 | 08 | 08
3.4

26¢ 5 0.7 25 | 03 | 10




Anatomical differences in the geniial apparatus (HUDEC, 1964)

Candidula unifasciata

Candidula soosiana

The finger-shaped flagellum is
rather long

The flagellum is very short

The free end of the dart sac (BTz)
accounts for at least 1/4 of the en-
tire BT length

The free end accounts for less than
1/5 of the entire BT length

TR is the same width all along its
length, the width reaches about 1/3
to 1/2 of RS width

TR in the lower third is wider than
in the upper 2/3 and the width of
the upper end reaches only about
1/4 at most 1/3 of the RS width

GM are mostly formed so that each
of the two is cleaved lengthways or
only in the top part (some of the
branches in TR may be exceptional-
ly cleaved even further, or, most
frequently not cleaved at all, as
well as not in GM in the free ovi-

GM are mostly formed so that each
of the two is longitudinally cleaved
to form two branches and very of-
ten one of the two GM branches is
again cleaved near TR (excetionally
sometimes both GM are cleaved
near TR).

duct].

Ad A. Length of flagellum (F)

The length of F (Table VI) is different in populations from Bohemia
and Slovakia. In populations denoted as C. unifasciata it fluctuates from
0.5 to 0.7 mm; in populations formerly denoted as C. soosiana from 0.45
to 0.54 mm. The length of 0.45 mm is related to the population from
Drietoma where the internal rib has only started to form. C. unifasciata
from Stramberk, 1968, with its F length (0.5 mm) is close to C. soosiana.
The population denoted as C. soosiana from Branna, 1970, with its F
legth (0.54 mm) approaches the C. unifasciata species, but the material
from Brann4, 1972, (0.5 mm) is in this feature identical with C. soosiana.
The facts indicate that in this feature the Moravian populations are on
the border line of Bohemian and Slovakian populations and at the same
time that this feature slightly changes even within the same locality. The
given values are the average of the localities, differences between the
different specimens are often much greater.

The flagellum is the smallest section of the genital apparatus and
therefore it is not surprising that its variability ranges only in terms of
tenths of millimeters. )

Ad B. Length of the free end of the dart sac (BT;)

In populations C. unijasciata BT, = 1.1—1.3 mm and in populations
denoted as C. soosiana 0.9—1.2 mm. From this the length of 1.1 and
1.2 mm relates to specimens from Brannd which brings them closer to
populations C. unifasciata. The length of the free end is to a certain ex-
tent a distinguishing feature between Bohemian and Slovakian popul-
ations (Table VII). However, in this feature populations from Stramberk

71



and Branna form a gradual transition from western populations of C.
unifasciata to eastern population denoted as C. soosiana, Also in this
feature it is possible to observe its variability on the same locality in dif-
ferent years.

The free end of the dart sac is also a small section of the genital
apparatus and therefore what has been said about the flagellum applies
even here.

Ad C. Ratio of TR to RS
On the basis of measuring RS and TR belong to those parts of the
genital apparatus which show the greatest percentage of variability (v],
Table I, IX, X, XI.
§ N e 27.5 . 1 as 15.0 — 34.6
vih TR 5~ = S5 —500 ' 0 RS 3 1 — 200
During the preparation of 187 pieces of genitalia I found that the breadth
TR = 0.2—0.3 mm and the breadth RS = 0.6—1.1 (measured at the
broadest points). The RS is almost in every specimen different, often
deformed and so even the breadth ratio TR : RS fluctuates considerably.
It is true that the lower part of TR is wider [roughly by 0.05—0.1.mm]
in populations denoted as C. soosiana but this is not true of the majority.
For a descriptive comparison I present a table with the TR : RS ratios
in populations from the following localities (* marked populations
formerly presented as C. soosiana):

locality diameter different specimens
Chynice, 20. 10. 1968 1/3 1/4, 1/3, 1/2
Céanka, 23. 9. 1972 1/4 — 1/3
Draheléice, 16. 6. 1970 1/5 — 1/4
+Brannd, 6. 10. 1970 1/3
+Brannd, 10. 10, 1972 1/3
Stramberk, 10. 10. 1968 1/2
Stramberk, 8. 10, 1970 1/4
+Sobégovice, 8. 10. 1970 1/4 1/8, 1/5, 1/4, 1/3
+Drietoma, 9. 10. 1970 1/4 — 1/3
+Vreten, 11. 10. 1968 1/3 1/5, 1/4, 1/3, 1/2
+Réjeckd Lesna, 11. 10. 1968 1/2 1/5, 1/4, 1/3
+Stankovany, 8. 10. 1970 1/4 — 1/3 1/4, 1/3, 1/2

This feature, like most others, differs in a population from a single
locality in different years (Stramberk). If this feature were to be dec-
isive for distinguishing the two species such an absurd situation would
arise when the population of 1968 (Stramberk) would represent C. uni-
fasciata and the population from 1970 would be C. soosiana! Also the
population from Réjeckd Lesnd so far denoted as Candidula soosiana is
in ‘this feature identical with a typical C. unifasciata population. Under
such conditions it is impossible to accept this feature as a species distin-
guishing criterion.
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Table XI.
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Table XIV,
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Ad D. Branching of gladulae mucosae [GM)

During the study of material from different localities I determined the
following patterns of branching:

+ Brannd, cale. quarry, 10. 10. 1972: 2 bads, 3—7 branches (2+1, 343, 241, 443, 243,
4+3, 3+2, 3+3).
+ Brannd, overgrown slope near quarry, 6. 10. 1970: 2 bands, 5—9 banches (443,
4+2, 442, 3+2, 442, 342, 5+4, 3+2, 4+2, 3+3, 3+3, 4+3, 343 4+2 342),
Canka, 23. 9. 1972: 2 bands, 3—6 branches (242, 3+3, 242, 3+2, 2+2, 2+1).
*+ Sob&Sovice, 8. 10. 1970: 2 bands, 4—7 branches (3+2, 3+2, 3+2, 342, 3+1, 344, 2+3,
4+3, 343, 3+2, 3+1, 1+3, 2+2).
+ Stankovany, 8. 10. 1970: 2 bands, 5—8 branches (4+4, 3+2, 2+3, 442, 3+4, 3+3, 3+3,
343, 442, 443, 4+2, 4+2, 342, 3+2).
Stramberk, Staré lomy, 8. 10. 1970: 2 bands, 3—6 branches (343, 3+2, 2+1, 3+2,
342, 3+2, 2+1, 3+2, 3+2). :
Stramberk, Staré lomy, 10. 10. 1968: 2 bands, 3—5 branches (1+2, 1+2, 4, 243, 1+3,
1+3).
+ Drietoma, 9. 10. 1970: 2 bands, 3—8 branches (2+3, 2+2, 2+2, 3+4, 2+2, 2+1, 3+2,
543, 342, 443, 4+3, 4+3, 3+3).
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Drahel€ice, 16. 6. 1970: 2 bands, 5—9 branches (443, 5+4, 443, 443, 442, 3+2, 4+2).
+ Réjeckd Lesnd, 11. 10. 1968: 2 bands, 4—8 branches (243, 345, 244, 2+2).
+ Vreten, 11. 10. 1968: 2 bands, 6—7 branches (3+4, 344, 244, 2+4, 3+4, 2+4, 3+4).
Chynice, 20. 10. 1968: 2 bands, 3—6 branches (1+2, 243, 1+2, 243, 142, 2+3, 1+2,
244, 242].

The number of GM branches is so variable, not only among specimens
from different localities but also in specimens from one locality, that
the two species cannot be distinguished according to this feature.

The other parts of the genital apparatus

All the other measured parts of the genital apparatus [penis, epiphal-
lum, vas deferens, truncus receptaculum, receptaculum seminis, spermo-
viductus, glandula albuminalis, ductus hermaphrodicus) are so variable,
not only on different localities but also within one locality, that they
could not be even considered as diagnostical features (Table I, III, IV,
IX; X, X1].

85



CONCLUSION

On the basis of currently available data I find that features of the
genital apparatus regarded as reliable for distinguishing Candidula uni-
fasciata from Candidula soosiana (length of the flagellum and of the
free end of the dart sac) are not quite constant. They are subject to
changes not only on different localities but even within one site in dif-
ferent years though, understandably, not too much. In populations tow-
ards the east both the flagellum and the free end of the dart sac become
shorter (on average F by as much as up to 0.2 mm and BTz by up to
0.4 mm).

From the presented findings it ensues that not even the genital ap-
paratus is always a reliable lead in determining closely related taxones.
In many cases there is a greater variability than in the shell which is
in direct contact with the environment. Results of the investigation of
the genital apparatus in species of the Candidula genus on our territory
make me inclined to believe that the denotation Candidula scosiana
(J. Wagner, 1933) ought to be considered as a synonym for Candidula
unifasciata (Poiret, 1801).

Helicopsis striata (0. F. MULLER) (Fig. 11)
For determining variability 15 specimens from the following localities
were measured:

No. 3. Chlumin u Neratovic, 22. 6. 1968
No. 6. MuZla u Stdirova, 13. 10. 1968
No. 21. Kopet u Neratovic, 24. 9. 1967

Fig. 11.

Genital apparatus of Helicopsis striata
[No. preparation 3c],

Chlumin u Neratovic, 22. 6. 1968,
enlarged 3times

Shelle size: breadth = 9.4 mm,

height = 5.1 mm

Averages of the measuring from all localities are presented in table
XVI.

The variability coefficient of the different sections range from 7.7
to 26.6 %.
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Table XVI. Helicopsis striata, mean value shells and genital apparatus from 3 localities

shell ' TR +
Wh P E F VD BT GM TR RS Y SO GA DH
16 . 12 12
n 15 16 15 g9 14 16 16 id i 16 16 12 6
8.3 2.7 7.7 49 3.5
x i -4 o 2.8 9.6 1.9 0% s 8.6 11.6 5.7 47
var. 7.0 - 3 5.0- 28 8.1- 13- 1.5- 3.2- 19- 5.1- 7.5- 40- 3.5-
1 9.5 3.2 9.7 3.0 125 2.4 2.5 8.0 47 11.7 141 8.0 5.8
var. 40- 08 - 0.2- 0.5 - 0.4- 0.8-
b 5.9 1.5 0.5 11 0.8 1.7
0.8 0.3 1.3 0.7
s e 5 1.3 0.2 15 0.3 o1 03 16 2.1 1.3 0.8
0.2 0.07 0.4 0.2
Sk 0.15 ol 0.3 0.07 0.4 0.07 ) 0.08 0.4 0.5 04 0.3
v 04 9.6 64 16.9 77 15.6 15.8 26.5 20.0 18.6 18.1 22.8 17.0




Helicella itala (L.) (Fig. 12)
For the statistical assessment I used 16 specimens from the folowing
localities:

No. 22. CiZkovice u Lovosic, 28. 4, 1968
No. 38. Lovo3 u Lovosic, 11. 8. 1971 (lgt. Zvaric)

Averages of measurings from these localities are presented in table

XVII.
The coefficient of variation of the different sections of the genital

apparatus range from 4.0 to 22.2 %.
The growth of the genital apparatus in juvenile specimens is described
in table XVIII and fig. 13.

Fig. 12.
Genital apparatus of Helicella itala
(No. preparation 22b)

CiZkovice u Lovosic, 28. 4. 1968
Enlarged 6times

Shell size: breadth = 16.4 mm,
height = 6.9 mm

TR

DH
| Fig. 13. . “

. GA Helicella itala (young,
No. preparation 22g)
Cizkovice u Lovosic,
28. 4. 1968, enlarged 6times
Shell size: breadth = 8.0 mm,
height = 3.9 mm
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Table XVII. Helicella itala, mean value shells and genital apparatus from 2 localities

shell TR +
i P E F VD BT GM TR RS L SO GA DH
10 10
n 16 16 16 16 16 16 16 1 2 16 14 9
14.7 48 8.9 6.1 9.3 41 ,
x 47 14 o 32 | 164 9% 7 it lazs  [ag0 108
var. 137- |"s@- | 8o- | 28- |114- | a5- | 25- | e5- | 82- |.a3- [is#. 8.8 -
1 16.7 56 |112 37 | 195 7.0 45 | 124 58 |166 |27.0 13.0
var. 5.8 - 0.5 - 05 1.0 0.4 - 1.0 -
b 7.3 11 : 15 0.6 2.3
0.9 05 15 0.8 17 0.7
s 045 | 02 0 0.3 28 0.1 00z | o35 | 23 3.6 12
0.2 01 0.4 0.2 05 0.2
Sx a i : 0.08 | 06 B, b | oe N o8 0.9 0.4
61 | 108 13.1 183 | 171
v % R T 94 | 140 ot %0 |55 {184 sy 113
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Table XVIII. Helicella itala (young), Cizkovice u Lovosic, 28. 4. 1968

shell TR +
No. s P E F VD BT oM TR RS = S0 GA | DH
8.0 1.2 11 | 18 13
228 &0 b L 0.5 2.7 2 5.8 1 7.1 8.2 0.8 1.2
22h 8.9 1.0 16 438 13 6.1 9.6 0.2 2.3
45 0.2 0.3 : 0.2 : . : :




Helicella obvia (MENKE]) (Fig. 14)
I measured 38 specimens from the following localities:

No.
No.
No.
No.
No.
No.
No.

5.

7.
13.
14,
18.
19.
20.

Tobolka u Berouna, 7. 9. 1968
MuZla u Starova, 13. 10. 1968
Bychory u Kolina, 30. 10. 1968
Zmojmo - Pohorelice, 16. 10. 1968
Pernd, Pavlovské kopce, 15. 10. 1968
Kamenice u Starova, 13. 10. 1968
Ogelice u Opocna, 5. 11. 1968

Averages of the measurings from all the localities are presented in
table XIX and graphically expressed in tables XXI—XXVI.

The results indicate that the size of the genital apparatus and the
size of the shell are positively corelated.

The coefficient of variation ranges in the different sections of the

genital apparatus from 8.2 to 24.7 %.

Fig. 14.

Genital apparatus of Helicella obvia
[(No. preparation 25a)

PopluZi u Jiz. Vtelna, 14. 7. 1968,
enlarged 2times

Shell size: breadth = 14.1 mm,
height = 6.7 mm

The size of the genital apparatus in juvenile specimens is shown in
table XX and fig. 15, 16. In specimens from PopluZi u Mladé Boleslavi
the genital apparatus is almost developed in shells which are about 14.0
to 15.0 mm broad.
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Table XIX. Helicella obvia — mean value shells and genital apparatus from 7 localities

shell TR +
- p E F VD BT GM TR RS o e GA DH
n 38 37 38 36 34 38 38 38 37 37 36 38 19
146 3.9 8.5 45 6.7 44
X - 3 o 2.6 16.8 ey o o 24.8 8.9 9.8
var; + Jigd- | 2~ | 48- |1y iag. loaga | ek | oams b oaseo| ses oldes- | sae | gms
1 18.3 5.0 12.3 36 | 240 5.8 55 11.0 6.0 16.8 330 | 140 13.0
var. 5.0- 0.8 - 05- 1.2 - 0.5 1.4-
b 85 17 0.8 20 11 3.0
1.9 0.5 17 0.7 14 0.6
s o o o 05 2.8 o o a2 18 45 2.2 0.8
0.3 0.08 0.3 0.1 0.25 01
Sx 014 | 003 | ooz | 008 | 05 0.03 002 | oos | @3 0.75 | 035 | 02
- 130 |128 | 200 155 209 | 136
v % 13.0 18.2 16.7 13.2 16.7 133 125 | 143 15.8 181 24.7 8.2
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Table XX. Helicella obvia (young), Jiz. Vtelno u MI. Boleslavi, 14. 7. 1968

shell TR +
s b/h P E F VD BT oM TR 1 O ) cA DH
] |
14.1 4.8 7.0 36 4.2 731 ; ' |
25a o7 i hc 15 16.5 - 3.0 v S 8.2 4o | 52 110
15.4 32 [ 104 5.0 55 5.0 | |
25b =3 = o 25 175 75 25 i e 10.5 148 47 | 160
|
11.7 2.4 22 6.6 1.7 | |
25¢ = & 6.7 s 0.5 o 5 8.3 106 | 15 | 6.0
| |
!
8.0 1.4 0.8 4.9 0.9 ; |
2 a0 lamah] oo [5G o0s | o2 | 58 |78 |08 | 25




Tahle XXI. Table XXII.

BYCHORY u KOLINA

KAMENICE u STUROVA

CELICE u OPOCNA-

ZN0JMO-POHORELICE

ZNOJMO-POHORELICE

MUZLA u STUROVA

PERNA , PAVL.KOPCE

PERNA, PAVL. KOPCE

OCELICE u OPOCNA

KAMENICE u STUROVA

BYCHORY u KOLINA
2o

LOCALITY LOCALITY

3010)16.10{15.10.13.10 .9.1310/3010.16.10.15.10, 5.11.

DATE 19681968 1968 1968 1958/1968] DAT € _ |1968/1968/19681968/1968|195811968

NO. OF : NO. OF
PREPARATION 14 |18 119 | 20| ppepapaTion | 5 | 7 [ 13|14 | 1818 20

| TOBOLKA uBEROUNA
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© [TOBOLKA u BEROUNA
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[o3]
[=2]
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12 —

mm  1p mm )
SHELL BREADTH IN HELICELLA OBVIA .P" LENGTH IN HELICELLA QBVIA

Fig. 15.

Helicella obvia (young,

No. preparation 25c)

PopluZi u Jiz. Vtelna,

14. 7. 1968, enlarged 6 times
Shel size: breadth = 11.7 mm,
height = 5.3 mm
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Table XXIIL

Table XXIV.
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Fig. 186.

Helicella obvia (young,

No. preparation 25d)

PopluZi u Jiz. Vtelna, 14. 7. 1968,
enlarged 6 times

Shell size: breadth = 8.0 mm,
height = 4.0 mm
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Table XXV. Table XXVI.
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Cernuella (Xerocincta) neglecta (DRAPARNAUD) (Fig. 17)
11 specimens from the following localities were measured:

No. 12,, 13d Bychory u Kolina, 30. 10, 1968

No. 15. Kochanky u Benatek n. J., 20. 10. 1968
The averages of measurings from both localities are presented in table

XXVII.

The coefficient of variation of the different sections of the genital
apparatus ranges from 9.3 to 26.6 %.
The size of the genital apparatus in juvenile specimens is depicted in
table XXVIII and fig. 18, 19.
In some specimens with a shell of 11.3 mm broad (preparate No. 24a)
the genital apparatus is completely undeveloped, while in others —
specimens with a small shell but with a developed internal rib (b =
8.7 mm, preparate 12 b) it is completely developed, however, the propor-
tions are smaller, relative to the size of the shell.
The dart sac with dart 2.5—3.5 mm long can be seen in Plate W4

96




Fig. 17.

Genital apparatus of Cernuella neglecta
(No. preparation 16c]),

Tiebenice - Kostal, 23. 10. 1968,

enlarged 2times

Shell size: breadth = 14.8 mm,
height = 7.4 mm

Fig. 18.

Cernuella neglecta [young,

No, preparation 24a),

By¢chory u Kolina, 16. 7. 1967,
rnlarged 6.5times

Shel size: breadth = 11.3 mm,
height = 5.7 mm

Fig. 19.

Cernuella neglecta [young, No. preparation 23b],
Kostdlov u TPebenic, 7. 8. 1966, enlarged 6.5times
Shell size: breadth = 7.00 mm, height = 3.6 mm

DH

SO
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Table XXVII. Cernuella neglecta — mean value shells and genital apparatus from 3 localities

TR +

shell
v P E F VD BT GM TR RS s e GA DH
n 11 11 11 11 11 11 11 11 1 10 8 8 6
15.7 3.8 9.6 5.3 107 45
x gt . o 15 15.8 22 a3 oA U 97 9.4
var. 120- | 27. | 70- | 10- |125- | 42- | 40- | 85- | 32- |[135- |225- | 80- | 85-
1 18.3 45 12.3 2.2 20.0 7.5 6.0 12.2 6.1 187 | 335 112 | 115
var. 60- | o8- | 04- 18- 03- | 12-
b 9.0 10 06 2.3 05 24
16 07 17 1.0 1.2 0.8
s 0.8 0.1 0.05 0.4 2.5 03 0.08 0.4 1.4 33 12 1.2
0.4 0.2 0.5 03 0.4 0.25
Sx g 92t G | B | ns e b B M 12 04 05
102 |184 |177 18.8 1.2 | 177
n -
v % 105 |1 |00 |28 O A [l 9.3 113 124 12.8
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Table XXVIII. Measurements of Cernuella neglecta in aduli and young snails — TFebenice, 23. 10. 1968
No. 5;}‘;" P E F VD BT GM TR <1 T e S - GA | DH
16b 10 il 12 | 148 ‘é:g £ 104 33 |148 | 185 8.0 9.4
T o 15 |135 o Bl ¢ |a8x [eso 85 | 105
Kostdlov u Tiebenic, 7. 8. 1967, leg. Zvarié
23a = ¥ ~ 0.6 ok 0.9 o 52 5.2 6.8 14 3.7
23b 7 i 2 0.4 3.2 i 0.4 2 2 3.8 5.0 11 2.3
Bychory u Kolina, 16. 7. 1367
24a e e g‘:g" 1.2 6.7 ig 2.0 24 . 74 | 145 2.7 9.5




Averages of the measurings of the different parts of the genital ap-
paratus of all species of the Helicellinae sub-family found in CSSR are
depicted in cumulative graphs (Tables XXIX — XXXIX).

Table XXIX. Table XXX.
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Table XXXI. Table XXXII.
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Table XXXIIL Table XXXIV.
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Table XXXV. Table XXXVI.
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Table XXXVIIL

Tahle XXXVIIL
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Table XXXIX. Table XXXX.
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Table XXXXI.

Table XXXXII
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VI. PIGMENTATION AND SIZE OF SHELLS

Bands on shells are typical for Czechoslovak representatives of the
Helicellinae sub-family. This feature, though, is most subject to changes,
also in size, and therefore the variability of shells of this species is so
great and causes frequent difficulties in determination. This variability
is also why so many forms and aberrations have been described over
the years (in Czechoslovakia mainly PETRBOK). But these units have
hardly any systematic value and ought to be regarded as a natural vari-
ation scale which is the result of the changing environment and is char-
acteristic for each developing species.

Candidula unifasciata (POIRET)

For determining shell variability I used 11 samples (738 specimens) from typical
populations C. unifasciata and 13 samples (708 specimens) from populations currently
denoted as C. soosiana (in text and supplements marked +). The following localities
are involved (table XII —XV):

1. Tachlovice u Nufic and a broader vicinity including the locality Dubecky mlyn
u Chynice, 1966—7, 1gt. V. Pfleger.

The most of C, unifasciata shells are noted for a typical first broad band, about
10—20 Y% have this band very weak or interrupted, especially those on the warm
southern slope near Dubecky mlyn u Chynice. On the other more humid biotopes in
roadside ditches more than 95 % of the shells have the typical coloring. The height of
the shell (in 230 shells from 12 localities from the vicinity of Tachlovice) ranges from
55. 7 % to 59.4 % of the breadth, average: shell height = 57.8 % of breadth.

Values determined on examined material:

X = 6.4 mm (breadth) 3.7 mm (height)
s = (0.8 mm 0.5 mm

sx = 0.02 mm 0.01 mm
v = 125% 13.5 %

Extent of variation: breadth 5.2 — 85 mm

height .3.0 — 5.1 mm

The smallest dimensions were determined on shells from the slope near Chynice —
Dubecky mlyn and the largest from the locality Chotet - Ofech (roadside ditch].

Interesting is the ratio of the shell height to the shell breadth in specimens which
are typically colored and in shells with a weak to unclear band. In 27 specimens
with a typical band (Chynice) the height of the shell = 55.7 % of the breadth. In
17 specimens with a faint first band from the same locality the heig_ht ranges from
56.5 to 57.8 % of the breadth.

In my opinion the weakening of pigmentation and increasing height of the shell
at the expense of its breadth is typical for dry and thus warm localities.

Even within one population shells with the typical band are more finely striate,
shells with an interrupted are on the back side more conspicuously striped.

2. Tachlovice u Radotina, 4. 7. 1949, Igt. ]. Brabenec. 45 shells from this collection
have typical coloring, the height of the shells is 56.3 % of the breadth.
The following values were determined on the examined shells:

X = 6.4 mm [breadth) 3.6 mm (height)
s = (.55 mm 0.35 mm

sy = 0.08 mm 0.05 mm
v = 86% 9.7 %

Extent of variation: breadth 5.4 — 7.5 mm

height 3.0 — 4.3 mm

3. Drahel&ice u Nuéic, abolished railway bank south of the village, 16. 6. 1970, lgt.
V. Pfleger.

107



Altogether examined 31 adult specimens, among them 24 pale shells with faint band
or without band and 7 shells with a typical first band. Height of the shell is 54.4 %
of breadth. The following values were determined on the material:

X = 6.8 mm (breadth) 3.4 mm (height)
s = 0.5 mm 0.3 mm
sy = 0.09 mm 0.05 mm
v=74% 8.1%
Extent of variation: breadth 6.1 — 8.0 mm
height 3.2 — 4.3 mm .

4. Ocelice u Opofna, railway trench, 3. 9. 1967. lgt V. Pfleger. Measured 16 shells
which are almost white with a very faint and unclear main band. Height of shell is
56.7 % of breadth. The following values were determined on the material:

X = 6.9 mm ([breadth) 3.9 mm (height)
s = 0.5 mm 0.3 mm

sx = 0.12 mm - 0.07 mm
v=72% 7.6 %

Extent of variation: breadth 6.1 — 7.8 mm

height 3.4 — 4.4 mm

5. Oé&elice u Opo&na, 2. 4. 1950, Igt. J. Brabenec. From 109 shells 12 with a clear
band, the others are white with a faint interrupted band or completely white. The
internal rib is mostly narrow and relatively sharp; less often it is flat. The shell height
is 5.7 % of breadth (average). The following values were determined on the material:

X = 7.0 mm (breadth) 3.9 mm (height)
s = 0.6 mm 0.4 mm

sx = 0.06 mm 0.04 mm

v = 86% X 10.3 %

Extent of variation: breadth 5.5 — 8.7 mm

height 3.2 — 4.9 mm

6. Jenikovice u Tiebechovic, 9. 9. 1956, 1gt. . Brabenec. Measured 62 pale shells with
a interrupted bands. Shell height is 53.8 % of breadth, The following values were
determined on the material:

X = 6.5 mm (breadth) 3.5 mm (height)
s = 0.35 mm 0.2 mm

sx = 0.04 mm 0.03 mm

v =540 5.7 %

Extent of variation: breadth 5.7 — 7.2 mm

height 3.0 — 4.0 mm

7. Ohni3ovsky ostrov u Opolna, 7. 4. 1969, 1gt. J. Brabenec., From 890 shells 7 with
a typical main band the others are white with a faint and interrupted band. Shell
height is 54.9 % of breadth. The following values were determined on the material:

x = 7.1 mm (breadth) 3.9 mm (height)
s = 0.7 mm 0.35 mm

sx = 0.07 mm 0.04 mm
v = 990 9.0 %

Extent of variation: breath 5.8 — 8.9 mm

height 3.2 — 4.9 mm
Finely striate but more clear than in material from the vicinity of Tachlovice.

8. Stramberk u N. Jiina (old quarries), 10. 10. 1968, 1gt. V. Pfleger. On this locality
1 found 65 specimens of which three had a typical shell like C. unifasciata, the others
are pale without a band or the band is very unclear or interrupted. Height of the
shell is 57.6 % of breadth. The following values were determined on the examined
material:

x = 59 mm (breadth) 3.4 mm (height)
s = 0.6 mm 0.4 mm

sx = 0.07 mm 0.05 mm

v = 102% 11.8 %
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Extent of variation: breadth 5.1 — 7.7 mm
height 2.9 — 47 m
Many shells are more roughly ribbed on the last whorl compared with material from
the same locality from 1952 (1gt. J. Brabenec].

9, Stramberk (old quarries], 8 10. 1970, 1gt. V. Pfleger. 29 pale shells with a thin
hand has been collected (only one specimen with a typical main band). Hight of
shells is 56.7 % of breadth. The following values were determined on the examined
material:

X = 6.0 mm (breadth) 3.4 mm [(height)
s = 0.5 mm 0.3 mm

sx = 0.09 mm 0.05 mm
v = 83% 8.8 %

Extent of variation: breadth 5.2 — 7.0 mm

height 2.8 — 4.0 mm

10. Stramberk (old quarries), 19.7.1952, lgt. J. Brabenec. From 13 shells one speci-
men with a typical main band, one specimen is brown colored, the rest are white.
Height of shells is 56.1 % of breadth. The following values were determined on the
examined shells:

x = 5.7 mm (breadth) 3.2 mm (height)
s = 0.8 mm 0.45 mm

sx = 0.2 mm 0.1 mm
v = 14.0% 14.0 %

Extent of variation: breadth 5.0 — 7.4 mm

height 2.7 — 4.2 mm

11. Stramberk, Vaiiliv kdmen, 19.7.1952, lgt. J. Brabenec. Altogether examined 48
shells, of these six brown specimens, the others with the typical band. The height
of the shells is 56.9 % of breadth. The following values were determined on the
material:

X = 5.8 m (breadth) 3.3 mm (height)
s = 0.25 mm 0.2 mm
sx = 0.04 mm 0.03 mm
v =430 6.0 %
Extent of variation: breadth 5.2 — 6.6 mm

height 2.8 — 3.7 mm

+ 12. Rajeckd Lesnd - Suja, south of Zilina, 9. 8. 1967, 1gt. V. Pfleger. After four
months of drought in this region I found very few live snails and shells on a slope
near a roadside ditch. Almost all shells were white with a very weak, interrupted
band or a dispersed band (mosaic pattern).

+ 13. Réjeckd Lesnd - Suja, 12. 10. 1968, 1gt. V. Pfleger. After a very rainy summer
I found in the same place a great number of live specimens (in some places of the
roadside ditch 100 — 150 specimens per m2). This population contained specimens
of a most varied age composition and shells with pigmentation of most different
pigmentation degrees.

Out of 166 adult live specimens 18 (i. e. 10.9. % of the total) had a clear first band,
typical of the C. unifasciata and the shell height was 54.7 % of breadth. Another 67
specimens (i. e, 40.6 %) had a shell with faint interrupted bands, and shell height
was 56.7 % of breadth. 56 specimens (33.9% of total] had a shell with a mosaic
pattern — highly interrupted and bands fused until completely fading, the height is
57.8 % of breadth. The fourth group consisted of 24 specimens (14.6 %) with white
shells all mostly without a pattern, in this case shell height is 58.4 % of breadth.

Of course, there are transitions among these groups so the clasification into these
four groups is purely subjective. However, it is clear that coloring and shell height
are correlated, the lighter the specimen the higher it is.

The following values were determined on the examined material:
shell height is 56.9 % of breadth
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x = 6.6 mm (breadth) 3.7 mm [height]
s = 04 m 0.2 mm
sx = 0.03 mm 0.015 mm
v = 6.1% 5.4 %
Extent of variation: breadth 5.6 — 8.1 mm

height 3.1 — 4.9 mm

+ 14, SnéZnice u Ziliny, foot of Vreten hill, 11.10. 1968, 1gt. V. Pfleger. On the southern
foot of the hill I found a weak population of live specimens of which five had a
weak band 10 were light colored (without clear bands), one specimen had a typical
band.

The ribbing of shells withauf} bands is coarser than in those with bands. Overall
ribbing is still more clear than in material from R&jecka Lesnd. Hight of shells is
58.8 % of breadth. The following values were determined on the examined shells:

x = 6.3 mm (breadth) 3.7 mm [height)
s = 0.4 mm 0.2 mm A
Sx = 0.1 mm 0.05 mm
= 6.3% 5.4 U
Extent of variation: breadth 5.8 - 7.0 mm

height 3.3 — 4.1 mm

+15. Sné&Znice u Ziliny, foothill of Vreten, 21. 8. 1951, 1gt. ]J. Brabenec. Altogether
15 shells examined; all except one with a qulte clear band almost white with unclear .
band. One specimen with two developed clear internal ribs. Shell height is 58.6 % of
breadth. The following values were determined in the material:

x = 5.8 mm (breadth]) 3.4 mm (height)
s = 0.3 mm 0.2 mm

sx = 0.08 mm 0.05 mm
v = 520 5.9 %

Extent of variation: breadth 5.0 — 6.2 mm

height 3.0 — 3.9 mm

+16. Drietoma u Tren¢ina, southern slope of Bolovica, 9. 10, 1970, lgt. V. Pfleger.
Of the shells I collected 9 were quite mature. The shells were mostly gray with inter-
rupted bands all over the area. Shell height is 57.9 % of breadth. The following values °
were determined in the material:

x = 5.7 mm (breadth) 3.3 mm (height)
s = 0.3 mm 0.2 mm

sx = 0.06 mm 0.03 mm
v = 53% 6.1 %

Extent of variation: breadth 5.2 — 6.1 mm

height 3.0 — 3.6 mm

Shell ribbing is similar to that of the samples from Vreten, only the ribs are nar-
TOWET. ;

+17. Sob&%ovice u Zermanické piehrady (near Ostrava), southern slope above the
shipyard, 8. 10. 1970, 1gt. V. Pfleger.

From this locality I examined 30 pale to gray colored shells with interrupted main
band (mosaic pattern]. Shell height is 57.6 % of breadth, The following values were
determined:

x = 5.9 mm (breadth) 3.4 mm (height)
s = 0.4 mm 0.3 mm

sy = 0.07 mm 0.05 mm
v = 6.8% 8.8 %

Extent of variation: breadth 6.1 — 7.0 mm

height 3.0 — 41 mm

+18. Zermanick4 prehrada u Havifova, 10. 6. 1964, lgt. ]. Brabenec, From a total
of 73 adult specimens seven have a banded shell, the others are pale with interrupted
bands. Shell height is 55.9 % of breadth. The following values were determined:
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¥ 5.9 mm (breadth) 3.3 mm (height)

s = 0.3 mm 0.25 mm
sx = 0.03 mm 0.03 mm
v = 51% 7.6 %
Extent of variation: breadth 4.8 — 6.6 mm

height 2.8 — 3.9 mm

+ 19. Térlicko u Ostravy, 25. 8. 1956, lgt. ]. Brabenec. Altogether 22 shells examined
four of which have a faint band, the others are white with a completely interrupted
harely visible band. Shell height is 56.9% of breadth. The folowing values were
determined:

x = 6.5 mm (breadth) 3.7 mm (height)
s = 0.45 mm 0.3 mm

sx = 0.1 mm 0.06 mm

v = 69% 810

+ 20. Vedryné u Tfince, VruZnd slope, 23, 6. 1969, lgt. J. Brabenec. Examined 15
developed shells eight of which have main band, the remaining shells are gray with
disturbed bands (mosaic pattern). Shell height is 56.7 % of breadth. The following
values were determined:

X = 6.0 mm (breadth) 3.4 mm ([height)
s = 0.2 mm 0.2 mm .

sx = 0.05 mm 0.05 mm
v =33% 5.9 % -

Extent of variation: breadth 5.5 — 6.4 mm

height 3.1 — 3.8 mm

+ 21. Stankovany u Kralovan, around the stream near the railway, 8. 10. 1970, 1gt.
V. Pfleger. White shells without band or grayish with an unclear or interrupted band.
Shell height is 59.7 % of breadth. The following values were determined on the 55
examined shells:

x = 6.2 mm [breadth) 3.7 mm (height)

s = 0.4 mm 0.3 mm 1
sx = 0.05 mm 0.04 mm

v = 65% 8.1 %
Extent of variation: breadth 5.4 — 7.0 mm

height 3.0 — 4.2 mm
In appearance this material was similar to that from Sob&Sovice.

+ 22. Stankovany u Kralovan, Modiare reservation, 1gt. ]J. Brabenec, 25. 5. 1967, The
shells are light, yellowish, banding very unclear, only four specimens with clear
main band. The following values were determined on the 31 examined shells:

Shell height is 57.6 % of breadth.

X = 5.9 mm ([breadth} 3.4 mm (height)
s = 0.4 mm 0.25 mm

sx = 0.07 mm 0.04 mm

v = 680% 7.4 %

Extent of variation: breadth 5.2 — 6.7 mm

height 3.0 — 3.9 mm

+ 23. Stankovany, Skuta valey, 25. 5. 1967, 1gt. ]. Brabenec. Shells from this locality
are small, mostly white without a band (147 specimens), the band is clear on 27
shells. Shell height is 56.6 % of breadth. The following data were determined on 173
shels:

x= 5.3 mm (breadth) 3.0 mm (height)
s = 0.4 mm 0.25 mm
sx = 0.03 mm 0.02 mm
v=175% ’ 83U

Extent of variation: breadth 4.6 — 6.5 mm

height 2.5 — 4.0 mm
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+24. Brannd u Hanu3ovic, steppe slope near limestone quarry, 6. 10. 1970, lgt.
V. Pfleger. 24 shells from this locality have a light to gray colour with a mosaic pat-
tern (two of them are light with a fine band and are distinctly lower). Shell height
is 59.7 % of breadth and thus it is distinctly higher than in specimens from the limes-
tone quarry [cf. below). The following values were determined:

x = 6.7 mm (breadth) 4.0 mm [height)
s = 0.4 mm 0.4 mm

sx = 0.08 mm 0.08 mm
v = 6.0% 10.0 %

Extent of variation: breadth 5.9 — 7.8 mm

height 3.3 — 5.0 mm
Some shells are more roughly striate than specimens from the vicinity of Opoé&no
but finer than shells from the vicinity of T&3in (Sob&3Sovice). The shells are higher
than those from around Opoéno, and in this feature they are similar to shells from
Sobé&3ovice.

+ 25. Brannd, limestone quarry, 10. 10. 1972, 1gt. V. Pfleger. Among the 77 examined
specimens some with a typical main band as well as white shells without bands or
interrupted ones. The following values were determined:

Shell height is 56.3 % of breadth.

X = B.4 mm (breadth) 3.6 mm (height)
s = 0.35 mm 0.25 mm
sx = 0.04 mm 0.03 mm
v=255% 6.9 %

Extent of variation: breadth 5.8 — 7.2 mm

height 3.2 — 41 mm

These shells (directly from the abandoned quarry - chrystallic calcium) are more
roughly striate than shells from the grass-covered slope about 200 m west of the
quarry (6. 10. 1970). This locality (650 m above sea level) is the highest place of
occurrence of the Candidula unifasciata snail in CSSR.

Average values for all localities

I determined the following values on the examined material (1446
specimens) of Candidula unifasciata (including those formerly denoted
as C. soosiana) from all places of occurence in Czechoslovakia:

Shell height is 56.4 % of breadth.

X = 6.2 mm (breadth) 3.5 mm (height)
s = 0.5 mm 0.3 mm
s, = 0.004 mm 0.003 mm
v=81% 8.6 %

Extent of variation: breadth 4.6 — 8.9 mm

height 2.5 — 5.0 mm
Graphically described in tables XIV, XV.

DISCUSSION

I based my study of variability of conchyological features in popul-
ations Candidula unifasciata and populations so far denoted as C. soosia-
na mainly on the work of Hudec (1964). For better orientation I present
the conchyological differences between the two species in the same
way as HUDEC does in his publication.

These determined differences between the two species are, in my opin-
ion, valid only for expressing differences among populations. Due to
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their variability (as I explain further), however, they cannot be used as
suitable diagnostical traits.

I have the following comments to make some of the conchyological
differences.

Ad 1. Percentage of expansion of the last whorl compared with the one
before
On the following localities I determined the following values in the
different specimens:

Tachlovice, 18. 9, 1966 175 %
Chynice, 3. 9. 1967 166 %
170 %
+ Brannd, 6, 10. 1970 138 %
142 %
Stramberk, 10. 10. 1968 143 % (light shell)
+ Vreten, 11. 10. 1968 130 % (light shell)
Réajecka Lesna, 12. 10, 1968 130 % (white, higher shell)

164 % (typically banded lower shell)

The expansion of the last whorl compared with the one but last dep-
ends on the height of the shell. In higher shells the % of expansion of
the last whorl is smaller than in specimens with a lower shell. This
difference is most conspicuous in shells from Réjeckd Lesnd (on one
locality this value fluctuates from 130 to 164 % — cf. distribution of
this material on p. 109). Were this difference to be a diagnostical one
the banded specimens would then have to belong to the C. unifasciala
species and the specimens without the typical band to the C. soosiana
species! In population from Stramberk and Branné this percentage is on
the transitional level between Czech and Slovakian populations. There-
fore, in my opinion, this feature is not suitable for discriminating
between species.

Ad. 2. Internal rib development

It is a fact that the internal rib, as noted by HUDEC (1964), in popul-
ations denoted as-C. soosiana is weaker and often even absent compared
with C. unifasciata.

According to the examined material 1 had investigated, internal rib
development is different on different localities. HUDEC (1964) himself
states that the population from Vreten has a clearer internal rib compar-
ed with data given by WAGNER (1933). It seems that towards the east
the internal rib becomes flatter and in many specimens it is very unclear
or completely absent.

Ad. 3 + 9. Ribbing and shell colour

In studying the material I determined that ribbing is partially subject
to changes even within one locality. It is manifested especially on the
Stramberk locality. Already HUDEC (1964) determined that shells of C.
unifasciata from Stramberk (ltg. Hruby, 1963) are, compared with shells
from Bohemia, “after all more clearly striate and coarser on the last
whorl“, And this feature is presented as one of the main discriminative

113



PiT

Candidula unifasciata’

Candidula soosiana

10
11

12

The last whorl near the aperture, compared with the
one before, is so broadened that it forms 155—175 %

The internal rib in the 'aperture is relatively narrow,
always strong and elevated

The whorl surface is more or less regular, clearly
striate and ribbed

The aperture is transversal, shortly eliptical

On the periphery of the last whorl there is a slight
suggestion of a blunt edge

The shell is depressed, globose with a broadly conical
disc, the surface is opaque

The umbilicus is open and accounts' for about 1/7 to
1/6 of the shell breadth

Shell size: breadth 5.0 —85 mm, height 40—55 mm
Whitish is the basic shell colour
Number of whorls: 45 — 55

Suture near aperture bends very shortly but clearly
down

The one but last whorl and the last one form an obtuse
angle in the suture near the apertiure

The last whorl, compared with the one before, forms
130—140 %

The' internal rib is flat, faint and often almost absent
The surface is = regularly ribbed, ribbing near the
last whorl is particularly rough and irregular

The aperture is shortly transversally elliptical to round
The edge is very unclear to almost absent

The shell is depressed, globose with a broadly cylind-
rical disc which is usually elevated, the shell surface
is, as a rule, opaque or slightly shiny on top, and more

so on the under side

The umbilicus is open and accounts for about 1/6 to
1/5 of the shell breadth

Breadth 5.5 — 7.5, height 3.7 — 5.5 mm

Horn yellow to whitish

45 —5.25

The sutur'e near aperture bends down unclearly

The one but last and the last whorl form a less obtuse
to almost right angie in the suture near the aperture




features between C. unifasciata and C. soosiana. I may state that the
roughter ribbing is positively correlated with light shells without typical
bands or shells with interrupted bands.

The comparative material further indicates that ribbing increases (is
coarser) in populations towards the east.

Locality Opoéno + Brannd + Sob&Zovice + Vreten
m above sea level 250 650 350 500
shell height [mm) 3.9 4.0 3.4 3.7
CaCO3 cont, (%) 15.3 0.06 30.5 8.0
geogr, location :

south to west 14°157 17° 18°30" 18°50"

This ribbing may be conditioned by the chemical composition of the
substrate of the different localities. This, however, is not suported by
the findings from Stramberk (Staré lomy) where on the same locality
some specimens are currently (in 1968) more clearly ribbed than shells
from 1952 (lgt. J. Brabenec).

On the grounds of the fact: -

a) that in more arid places lighter and higher shells are more frequent
than in more humid locations,

b) that in populations so far denoted as C. soosiana light shells with-
out bands are more coarsely ribbed than those with bands;

I conclude that this ribbing, presented as a characteristic feature of
C. soosiana, is affected by climatic factors. On the territory
of CSSR this species is apparently on the border of the more humid oce-
anic and more arid continental climatic effects. According to current
research the snail Candidula unifasciata appears to be a very plastic
species which is able to colonise other suitable territories (not, however,
the original steppe biotope] towards the east and to adapt relatively
quickly to the microclimate of new biotopes.

Pigmentation of shells differs on localities which are sufficiently far

from each other but also differ just as markedly within the same local-
ity. ULICNY (1893) states that this snail was introduced to this country.
According to the appearance of the comparative material it seems that
its distribution over the territory of Czechoslovakia has different origins.
Firstly, there is the typical population C. uniasciata from around Tachlo-
vice and the similar population (at least material from 1952) from
Stramberk. The next group is formed by populations from around Opod-
no, north Moravia and Slovakia, some of which resembie Polish material.
Already POLINSKI (1924) and URBANSKI (1933) pointed out the strong-
er ribbing of C. unifasciata shells from Té5in and Poznan districts com-
pared with the typical C. unifasciata from Germany and Switzerland.
This difference is to be seen even in comparison with our material from
Tachlovice.
_ On the basis of these facts I cannot regard pigmentation, ribbing and
the other shell features as sufficiently diagnostical for good species
determination. All these change not only among populations from dif-
ferent localities but also within one locality over a series of years.

This variability led J. PETRBOK (1936c) so far as to determine two
species on Tachlovice site; in reality he identified just two generations
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or possiblly even variable specimens of the same population. From the
photos published in his work (1936¢) it is clear that he identified shells
without clear bands and with marked ribs as Candidula sp. cf. intersecta
Poiret var. heripensis Mabille, while shells with clear bands and fainter
ribs as Candidula cf. unifasciata Poiret. In fact only variable specimens
of a single species — Candidula unifasciata (Poiret) — are involved!
This example is descriptive enough as a warning against premature
determination and applies to the description of new taxones. The basic
prerequisite of all systematic work is thus, even today, a through know-
ledge of species variability.

Ad. 8. Shell size

On the basis of material from all localities in Czechoslovakia it is
impossible to distinguish, according to the shell dimensions (breadth,
height), between populations C. unifasciaia and C. soosiana. 1f we
compare the coefficient of variation (v) of breadth and height we find
that the coefficient regarding height of shells is in most cases greater
(from 25 investigated localities this is true of 21). Shell size changes
not only according to locality but it differs conspicuously even in popul-
ations from the same locality but of different years (tables XII — XV).
For purposes of comparison I present the following examples:

locality year breadth (mm) height (mm])
Vreten u SnéZnice 1951 5.7 3.4
1968 6.3 3.7
Stankovany 1967 5.3 3.0
1970 6.2 3.7
Brannd u Hanu$ovic
(grass slope) ) 1970 6.7 4.0
(limestone quarry) 1972 6.4 3.6

In typical populations of C. unifasciata from around Tachlovice and
Opoé¢no the fluctuations of size are not so marked. As oposed to HUDEC
(1964) I must state that the variability of populations so far denoted as
C. soosiana is rather big. This is, however, clear not until after a com-
parison of a larger number of shells from more localities and even in
the study of material from one location in different years (cf. materzal _
from Réjeckd Lesna, p. 109).

Ad. 11. Slope of the suture near the last whorl

The slope of the suture near the aperture is not a reliable distinguish-
ing feature. In most shells from the vicinity of Opolno the slope is
unclear though it is a population always denoted as C. unifasciata. Some
population from the vicinity of Tachlovice (typical C. unifaseiata) have
a short clear slope in only about 50 % shells. This comparison is interest-
ing in shells from around Stramberk. Shells from Véiifiv kdmen usually
have a clear slope while shells from Staré lomy (about 500 m from
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Varnitv kamen) have this slope almost invisible or very slight. Still other
Moravian material from Branna has in half the cases a clear suture
slope near the last whorl (just as in typical C. unifasciata populations)
and in the other half of cases it is unclear (as in populations denoted
as C. soosiana).

Even this feature like all others is not stable, it changes depending
on the changes of other features in the different localities. The incon-
spicuous slope of the suture near the last whorl is typical for all l1ight
shells regardless of whether in populations denoted as C. unifasciata
or C. soosiana.

Ad 12. Size of the angle near the aperture

From the comparison of shells of C. unifasciata and C. soosiana I con-
clude that this angle changes in relation to the height of the shells. In
lower shells the last but one and the last whorls near the aperture form
in the suture an obtuse angle. Whereas in higher shells (usually found
among populations formerly denoted as C. soosiana) this angle is less
obtuse to right. This is manifest even in material from a single locality.

CONCLUSION

Some of the allegedly distinguishing features for the two species
(HUDEC, 1964) change depending on the height of the shell and,
therefore, cannot be regarded as diagnostic. The following features are
included: percentage of the size of the last whorl in relation to the
one but last, shape of the aperture, shape of the shell, angle of the last
and one but last whorl, slope of the suture near the last whorl.

It is not then surprising that J. (H.)] WAGNER, not knowing these
fact when describing C. soosiana, during the comparison of type material
from Hungary with C. unifasciata shells from Germany, found different
features and used them for diagnostic a new species.

I tried to obtain, for comparison, type material Candidula soosiana
from the museum in Budapest. The Hungarian malacologist, Laszlo Pin-
ter, however informed me by letter, as of October 25th, 1973, that in
their zoological collection there is just one shell from the type locality
collected on February 22nd, 1966. I had this shell borrowed and de-
termined the following data: the shell is completely white, found al-
ready without the animal, filled with sand. The internal rib was un-
developed, on the last whorl (there are 4% ) there is clear coarse ribbing
similar to that of shells from Vreten. The umbilicus accounts for 1/5 of
the shell breadth; shell breadth = 5.8 mm, height = 3.3 mm. Shell
height is 56.9 % of breadth. Unfortunately one specimen is not enough
to get an idea about the population. This specimen was determined by
the Hungarian malacologist as C. unifasciata. In his letter he wrote that
this species is now probably extict in Hungary. It was probably intro-
duced to the vicinity of Budapest (Hiivosvdlgy valey) some 40 years
ago. I personally believe it came there from one of the Slovakian loc-
alities. So far this species has not been found anywhere else in Hungary.
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On the basis of findings regarding our populations which were de-
termined as C. soosiana, and, due to the fact that these populations
were determined according to the original description from the type
locality in Hungary, I consider also the population from Hungary iden-
tical with the species Candidula unifasciata and the taxone Candidula
soosiana J. H. Wagner (1933) I dencte as its synonym.

After six years of studying this problem I must state that the features
given as diagnostic for the Candidula soosiana species have no taxonom-
ical value (they change with the climatic conditions). Though the Mora-
vian and Slovak populations differ from the typical populations I may-
regard them only as the easternmost form of the Candidula unifasciata
species (i. e. infrasubspecific form].

Helicopsis striata (MULL.)

Pigmentation

This species has 1—8 differently strong brown to dark brown bands
which may be fused, interrupted or absent. Sometimes the shell is dark
brownish-violet (Kope¢ and Chlumin u Neratovic]).

Size

Also the size of the shells is slightly variable. I collected the largest
shells around the railway in Chlumin (19. 10. 1968] were the dimensions
of the biggest specimens were: b = 10.4 mm and h = 5.6 mm without
internal rib. As a matter of fact the internal rib was not developed in
many other specimens, or it was very flat, indistinct.

Already HUDEC (1966) noted the size of the shells from this locality
and believes that large shells of H. striata occur most often on the edges
of fields of lucerne or in places where nitrogen fertilizers were applied.
- HORST (1960) is of a similar opinion.

On the southern slope of a hill near Kopec I found smaller shells and
despite than their internal rib was very clear. I believe this will have
been caused, among other things, also by the microclimate; this slope is
very warm and dry (evidence of this is, besides the recorded temper-
atures, also the xerophilous flora), while around the railway near Chlu-
min it is more humid and colder. Even in H. striata 1 determined slight
growth of the shell after the internal rib was formed.

The height of the shells (59 specimens from three localities) ranges
from 56.4 % to 58 % of the breadth, the average of all localities: height
of shells is 57.5 % of breadth. The following values were determined on
the examined material:

X = 8.2 mm (breadth) 4.7 mm (height)

s = 0.7 mm ° 0.4 mm

s, = 0.09 mm 0.05 mm
v=85% 8.7 % )
Extent of variation: breadth 6.9 — 10.4 mm

height 3.9 — 6.0 mm
Graphically depicted in tables XXXX — XXXXII.
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Helicella itala (L.)
Pigmentation

This species, compared with H. obvia and C. neglecia, is less variable
in pigmentation. The shells have 4—6 pale bands which show through
the wall of thinner shells. Less often they are unclear or completely
absent (especially on the top side) and the shell is then yellowish white
or whitish and almost opaque. The internal rib, compared with H. obvia,
is less clear and closer to the lip, hence even the bonds appear almost
right to the end of the last whorl.
Size

Compared with H. obvia and C. neglecta it is most flat. In terms of
per cent the height of the shell (197 specimens from four localities)
ranges from 44.2 to 48.6 % of the breadth; average shell height is
455 % of breadth. The following values were determined on the ex-
amined material:

x = 15.6 mm (breadth) 7.1 mm (height)
s = 1.4 mm 0.7 mm
Se = 0. mm 0.05 mm
v = 9.0% 9.8 %
Extent of variation: breadth 11.5 — 19.0 mm

height 5.5 — 8.8 mm
Graphically depicted in tabes XXXX — XXXXII.

Helicella obvia (MENKE)
Pigmentation

According to ULICNY (1895) the basic number of bands is four, how-
ever, these are often split into more or may disappear completely.

Shells xithout bands are denoted by WESTERLUND (1899) as f. alba
HELD further presents f. usta under the following diagnosis: small with
black-brown often fused bands and frequently with brown to blackish-
-brown ”flames”“ on the top side.

PETRBOK (unpublished notes) mentions f. usta from the locality Plesi-
vec u Méiian. In Rychnov n. KnéZnou he found shells where all the bands
were not only fused but pigmentation was so strong that it penetrates
the shell wall. This form he denotes as an aberration nigricans ab. n.
He notes that this aberration was formed in Bohemia, i. e. in the nor-
thern part of Northern Europe and not in the more southern regions
(Slovakia or even the Black Sea region]. In the abundant material from
Bohemia he did not find a single shell that would lack at least a sug-
gested first band. Even if such a shell would be found, Petrbok sais, it
could never be the f. alba West. but the line efasciata 1. n. The alba
form belongs to the more southern locations and also the bright white
coloring is starting to be predominant in shells from Moravia.

PETRBOK collected completely white shells on the Balkan and there-
fore he is of the opinion that in the Czech lands brownish pigmentation
is beginning to appear through the broadening of the bands (f. usta
Held) ending with the nigricans aberration. This finding is, according
to PETRBOK, proof of the effect of the climate on pigmentation,
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Size

In the course of studying material H. obvia 1 found that the bands do
not run right up to the end of the last whorl but end 2—5 mm before
the lip of the developed internal rib. In juvenile specimens it runs to the
end. This section is also much thinner, translucent and indicates that
under favourable conditions the shell may increase in size even after
achieving maturity. In some shells I also determined two developed in-
ternal ribs.

Therefore I believe that in some cases the shell size is limited only
by the length of life. There are more factors affecting the shell size and
therefore even the breadth and height of shells from different localities
is different and the ratio of height to breadth also changes. If we ex-
press the height of the shell in percent of its breadth then this value,
in H. obvia, (280 shells from 12 localities) ranges from 43.8 to 50.4 %,
the average beig 46.2 %. The following values were determined on the
examined material:

X = 14.5 mm (breadth) . 6.7 mm (height)
s = 1.0 mm 0.5 mm
sy = 0.03 mm 0.06 mm
v =269% _ 7.5 %
Extent of variation: breadth 10.5 — 20.0 mm

height 5.0 — 8.9 mm
Graphically depicted in tabes XXXX — XXXXII.

Crenuella (X.) neglecta (DRAP.)

Pigmentation

The shells have a different number of relatively broad brown bands
which run right up to the end of the last whorl. In some specimens
they are often fused thus creating 2—3 very broad stripes and, in this
case, the shell is almost completely brownish. The variability of pig-
mentation is similar as in H. obvia. Sometimes the bands on the upper
side are absent or unclear and on the top such shells are almost white. -
The banding ceases near the brownish to wine-red aperture which is
the most conspicuous conchyological trait of this species. This coloring
is clear even inside the aperture and therefore the narrow and higher
porcelain internal rib is clearly outstanding usually 1—2 mm from the
edge. In this species I found shells with two internal ribs very close to
each other with the space betwen them typically coloured.

Size

The shell of this species is subject to the greatest changes of all
species of this sub-family. I found extreme differences on the locality
of Kostdlov u Trebenic: The smallest specimen measured 8.8 mm : 4.2 mm
and the biggest 20.0 mm : 11.5 mm. The height of the shells (172 speci-
mens from four localities) ranges from 48.9 to 50.0 % of the breadth,
the average being 49.3 %. The following data were determined on the
examined material:
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x= 13.8 mm (breadth) 6.8 mm (height)

s = 1.7 mm 0.9 mm
s, = 0.13 mm - 0.07 mm
v = 123 % 13.2 %
Extent of variation: breadth 8.8 — 20.0 mm

height 4.2 — 11.5 mm

This species has the highest shell of all species living in Czecho-
slovakia. I noticed that even here the white specimens are higher and
darker colored. This is especially so in material from the Mediterranean
where the shells were much higher than material from Bohemia.
Graphically depicted in tables XXXX — XXXXII.

During the preparation of the genitalia I found in one large specimen
from locality Kistdlov u Trebenic (almost white shell, internal rib de-
veloped, shell breadth = 17.5 mm and height 8.5 mm) atrophied gen-
italia (glandulae mucosae absent, dart sacs small, spermoviductus weak).
The snail’'s body was, however, abnormally large. On the other hand in
a shell with dimensions 8.7 : 4.5 mm and a clearly developed internal
rib (OvcCary - Bychory, 3. 10. 1968) I extracted completely developed
genitalia though smaller but in keeping with the size of the small shell.

CONCLUSION

Pigmentation and shell size in species of the Helicellinae sub-family
are affected very much by climatic factors. They change not only ac-
cording to locality but differ considerably also within a population from
one locality in the different years. On markedly warm sites larger and
lighter colored shells can be found more frequently. Whereas on more
humid sites, or during longer wet periods, the shells are lower but
broader and rather dark in colour.

VII. POPULATION DYNAMICS

1. Time of mating

According to experiments and observations in nature BRUGGEN (1957)
stated that mating of Helicella itala takes place on September 22nd (in
captivity] and on October 4th (in nature). Mating of Candidula uni-
fasciata takes place on September 12th (in captivity).

I personally observed the mating of the following species:

a) C. unifasciata in captivity on September 6th, 1967, at 22.00 hrs. during a thun-
derstorm. Involved were specimens whose internal ribs were starting to develop, Then
in populations denoted as C soosiana, in captivity 18. 11. 1968 after moistening the
specimens in a laboratory — snails collected on 26. 10. 1968 near Sobé&Sovice (ltg. S.
Maécha). The internal rib was not yet developed, shell breadth reached 5.1 mm.

b) Helicella obvia in nature on 13. 10. 1968 on the locality Kamenny Most u Sta-
rova (road). Involved were specimens with a developed internal rib and mating took
place after it had been rannig almost all day.

2. Occurrence of juvenile and adult specimens
In detail I followed the growth of Candidula unifasciata from the
Chynice - Dubecky mlyn (cf. ecology]) locality. The following conclusions
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ensued from the observations in the different seasons of the year. Ac-
cording to climatic conditions the first juvenile specimens appear in the
period from the end of March to early May (spring generation). The
number of juvenile specimens of the same size is about (average) 10 %
per area of 20 cm2 Due to the occurence of snails of varying sizes (on
an experimental area of 1 m?) it may be assumed that eggs are laid
successively. It is either the egg yield from one specimen or yields from
different hybernating snails in keeping with their growing up.

In 40 days the shell breadth increased by approximately 2 mm and the height by
1 mm (from 18 5. to 29. 6. 1968). In early June the second generation (summer)
appears, in which the shell breadth increased by 0.9 mm and height by 0.5 mm in a
period of 18 days (from 29. 6. to 17. 7. 1968). At the same time the shell breadth cf
the spring generation increased by 0.6 mm and height also by 0.6 mm. Thus at the
beginning the shell grows faster, especially breadthwise, growth in this direction slows
down and the shell grows higher. The juvenile specimens have a very thin shell,
almost transparent. Not until growth starts slowing down do the shells start growing
stronger and thus also change colour to white.

The internal rib starts to develop in the spring generation in mid-June. Accnrdmgly
the internal rib of the summer generation should begin developing towards the end
of August or in early September. And this was really the time when 1 ascertained
a developed internal rib in the biggest specimens.

In climatically favourable regions or in exceptionally favourable years yet another,
autumn generation is found. This is how I determined the occurence of juvenile speci-
mens of a population denoted as C. soosiana in Rédjeckd Lesnd still on 11. 10, 1968.

In Bohemia, usually due to the earlier drop in temperature, development ceases,
the spring generation apparently dies out completely and from the summer generation
mainly the juvenile specimens hybernate (specimens without a clear]y developed in-
ternal rib).

On 3. 7. 1967 I found a larger number of juvenile specimens of Helicella obvia cn
the Pecky - Radim locality. The size of the smallest shells was about 4 mm.

16. 7. 1967 1 found larger juvenile specimens of Cernuella neglecta and small ones,
about 3—5 mm in size, on a field path near Bychory.

On 23. 6. 1968 juvenile specimens of Helicella obvia, 8—9 mm in size, were found
near M3ené Lazn& (the size obviously indicates hybernating specimens from the
autumn population].

On 30. 6. 1968 I found three sizes of juvenile snails Helicela obvia on a field path
near Vitézov (Bedfichov u Kolina):

small b = 4.6 mm i h = 26 mm
medium b = 8.2 mm h = 40 mm
larger b = 11.0 mm h = 50 mm

The last size represents yesteryear’s hybernating specimens because I found about
medium size juvenile specimens also on other localities. I estimated the age of the
small juvenile snails to be 4—5 weeks.

On the same day I found juvenile specimens of only two different sizes [small and
medium) and one immature specimen from last year near the village Ohrada in the
Kolin district. On an area of about 20 — 30 cm? there were 10—16 young specimens
(probably from cone nest]).

On 14, 7. 1968 I found the following sizes of juvenie specimens near PopluZi [Mlada
Boleslav]):

a) breadth = 5.6 mm height = 2.8 mm
b) breadth = 84 mm height = 4.1 mm
¢) breadth = 12.0 mm height = 5.9 mm

From the occurrence of the young specimens it may be derived that
the egg laying of H. obvia and C. neglecta probably takes place from
mid- or late May to the end of June. It happens at least twice and
probably three-times when 10—20 eggs are layed at a time in one place.
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The first juvenile specimens emerge probably from the last year’s adults,
the later ones probably from hybernated immature specimens which
mature not until the spring. The laying of eggs is probably bound to
rainy seasons.

The occurrence of stronger populations on bare, fallow or edges of
fields is probably related to the physical condition of soil. In loose not
overgrown soil it is much easier for the snail to dig a hole for deposit-
ing its eggs. In this way the eggs are better protected against drying up.
In places where the snail is unable to make a hole (due to sod cover)
it lays its eggs into the vegetable detritus close to the ground. In such
places the eggs may be more easily damaged or dried out.

The occurrence of adults with a developed internal rib is most frequent
from the end of summer (September) and in early autumn [October)
until the arrival of the first mild frosts when most adults perish while
only the immature specimens continue to hybernate.

3. Length of life

According to HORST (1929) species of the Helicellinae sub-family
live to be about two years old.

On the basis of observations (cf. ecology C. unifasciata) in the course
of which I recorded extensive.dying of these snails in autumn (October)
and in spring (May) I believe that this species lives about seven months
(April — October), and a maximum of 12 months (10 % of those hyber-
nating). The developed spring and possibly even some summer popul-
ations perish in autumn. Only immature specimens which hatched in
summer (or autumn) hybernate.

I assume (according to the years of my observations) that the larger
specimens of Helicella and Cernuella live longer than C. unifasciata.

This problem will in future require more attention. The results of this
study will depend on an expedient marking method in nature because
breeding of these species is unsuccessful under laboratory conditions.

In Helicopsis striata 1 found a large number of dying specimens on
19. 10. 1968 (Chlumin, railway) whose internal rib was not yet develop-
ed. On a section of about 100 m I found only few live specimens and
therefore believe that the number of those which hybernate is still
smaller than in C. unifasciata. This small number of hybernating animals
is also the reason for the weak population in the following year while
the 30 % of hybernating specimens of C. neglecta provides the found-
ation for a much larger population. In C. neglecta, compared with the
others, I also found almost always the strongest populations.

4. Population densities

The density of populations of species of the Helicellinae sub-family
vary widely in different biotopes. Conditions in Central Europe do not
provide for the creation of massive populations which are known from
south Europe. In the biotope they form islands. Once only I found a
population of H. obvia where the number of specimens reached about
50—60 per m? [PopluZi u Mladé Boleslavi) and a population of C. uni-
fasciata (a population denoted as C. soosiana) where the number of
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specimens reached about 100—150 per m? (Rajeckd Lesnd - Suja) but on
a small area.

Most populations I found were weak (i. e. 1 — 5 specimens per m?2),
medium (5 — 20 m?) and less often strong (20 — 50 specimens per m?).
I consider populations of over 50 specimens per m? to be very strong.
The representation of these values is given in tables XXXXIIT — XXXXVII.

5. Speed and ways of spreading

In Czechoslovakia this question was studied by HUDEC (1950} and LOZEK ,{1955f)
who made the following conclusions from the available data:

a) Though snails are not very mobile animals they are able to spread fairly quickly,
indicectly (water, wind, through man and various animals].

b) This alows them to penetrate suitable sites, though often just isolated islands
often vary from the areas of their consistent distribution.

c¢) The speed with which some species spread is so great that it is apparently suf-
ficient for them to react directly to changes in the climate and site.

d) different species reach optimal vagility in certain time Ilimited period. This
spreading may vary widely in time even among ecologically close species (Helicella
obvia is currently in the optimal stage of distribution, Helicopsis striata is in reces-
sion).

e) Due to this fact mollusc communities as regards vagility and spreading do not
behave as a whole but may consist of species with completely opposite properties.

f) The question whether one species may have more periods when it is advancing
and/or receding is not yet settled,

In my own experience the speed of spreading from the original site
of their occurrence may be quite well followed in species of limited
incidence.

So, for example, Candidula unifasciata was discovered: by PETRBOK
in 1934 near Tachlovice (slopes above Horni mlyn). At the end of World
War Il when V. LOZEK made a detailed investigation of this site, the
population was wery weak. Control collections made again by V. LO-
ZEK (1956) and then by ]. BRABENEC and HUDEC in 1949—1962 reveal-
ed populations of growing numbers. C. unifasciata inhabited suitable
sites in the close vicinity of Horni mlyn up to the stone quarry near
Chynice.

During a detailed investigation of the distribution of this species
around Tachlovice in 1966—1972 I found other localities [PFLEGER,
1974). Marginal places of occurrence are 2—5 km as the crow flies from
the original locality. The whole area of current occurrence now reaches
about 30 km?2. This area was inhabited by the species in the last thirty
years. However, 1 believe, this could not take place indirectly. This is
suggested by the fact that almost all localities are close to the Radotin
stream (they were carried by the water current]). One empty shell was
found (the material which is in the collection of the National Museum
is marked coll. Petrbok) at the beginning of the war in the sediment
of the Radotin stream near Radotin,

Other localities are distributed around the roads along which men used
to carry cut grass and hay from the slopes surrounding the stream and
from the road ridges (this I could personally witness near Horni mlyn).

The case is similar near Rajecka Lesnd, where the stream running from
Horky to the road distributed C. unifasciata (this population has been
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up to now denoted as C. soosiana) and man assist this process along the
road. Here I found live specimens on the very bank of the stream near
the road.

Water may carry specimens to great distances because the snail can
survive in it for up to 24 hours. Also floods after strong rain could be
taken into consideration.

Besides this still other possible ways of spreading should be sought.
LOZEK (1955f) suggests the possibility of spreading by wind (for only
shorter distances — several km — by means of ripped off parts of
plants — steppe runners, e. g. Eryngium, which these species ascend.)

Many times I found these species on railways. It is feasible that they
reached these places from road and rail crossings. Further they could
be distributed with goods transported by rail (packed with farm pro-
- duce). These species survive for several months withdrawn in their
shells. For example, HORINEK (1966) links the occurrence of C. neglecta
near Bendtky n. Jiz. with the supply of potato planting stock from By-
chory.

Interesting about the Cernuella neglecta species is how it reached
the territory of Bohemia in the last twenty years. Except for the location
in Kochédnky u Bendtek the other three sites where they live are close
or directly on the railroad (TFebenice). Close to Bychory there is a rail
trench out of use for some ten years. It is possible that this species
came to this country with goods from the original site of its occurrence
around the Mediterranean or from some of the advanced individual sites
in Western Europe. An interesting point is that all localities in this
country where C. neglecta occurs lie on a line (a strip about 10 km
broad), which even in GDR intersects findings of this sepcies in Thurin-
gia and the Harz (Naumburg). This locality was noted as early as 1927.
It is therefore possible that even in this country its occurrence is of an
older date but, due to similarity with H. obvig, it could have been missed,
although nowhere was it found in collections. It wil be then more prob-
able to connect its occurrence in this country with findings in GDR.
Localities in Czechoslovakia and GDR are for some time being supple-
mented by findings in the FRG (Schmid, 1968) which supplement the
loose link of these localities with. findings in north France. According
~ to all available data C. neglecta is in the earliest period actively but and
especially spreading passively, and therefore attention should be given
to this phenomenon.

This spreading may be an indication of a changing climate which
would favour more than the Mediterranean species.

In this connection, regarding the spreading of species of this sub-
-family to great distances, birds could be considered, LOZEK (1955f)
explains in this way their spreading against water currents to great dis-
tances.

Already LOENS (1890) reported about finding live specimens of Heli-
cella itala in the crop of pigeons. OPATRNY (1958) lists species which
are eaten by thrushes. Among others a juvenile snail Cepaea nemoralis
with an intact shell was found in the stomach.
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It is not, however, only the fact of the snails being swallowed by
birds but also of young specimens adhering to the bodies of birds or even
small mammals as noted in literature.

6. Irregular occurrence and its causes

Species of the Helicellinae sub-family are found predominantly on
their places of occurrence very irregularly. There are years when a
species is very numerous on a site and shortly after it almost disappears
from the same place. Nowhere in literature did I encounter an explan-
ation of this phenomenon and therefore I would like to give reasons
based on my own observations.

The size and the dynamics of a population is affected by many factors.
From the example from Ré&jeckd Lesnd it is obvious that for the violent .
reproduction of these snails besides a certain temperature also a rather
wet year is important. This is pointed out by HORINEK (1966) in con-
nection with an extensive collection of C. neglecta near Bendtky n. Jiz.
in 1965. Especially during the egg-laying period high humidity is inevit-
able for the development of young snails. In wet and warm years several
populations develop and in early autumn the populations are, in places,
strong or very strong.

According to my own experiment C. unifasciata is very sensitive to
wetness of the terrain, while it does not tolerate long-term drying up
of the biotope either. Therefore the slope of the terrain affects the
development of a population so much as in the case in the valley of the
Radotin stream near Chynice. Excessive water is rapidly drained off to
the lower sites and the permeability of the calcareous substrate is high.

Excessive drought dries up the eggs which are laid on the sod sub-
strate at about the soil level. This may diminsh or eliminate the entire
future generation. However, it is probable that species of the Helicellinae
sub-family lay eggs only during the rainy season.

Besides these purely climatic factors also local factors are of great
importance. Especially the activity of enemies which may destroy both
the eggs and the snails in all stages of development. These would be
mainly birds and larvae of predatory insects (Carabidae) which can
destroy a whole isolated population in a short time.

Various parasites by which they are often infested have a great effect
on the mortality of these snails. Connected with them are also many
diseases which have been investigated only insuffciently so far (SZABO,
1930).

We are also not familiar with the effect of chemicals the crops are
treated with in the vicinity of habitats of these species. If they are
deadly for the snails they too would weaken or destroy a population.

Under favourable conditions the size of the population is also affected
by the number of hybernating specimens.

Obviously indirect spreading is important for the development of
populations at places distant from the original locality. In case of C.
unifasciata around Tachlovice this function is carried out by the stream
and by man. The first populations reproduce on the new site with the
newcommers which help to freshen and develop a new population. On
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the Chynice locality the size of the population has been the same for at
least eight years (1967—1974).

Isolation and degeneration apparently occurs most frequently in the
Helicopsis striata species. In Czechoslovakia the gradual extinction of .
this, the longest living, species of the Helicellinae sub-family continues
at a rather fast rate and I believe that the time is not far when it will
completely disappear from the lists of Czechoslovak fauna. An important
point in this respect is undoubtedly that it is a species which, as op-
posed to its relatives, does not occupy new biotopes so easily and on
the contrary is often destroyed by human activity.

The dynamics of the Helicellinae sub-family is in our regions subdued
by the winter season while the development of some species in places
of their original distribution takes place all the year round (except in
periods of severe drought].

Research implies that the dynamics of these snails (and probably of
the others too) is — besides genetical factore — in my opinion related
mainly to ecological factors. The different factors cannot be extracted
from their complex in order to explain the frequency of occurrence and
quantity of the given species.

VIII. PARASITES AND ENEMIES

1. Parasites

In literature numerous examples are described of parasites in species
of the Helicellinae sub-family and in snails in general. Most frequently
they are nematodes (Nematoda) which are able to penetrate the bodies
of snails as the food with plant tissues and directly from the environ-
ment through the skin.

Obviously strong infestation by parasites can affect the development of individuals
so that there appears a weaker shell development, slower depositing of CaCOs3 and
possibly even an unbalanced development of the different parts of the genital ap-
paratus. This is supported by the collected H. obvia from a limestone quarry in Votice
(10. 9. 1967). Specimens were infested by nematodes and their shells were light and
11.6 mm in diameter which is much below the average size.

Snails of this sub-family may be attacked even by he larvae of flies. So it was that
a larvae crawled out of a live H. obvia specimen [Chlumin u Neratovic) collected on
22. 6. 1968 and freely pupated. I was unable to identify the hatched fly.

From common parasitological literature it is known that snails of this sub-family
are hosts of gourd-worms especialy of the Dicrocoelium dendriticum species.

2. Enemies

Already LOENS (1890) reports about pigeons destroying Helicella itala on a site.
In the crop 67 snails and nine empty shells were found. Some snails were still alive
after several days when they were turned over for identification.

Even in this country PETRBOK (1932) observed birds eating snalis.

In the course of colecting these species I also recorded the disappearance of shells
from some localities. For example, on 24, 9. 1967 on the hills near Kope& I found a
weak population of H. striata and on a field path north of the village, between the
hills, a number of live H. obvia. On 4. 5. 1968 1 found on the same place only two H.
striata specimens and several shells of H.obvia. During the next control, on 28.7. 1968,
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I did not find a single shell. Here the snails were probably destroyed by hens which
wandered around the house next to this locality. In other places, too, 1 often found
crushed shells. Besides feeding on the snails birds in ‘this way satisfy their need of
calcium and the white colour of the snails obviously gives the snails unp.

Besides birds also predatory larvae of insects are great enemies of species of this
sub-family. In the laboratory I was able to witness by chance how the larvae of car-
abids can attack the shelled snails. In a glass I kept about a 15 mm large larvae to
which in gave live specimens of Cernuella neglecta. The larva immediately crawled
into the adult shiell and within half and hour it ate the halves of two snails.

Last but not least man should be named among the enemies of species of this
sub-family, Man destroys the biotopes (the burning of windrows and railway trenches)
of these animals.

Effective are probably also various chemicals for which, however, data are not yet
available.

IX. ECOLOGY

All species of this sub-family are found on dry, warm sites often with
very high temperatures. Even these xerothermous snails, just as snails
in general, require certain humidity. In steppe regions there is of course
a shortage of water and therefore these species became adapted. This
is manifested mainly in the massive, opaque, white shell with dark
bands. In dry periods snails abandon the warm surface of the ground
and crawl up platns to which they attach themselves by the thin clos-
ing membrane at the aperture of the shell. In humid periods they crawl,
as do all other snails, on the ground amidst plants. This is especially
typical for sites in the centre of distribution of this sub-family — Pontic
and Mediterranean regions. On the territory of CSSR they live mainly
on steppes transformed by human activity. I observed that most species
survive much better on sites affected by cultivation than on the original
steppes. Most important among the ecological factors affecting the bio-
logy of these species are: humidity, temperature, vegetation which is
largerly determined by the kind of substrate and relief.

1. Candidula unifasciata

I made a detailed study of the ecology of this species on a locality
around Tachlovice, near Prague, where at the same time I determined
the exact distribution (PFLEGER, 1974). Available reports about this
region noted only the part Tachlovice — stone quarry Chynice (HUDEC,
1864). Therefore 1 present below only these findings which are not in-
cluded in the mentioned publication. :

15. 11. 1970 — 1 collected 30 live specimens close to the ground in grass. They are
immature specimens, some rather small, about one month old. Probably even on this
locality it is the autumn generation. Daytime temperatures 8—9°C, night temperature
3—4°C.

12. 7. 1972 — in different places I found 10—55 live shells per m? The strongest
population in recent years. Throughout the spring and summer it is raining all the
time. The snails include two sizes without internal rib (the smaller are about half the
size). Nowhere did I find a specimen with a developed internal rib. This only started
to develop among the bigger ones. The shells with a weak interrupted band are
higher and more roughly ribbed than those with ty‘plca] banding. In order to determine
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the area over which the snails live I marked 100 of them with red varnish and placed
them onto an experimental area of 1 m? [on the same locality).

11, 11, 1972 — on the experimental area I did not find a single marked specimen.
Otherwise I found only dead specimens around the area. The varnish had probably
rubbed off over such a long time or the marked specimens were destroyed in an
unknown way. It will be necessary to change the method of marking or to make con-
trols more often.

11. 9. 1973 — I determined about 50 C. unifasciata on an area of 1 m? all were
collected on the experimental area and 50 specimens were marked with a black
felt pen.

7. 3. 1974 — immature specimens are very close to the ground where the plant

cover is very thin. Live specimens occur in islands, always a few in one place, about
5—10 per m2. Compared with the previous years the number of live animals is larger.
This is apparently the result of a very temperate and humid winter. Many speci-
mens have a transparent growth zone of 1 mm in size. The snails have been obviously
active for a longer period of time and their shell is growing. The internal rib is
starting to develop in several specimens.

On the place where the last time I marked 50 animals I found just empty shells
with no traces of marking.

On the place where the last time I marked 50 animals I found just empty shells
with no traces of marking.

4 4. 1974 — noon temperature, close to the ground, is 27°C, 1 m above ground il
is 19°C. The slope is very dry, it has not been raining for a fortnight. I found 18&
almost adult specimens which I marked with blue paint and placed in the centre
of an experimental area. When I placed ‘the snails on a stone they started to move
(in full sun), they lifted their shell so that they pressed the aperture against the
stone and immediately started to secret the translucent closing membrane by which
they attached themselves firmly to the stone. On this locality 1 found only juvenile
snails close to the ground, there were 5—9 on an area of about 10 cm?2 1 assume
they hatched 14 days ago, i. e. around March 20th. Due to the mild winter it is about
a month sonner than in the previous years. I determined the following dimensions:

4 specimens [shell breadth 2.0 — 2.4 mm
height) 1.1 — 1.2 mm

9 specimens 2.4 — 2.8 mm
; 1.3 — 1.5 mm

4 specimens 28 — 3.0 mm
1.5 — 1.6 mm

4 specimens 3.4 — 3.8 mm

1.9 — 2.0 mm

In these specimens it is already possible to see that the pale ones (the band is
very fine and interrupted) have considerably coarser ribbing than the darker shells
and in appearance they resemble the pcpulation so far denoted as C. soosiana.

18. 4. 1974 — Not a single marked animal was found on the experimental area.
I again marked 18 specimens with red stamping ink and placed them into the centre
of the area. All specimens were collected from the experimental area. 1 determined
30 specimens of different sizes per m?

6 specimens (b = 24 — 31 mm; h = 1.3 — 1.6 mm)
15 specimens (b = 40 — 47 mm; h = 2.2 — 2.6 mm)
9 specimens (b = 49 — 52 mm; h = 2.8 — 3.0 mm)

The last size probably represents the juvenile hybernating specimens. Some speci-
mens resemble the “soosiana” populations — in height, more clear ribbing and in
the interrupted banding. At this time night frost reached -1 to -5°C, it was dry,
morning mist and hoarfrost, slight precipitation in the valley.

14. 5. 1974 — morning fog until 8.30 hrs. The snails stay quite close to the ground
in grass, sporadically on dry herbs 10 cm above ground. From a marked area of -
1 m? 1 collected 46 live specimens and seven shells which had been probably
ovelooked while cleaning the area. No traces of marking. About ten specimens found
around the central stone up to a distance of 10 cm. Other specimens found in dif-
ferent places over the area up to the edges of the marked area; these were specimens
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which invaded the area from the outside. The following sizes without internal rib
were determined:

30 specimens (b = 49 — 56 mm; h = 2.9 — 3.2 mm)
5 specimens (b = 43 — 46 mm; h = 2.4 — 2.8 mm)
10 specimens (b = 3.0 — 3.8 mm; h = 1.8 — 2.1 mm])
1 specimen (b = 2.6 mm h = 1.5 mm)

I again placed 20 larger specimens (b = 5.0 mm) marked with blue felt pen on the
apex of the shell (snails from another place of the locality] on the cleared experim-
ental area.

6. 6. 1974 — I did not find any of the marked specimens. On the cleared area,
where the last time I had placed 20 snails, I found 42 live specimens (and 17 shells
from specimens which had perished or had not been collected previously). On the
same area I placed 18 specimens and marked on the umbilicus with felt pen. Around
the marked area cleared some 40 cm in all directions to increase the area and prevent
rapid invasion from its surroundings. On the border of the experimental area there
were most snails. 42 without a developed internal rib and divided into the following
size groups:

5 specimens (b
16 specimens (b
21 specimens (b

29 — 33 mm; h
35 — 41 mm; h 2.0 — 2.4 mm)
44 — 54 mm; h 2.7 — 3.1 mm)

For further observations it was necessary to find a suitable means of marking and
to make the control much more often. May be it will be realistic to follow how long -
it takes the snails to invade the cleared area from the outside.

Candidula unifasciata occurs around Opoéno on the southern slope of the over-
grown railway trench near Od&elice. During revision in 1967—1968 I found only shells.
Only near the road leading from the railway station to the village of Ocelice I found
just one juvenile specimen and several shells of mostly long dead snails,

Ecological findings concerning populations so far denoted as C. soosiana were
summarized from familiar locations by HUDEC and BRABENEC (1964). They state that
all finds on the territory of CSSR are located on clearly secondary xerothermic sites
which were created through human activity (deforestation). These are the warm
sun-flooded slopes, usually covered with rocks, but also around limestone quarries.

During the control, which I made in October 1968 on the foot of the Vreten hill
near Zilina, I found only a very weak population.

In late August 1967 on the locality Horky near Réjeckd Lesnd which was discovered
by LOZEK (1962) I found only a few shells. A pine forest is being planted here.
On the basis of verbal reports of the local people this species used to be found here,
in large numbers in cereal stands. I found about 10 live snails — all in the roadside
ditch close to where the road meets the stream which runs down from the hills.
That year the place had had no rain for about four months, so the snails were prob-
ably able to survive only in the damper ditch. In 1968 (mid-October] I found a very
strong population in the same places on the southern slope of the roadside ditch.
This summer was very rainy which probably was the reason for such strong re-
production.

Biotopes in the other localities where I made a revision of the populations and
collected samples for a statistical assessment (Drietoma u Trenéina, Stankovany
u Kralovan, Sob&$ovice u Zermanické piehrady) are described by HUDEC and BRA-
BENEC (1964).

The occurrence of C. unifasciata near Brannd (Hruby Jesenik) is interesting. This
locality was suggested to me by S. Macha (the first find was made by A. Pakrt,
20. 6. 1967]) who determined this population as C. soosiana. I made my first collec-
tion there in October, 1970. On the overgrown southern slope about 200—500 m west
of the limestone quarry I found a weak population of snails with a conspicuously
high shell. In October 1972 1 found a strong population right on the bottom of the
abandoned quarry with very thin vegetation cover.

1.6 — 1.8 mm)

i
o

I assume that this find may be connected with the occurrence of C.
unifasciata in Poland (arround Opole). It is certainly not the last find-
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ing place in CSSR and when, later on, others will be discovered it will
most likely be possible to determine the 5pread1ng of this species over
large distances.

2. Helicopsis striata

In Bohemia the ecology of this species was thoroughly studied by LOZEK (1947a).

During the revision of the locality Kope¢ u Neratovic (24. 9. 1987) after a fort-
night of rain I found a weak population of H. striata. On the grass there were light
specimens; dark specimens were to be found close to the ground in clusters of veget-
ation. At 13.00 hours using a normal thermometer I recorded a temperature in full
sun of 33°C about 10 cm above ground on the southern slope and 21°C in the soil.
On 4. 5. 1968 at 15.00 hours (sunny, southly breeze) I recorded 33°C about ten cm
above the ground and 20°C seven cm deep in the scil. On 28. 7. 1968 at 13.00 hours
(overcast, fresh northly wind): 23°C one meter above the ground, 32°C at ground
level and 18°C ten cm deep in the soil. The temperatures and the composition of
the xerophilous vegetation indicate that the locality is very warm. Therefore H. striata
could have survived here had it not been for the other adverse factors.

The ecology and occurrence in Moravia and Slovakia was studied by LOZEK [1952
1953, 1959) and HUDEC (1953, 1966).

In 1968 I did not find a single shell in the Pavlovské hills. On. 13. 10. 1968 I visited
the well known finding place in MuZla u Stdrova in Slovakia. Though the summer
was very rainy I found only a weak population in the acacia and plum gorge west
of the village — on the clayey southern side. At thet time it was very warm there.

Of all the species of this sub-family, Helicopsis striata is obviously most warmth
demanding and sensitive to a certain soil condition and type of vegetation.

3. Helicella itala

According to LoZek's collections most localities are found on the southern slopes
of the western wing of the Bohemian Highlands (Ceské Stfedohofi), They are mostly
the densely overgrown steppe slopes and windrows with uncut grass, slopes and road-
side ditches (as I have ascertained near CiZkovice] but also railway trenches (TFebe-
nice, Pfeplatilov u Meélnika, Hruby Rohozec] and lucerne fields. With the exception
of Hrub¥ Rohozec near Turnov I always found live specimens though in weak popul-
ations. All places face the east to south.

4, Helicella obvia

In our country Helicella obvia it the most widespread species of this sub-family
‘and we may say it is one of the most common snails. According to LOZEK (1949b),
it is an indicator of cultivated steppe. It spreads to all biotopes which even slightly
meet the ‘ecological requirements of this species. Therefore we find it so often on the
sides of roads, railways, culfivated soil and so on. But it can be found also far from
the areas it systematically inhabits (fig. 5) in the middle of forest areas on islands
of transformed lime or close to castle ruins. Such island occurrence is particularly
typical for southern Bohemia. As with all the other species of the Helicellinae sub-
-family it is found mostly on sites facing east to south.

Its vertical distribution, in view of the locaticn of the steppe sites, is mainly con-
centrated at an allitude of 200—400 m above sea level. On suitable southern limy
slopes in this country it ascends altitudes of 850 m (VrSateckd skaliska u Trend&ian-
ské Teplé, Bilé Karpaty — HUDEC, 1955].

In warm periods of drought some specimens climb up to the tops of plants (150 cm).

Helicela obvia is active until the autumn frosts. So I found a rich population on the
southern slope of the Rip (Ctinéves) on November 2nd, 1967, when the snails were crawling
on grass completely covered with hoarfrost.

In the spring I found the earliest specimens on 26. 3. 1967 (Nudice]. This month
it was already very warm ([around noon I recorded an air temperature of 21°C and
10 °C in the soil),

The responses of this snails to optical and thermal differences were studied under
laboratory conditions by SCHMID (1930) .

The occurrence of H. obvia in winter is mentioned by ANKERT (1917]).
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5. Cernuella (X.) neglecta

LOZEK (1956) and HORINEK (1966) report about the occurrence of this rare
specimen.

During thee revision of localities of C. neglecta on 23. 6. 1968 in Lazn& MZené on the
southern densely overgrown slope near the Modidlo pond, I found only one live adult
specimen and a larger number of empty shells. I found also shells an the left bank
of the Vrbecky stream up to Martinéves railway station. This slope is quite steep
and in the side depression facing the south I found a number of shells. The substrate
is similar to the one near Kochénky and Tiebenice (arenaceous marl]. On the rail-
way trench near the road from Vrbka to Martinéves I found six well preserved shells
of C. neglecta together with H. obvia.

On the Bychory locality near Kolin on 16. 7. 1967 on a field path from Ovdary
to Bychory I found only shells, but I found live snails on the field path from Bychory
in the southern direction. There they occured also in lucerne, clover and wheat. The
place is located on the southern slope of the Homole hill.

Another finding place discovered by Brabenec and Zvari¢ in 1967 is one the southern
slope of the Ko&tal hill near Tfebenice, When I visited this place I found a C. neglecta
right on the railway trench near the Tiebenice-city railway station. It also occurs
on cultivated places of the eastern and southern slope under Ko3tal 250—300 m high.
It does not reach into the densely overgrown steppe slope.

In an experiment with overwintering I kept 230 specimens from Ov&ary — Bychory
locality [collected on 30. 10. 1968) in a cardboard box behind the window. Aiter wet-
ting on 27. 5. 1969 seventy specimens, i. e. 30.4.% of the original stock, awoke from
their winter sleep. Of the 42 specimens (Kostdlov, 7. 9. 1966, lgt. B. Zvarit] ower-
wintering behind the window in a glass jar 15 specimens awoke after wetting on 28.
3, 1967, i. e. 30.6 % of the original stock.

This species is very expansive, its populations are usually medium to very strong
and most of all species of this sub-family it inhabits cultivated places.

X. PLANTS AND THE FOOD OF SNAILS

The bond of the species of this sub-family to different biotopes is
also given by food relations. Available data in literature about the food
of Helicellinae are very sporadic (FROMMING, 1954, 1962).

According to SCHMID (1930) Helicella obvia eats in nature both dry
and dead parts of plants (Sisymbrium sophis and Achillea millefolium
in a moist condition after rain or dew) and live plants (Atriplex hasta-
tum, Lactuca scariola, Ballota nigra, Daucus carota, Convolvulus arven-
sis, Medicago sativa).

Helicella itala apparently eats, according to SCHMID (1934), only
dead and dry parts of plants, especially Bupleurum falcatum in moist
condition.

There are reports in literature stating that some species of this sub-
-family occur also in coniferous forests. In this country PETRBOK [1938a,
1938c) wrote about the penetration of H. obvia into spruce, pine and
lowland forests. I personally believe this not at all proof of adaptation
of this species to completely different biotopes. When shells only were
found in such places they were probably introduced there. It is also
possible that these places had been afforested shortly before and this
species continued to live on larger open places.

As 1 was unable to determine in laboratory the eating of certain plant
species, I noted like other authors, on which plants Helicellinae did
settle most frequently.
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1. Candidula unifasciata

On the Chynice - Dubecky mlyn locality I found most specimens on dry stands of
Cichorium intybus and Calamagrostis epigeios. Therefore, I assume that this species
lives mostly on the dead moist parts of plants.

In the Slovakian localities [populations denoted as C. soosiana) near Rajeckd Les-
nd, the foot of Vreten hill, I found the snails mostly on Cichorium intybus, Plantago
sp., Achilea millefolium, Fragaria sp., Carlina sp.

2. Helicopsis striata

On the locality Kope& u Neratovic which has a very xerophilous flora, I found H.
striata most often on Festuca sp. and Agropyrum repens.

3. Helicella itala

1 believe that SCHMID’S (1934) assumption stating that these snails live mostly
on disintergrating herbs, is corect. I myself used to find this snail most frequently
in places with a sufficiency of dry to decaying plants (Ko$tdl, Lovo$ u Lovosic). In
view of reports that it also occassionally occurs close to or right in cultivated areas
it is still unexplained whether in such places the snails also feed on the dried parts
of such plants or whether they eat them fresh.

4. Helicella obvia

I used to find this species most often in roadside ditches and railway trenches on
various grass species (Poaceae).

I used to find numerous populations in places where the steppe biotope (or wind-
rows, field paths, trenches) neighboured on cultivated fields (especially lucerne, mix-
tures, clover, autumn fields not ploughed in): Ctinéves pod Ripem,6 Slatina pod
Héazmburkem, Vitdzov u Kolina, Tobolka a Jarov u Srbska, MuZla u Stdrova, Perné,
Znojmo - Pohotelice. I also found it frequently in the occassionally cultivated cherry
or morello cherry tree orchards: Hazmburk u Lovosic, Dubany u Libochovic, Kamenice
nad Hronom u Stdrova.

Altogether the strongest population I found on the locality Popluzi u Mladé Bo-
leslavi (14. 7. 1968), It was very loose fallow land near the railway with typical
rubble vegetation including mainly Lactuca scariola (up to 15 specimens on one
plant), Artemisia vulgaris, Taraxacum sp., Verbascum sp. and so on.

5. Cernuella (X.) neglecta

This species is found on steppe slopes but very fast penetrates cultivated areas
from there. In Tfebenice it is found mostly along the railway tracks from where it
spread to the south, to the eastern slope below the Ko3tal ruins, onto fields paths,
windrows, lucerne fields and cultivated orchards. It does not reach places with con-
sistent stands of thick uncut grass (there only H. itala can be found].

On the Ovéary - Bychory locality I found this species on field paths cultivated
on both sides, where it reached into stands of wheat, clover and lucerne. By a labor-
atory experiment I found that this species very intensively eats fresh grass from the
locality, which I placed together with the sod into the bottle. At first they ate only
the epidermis and part of the mesophyl, later they consumed the grass leaves leaving
only the venation and tissue mechanism. In the end only individual fibres remained.

It is probable that in a massive occurrence this species could become an occassional
pest even to young cereals.

In conclusion of this chapter it is necessary to state that even in future
it will be important to give more notice to the composition of plant
cover on the sites of Helicellinae species and to determine the plants
which they eat. Maybe even the food composition will explain the dif-
ferences in the occurrence of these species on the different localities.
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XI. CaCO; CONTENT ON THE LOCALITIES

This problem has been given much attention by earlier authors who
were aware of the dependence of snails on the content of calcium in
the soil or food for the construction of their shell.

According to data in literature not only the content of calcium is
decisive but also the physical condition in the biotopes.

According to LAIS (1943) and SCHMIDT (1955) snails need not take
in CaCO; just with their food but also through the mucous glands in
the foot.

According to FROMMING (1962) the contents of this compound in
their food is sufficient.

Species of this sub-family all have a = strong, th1ck walled shell and
according to literary data and actual collections they live on only such
substrates which contain calcium mostly in form of calcium carbonate.
All these species are thus calciphilous. LOZEK (1956) divides the species
according to their relation to the substrate into pedophilous which
prefer soft substrate, and petrophilous which require bare, stone eroding
substances. The first group would include mainly the Helicopsis striata
from the Helicellinae sub-family.

Due to the contradictory opinion of many authors on the effect of
calcium in soil on the incidence of snails I tried, through observations
of the occurrence of the different species of this sub-family and through
analyses of soil samples, to form an opinion of my own regarding this
whole problem. Therefore I present a list of localities [tables XXXXIII —
XXXXVII) on which I determined the percentage of calcium carbonate
content in soil. First of all, however, I must point out that the calcium
carbonate content is different in the different though nearby sites of
one locality. Therefore in the interest of accuracy it is necessary to
compute an average of several samples from one locality. The calcium
carbonate percentage is determined most accurately in the locality
Chy¢nice - Dubecky mlyn where I made a number of tests from different
places and from different depths (table XXXXIII).

1. Candidula unifasciata

The substrate in localities of typical C. unifasciata populations is dis-
turbed lime, diabase tuff (Chynice - Dubecky mlyn), sandy marl or
loess (around Opocno). C. unifasciata can be found alongside roads,
railway trenches and on steppe secondary slopes (deforested). CaCO;
content (table XXXXIII) ranges from 2 to 32.3 %. I found live snails in
localities with 2-4.5% of calcium carbonate (i. e. weakly limy soil).

The most stable and relatively strong population is on the diabase
tuff near Chynice. In comparison with the population so far denoted as
C. soosiana it occurs on biotopes with a much lower CaCO; content.
Even here, however, the shell is broader in the roadside ditches than
on the undisturbed steppe slope (Chynice).

The substrate of populations so far denoted as C. soosiana are limes,
dolomites, travertines and marl rocks of secondary xerotherm biotopes
created through the activity of man. They are usually disturbed restrati-
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Table XXXXIII. CaCO; contents on the localities in Candidula unifasciata

* (o - population known as C. soosiana)

Sooalit population shells %
SoaLy density only CaCOs
o Brannd u Hanu3ovic, hillside
near limestone - breaking (6. 10. 1970) n 0.06
0 Brannd, limestone - breaking L
© Drietoma u Trenéina (9. 10. 1970) + o+ 8.3
Chote¢ - Ofech (IV. 1967) + 10.6
Chynice - Dubecky mlyn (IV. 1967) + 5.2
(29. 6, 1968) i 0.4
(17. 7. 1968) ++
istsite 0— 5cm 1.0 %
5—10cm 1.1 %
2ndsite 0— 5cm 20%
5—10cm 3.2%
3rdsite 0— S5cm 9.2%
5—10cm 11.2 %
10—15 cm 10.0 %
20—25cm 11.4 %
30—35cm 10.9 %
Mean value in this locality 3.5
Ledce . Oc&elice u Opotna (IX. 1967) + 21.0
Nudice u Rudné (near willage) (17.7.1968) +
0— 5cm 5.0 %
5—10cm 5.3%
10—15cm 7.9%
30cm 2.4 %
Mean value 5.7
Nudice - Krahulov (III. 1967) + 32.3
Oéelice u Opoéna, near station (IX. 1967) s 2.6
(5.11. 1968) 1.4
Opoéno - Odelice, railway (IX. 1967) + 14.3
Tachlovice u Horniho mlyna (V. 1967) g 16.1
Tachlovice - Kuchaf (V. 1967) + 4.5
o Réjeckd Lesna - Suja (VIII. 1967) +
(11.10. 1968 — 1st site ++++ 15.8
2nd site + 65.0
o Sn#&Znice u Ziliny, Vreten (11.10. 1968) + 8.0
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Table XXXXIII. (continue]

: population shells %
logality density only CaCO3
o Sob&sovice u Frydku (X. 1968) ++ 3.8
(8. 10. 1870) shirk 30.5
o Stankovany u Kralovan, near railway
(8.10.1970) + 14.2
Stramberk u N. Jifina (11. 10. 1968) £ 29.0
Explanation:
A population density . low
T population density - medium

+++  population density - high
++++ population density - very high

fied materials. CaCO; content on the examined localities (table XXXXIII)
ranges from 0.06 to 65 %. The strongest population I found was near
the Rédjeckd Lesna - Suja road in places where the calcium carbonate
content reaches about 15.8 %. On the limy substrate which I determined
some 200 m further up (65 % CaCOs;) the snails occurred only sporad-
ically. The substrate consist of dolomite made — up ground from the
surrounding hills.

2. Helicopsis striata

The substrate of the localities of this species consists mainly of loess,
marl, less often lime or basalt breccia and that especiall where it is at
least partly covered with loess or hill clay (Kopeé&, Srbsko). According
to LOZEK (1949b) it prefers soil steppes to rock steppes. The soil
sample on which I found H. striata contains 0.1 — 14.0 % calcium car-
bonate (table XXXXIV). I found live specimens on soil with 1.4 — 7.9 %
CaCO;. It is probably more difficult to acquire lime on the hills near
Kopet¢ (7.9 %) where the shells are smaller though there is a sufficient
amount of calcium in the soil, than around the railway near the road
close to Chlumin where the shells are considerably larger (though there
is less CaCO; — 1.4 %). This is apparently connected with the cultivated
field (next to the railway) and probably with nitrate fertilizing (HU-
DEC, 1966). In 1966 Brabence and Zvari¢ found here many live speci-
mens in the farm culture. This would suggest a certain degree of adap-
tation to secondary (cultivated) biotopes though LOZEK (1947a, 1956)
states that they are unable to penetrate to such places. This of course
makes no difference to the fact that in Czechoslovakia this species is
in recession, no matter what the reason are.

3. Helicella itala

The substrate of localities of this species are arenaceous marl, marl,
limy sandstone and in the Bohemian Highlands also limy gravel and
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Table XXXXIV. CoCO; contents on the localities in Helicopsis striata

: population shells %
locality density only CaCO3

Dubany u Libochovic, Rohatec (13.7.1968) + 14.0
Chlumin u Neratovic 22. 6. 1968)

near road & 35

station i 1.4

Kopet - plateau of Spiddak [VII. 1968) + 0.1

Kopet u Neratovic, near village (1X. 1967) + 7.5

. (4. 5.1968) + 12.3

(28. 8. 1968) 0 48

(19. 10. 1968) a 6.9

Mean value 7.9

Maly Ujezd u Mé&lnika, railway  (25.4.1968) + 6.0

MuZla u Stdrova (13.10. 1968) + 6.0

Odolena Voda . $pi&dk (28.7.1968) + 12.0

Straskov u Roudnice n. L., railway (13.7.1968) *+ 0.3

loess. The localities (table XXXXV) contain 1.8 % (Mé&lnickd Vrutice)
to 23 % CaCOs (Trebenice, railway). I never found H. itala on cultured
areas while LoZek collected it around Posedlice [Bohemian Highlands)
frequently on fields of lucerne. For a general conclusion there are in
CSSR too few localities of this species, as well as a small number of

analyses made.

Table XXXXV. CaCO3; contents on the localities in Helicella itala

— et | e
CiZkovice u Lovosic (28. 4. 1968) i 14.0
Doldnky u Turnova (20. 5. 1969) + 8.5
Mé&lnicka Vrutice, Preplatilov 25. 5. 1968) + 1.8
Sulejovice u Lovosic (28. 4. 1968) 3 12.0
TFebenice - KoZfdlov (23.10. 1968) + 11.0
TFebenice . railway (28. 4. 1968) ++ 23.2
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4. Helicella obvia

This species is found in places where the substrate is limestone, basic
igneous rock (especially basalt and its derivatives), marl, limy sand-
stones. Soil samples (table XXXXVI) on which I found H. obvia con-
tained 0.2 % (Kamenny Most u Stdrova) to 45 % CaCOs; (Cerndice u Loun,
railway). Live snails I found on localities with 0.2 — 24 % calcium
carbonate. I present a table showing the size of the population and
CoCO; quantities in the soil.

Population density
low medium high very high
0.2% 0.2 % 28 % 13.5 %
0.3 2.2 7.9
1.4 3.4 - 93
1.7 3.5 9.5
3.5 5.9 135
42 8.0 20.0
5.2 g 9.0
11.7 9.3
12.0 12.0
14.0 12.5
14.0
17.0
24.0

Most localities with stronger populations are found next to fields close
to roads, along field paths or railway trenches. The strongest population
of H. obvia (60 specimens per m2) I found on a piece of fallow land
adjoining the railway close to PopluZi u Jezerniho Vtelna (13.5%
CaC0;). :

On natural steppe biotopes I found larger populations but rarely (Ko-
pe¢ u Neratovic — 7.9 %, Spi3 castle — 9.5 %, Bl3ansky Chlum u Loun —
5.5 % CaCO; /here only a number of shells/).

This difference is very conspicuous on the Dubany u Libochovic loc-
ality. On the southern slope of the Rohatec hill there is a permanent
grass stand (probably never cut) — there I found, 13. 7. 1968, only
several old shells of H. obvia. On the eastern side of the hill, in an oc-
casionally cultivated morello tree orchard I found six times as many
shells of snails not long dead (14.0 % CaCO,). Also on the railway near
the fallow land near PopluZi, where there was a very strong population
of various ages, I found no shells at all. Near Votice I found H. obvia
on a cattle run in a cherry orchard in places where limestone comes up
to the surface. :

" The given findings indicate that H. obvia occurs much more frequently
and in greater numbers around or right on place which are irregularly
cultivated. Such places are fallow land, fields with mixtures or clover,
stubble that is not immediately ploughed in. For the occurrence of H.
obvia loose, disturbed soil is then more suitable than soil which is not
covered with consistent vegetation.
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Table XXXXVI. Facf]g contenis on the localities in Helicella obvia

Sl e Y

A) Low calcareous soil (0—5 % CaCO0s3)
Byskovice u Nera'rﬂ-vic [4.5.1968) Eit 3.8
Chlumin u Neratovic (22.6.1968)

1st site 5 3.5

2nd site ++ 14
Chot&tov u Bendtek n. Jiz. (14.7.1968) + 3.0
Kamenny Most u Stirova (13. 10. 1968) + 0.2
Koda u Srbska (7.9.1968) ++ 35
Kochédnky u Benétek n. Jiz. (31.5.1968) i 4.2
Kolin - Ovééry (VII. 1967 ) ++ 34
Kralovany u Ziliny (VIIL. 1967) + 0.5
Lysd n. L. - Bendteckd Vrutice (VII. 1967) &+ 4.2
Maly Ujezd u Mélnika (25. 4. 1968) + 5.0
'M-al? Ujezd - Jelenice (25. 4. 1968) + 5.0
M&Inickd Vrutice (25. 4. 1968) 3 4.2
Mélnickd Vrutice, Pieplatilov (25. 4. 1968) + 1.8
Neratovice, railway (4.5.1968) s 0.0
NetFeba - station (IX. 1867) -+ 3.3
Obf¥istyi - Chlumin . Korycany [22. 6. 1968) + 17
Ocelice u Dpoéna (13.10. 1968) + 14
Ohrada u Kolina (30.6.1968] , +i 0.2
Ofech . Choted (IV. 1967) + 12
Pfeplatilov u Mé&Inika (25. 4. 1968) +% 0.4
Radvafi u Komdrna (14. 10. 1968) + 0.3
Straskov u Roudnice n. L., railway (13.7.1968) i+ -0.3
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Table XXXXVI. (continue)

locality S| wiy | eato
Tobolka u Berouna (7.9.1968) + 2.2
Velikd Ves - Kopet (28.7.1968) ++ 0.8
Velim u Vitézova (30.6.1968) s 3.8
Zlonéice u Kralup (IX.1967) + 0.1
Znojmo - Pohofelice [X.1968) +4+ 2.8
B) Middle calcerous soil (5—10% CaCOs)
Bychory u Kolina (VIIL. 1867) ++ 8.0
(30. 10. 1968) S b 9.3
Ctingves pod Ripem (2.11.1968) + 4+ 9.3
Chlumé&any u Loun - BlSany (13.7.1968) T 6.3
Kochénky - Benétky n. Jiz. (VI. 1967) o 10.0
Kope¢ u Neratovic : (IX. 1967) +4-+ 7.5
(4.5.1968) & 12.3
(28.7.1968) + . 4.8
(19.10. 1968) 0 6.9
Mean value this locality 7.9
Kfesin u Libochovic (VII. 1968) + 7.3
Launy, BlSansky chlum (VII. 1968) +++ 5.5
Mu#la u Stdrova (13.10. 1968) o 6.0
Spi¥sky hrad u Spis. Podhradie (VIIL 1967) + 4k 9.5
Stara Lyséd . Cihadla (VI. 1967) + 5.2
Telnice u Slavkova (14. 8. 1967) ++ 9.0
Vitézov u Kolina - Bedfichov (30. 6. 1968) +iF 5.9
Vrbka u Libochovic (23. 6.1968) T = 81
C) Highly calcareous soil (10—20 % CaCOs)
Cizkovice u Lovosic (28.4.1968) + 14.0
Dol. Véstonice . Hor. Véstmﬁce (VIII. 1967) + 14.0

140



Table XXXXVI. (continue)

tocality e | as | canos

Dubany u Libochovic, Rohatec (13.7.1968) ++ 14.0
Chot&%ov pod Hazmburkem (5.5.1968) + 19.0
Jarov u Berouna (7.9.1968) ++ 125
Kamenice u Stirova (13.10. 1968) + 20.0
M%ené Lézn& u Budyné& n.O. (23.6.1968)

1st site ++ 10.1

2nd site + 13.4
Netieba (station) u Neratovic (1X.1967) ++ 12.0
Odolena Voda - Spiddk (28.7.1968) + 12.0
Opotno - Ocelice (IX.1967) = 15.3
Ovéary - Bychory (30. 10. 1968) + 17.5
Perna . Pavlovské vrchy (15. 10. 1968) +++ 135
Popluzi u Jiz. Vtelna (14.7.1968) t+++ 13.5
Slatina pod Hé&zmburkem (5. 5.1968) + 15.0
Sulejovice u Lovosic (28. 4.1968) = 12.0
Stitary u Kolina (30. 6. 1968) + 1.7
Tufice - Sobé&tuchy (VII. 1967) * 106
Votice, limestone - breaking (IX. 1967) Tk
D) Very highly calcareous soil [20—50% CaCO3)
Bychory, Homole (30. 10. 1968) i 24.0
Cernéice - Bl3any (13.7.1968) &k 24.0
Cernéice - Veltgie (VII. 1968) + - 45.0
Diel u Kralovan, limestone (VIII, 1967) +
Héazmburk (5.5.1968) T 28.5
Kfesin u Libochovic, Viselec (13.7.1968) + 21.0
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Table XXXXVI. (continue)

— gk
Ledce - Odelice (IX. 1967) + 21.0
Nuéice - Krahulov (II1. 1967) ++ 323
Tiebenice . railway (28. 4. 1968) + 23.2

This occurrence close to cultivated areas could support the assumption
of HORST (1960) and HUDEC (1966) that nitrogen (used in fertilizers)
breaks down the CaCO; producing the easily soluble Ca[NO;].,.

5. Cernuella neglecta

The substrate of these localities in CSSR is mainly chalk sediment.
On all localities medium to very strong populations are being found in
recent years.

The content of calcium carbonate in soil ranges (table XXXXVII)
from 4.2 % (Kochénky) to 26 % (Trebenice). The strongest populations

Table XXXXVII. CaCO3 contenis in the localities in Cernuella neglecta

= population shells %
jocality density only CaCO3
Bychory u Kolina (VII. 1967) Tt 8.0
Homole (30.10.1968) w7 9.3
Kochdnky u Benéatek n. Jiz. (31.5.1968) =2l 42
(X.1968) ++

MSené Ldzné& u Budyné& n. Ohfi (23. 6.1968)
1st site +- & 10.0
2nd site + 13.4
Ovidry - Bychory (30. 10. 1968) =g 175
Tiebenice - railway (28. 4. 1968) +++ 26.0
Tr¥ebenice . CiZkovice (railway, 24.10.1968) & 4.8
Tfebenice, Ko3tal (28, 4.1968) ++ 3.2
(23.10.1968) + 11.0
Vrbka u Libochovic (VI.1968) o 8.1
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are on soil with high calcium content (10—20 % CaCOs). Save for one,
truly steppe locality (M3ené l4zné) all the others are close to intensively
cultivated places (field paths].

Most of all species this one penetrates cultivated areas. Therefore
even for C. neglecta the same conclusion applies as for H. obvia, but to
a greater extent.

XII. MOLUSC COMMUNITIES

Species of the sub-family Helicellinae are accompanied in their biotopes by typical
steppe, semi-steppe, or even other admixed species. The composition of the mollusc
community on xerothermic localities is influenced by both physical and chemical pro-
perties of the substrate. According to this LOZEK (1949b, 1955f) discriminates between
soil steppe, rock steppe (subdivided into calcareous and non-calcareous], cultured steppe
and secondary biotopes (railway tracks and roadside ditches, castle ruins, deforested
places). Mollusc communities more or less correspond with this division (LOZEK,
1949b).

According to LOZEK (1947a, 1948b, 195la, 1952, 1953a, 1955d), PETRBOK (1947),
HRUBY (1957), HUDEC (1953, 1966), HORINEK (1966) the following species most often
accompany species of this sub-family:

Pupilla muscorum (L.)
Cepaea vindobonensis (FER.)
Chondrula tridens (MULL.)
Vallonia pulchella (MULL.)
Vallonia costata (MULL.)
Oxychilus inopinatus (ULIC.)
Granaria frumentum (DRAP.)
Cecilioides acicula (MULL.)

It depends on whether the steppe is of the soil, rock or cultivated type. Of course,
there are many localities where species of this sub-family live temporarily alone,

XIII. SUMMARY

The submitted paper was worked out at the Zoological Department
of the National Museum in Prague. It is the result of a six-year (1968—
— 1974) field and laboratory study of all five representatives of the
Helicellinae sub-family living on the territory of CSSR. An indispensable
component of the text are maps of distribution of Czechoslovak Heli-
cellinae, lists of localities, tables giving biometric data about the genital
apparatus, photographs of the genital organs, graphs and drawings.

Due to the large number of described species of this sub-family and
to their great variability the opinions on the systematical status and
the justification of some taxones often lack uniformity. In describing
new species the variability of shells and the genital apparatus was not
always taken into consideration. This sphere of problems occured on
the territory of CSSR in conection with species of the genus Canudidula
KOBELT, 1871, and therefore greater attention was given to the tax-
onomy of this genus.

The following results were obtained through the study of extensive
material:
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1. On the basis of actual research, material from the collections of
the Zoological Department and literary data a comprehensive deter-
mination of the distribution of species of the sub-family in CSSR was
made and drawn into maps. CSSR is the easternmost border of distribution
of the Candidula unifasciata (POIRET, 1801) species. The oldest findin-
ding places are known from the end of the last century in the vicinity
of Opocno. Another small island in Bohemia is around Tachlovice u Nu-
¢ic. In Moravia it is found between N. Jifin and T&Sin. In Slovakia this
snail inhabits the north-western part.

The occurrecne of Helicopsis striata (0. F. MULLER, 1774) is limited
to the original steppe regions at low altitudes of Bohemia, south Mora-
via and south Slovakia. Helicella itala (L., 1758) is in this country a rare
species and can be found only in north Bohemia.

The most common Helicella in Czechoslovakia is the Helicella obvia
(Menke, 1828) which can be commonly found in forestless, dry and
warm regions of steppe character on a calcareous substrate. In Bohemia
it is very frequent in the central and northern parts, in the broad region
of the river Elbe basin, and in islands in southern Bohemia where it is
limited to metamorphosed calcites. In Moravia it is dispersed in the
lower parts of the whole region. In Slovakia it occurs in the lowlands
of southern Slovakia up to Turna u KoSic, in the west in V&h river basin
up to the vicinity of RuZomberok, in places it penetrates into the inner
Carpathian area (the region between Poprad and Sabinov u Pre3ova).

Cernuella (Xerocincta) neglecta (DRAP., 1805) can be found but very
rarely and then only in the river Elbe basin. This is a species which
has appeared only recently in this country.

2. The genital apparatus of 187 specimens and five species was ex-
amined and its variability determined. Tables and graphs contain dim-
ensions of the different parts of the genital apparatus (penis, epiphal-
lus, flagellum, vas deferens, bursa telae, glandulae mucosae, truncus
receptaculi, receptaculum seminis, spermoviductus, glandula albuminalis,
ductus hermaphroditicus) including standard deviation, mean error and
coefficient of variation.

3. Biometrical measurements of shells were taken 2155 specimens and
their size and pigmentation depending on the different sites were ex-
amined. Pigmentation and shel size in species of the Helicellinae sub-
-family were found to be greatly affected by climatic factors. They
change not only from Ilocality to locality but also clearly differ in
populations on one locality in different years. In dry and warm localities
higher and lighter shells are more frequent whille in the more humid
and cooler localities the shells are broader and lower but much darker
in colour.

4. The importance of the work rests in the revision of species of the
Candidula genus on the territory of CSSR. After a detailed assessment
of a larger amount of material it was found, contrary to the statement
of HUDEC (1964), that both anatomical and conchyological features
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given as specific for discrimination between Candidula unifasciata and
Candidula soosiana (J. WAGNER, 1933) are not quite constant. They are
subject to changes not only in different localities but even on the same
place in different years. The main diagnostical features of the genital
apparatus — the flagellum and the free end of the dart sac — become
shorter in the populations towards the east (flagellum F by up to 0.2 mm
and the free end of the dart sac BT2 by up to 0.4 mm on average). The
other findings, too, indicate that the morphology of the genital apparatus
is not always a reliable lead for the determination of closely related
taxones. In many cases it is more variable than the shell which is in
direct contact with the environment.

Also the conchyological -features given as diagnostical for both these
species are without taxonomical value.The main diagnostical feature —
ribbing — is partially subjected to changes on the same locality. This
was manifested most clearly on animals from Stramberk (most conspicu-
ous in shells from 1968 compared with material from 1952). Already
HUDEC (1964) determines that C. unifasciata shells from Stramberk
(lgt. Hruby, 1963) are, compared with shells from Bohemia, more striate
and coarser on the last whorl. I may state that the coarser ribbing is
positively correlated to light shells without typical banding and to shells
with interrupted banding. It also ensues from the comparative material
that ribbing increases (is coarser) in populations towards the east and
is affected by climatic factors.

This species lives in CSSR (Moravia) apparently on the border of the
oceanic more humid and continental more arid climate. According to
current research the snail Candidula unifasciata appears to be a very
plastic species which is capable of inhabiting other suitable territories
(but not the original steppe biotope) in the eastern direction and of
becoming adapted fairly quickly to the microclimates of new biotopes.
ULICNY (1893) assessed that this snail was introduced into this country.
According to the appearance of comparative material it seems that the
distribution over Czechoslovak territory is not of identical origin. On
the hand there is the typical C. unifasciata population from around
Tachlovice and a similar one (at least the 1952 material) from Stram-
berk. Then there is the group consisting of the population from around
Opoc¢no, northern Moravia and Slovakia, some of which already res-
emble Polish material. Already POLINSKI (1924) and URBANSKI (1933)
pointed out the stronger ribbing of C. unifasciata shells from the T&3in
and Poznaii districts compared with typical C. unifasciata from Germany
and Switzerland. This difference is clear even in comparison with our
material from Tachlovice. Some other features given as typical for the
two species (HUDEC, 1964) change depending on the shell height, and
therefore cannot be regarded as such. This applies to the size percent-
age of the last whorl in relation to the one but last, the shape of the
aperture shape of the shell, the angle formed by the last and one but
last whorl, the slope of the suture near the last whorl.

Again it is necessary to emphasise that all the noted features change
not only among the populations from different localities but also on the
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same place in different years. This variability accounted for PETRBOK
(1936c) determining two species on the locality Tachlovice u Prahy; in
reality probably two different generations or even variable specimens
of the same population were involved. The photographs published in his
work (1936¢) show clearly that he determined shells without clear
banding and with clear ribbing as Candidula sp. cf. intersecta POIRET
var. heripensis MABILLE, while shells with clear bands and fainter ribs
he identified as Candidula cf. unifasciata (POIRET). In reality only
variable specimens of the same species — Candidula unifasciata (POI-
RET) — are involved! This example may be a descriptive warning not
only against premature determination, it is also valid for the description
of new taxones. And so, thorough knowledge of species variability is
the basic prerequisite of all systematic work.

Being unfamilar with these facts it is not then surprising that J. WAG-
NER in describing Candidula soosiana, when comparing type material
from Hungary with C. unifasciata shells from Germany, identified dif-
ferent features which he used to diagnose a new species. I tried to
obtain the type material C. soosiana from the Museum in Budapest for
comparison. The Hungarian malacologist, L. Pinter, wrote me on October
25th, 1973, that there is only one shell, collected on 22. 2. 1966, in their
collections. I had had this shell borrowed; it is roughly ribbed and is
similar to shells from Vreten in Slovakia. Unfortunately one specimen
is not enough to get an idea about the whole population. This specimen
was determined by the Hungarian malacologist as C. unifasciata. L.
Pinter further notes that this species probably introduced into Hungary
40 years ago, is now most likely extinct there. I personally believe that
it came there from one of the localities in Slovakia.

During the examination of the variability of the shell and genital
apparatus no constant diagnostical features were found (all change due
to climatic conditions) and as the members of the Slovakian populations
were identified as Candidula soosiana according to the original descrip-
tion from the type locality in Hungary I drew the conclusion that all
the populations under investigation belong to one species Candidula
unifasciata [POIRET, 1801). Therefore, I regard the taxone Candidula
soosiana (J. WAGNER, 1933) as a synonym. Though the populations so
far denoted as Candidula soosiana differ from typical populations of
Candidula unifasciata they cannot be given the status of a separate
species. I may regard them only as the easternmost form of the Candi-
dula unifasciata species (i. e. infrasubspecific form).

The results of this study are not valid only in this case but may be
applied also to other cases within this sub-family outside Czechoslovak
territory. It would thus be expedient to take a critical stand in view
species Helicella obvia - macedonica and Helicopsis striata - hungarica -
- austriaca - cereoflava.

5. Some biological aspects — the way of hybernating, mating, egg-
-laying, shell growth and methods of spreading from the original loc-
ality were studied on the model species of Candidula unifasciata on the
locality Chynice u Prahy.
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6. Investigation of the CaCO; content on localities of species of the
Helicellinae sub-family revealed that the strength of populations of the
different species is not directly related to the calcium content in the
soil; however, the soil must contain a certain minimum amount of calci-
um. It appears though that the size of the population of species Heli-
cella obvia and Cernuella neglecta is affected by the physical condition
of the soil. Both species are much more frequent and in greater num-
bers around or directly on places which are not cultivated regularly.
Such places are fallow land, fields with mixtures ‘and clover and stubble
which is not ploughed in.

7. Also some factors influencing the population dynamics of species
of the Helicellinae sub-famiy were followed. Length of life differs in
the different species, the shortest living species is Candidula unifasciata,
7—12 months [about 10 % of the hybernating specimens). Population
densities differ largely on different biotopes. Central European con-
ditions are not conductive to the formation of the massive populations
which are known to exist in southern Europe. Their occurrence in the
biotope is irregular. Only once I found a population of Helicella obvia
with 50—60 specimens per m? and Candidula unifasciata population
with about 100—150 specimens per m2 Most populations I found were
weak or of medium strength.

The strong development of a population is affected, besides temper-
ature, also by longer periods of rain. In such weather lasting the whole
year several generation emerge with a locally strong or very strong
population in early autumn. Besides purely climatic factors local ones
are also very important. In this connection the effect of enemies of
these snails (birds, larvae of predatory insects), parasites and possibly
chemical sprays would be included. The Helicopsis striata species is
rapidly becoming isolated, degenerate and extinct in this country. In
this case it is important to note that as oposed to the other Helicellinae
this species does not invade artificial biotopes so easily but, on the con-
trary, is supressed by human activity.

The dynamism of species of this sub-family is last but not least af-
fected in this country by the winter season. In comparison, some species
develop in regions of their original distribution all the year round [ex-
cept for periods of drought). Research indicates that the dynamics of
populations of these snails (and probably of the others, too) is — besides
genetical factors — dependent mainly on ecological factors. The dif-
ferent influence cannot be extracted from their complex and used to
justify the incidence and number of the given species.

All protocoles and material used in this work are deposited at the
Zoological Department of the National Museum in Prague.
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Plate I.

Plate II

Plate III.

Plate 1V.

Plate V.
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EXPLANATIONS OF THE PLATES

. Candidula unifasciata (Poiret), orig. Jar. Brabenec

Tachlovice u Prahy, 4. 7. 1949
Shell size: breadth = 7.0 mm, height = 4.6 mm

X Candidufa_um‘fasciara, population C. soosiana

Vreten u Ziliny, 21. 8. 1951, orig. Jar. Brabenec
Shell size: breadth = 6.8 mm, height = 5.0 mm

. Helicopsis striata (Miill.), orig. Jar. Brabenec

Velkovsk§ vrch u Neratovic, 26. 10. 1958
Shell size: breadth = 8.4 mm, height = 5.6 mm

. Helicella itala (L.), orig. Jar. Brabenec

Hruby Rohozec u Turnova, 21. 8. 1927
Shell size: breadth = 14.5 mm, height = 7.9 mm

. Helicella obvia (Menke), orig. Jar. Brabenec

Prokopské tdoli u Prahy, 8. 2. 1926
Shell size: breadth = 16.3 mm, height = 9.1 mm

. Cernuella neglecta {Drap.}, orig. Jar. Brabenec

Budyn& nad Ohfi, Moéidla, 3. 5. 1955
Shell size: breadth = 12.6 mm, height = 7.7 mm

. Genital apparatus of Candidula unifasciata (No. preparation 11f),

Chynice - Dubecky mlyn, 20, 10, 1968
Enlarged 5times
Shell size: breadth = 5.6 mm, height = 3.2 mm

. Candidula unifasciata, population known as C. soosiana

(No. preparation 4c], enlarged 5times
Rajeckd Lesna - Suja, 9. 8. 1967
Shell size: breadth = 6.00 mm, height = 3.5 mm

. Genital apparatus of Helicopsis striata (No. preparation 21c)

Enlarged 3.7times
Kopet u Neratovic, 24. 9. 1967
Shell size: breadth = 7.9 mm, height = 4.6 mm

Genital apparatus of Helicella itala (No. preparation 22b)

. Enlarged 3.7times

CiZkovice u Lovosic, 28. 4. 1968
Shell size: breadth = 16.4 mm, height = 6.9 mm

Genital apparatus of Helicella obvia (No. preparation 18b)

. Enlarged 3.5times

Pernd - Pavlovské vrchy, 15. 10. 1968 .
Shell size: breadth = 17.0 mm, height = 8.0 mm

. Genital apparatus of Cernuella neglecta (No preparation 15a)

Enlarged 3.7times

- Kochanky u Benédtek n. Jiz., 20. 10. 1968, leg. V. Hofinek

Shell size: breadth = 16.7 mm, height = 8.4 mm

. Dart sac with dart of Candidula unifasciata, enlarged 10times,

Chynice - Dubeck§ mlyn, 20. 10. 1968

. Dart sac of Candidula unifasciata, population of C. soosiana,

enlarged 20times, Rdjeckd Lesna - Suja, 11. 10. 1968
Dart sac of Helicopsis striata (young]), enlarged 10times.
Kopeé u Neratovic, 24. 9. 1967

Dart sac of Cernuella neglecta, enlarged 8times,
Kochédnky u Bendtek n. Jiz., 31. 5. 1968
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LIST OF LOCALITIES IN CANDIDULA UNIFASCIATA
(*+ population known as Candidula soosiana)

+ Brannd u HanuSovic (650 m, leg. A. Pakrt, V. Pfleger)

+ Brusperk u Ostravy, Sovinec (350 m, leg. S. Méacha)

Canka u Opo&na (220 m, leg. Brabenec)

+ Cernd Zem u Sedli¥td u Frydku (leg. V. LoZek, Médcha)

+ Dolni Litnd u TFince (leg. Macha)

Draheléice - Uhonice u Rudné (300 m, leg. Pfleger)

+ Drietoma u Trenéina, Bolovica and Skalitky (300 m, leg. V1. Hudec, Pfleger)
Chynice u Tachlovic, Dubecky mlyn (320 m, leg. Pfleger)

Chote& u Tachlovic . Ofech (300 m, leg. Pfleger] .

Jenikovice u TiFebechovic, Pavlovsky rybnik (250 m, leg. Brabenec)
Krahulov - Mezouii (300 m, leg. Pfleger)

+ Kojkovice u Tfince (leg. Mdcha)

Mezouii u Rudné - V. Ujezd (300 m, leg. Pfleger)

Méstec nad Dédinou u Opoéna (250 m)

Nuéice u Prahy (300 m, leg. Pfleger)

OhniSovsky ostrov u Opo&na (250 m, leg. Brabenec)

Otelice u Opo¢na (250 m, leg. Kopecky, Hlavaé, Brabenec, Pfleger)

+ Réajeckd Lesnd - Suja u Ziliny (500 m, leg. LoZek, Pileger)

+ Rajec u Ziliny (leg. L. Kala§)

Rudné u Prahy (300 m, leg. Pfleger)

Rychnov nad Kné&Znou (300 m, leg. Kopecky)

+ Sné&Znica u Ziliny, Vreten (500 m, leg. ]. Brabenec, Pfleger)

+ Sob&Sovice u Havifova (300 m, leg. LoZek, Méacha, Pfleger)

+ Stankovany u Kralovan, Skutova dolina (450 m, leg. LoZek, Brabenec)
+ Stafi€ u Mistku, Kamenné (leg. LoZek, Médcha) _

Stramberk u Kopfivnice (350 m, leg. Brabenec, Hruby, Pfleger)

Tachlovice u Nuéic (250 m, leg. Jar. Petrbok, LoZek, Brabenec, Hudec, Pfleger)
+ Térlicko - Kostelec u Havifova (leg. Macha, LoZek, Brabenec)

+ TFinec, Babi hora [leg. Méacha)

+ Vendryné u Tfince, VruZnd (leg. Macha, Brabenec)

LIST OF LOCALITIES IN HELICOPSIS STRIATA
Bohemia
Bechlin u Roudnice nad Labem (200 m)
Béloky u Bu$téhradu (300 m, leg. LoZek])
Blevice u Kralup n. VIt. (leg. LoZek])
Brloh u Loun (leg. LoZek)
Briiky u Prahy (270 m, leg. LoZek)
Bfvany u Loun, Pise¢ny vrch (318 m, leg. LoZek)
Brzanky u Roudnice n. L. (190 m, leg. LoZek)
Buéina u Velvar (240 m, leg. LoZek)
Bustéhrad - Zdjezd u Kladna (leg. LoZek)
Cetemin u V3etat (220 m, leg. LoZek, Petrbok)
Ctingves pod Ripem (250—300 m, leg. LoZek)
Debrno u Kralup n. V1t. (220 m, leg. LoZek)
Dévin u Prahy (280 m, leg. LoZek)
Dobroméfice u Loun, ,,Na rybniku" (leg. LoZek)
Doléanky u Kralup n. VIt. (200 m, leg. LoZek)
Dolni S4drka u Prahy (250 m, leg. LoZek)
Drchkov - Béfovice u Slaného (250 m, leg. LoZek)
Dfemcice u Tifebenic, Kuzov [leg. LoZek)
Dretovice u Kladna (260 m, leg. LoZek)
Dfinov u Kralup n. VIt. (210 m, leg. LoZek)
Dubany u Libochovic, Rohatec (leg. Pfleger)
Evaii u Libochovic (240 m, leg. LoZek)
Hajnice u Velkych P¥flep (320 m, leg. LoZek)
Hlubogepy u Prahy — Sv. Prokop (leg. LoZek, Petrbok)
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Hnojnice u Loun, res. Kamennd (leg. LoZek)

Hoblik u Loun, Oblik (leg. LoZek)

Horni Chabry (LAdvi) u Prahy (320 m, leg. LoZek, Petrbok]
Horomé&fice u Prahy (260 m, leg. LoZek)

Horoméfice u Prahy, Kozi hitbety (300 m, leg. Brabenec, LoZek)
Hotfenec u Loun, Ci¢ov (350 m, leg. LoZek)

Ho3tka u Roudnice n. L. (leg. LoZek]

Hrédek u Bifvan . Louny (leg. LoZek])

Hrdliv u Slaného (leg. LoZek)

Husinec n. V1t. u Prahy (240 m, leg. LoZek] -
Chlumin u Neratovic (200 m, leg. Brabenec, Zvari&, Pfleger)
Jefetin u Libochovic n. 0. (250 m, leg. LoZek])

Jevingves pod Ripem (230 m, leg. LoZek)

Kamenny Most u Kralup n. V1t. (220 m, leg. LoZek)
Klecany n. VIt. u Prahy (260 m, leg. LoZek)

Koda u Srbska (300 m, leg. LoZek])

Kopet u Neratovic (220 m, leg. Brabenec, LoZek, Pfleger)
Kogtédlov u Tfebenic (310 m, leg. LoZek)

Ko$tice (Dobrofka) u Libochovic n. O. (leg. LoZek])
Kozly u Loun, TobidSav vrch (350 m, leg. LoZek)
Krabéice - Vesce u Roudnice n. L. (270 m, leg. LoZek)
Krélovice u Slaného (250 m, leg. LoZek)

KreJov u St&ti — ddoli Obrtky (leg. LoZek)

Kropécova Vrutice u Benétek n. Jiz., Hlubok4 strouha (leg. LoZek)
Kuzov u Tfebivlic (350 m, leg. LoZek)

Kystrd n. Oh¥#i u Loun (leg. LoZek)

Kyskovice u Roudnice n. L. (180 m, leg. LoZek)
Lenesice u Loun (180 m, leg. A. Culek, LoZek)

Letky m. VIt. u Prahy (230 m, leg. LoZek)

Lib&ice n. VIt. (220 m, leg. LoZek)

Lib&chov - Zimoiisky dil (220 m, leg. LoZek)

Lib8chov - Rokelsky diil (190 m, leg. LoZek)

Libeznice u Prahy (230 m, leg. Petrbok)

Libeznice - Zdiby u Prahy (leg. LoZek)

Libkovice pod Ripem (230 m, leg. LoZek)

Libochovi¢ky u Kladna (250 m, leg. LoZek)

Lobe€¢ u Kralup n. VIt. (leg. Petrbok, LoZek)

Louny - vrch Stfibrnik (leg. LoZek)

Lukavec u Lovosic (leg. B. Zvarié)

Lukov -, Jarpice u Peruce [leg. LoZek)

Lysd n. L., Na Vini¢kdch (210 m, 1gt. LoZek)

Lysolaje u Prahy (300 m, leg. Petrbok, LoZek])

Maly Ujezd u Mé&Ilnika, Na stréani (leg. LoZek)

Maly Ujezd . Mélnickd Vrutice, Preplatilov (220 m, leg. LoZek, Pileger)
Martin&ves u Libochovic (210 m, leg. LoZek)

Mrsklesy - Vlastislav u Tfebenic, Modla (leg. LoZek)
Mé#cholupy u Zatce (leg. LoZek)

Mé&lnik (180 m, leg. LoZek)

Miskovice u Cakovic - Zabity kopec (230 m, leg. LoZek)
Nabdin u Velvar (200 m, leg. LoZek) -

Nelahozeves u Kralup [200 m, leg. LoZek)

Neratovice u Prahy, Velkovsky vrch (leg. Brabenec, LoZek, Pfleger)
Netfeba u Neratovic, U hraze (leg. LoZek)

Nova Ves u Velvar, Skacherov (240 m, leg. LoZek)

Nové Uholice u Kralup n. Vit. (170 m, leg. LoZek)
Odolena Voda u Neratovic, Spitdk (leg. LoZek, Pfleger)
Okot'ské tdoli u Kralup n. V1t. (260 m, leg. LoZek)
Olovnice u Kralup n. VIt. (190 m, leg. LoZek)

Podhédji u Budyné& n. Oh¥i (200 m, leg. LoZek)

Podle$in u Slaného (260 m, leg. LoZek)

Podmoréii n. VIt. (240 m, leg. LoZek)
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Poustka u LeneSic u Loun (leg. LoZek)

Praha - Hloub&tin (270 m, leg. LoZek)

Praha - Maridnské hradby (leg. Jar. Winter, Brabenec, Petrbok, LoZek])
Premysleni u Klecan u Prahy (260 m, leg. LoZek)
Prerov n. Lab. u Celdkovic (220 m, leg. LoZek)
Prezletice u Prahy (leg. LoZek)

PFivory u VZetat (210 m, leg. LoZek)

Radouii u Stéti n. L. (ieg. Brabenec)

Rané u Loun (leg. LoZek)

Rohatce u Roudnice n. L. (leg. LoZek)

Roudnice n. Lab. (180 m, leg. Petrbok)

Repin u Mé&lnika (leg. LoZek]

Rporyje u Prahy (300 m, leg. LoZek)

ReZ n. VIt. u Prahy (240 m, leg. LoZek)

Saky u Kladna (250 m, leg. LoZek)

Sedlec u Prahy (leg. LoZek)

Skalka u Vlastislavi (300 m, leg. LoZek)

Skalsko - Pod Hridkem u M. Boleslavi (300 m, leg. Petrbok)
Skorkov n. Jiz. u Brandysa n. L. (200 m, leg. LoZek)
Slany - Sldnskd hora (300 m, leg. LoZek)

Slany . Netovice (leg. LoZek)

Slavétin u Loun, Dolejsi mlyn (leg. LoZek)

Srbsko u Berouna, ,,Na Velké hofe 11 (250 m, leg Petrbok, LoZek)
Srbsko, skély ke Karlstejnu (230 m, leg. LoZek])
Stradkov u Roudnice n. L. (leg. Pileger)

StraZnice u Lib&chova (240 m, leg. LoZek)

Stfedokluky u Prahy (310 m, leg. LoZek)

Susno - Kropadova Vrutice u Bendtek n. Jiz. (leg. LoZek)
Sutom u Tiebenic, Holy vrch (450 m, leg. LoZek)
Trebenice u Lovosic, Vrietin (leg. LoZek)

Tft&no u Loun, Syslik (285 m, leg. LoZek)

Tuchomé&fice u Prahy (300 m, leg. LoZek)

Unétice - Cerny Vil (280 m, LoZek, Petrbok)

Upohlavy u Tiebenic (leg. Zvarié)

Veleii u Brandysa n. L. (240 m, leg. LoZek)

Velké Zernoseky u Litomé&fic, Kalvarie (200 m, leg. LoZek)
Velvary, Sazend (200 m, leg. LoZek)

VepfFek n. VIt. (190 m, leg. K. Zebera, LoZek)
Vodochody u Prahy (leg. LoZek)

Vrany - Horni Kamenice u Peruce (leg. LoZek)

Vrbice - Opo¢nice u Pod&brad (leg. LoZek)

Vysokéa Libeii - Kropafova Vrutice (leg .LoZek)

Zajezd u Lenesic u Loun [leg. LoZek)

Zatec - Bukovina (leg. LoZek)

Zeleznd u Mé&cholup u Zatce (leg. LoZek)

Moravia

Dambofice u Kyjova (leg. V1. Hudec)

Dévin, Pavlovské vrchy (500 m, leg. Hudec, loZek)

Horni Bojanovice u Hustopedfe (leg. LoZek)

Horni Vé&stonice, Pavlovské vrchy (300 m, leg. LoZek)

Kotelnd, Pavlovské vrchy (leg. Brabenec, Hudec, LoZek)

Pernd, Pavlovské vrchy (350 m, leg. Brabenec, Hudec, LoZek)
RebeSovice u Brna (250 m, leg. LoZek)

Tabulova hora, Pavlovské vrchy (leg. Brabenec, Hudec, LoZek)

Slovakia

Bernoldkovo u Bratislavy (160 m, leg. LoZek)

Cenkovsk4 step u Stirova (leg. Brabenec, LoZek, Médcha, M. Deyl)
Mlietany u Gab&ikova (118 m, leg. Brabenec)

Mu#la u Stirova (120 m, leg. Brabenec, LoZek, Pfleger)
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2 Opatovskd Nové Ves, dolni Ipel (248 m, leg. LoZek]
1 Starovo, BoZi vrch (leg. Brabenec, LoZek)
1 Stdrovo . Ndna (leg. Brabenec)

Explanation:

recent occurrence (animals recently collected)
recent occurrence probable (shells recently collected)
undefined occurrence (subfosile?)

suspected of displacing from loess (pleistocene)

hwhoH

LIST OF LOCALITIES IN HELICELLA ITALA

Ble3no - Chrédstany u Tfebenic (leg. LoZek)

Bukovina - LouZek u Turnova (280 m, leg. LoZek)

CiZzkovice u Lovosic - T¥ebenice (250 m, leg. Pfleger)

Doldnky u Turnova (280 m, leg. Slavik, Klika, Winter, BlaZka, Babor, Jandetka, Petr-
bok, LoZek, Tdborsky, Culek, Brabenec, Pfleger)

Chrastné - Tepld u Tfebenic (leg. LoZek)

Kostdlov u Trebenic (300 m, leg. Brabenec, Pfleger)

Lovosice, vrch Lovo$ (300 m, leg. LoZek, Brabenec, Pfleger, Zvaric)

Maly Ujezd - M&lnickd Vrutice, PFeplatilov (220 m, leg. LoZek, Pileger)

Mrsklesy - Lhota u TrFebenic (leg. LoZek) :

Mrsklesy - Vlastislav u Tfebenic, Modla (leg. LoZek)

Nové Hésto n. Metuji? (300 m, coll. Jande&ka)

Pdlet - MileSov, C. St¥edohofi (400 m, leg. LoZek, Zvari&)

Pnétluky u Podsedic (350 m, leg. Lﬂiek Brabenec)

Podsedice u Tifebenic, silniéni piikop [350 m, leg. Brabenec, LoZek]

Pokratice u I.itoméi‘lc Bild stréi (200 m, leg Brabenec)

Sulejovice u Lovosic - CiZkovice (200 m, leg. LoZek)

Tiebenice u Lovosic, trat (leg. Pfleger, Brabenec)

Tfebenice - Sutomsky vrch (300 m, leg. LoZek, Brabenec)

Usti nad Labem (150 m, leg. Wiesner)

Velemin u Lovosic, Ostry (leg. LoZek)

Zélezly u Usti n. Lab. (leg. Wiesner)

LIST OF LOCALITIES IN HELICELLA OBVIA

Bohemia

B&3t u Prahy (leg. LoZek)

B4&$t8k u Prahy (leg. LoZek)

Bedfichov u Kolina (240 m, leg. Pfleger)

Bechyn# u Tdbora (400 m, leg. Ant. Frif)

Bélet u Hldsné Trebané (250 m, leg. Petrbok)

Béloky u Stifedokluk (250 m, leg. Petrbok)

Bendteckd Vrutice u Lysé n. L. (150 m, leg. Petrbok, Pfleger)
Bendtky n. Jiz. (200 m, leg. Petrbok, V. Ho¥inek, Pfleger)
Beroun (250 m, leg. Petrbok, Pfleger)

Beskov u Dubé (leg. LoZek)

Bilina u Mostu (150 m)

Bilinka u Lovosic (leg. Pfleger)

Bitov u Krélova Dvora (350 m, leg. Petrbok)

Blevice u Kralup n. VIt. (leg. LoZek)

BlSansk§ chlum u Loun (200 m, leg. Pfleger)

Bojanovice u HoraZdovic (450 m, leg. LoZek)

Boret, C. St¥edoho¥f (300 m, leg. Brabenec)

Boreii u Biliny (500 m, leg. J. Wiesner]

Bofislav u MileSovky [leg. LoZek)

Bousov u Céslavi (250 m, leg. A. Culek)

Brandysek u Slaného (250 m, leg. K. Zebera)

Brand¢s nad Labem (150 m, leg. LoZek, M. Jankovsky, Petrbok)
Brloh u Loun (200 m, leg. LoZek) A
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Brloh . Chluméany u Loun (leg. LoZek)

Briiky u Klecan (200 m, leg. LoZek]

Brzanky u Roudnice n. L. (160 m)

Bfvany u Loun (250 m, leg. LoZek, V1. Zazvorka)

Bfve u Prahy (250 m, leg. Petrbok)

Bubovice u Lodenic (250 m, leg. Petrbok)

Budiiany, Karl$tejn (250 m, leg. Trsek, Petrbok)
Bu&téhrad - Zdjezd u Kladna (leg. LoZek])

Bychory u Kolina (250 m, leg. K. Taborsky, Pfleger)
Byko$§ u Berouna (350 m, leg. Petrbok)

BySkovice u Neratovic (200 m, leg. LoZek, Pfleger)

Citov - Hlinisté u Mé&lnika (leg. LoZek)

Ctindves pod Ripem (250 m, leg. LoZek, Pfleger)
Cvrcovice u Kladna (leg. LoZek)

Cakovitky u Neratovic (leg. LoZek)

Cedelice u Mé&lnika (250 m, leg. Petrbok]

Celdkovice n. Lab. (150 m, leg. Tdborsky)

Cepi¢nd u Rabi, HoraZdovice (450 m, leg. LoZek)
Cernéice u Loun - VeltéZe (leg. Pfleger)

Cernfkov u Strakonic (400 m)

Cerniky u C. Brodu (200 m, leg. Petrbok)

Cerno3ice n. Ber., ,Na Sulavé® (leg. Petrbok)

CernoZice, Holohlavsky ryb. (250 m, leg. Brabenec)
Cerny Diil, Krkonode (600 m, leg. Brabenec)

Gerny Vil u Prahy (250 m, leg. Petrbok)

Cervené Pedky u Kolina (200 m, leg. Petrbok)

Ceska Skalice - Starko& (300 m, leg. Brabenec)

Cesky Brod (250 m, leg. Petrbok)

Cesky Krumlov (500 m, leg. Petrbok, Brabenec, Tdborsky)
Cesky Krumlov, Lazecky vrch (680 m, leg. LoZek) -
Cesky Krumlov, Vy$enské kopce (400—500 m, leg. LoZek, Taborsky)
Cilec u Nymburka (200 m, leg. A. Culek)

CGizkovice u Lovosic (250 m, leg. Pfleger)

Debi u Mladé Boleslavi (leg. Petrbok)

Déc¢in (150 m)

Destnd u Dubé (300 m, leg. E. Sprenger) '

Dobrkovice u C. Krumlova (450 m, leg. Petrbok, Tdborsky)
Dobroméfice u Loun (leg. LoZek)

Dobriin u Susice (500 m, leg. LoZek)

Doldnky u Podbofan (leg. LoZek)

Dolany u Ckyn# u Vimperka (leg. Petrbok)

Dolni Roblin - Mof#inag (300 m, leg. Pfleger)

Dolni Slivno u Benédtek n. Jiz. (leg. LoZek)

Dolni Zalezly u Usti n. L. (200 m, leg. Wiesner, Pfleger, K. Hrugka)
Doubrava u Nymburka n. L. (200 m, leg. Petrbok)
Drahel&ice - Uhonice u Kladna (350 m, leg. Pfleger)
Dieméice, vrch Kuzov, €. St¥edohofi (400 m, leg. T.oZek)
Drchkov u Slaného (250 m, leg. LoZek)

Drchkov . Befovice u Slaného (leg. LoZek)

Drnek - Prelic u Kladna (leg. LoZek)

Dfevéice - Lhotecky dill, Polomené hory (350 m, leg. LoZek)
DrouZetice u Strakonic, vrch Tisovnik (500 m, leg. LoZek)
Dubéd u Mélnika, Svinsky dfl [leg. LoZek)

Dubany u Libochovic n. O, Rohatec (200 m, leg. Pfleger)
Evaii u Libochovic n. 0. (250 m, leg. LoZek)

Héjek - Jenef u Kladna (350 m, leg. Pfleger)

Hajnice u Velych PfFilep (250 m, leg. LoZek)

Hefmaniv Méstec u Chrudimi (300 m, leg. Z&dzvorka]
Hlasné Ttrebdii u Karldtejna (250 m, leg. Petrbok)
Hnévice n. L. u Roudnice (150 m, leg. Petrbok)
Hnidousy u Kladna (leg. LoZek)
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Hnojnice u Loun, Kamennd (leg. LoZek)

Hoblik u Loun, Oblik (250 m, 1 sinistnal specimen)
Holede® u Zatce (250 m, leg. LoZek, M. Snajdr)
Holede&ek - Veletice u Zatce [leg. LoZek)

Holyn& u Prahy (250 m, leg. Petrbok, Pfleger]

Horni Befkovice u Roudnice n. L. (200 m, leg. LoZek)
Hornf dfil pod Horoméficemd (300 m, leg. LoZek)
Horni Mé&choltpy u Prahy (190 m, leg. Taborsky)
Horni Nova Ves u Lazni Bélohrad (300 m, leg. F. Hlavag)
Horni Pocaply u Roudnice n. L. (leg. LoZek)

Hofdtev u Nymburka (200 m)

Hofenec u Loun, hrad Ci¥ov (400 m, leg. LoZek)
Hostim u Berouna (300 m, leg. LoZek, Petrbok)

Ho%tka u Roudnice n. L. (leg. LoZek])

Hréadek u Bifvan u Loun (leg. LoZek)

Hradsko u Kokofina (250 m, leg. LoZek])

Hrdliv u Slanéhao (leg. LoZek)

Hrdlofezy u Ml. Boleslavi (leg. LoZek)

Hubenov u Strakonic (leg. LoZek)

Chaby u Reporyji (250 m, leg. Petrbok])

Chleby u Nymburka (leg. Petrbok])

Chlum¢any u Loun (lgt. Pfleger)

Chlumin u Neratovic (200 m, leg. Brabenec, Zvarié, Pfleger)
Chlustina - Sibenec u Hofovic (300 m, leg. Petrbok)
Chotédnky u Podébrad (200 m, leg. ]. Sachl, Zebera)
Chot&budice u Podbofan (300 m, leg. LoZek)

Chot&3ov u Tfebenic (200 m, leg. Pfleger)

Chotovice u Zehufiského rybnika (leg. Pfleger)
Choté&tov u MIl. Boleslavi - Jiz. Vtelno (leg. Pfleger)
ChoZov u Loun (250 m, leg. LoZek, Pfleger )

Chraberce u Loun, Srdov (480 m, leg. LoZek])

Chrastna . Tepld u Tiebenic (leg. LoZek)

Chuchle u Prahy (200 m, leg. Petrbok, Trsek, Pfleger)
Chyné u Hostivic u Prahy (250 m, leg. Petrbok, Pfleger)
Chynice u Nu¢ic (250 m, leg. Petrbok, Pfleger)

Chynov u Kralup n. VIt. (250 m, leg. Zebera)

-Chynov u Tédbora, Pacova hora (500 m, leg. LoZek)
Jarov u Berouna (300 m, leg. Pfleger )

Jarpice - Slapanice u Peruce (leg. LoZek])

Jelenice - Liblice u Mélnika (250 m, leg. LoZek)
Javorka u Karl$tejna

Jevinéves u Roudnice (200 m, leg. LoZek)

Josefiiv- Diil u Ml. Boleslavi (A. Slavik, Petrbok, LoZek])
Kalvarie u V. Zernosek [200 m, leg. LoZek)

Kamenny Most u Kralup n. V1t. (250 m, leg. Pfleger)
Kaiik u Kutné Hory (lgt. Culek])

Karlétejn u Berouna (350 m, leg. Tdborsky)

Keblice - Lukavec u Lovosic (200 m, leg. Petrbok)
Kladno - Vinafickd hora (lgt. LoZek])

Klapy u Libochovic n. 0. (350 m, leg. Pfleger)

Klene¢ u Roudnice n. L., ,,Na Kav&indch“ (200 m, leg. LoZek)
Klukovice u Prahy (300 m, leg. Petrbok, Pfleger)
Kocourov pod MileSovkou (leg. Zvaric)

Koda u Srbska (300 m, leg. J. Koliha, Taborsky)
Kochéanky - Bendtky n. Jiz. (150 m, leg. Hofinek, Pfleger)
Kojetice u Neratovic (190 m, leg. Petrbok, LoZek)
Kokofin u Mé&lnika (leg. LoZek) -

Kolin - OvEary (leg. Tdborsky, Pfleger)

Konéprusy u Berouna (400 m, leg. Petrbok, LoZek]
Konétopy u Mélnika (200 m, leg. Petrbok)

Kope& u Neratovic (200 m, leg. Brabenec, LoZek, Pfleger)
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Korycany u Neratovic [leg. LoZek])

Kosof u Prahy (250 m, leg. Petrbok Pfleger)
Kosofin u Chocné (300 m, leg. Brabenec)

Kost (hrad) u Turnova (350 m)

Kostelec n. L. u Brandfsa n. L. (200 m, leg. Petrbok)
Kostomlaty pod Ripem (leg. LoZek)

Kostomlaty u Nymburka (200 m, leg. Petrbok, Tdborsky)
Kosdtky u Mé&lnika (250 m, leg. Petrbok)

Ko&tdl u Tfebenic (250 m, leg. Wiesner, C. Mell)
Kostdlov u Tfebenic (250 m, leg. Wiesner, Brabenec, Pfleger)
Kos&tice (Dobrocka) u Libochovic (leg. LoZek)
Kotys u Koné&prus (400 m, leg. Petrbok)

Koudelov. - Vrdy u Céaslavi (250 m, leg. Culek)
Kovary u Kralup n. VIt. (250 m, leg. Petrbok])

Kozly u Loun, TobidShv vrch (leg. LoZek)

Kozovazy u Celdkovic (200 m, leg. Petrbok]

Kozi Horka u Trebenic (leg. Zvarif)

Krahulov u Rudné (250 m, leg. Petrbok, Pfleger)
Krédlovice u Slaného (250 m, leg. LoZek)

Kralupy n. VIt. (250 m, leg. F. Héjek)

Krdsné Bfezno u Usti n. L. (200 m, leg, Tdborsky, Hruska)
Krésny Dviir u Podbofan (leg. LoZek])

Kropédfova Vrutice u Benétek n. Jiz., Hlubok4 strouha (leg. LoZek)
KruSiny - Sudno u Benétek n. Jiz. (leg. LoZek)
Kfesin u Libochovic, Rohatec (200 m, leg. Pfleger])
KteZov u St&ti n. L., Obrtka (leg. LoZek)

Kfinec u Nymburka n. L. (200 m, leg. ]. Stroff)
Ktov4 - Libuili u Turnova (leg. LoZek)

Kutnd Hora (250 m, leg. Sachl)

Kuzov u TFebivlic, ﬁ StFedohofi (400 m, leg. LoZek)
Kvic u Slaného, ,,Nad moéidly”“ (leg. LoZek)

Kystrd u Loun (200 m, leg. Zdzvorka, LoZek)

Lézné Bélohrad (250 m, leg. Fr. Hlavag, Petrbok)
Lede& nad Sdzavou (350 m, leg. Petrbok, LoZek)
Lenesice u Loun (200 m, leg. Petrbok)

Lhota u Dubé (leg. LoZek)

Lib&chov u Mélnika (250 m, leg. J. Kopernicky, Sprenger, Petrbok)
Lib&3ice u Uitéka (200 m, leg. C. Mell)

Lib&3ovice - LiboFice u Zatce (leg. LoZek)

Liblice u Mé&Inika (250 m, leg. Téborsky)
Libochovice u Lovosic (200 m, leg. Sprenger)
Libochovi¢ka u Kladna (250 m, leg. Petrbok)
Librantice u Tfebechovic (300 m, leg. LoZek)
Lichnice (zfic.) u Céaslavi (350 m, lag. Culek)
Lichnice (zfic.) u Caslavi (350 m, leg. Culek)

Lisnd u Rédbi u HoraZdovic (leg. Lniek}

Liteil u Berouna (300 m, leg. WinarZik, Petrbok)
Litoméfice, ,, Kotka“ (leg. Zvarif)

Litoméfice, pod Bilou strani (leg .Brabenec, Zvaric)
Libomy$l u HoFovic (300 m, leg. Petrbok)

Litovice u Hostivic (300 m, leg. LoZek])

Lobe€ u Kralup n. VIt. (leg. LoZek)

Lobkovice u Neratovic (200 m, leg. Petrbok])
Lodénice u Berouna (350 m, leg. Petrbok, Tdborsky)
Lounin u Berouna (400 m, leg. Petrbok])

Louny, cihelny [leg. LoZek)

Louny - Mé&lce (220 m, leg. LoZek)

Louny, meze ] St¥ibrnik (leg. LoZek)

Louny, Velky vrch (300 m, leg. LoZek)

Lovosice u Litomé&Ffic (250 m, leg. Pfleger, Zvarié)
Lovo3 u Lovosttic (300 m, leg. Pfleger)
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Lubnéd u Rakovnika (350 m, leg. Petrbok])

Lukavec u Lovosic (200 m, leg. Petrbok])

Lukov - Jarpice u Peruce (leg. LoZek)

Lukov - Radovesice u Biliny (leg. LoZek)

Lusténice - Horky u Mladé Boleslavi (LoZek)

Lysd nad Labem (200 m, leg. Zebera, Tédborsky, Pfleger)
Lysd nad Labem - Bendteckd Vrutice (200 m, leg. Pfleger)
Lysolaje u Prahy (200 m, leg. Petrbok, LoZek)
Makotiasy u Kladna (250 m, leg. Petrbok)

Malé ZboZi u Pad&brad (200 m, leg. Zebera)

Malé Zernoseky u Lovosic [leg. Pfleger)

Mélkov u Zdic (400m, leg. Petrbok]

Malnice u Loun, Gidoli Hasiny (200 m, leg. LoZek)

Maly Ujezd u M&lnika (leg. LoZek)

Maly Ujezd - Preplatilov (200 m, leg. LoZek, Pfleger)
Medonosy u Dubé, ddoli Lib&chovky do Osinalic (leg. LoZek)
Mécholupy u Zatce (250 m, leg. LoZek)

Mélnickd Vrutice u Mélnika (250 m, leg. LoZek, Pfleger)
Mélnické Vtelno - Sudno u Bendtek n. Jiz. (leg. LoZek)
Méiiany - Liteii u Berouna (300 m, leg. Petrbok])
Mezihofi u Chrasti (400 m, leg. Brabenec)

Mezouii u Rudné (leg. Pfleger)

Mile$ov, vrch Lhota v C. Stfedohofi (leg. LoZek)
Miloice u Zatce (leg. LoZek) )

Milovice u Lysé n. L. (200 m, leg. Petrbok)

MiFejovice u Litomé&fic, Knoblogka (250 m, leg. Zvaric)
Mléeii u Kokofina (leg. Lo¥ek)

Modovice u Caslavi (250 m, leg. Culek)

Mochov u Celdkovic (leg. LoZek)

Mofina u Karl3tejna (350 m, leg. Petrbok)

Mrsklesy - Vlastislav u Tfebenic, Modla (leg. LoZek)
Mrzky u Ceského Brodu (250 m, leg. Petrbok]

M3Sené u Budyné n. O. (200 m, leg. Brabenec, Pfleger, Zvaric)
NebuSice u Prahy - Jenrdlka (leg. LoZek)

Nedomice u Kostelce n. L. (200 m, leg. Petrbok)
Nelahozeves u Kralup n. VIt. (200 m, leg. Petrbok])
Nenatovice u Rudné, Katdk (300 m, leg. Zazvorka)
Neratovice u Prahy (200 m, leg. Pfleger)

Neratovice, Velkovsky vrch (leg. Brabenec)

Nerestec u Mirotic u Pisku (450 m, leg. Koliha, LoZek)
Netfeba u Neratovic, trat (200 m, leg. Pfleger)
Nesvaéily u Berouna (350 m, leg. Petrbok)

NiSovice u Volyn& (500 m, leg. LoZek)

Novéd Huf u Berouna (350 m, leg. Petrbok)

Novd Ves u Kolina (330 m, leg. Pileger)

Novéd Ves u Chotdbofe (450 m, leg. Petrbok) )
Nové Trebéice . Siroké Treb&ice u Kr. Dvora (leg. LoZek)
Nové Uholice u Veltrus (250 m, leg. LoZek)

Nuéice u Prahy (300 m, leg. Pfleger)

Obora u Krab&ic u Roudnice n. L. (leg. LoZek)

Odelice u Opo&na, trat (250 m, leg. Brabenec, Pfleger)
Odolena Voda u Neratovic (leg. Pfleger)

Odrepsy u Podé&brad (leg. LoZek)

Ohrada u Kolina (leg. Pileger)

Ol3any - Brandysek u Kladna (350 m, leg. LoZek)
Opoéno, trat na Od&elice (250 m, leg. Brabenec, Pfleger)
Ofech - ChoteZ u Rudné (250 m, leg. Pfleger]

Ostrov u Podé&brad, dviir Blato (200 m, leg. LoZek)
O3kobrh u Pod&brad (280 m, leg. Sachl)

Otvovice u Kralup n. VIt. (250 m, leg. Pfleger)

Oveary u Kolina (250 m, leg. Brabenec, Tdborsky)
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Pavlicky u Dubé, Saidlova kaluZ (leg. LoZek)

Pavlov u Kladna (300 m, leg. Petrbok)

Petky - Radim u Kolina (250 m, leg. Pfleger)

PerStejnec - NeSkaredice u Kutné Hory, Kfenovka (leg. LoZek)
Piskovd Lhota u Sadské (200 m, leg. Petrbok)

Pisty u Nymburka (200 m, leg. Duchoii)

Plafiany - Nové Mésto u Pecek (leg. LoZek)

PleSivec u Tirebenic (450 m, leg. LoZek)

Pné&tluky, Trediiovec, C. StFedoho¥i (380 m, leg. Zvarit)
Podé&brady (200 m, leg. Tdborsky)

Podé&brady - Vrfeil (leg. LoZek]) )

Podlesin u Slaného (250 m, leg. Petrbok, Tdborsky, Pfleger)
Podlusky - Chvalin u Roudnice n. L. (200 m, leg. LoZek)
Podolanka (Cvréovice u Brandysa n. L., 250 m, leg. Petrbok])
Podoli u BElé pod Bezdézem (250 m, leg. LoZek)
Podsedice u TFebenic (250 m, leg. LoZek)

Pokratice u Litomé&Fic, Bild straii (leg. Brabenec)

Popluzi u Ml Boleslavi (200 m, leg. Pfleger)

Popovice u Krdlova Dvora (400 m, leg. Petrbok)

Poustka u LeneSic - Louny (200 m, leg. LoZek)
Prackovice u Usti n. Lab. (leg. Pfleger)

Praha - Barrandov (300 m, leg. Koliha, Petrbok, Pfleger)
Praha - Bild Hora (300 m, leg. LoZek)

Praha - Branik (200 m, leg. Koliha, Petrbok)

Praha - Brfevnov (leg. LoZek)

Praha - Hlubodepy (leg. Petrbok, Koliha, Pfleger]

Praha . Hodkovicky (lgt. Koliha, Petrbok)

Praha - Konvétka (leg. Koliha)

Praha - Michle (leg. Koliha)

Praha - ModfFany (leg. Pfleger]

Praha - Podoli (leg. Fr. Jandecka)

Praha - Smichov (leg. Koliha, LoZek, Petrbok]

Praha - StfeSovice

Praha . VySehrad (leg. Koliha, Petrbok)

Praha - Zlichov (leg. Zd. Frankenberger, Jandecka, Taborsky)
Praskolesy - Zebrdk (450 m, leg. Petrbok)

Predboj - Kojetice u silnice na M#&lnik (200 m, leg. LoZek)
Premysleni u Klecan u Prahy (250 m, leg. LoZek)
PFepychy u Opo¢na (250 m, leg. Brabenec)

PFistoupim u C. Brodu (250 m, leg. Petrbok)

Rébi u HoraZdovic (500 m, leg. P. Kube$, Culek]
Radifeves - Trnovany u Zatce (250 m, leg. LoZek)
Radotin u Prahy (250 m, leg. Koliha, Petrbok]

Radou$ u Hostomic u Zdic (400 m, leg. Tédborsky)

Rand u Loun, vrch (250 m, leg. Petrbok, LoZek, Pfleger)
Rohatec u Libochovic (240 m, leg. LoZek)

Rochov n. O. u Litomé&fic (200 m, leg. Petrbok)

Ronov n. Doubravou (250 m, leg. Culek)

Rovné u Strakonic, vap. lom (450 m, leg. LoZek)

Rudné u Prahy (leg. Pfleger)

Rychnov n. KnéZnou (350 m, leg. Petrbok, Pfleger)
Rychnovek u Jaroméie (250 m)

Repin u Mélnika (250 m, leg. LoZek)

Sadskd u Nymburka (200 m, leg. Petrbok)

Sazend u Kralup n. VIt.,, Skarechov (250 m, leg. LoZek)
Sebuzin u Usti n. Lab. (250 m, leg. LoZek)

Sedlec u Kutné Hory (300 m, leg. Petrbok, Culek])
Semice - Velenka u Celdkovic (200 m, leg. LoZek)
Sifejovice, Humensky vrch, €. Stfedoho#i (200 m, leg. Zvari¢)
Skalsko - Pod Hradkem u MI. Boleslavi (300 m, leg. LoZek)
Slany (leg. Zebera, Petrbok)
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Slany . Blahotice (250 m, leg. LoZek)

Slany - Netovice (leg. LoZek)

Slatina pod Hazmburkem - Cerniv (250 m, leg. Pfleger)
Slavétin u Loun (200 m, leg. LoZek)

Slaviky u Zdic (350 m, leg. Petrbok)

Slivenec u Prahy (300 m, leg. Petrbok)

Sobin u Prahy (300 m, leg. Petrbok])

Sobin - Chréstany u Hostivic (leg. Petrbok)

Solopysky u CernoSic [leg. Petrbok)

Srbsko u Berouna (400 m, leg. Petrbok)

Srby u Kladna (400 m, leg. LoZek)

Stard Lysd u Lysé n. Lab. (200 m, leg. Petrbok])

Stard Lysa - Cihadla (200 m, leg. Pfleger)

Stary Brdzdim u Brandysa n. L. (200 m, leg. Zazvorka)
Stagov, silnice u Litdvky u Berouna (300 m, leg. Petrbok])
Statenice u Prahy (250 m, leg. Petrbok)

Stradi - Stfekov u Roudnice n. Lab. (150 m, leg. Sprenger)
Strakonice, Sibenitni vrch (450 m, leg. LoZek)

Straskov u Roudnice n. L. (200 m, leg. Pfleger)
StraZnice u Mélnika (250 m, leg. LoZek)

Struiikovice u Strakonic, lom [400 m, leg. LoZek])
Stiekov u Usti n. L. (200 m)

Sulejovice - CiZkovice u Lovosic (200 m, leg. Pfleger)
Susice, vdpencovy ostrov k HoraZdovicim (500 m, leg. LoZek)
Susno - Kropédcova Vrutice u Bendtek n. Jiz. (leg. LoZek)
Sutomsky vrch u Trebenic (400 m, leg. LoZek)

Svéadov u Usti n. Lab. (300 m, leg. Wiesner)

Svaty Jan pod Skalou u Berouna (300 m, leg. Taborsky)
Svaty Prokop u Prahy (300 m, leg. J. Ko§tdl, Brabenec, Petrbok)
Sanovy Kout u Srbska (350 m, leg. Petrbok, LoZek)
Skarechov - Jevinéves u Roudnice n. L. (250 m, LoZek)
Stéti u Roudnice n. L. (200 m, leg. M. Vedralova)
Stitary u Kolina (250 m, leg. Pfleger)

Tachlovice u Nuéic (300 m, leg. Petrbok, Pfleger)
Teplice u Usti n. L. (200 m, leg. Rossmany)

Teplice Lazné&, Doubravskd hora (350 m)

Tobolka u Berouna (350 m, leg. Pfleger)

Touchovice u Loun (200 m, leg. LoZek)

TouSeli u Celdkovic (180 m, leg. Petrbok)

Tiebechovice - Opo€no (250 m)

Trebenice, vrch Vrsetin u Lovosic (460 m, leg. LoZek)
Tiebesice u Kutné Hory (250 m, leg. Culek)

Ttebnice u Meclova, HorSovsky Tyn (450 m, leg. Petrbok)
Tiebonice u Reporyji (200 m, leg. Petrbok)

Tfebotov - Kuchatik u Cernodic (350 m, leg. Pfleger)
Trmice u Usti n. Lab. (200 m, leg. Zebera)

Tfténo u Loun, vrch Syslik (280 m, leg. LoZek)
Tuchoméfice u Prahy (250 m, leg. Petrbok, LoZek)
Tuchofice u Loun, travertinovy lom (250 m, leg. LoZek)
Tuchofice u Loun, vrch Veseld (360 m, leg. LoZek]
Tupadly u Mé&Inika, Lib&chovka (200 m, leg. Sprenger)
Tufice u Brandysa n. L. (250 m, leg. Taéborsky)

Tufice - Sob&tuchy u Lysé n. L. (150 m, leg. Pfleger)
Uhonice u Kladna (300 m, leg. Pfleger)

Ujezd pod Troskami u Turnova (350 m)

Unstice u Prahy (200 m, leg. Petrbok)

Upohlavy u T¥ebenic (200 m, leg. Zvarid)

Ustsk u Litom&Tic (200 m, leg. Mell)

Usti nad Labem (150 m, leg. Wiesner, Zebera, Hruska] _
Uzice - Netfeba u Neratovic (200 m, leg. LoZek, ]. Moc)
Valetov, hrad u Mnichova Hradi$té (250 m)
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Valtife u Usti n. L. (200 m, leg. Wiesner)

Vépensko u Nymburka (200 m)

Védlice, Ustécky potok (200 m, leg. LoZek)

Velenka - Horky u Celdkovic (200 m, leg. Petrbok, LoZek)
Veletice - Trnovany u Zatce (leg. LoZek)

Velikd Ves . Kope¢ u Neratovic (leg. Pfleger)

Velka Ves u Zatce, piskovna (250 m, leg. LoZek]

Velké Pfilepy u Prahy (leg. Petrbok])

Velké Zernoseky u Lovosic (150 m, leg. Ankert, LoZek, Zvarig)
VeltéZe — Obora u Loun (200 m, leg. LoZek)

Vestec u Lysé n. L. (200 m, leg. | Beran])

Vinate u Céaslavi (250 m, leg. Culek)

Vinafice u Kladna (400 m, leg. Petrbok])

Vinafice u Koné&prus, vrch Bacin (490 m, leg. Petrbok)
Vit&zov - BedFichov u Kolina (250 m, leg. Pfleger)
Vlkov pod O3kobrhem u Pod&brad (200 m, leg. Sachl)
Volyné u Strakonic (500 m, leg. Petrbok)

Votice, tfeSiiovka (450 m, leg. LoZek, Pfleger)

Vrany - Horni Kamenice u Peruce (300 m, leg. LoZek)
Vrbice - Opotnice u Podébrad (200 m, leg. LoZek)
Vrbitany n. 0. u Lovosic (150 m, leg. Petrbok)

Vrbka u Libochovic n. O. (200 m, leg. Pfleger)
Vrchovany u Dubé, VI1¢i rokle (300 m, leg. LoZek)
V3enory u KarlStejna (250 m, leg. Petrbok)

V3eradice, vrch Telin u Hostomic (400 m, leg. Petrbok)
Vykaii u C. Brodu (250 m, leg. Petrbok)

Vysokd u Mélnika (250 m)

Vysokd Libeii - Kropafova Vrutice (250 m, leg. LoZek)
Vysoky Ujezd u Lodénic (400 m, leg. Taborsky)

Zadni Kopanina u Radotina (300 m, leg. Petrbok)
Zéabofi . Kelské vinice u Mélnika (250 m, leg. LoZek])
Zéjezd u BuStéhradu u Kladna (300 m, leg. Petrbok)
Zajezd u LeneSic - Louny (200 m, leg. LoZek)
Zékolany u Kladna (250 m, leg. Petrbok)

Zalezly u Usti n. L. (250 m, leg. Wiesner )

Zdice u Berouna [leg. Petrbok)

Zeméchy u Kralup n. VIt. (250 m, leg. Pfleger)

Zlata Koruna u Ceského Krumlova (450 m, leg. Petrbok)
ZleSice u Volyné, vrch Betaii (650 m, leg. LoZek)
Zlonéice u Kralup n. VIt. (250 m, leg. Pfleger)

Zlonice u Slaného (300 m, leg. J. Jindra)

Zlonin u Neratovic [200 m, leg. LoZek)

Zlovédice u Velké Vsi - Zatec (250 m, leg. LoZek)
Zabokliky u Zatce, piskovna (250 m, leg. LoZek)
Zalhostice u Litomé&Fic (200 m, leg. Zazvorka)

Zatec - Bukovina (230 m, leg. LoZek)

Zehuiisky rybnik u Podébrad (200 m, leg. Sachl)
Zeleznd u Mécholup, Zatec [200 m, leg. LoZek)
Zeleznice, Jidinsko (300 m, leg. Hlavad)

Zelkovice u Hoiovic (400 m, leg. Petrbok)

Zidovice u Roudnice n. L. (180 m, leg. LoZek)
Zidovice u Ttebivlic u Loun (250 m, leg. O. Klement)
Zitenice u Litom&tic (350 m, leg. Zazvorka)

Moravia
Archleby u Kyjova (250 m, leg. LoZek)
Babice - Spytihnév u Uh. Hradisté (185 m, leg. V1. Hudec)
Blatnice - Dlouhé Kliny u Veseli na Moravé (200 m. leg. LoZek])
Bluéina u Zidlochovic (200 m, leg. Zazvorka)
Bohuslavice u Kyjova, kopec ,Hrad" (260 m, leg. Hudec)
Boskovice (450 m, leg. Hudec)
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BoZice, ndplav JeviSovky (200 m, leg. Zvaric)

Bradlné - Studlov u Svitav (400 m, leg. I. Hruby)

Brno (250 m, leg. ]. Uli¢ny, Petrbok, Skutil)

Brno - Stranska skdla (300 m, leg. Petrbok)

Bfezov nad Svitavou, okr. Svitavy (450 m, leg. Hruby)
Bzenec, les Doubrava, Dolnomoravsky dval (190 m, leg. Hudec)
Cetkovice u Jevitka, udoli Lipinského ryb. (450 m, leg. Hudec)
Cerveny kopec u Jevitka u Mor. Tfebové (400 m, leg. Hruby)
Cej¢ u Hodonina (150 m, leg. ]. Mafan, O. Sustera]

CtyFicet Land - Kamenna Horka u Svitav (420 m, leg. Hruby)
Dambofice u Kyjova (300 m, leg. Hruby)

Dévitky, zfic. Pavlovské kopce (leg. Brabenec)

Dévin, Pavlovské kopce (350 m, leg. Tdborsky)

Dlouhd u Bfezové n. Svit. (400 m, leg. Hruby)

Dolni Véstonice, Pavlovské kopce (150 m, leg. Petrbok)
Hanu$ovice, Jindfichovska strai (500 m, leg. V. Jilek)
Hodonin, bfeh Moravy (160 m, leg. Hudec)

Holice u Olomouce (230 m, leg. Brabenec)

Horni Bojanovice u Hustopece (250 m, leg. LoZek)

Horni N8mé&i u Uherského Brodu, rezervace (250 m, leg. Hudec)
Horni Vé&stonice (leg. PraZan)

Hostice u Sumperka (400 m, leg. Pfleger)

Hradec n. Svit. - Sklené u Svitav (450 m, leg. Hruby)

Hfebe& - Hiebe¢sky hieben u Svitav (500 m, leg. Hruby)
Jaroméftice u Jevicka (300 m, leg. E. BaudyS, Hruby)
Jedovnice u Blanska, Suchy Zleb (400 m, leg. Brabenec)
Jesenec u Jevitka, vdpencovy lom (470 m, leg. Hudec)
Jevitko (leg. Brabenec)

Ketkovicky hrad, adoli Oslavy (300 m, leg. Culek)

Klentnice, Pavlovské kopce (300 m, leg. Petrbok, Brabenec)
Koclifov - Hifebe¢ u Svitav (450 m, leg. Hruby)

Kojetice u Olomouce (200 m, leg. Hudec)

Komofany u VySkova (300 m, leg. Hudec)

Kostice u LanZhota (160 m, leg. Hudec)

Kotelnd, Pavlovské vrchy (leg. Petrbok, Brabenec)

Krhov u Boskovic, Maly Chlum (480 m, leg. LoZek])
Kudlovice u Uh. Hradisté, vrch Hruby (200 m, leg. Hudec)
Kurovice u HoleSova, vrch Kfemenna (317 m, leg. Hudec)
Lednice (150 m, leg. Hirst)

Lechovice, u silnice na Znojmo (200 m, leg. Pfleger]

LiSeii u Brna (250 m, leg. Petrbok, Zebera]

Ludmirov, skalisko Prichodnice (500 m, leg. Hudec]
Macocha u Blanska (leg. Culek, Petrbok]

Malométice u Brna (250 m, leg. Skutil)

Ménin u Slavkova (170 m, leg. B. PraZan)

Mikul€ice, les Skafina, Dolnomoravsky tval (160 m, leg. Hudec)
Mikulov, Sv. hora (250 m, leg. Brabenec)

Milotice u Kyjova (200 m, leg. Hudec)

Milotice - Mist¥in (195 m, leg. Hudec)

Mistfin u Kyjova (150 m, leg. Hudec)

Moravskd Chrastova u Svitav (400 m, leg. Hruby)

Moravska Ostrava (250 m, leg. V. Zoufal)

Moravské Prusy u VysSkova (300 m, leg. MAcha)

Moravsky Pisek (190 m, leg. Hudec)

Nektavské tdoli pod Dzbelem, Drahanské vrch. (450 m, leg. Hudec)
Nesovice u Bucovic (250 m, leg. Zazvorka)

Ostrava, Na skalkéch - Je§tér(‘£1 tidoli (leg. B. Kostrz, Mécha]
Ostry K&men u Switav (450 m, leg. Hruby)

Pasohldavky u Pohofelic (150 m, leg. LoZek)

Pernd u Klentnice, Pavlovské vrchy (350 m, leg. Pfleger)
Pohansko u Bieclavi (160 m, leg. Hudec)
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Pohofelice u Brna (150 m, leg. Zvaric)

PoleSovice - Salajka, Dolnomoravsky dval (180 m, leg. Hudec)
Predmosti u PFerova (250 m, leg. Petrbok)

Punkva u Blanska, tdoli Fi¢ky (leg. Petrbok) .

PFibor u N, Ji¢ina, Honfova hirka

Radimé&f - Banin u Svitav (450 m, leg. Hruby)

Raskov u Hanu3ovic (400 m, leg. Brabenec)

Rebe$ovice u Brna (200 m, leg. LoZek, Pfleger).

Ri¢ka, Ochozské tdoli, Moravsky kras (300 m)

Sedlisté . Cernd Zem u Fr§dku [300 m, leg. LoZek, Mécha)
Senice na Hané (250 m, leg. Petrbok)

Sirotéi (zfic.), Pavlovské vrchy (400 m, leg. Brabenec)
Skalka u Kyjova (200 m, leg. Hruby)

Skoronice u Kyjova, Kukly (230 m, leg. Hudec)

Sta¥it u Mistku, svahy Kamenné (350 m, leg. LoZek, Mécha)
Svitavy na Moravé [420 m, leg. Hruby)

Stramberk, vrch Kotoué (500 m, leg. Brabenec, Méacha)
Tabulovéd hora, Pavlovské vrchy (350 m, leg. Brabenec)
Telnice u Slavkova (leg. PraZan)

Térlicko u Frydku (250 m, leg. LoZek, Mdcha)

Tisnov u Brna (250 m, leg. P. Gicha)

Tfinec u Ostravy, vdpenka [leg. Mécha)

Tvrdonice u Bfeclavi (200 m, leg. Petrbok)

Uhersky Brod, Sidli§té (leg. Hruby)

Uhfice u Kyjova, tdoli pod obci (250 m, leg. LoZek])

Uni¢ov u Olomouce [250 m, leg. V. Zoufal)

Vacenovice u Kyjova (150 m, leg. Hudec)

Valtice, u ryb. Nesyt (150 m, leg. Brabenec] _

Vapenna (Zighartice), Jeseniky (250 m, leg. Simek, Tdborsky)
Velké Mezifiéi u Jihlavy [450 m, leg. Wondreys)

Vendryné& u T¥ince (400 m, leg. Macha)

Vit8jeves u Svitav (450 m, leg. Hruby)

Vojkovice u Rajhradu u Zidlochovic (200 m, leg. Lo¥ek)
Vracov u Kyjova (150 m, leg. Hruby]

Vranovice u Bieclavi (200 m, leg. 0. Hirst)

Viesovice u Kyjova (250 m, leg. Hruby)

Vysokd - JindiFichov, OsoblaZsky vyb#&Zek (300 m, leg. Mécha)
Vyskov, vrch Vétrnik (350 m, leg. Petrbok)

Zborovice u Krom#¥iZe (250 m, leg. Baudys)

Znojmo (200 m, leg. Culek)

Zadovice u Kyjova (200 m, leg. Hruby)

Zulové u Javornika, Rychlebské hory (350 m, leg. Brabenec)

Slovakia

Banka u Piestan (200 m, leg. A. Culek)
Banov nad Cetinkou u Suran (100 m)

Beckov [hrad) u N. Mesta n. Vahom (300 m, leg. Culek, Pfleger)

Beld u Starova (150 m, leg. A. Hoffer)

BeneSova u RuZoberoka (500 m)

Bernoldkovo (Ceklis) u Bratislavy

Bodiky u Dunajské Stredy (néplav), 120 m, leg. M, Lisicky
Bojnice (300 m, leg. Petrbok, Tédborsky)

Bratislava, hrad (leg. Petrbok, Culek)

Bystrica u Ziliny, PovaZsky hrad (450 m)

Cédcov u Senice [150 m, leg. E. Baudys)

Cachticky hrad u Trendina (300 m, leg. J. Ponec, Pfleger)
Cenkov u Stdrova (100 m, leg. Brabenec)

Cierny Brod u Galanty (120 m, leg. Lisicky)

Dechtice, Malé Karpaty (200 m, leg. Ponec) -
Dévinskd Kobyla, Malé Karpaty (leg. Petrbok, Brabenec, Ponec])
Diel, Gdoli ¥. Z&zrivé u Ziliny (500 m, leg. Pileger)
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Dobsinska ladové jaskyiia (400 m, leg. Lisicky)

Domica, Domicky vrch u RoZiiavy (400 m, leg. LoZek])
Drevenik u Spi$ského Podhradi (550 m, leg. Brabenec)
Dvorniky u Turni u Kosic (300 m, leg. Tdborsky)

Géanovce u Popradu (650 m, leg. Petrbok)

Ha&j u Turni n. Bodvou (350 m, leg. Petrbok)

HajndcCka u Filakova (350 m, leg. Petrbok)

Hradi$té p. Vr. u Senice (300 m, leg. Ponec)

Hrhov u Turni, Okrdhle (400 m, leg .Brabenec]

Hritov, zfic. u Ziliny (leg. Brabenec)

Hru$ov u Sah, naplav (150 m, leg. Lisicky)

Chtelnickéd dol. mezi Myjavou a Trnavou (250 m, leg. Ponec)
Jablofiov u Turni (450 m, leg. Petrbok, Brabenec)

Jatov u Novych Zamki (110 m, leg, Lisicky)

Jur pri Bratislave (200 m, leg. Lisicky)

Kamenica n. Hr. u Stirova (200 m, leg. Petrbok, Tdborsky, Brabenec)
Kamenica u Sabinova - Kyjov (400 m, leg. Pfleger)

Kamenn¢ Most u Stdrova (150 m, leg. Pfleger)

Karlova Ves u Bratislavy (200 m, leg. Petrbok)

Koméro (106 m, leg. Brabenec)

Kovarce - Sv. Anna u Topol€an (200 m, leg. Macha)
Kralovany u Ziliny (500 m, leg. Pfleger)

Krédsnd Horka u RoZilavy (400 m, leg. Culek)

Levice (150 m, leg. Petrbok)

Lietava, zFic. u Ziliny (400 m, leg. Brabenec)

Malinovec u Sah (150 m, leg. Petrbok)

Manétinské dd. u Dol. Kubina (500 m, leg. Taborsky)
Mlietany u Gabéikova (100 m, leg. Brabenec)

Moravany u PieStan (250 m, leg. Petrbok)

Nezbudska Luéka u Ziliny (350 m)

Nitra (leg. Petrbok)

Nitransky Hrédok u Suran, Zametek (120 m, leg. LoZek)
Novéd StraZz u Komdrna (110 m)

Opatovskd Nova Ves u Sah (248 m)

Oslany u Partizanské (250 m, leg. Taborsky)

Pélkovitovo u Gabéikova (leg. Pfleger)

Pastovce u Zeliezovce (200 m, leg. Petrbok)

Piecky u Hrabusic, Slovensky rdj (600 m, leg. Brabenec)
PieStany (200 m, leg. Petrbok])

Plavecky hrad u Plaveckého Sv. Mikulése (410 m, leg. Ponec)
PleSivec u RaZilavy, stréi Koiiartu (350 m, leg. Tdborsky, Pfleger}
Podunajské Biskupice (160 m, leg. Lisicky)

Radvaii n. Dunajem, silnice na Komédrno (100 m, leg. Pfleger)
Réjeckd Lesnd u Ziliny (450 m, leg. LoZek, Pfleger)

Rakdreii u Malacek (200 m, leg .Brabenec)

Rédjecké Teplice, skdly u sil. na Zilinu (450 m, leg. Pfleger)
Ratnovce n. Vah. u PieStan (200 m, leg. Petrbok)
RuZomberok, vrch Mnich (550 m, leg. Brabenec)

Sabinov u PreSova (350 m)

Sivd Brada u SpiS. Podhradie (450 m, leg. Brabenec, Lisicky]
Sliac, Borova hora (400 m, leg. Danék)

Smrddaky u Senice (250 m, leg. ]. Kocourkovéa)

SnéZnica u Ziliny, Gpati Vretenu (500 m, leg. Brabenec, Pfleger)
Spissky hrad u SpiSského Podhradie (450 m, leg. Brabenec, Pfleger)
Stankovany u Kralovan (500 m, leg. LoZek, Brabenec, Pfleger)
Stary Klastor u SvidtuSe u Suran (100 m])

Stre¢no u Ziliny (400 m)

Safarikovo (180 m, leg. Floridn)

Sérovce n. Hr. u Zeliezovce (150 m, leg. Petrbok)

Sturovo, silnice na Nové Zamky (leg. Pfleger)

Starovo (150 m, leg. Petrbok, Sustera, Brabenec, Tdborsky)
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Surany u Nov?ch Zamk{ (100 m)

Trenéianskd Tepld, StraZovska hornatina {380 m, leg. Petrbok]
Tren&in (220 m, leg. Petrbok)

Turifia, hrad u KoSic (leg. Brabenec)

Velké Krétefiany u Partiznského, Velky vrch (450 m, leg. LoZek)
VrSateckd skaliska u Trend. Teplé (850 m, leg. Hudec)

Vyiné RuZbachy u Staré Lubovni (650 m, leg. Petrbok) .
Zadiel - Turiia u KoSic (350 m, leg. Tdborsky)

Zalaba u Cata u Zeliezovce (leg. Petrbok)

Zamarovce u Trenc¢ina (200 m, leg. Petrbok])

Zobor u Nitry (500 m, leg. Taborsky)

Zvolen, pod hradem (300 m, leg. Brabenec)

Zeliezovce u Levice (150 m, leg. Petrbok)

LIST OF LOCALITIES IN CERNUELLA NEGLECTA

Bychory u Kolina, tFeSiiovka (250 m, leg. Brabenec, Tdborsky, Pfleger)
Hrabanov u Lysé n. Lab. (?), 200 m, leg. Koubkové

Kochdnky u Bendtek n. Jiz. (200 m, leg. V. Hofinek, Pfleger)

Koétédlov u Trebenic, pod zffc. (250 m, leg. Brabenec, LoZek, Pfleger])
LitoméFice, pod Bilou strdni (300 m, leg. Brabenec, Zvarié)

MsSené u Budyné n. 0., uryb. Moéidlo (250 m, leg. E. Baudy$, Brabenec, LoZek, Pfleger)
Ms3ené - Podolf, cihelna (leg. LoZek)

Ovéary u Kolina . polni cesta na Bychory (250 m, leg. Brabenec, Taborsky, Pfleger)
Tfebenice - mésto, trat (leg. Brabenec, Pfleger)

Vrbka u Budyné& n. O., kfiZovatka silnice a trati (250 m, leg. Pfleger)
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VACLAV PFLEGER
PLZI PODCELEDI HELICELLINAE (GASTROPODA) V CSSR

PiedloZend préce byla vypracovdna v zoologickém odd&leni PM NM v Praze. Je
vysledkem Zestiletého (1968—1974) terénniho i laboratorniho studia vSech péti pfed-
staviteld pod¥eledi Helicellinae, Zijicich na tzemi CSSR. Nedilnou souddsti textové
C¢ésti jsou mapy rozsifeni Ceskoslovenskych suchomilek, seznamy lokalit, tabulky bio-
metrickfch ddajii pohlavniho apardtu, fotografie pohlavnich orgéndi, grafy a kresby.

Vzhledem k velkému pocétu popsanych druhii této pod€eledi a jejich zna&né varia-
bilité, jsou nézory na systematické postaveni a oprdavnénost nékterfch taxonil znacéné
nejednotné. PFfi popisu novych druhd &asto nebyla brdna v tvahu velkd variabilita
ulit i pohlavniho apardtu. Na tzemi CSSR se takova problematika projevila u druhi
rodu Candidula KOBELT, 1871 a proto byla taxonomii tohoto rodu vénovédna zv§Sena
pozornost. i

Studiem obs&hlého materidlu bylo dosaZeno nésledujicich vysledki:

1. Na zdklad& vlastnfho vyzkumu, materidlu ze sbirek zoologického oddéleni NM
i literdrnich ddajii bylo souhrnné zpracovano rozsifeni druhti podéeledi v CSSR a vy-
neseno do map. CSSR tvofi nejvychodn#jsi hranici roziifeni druhu Candidula unifasci-
ata [(POIRET, 1801). Nejstar$i nalezisté z konce minulého stoleti je v okoli Opolna.
Druhy ostriivek v Cechdch je v okoli Tachlovic u Nuéic. Na Moravé se nachédzi v pro-
storu ‘mezi N. Jiéinem a T&Sinem. Na Slovensku je tato suchomilka rozsifena v severo-
zépadni Casti. 4 3 '

Vyskyt Helicopsis striata (0. F. MULLER, 1774) se omezuje na pavodni stepni, nizko
poloZené oblasti Cech, jiZni Moravy a jiZniho Slovenska. Helicella itala (L., 1758) je
na nafem ftzemi vzdcnym druhem a vyskytuje se pouze v severnich Cechéch. -

Na3e nejb&Zn&j¥i suchomilka Helicella obvia (MENKE, 1828) se b&Zn#& vyskytuje
v bezlesych, suchych a teplych oblastech stepniho rdzu na vapnitém podkladu, V Ce-
chéch je velmi hojnéd ve stfedni a severozapadni éasti a v Siroké oblasti Polabi, ostriiv-
kovitg v jiZnich Cechdch, kde se omezuje na metamorfované vdpence. Na Moravé Zije
rozirouSen& v niZSich polohdch celé oblasti. Na Slovensku se vyskytuje v niZindch
jiZniho Slovenska aZ k Turni u KoS3ic, v zdpadni ¢&sti v povodi Vdhu aZ do okoli
RuZomberoku, misty pronikd do vnitrokarpatskych panvi (oblast mezi Popradem a Sabi-
novem u Presova).

Cernuela (Xerocincta) neglecta (DRAP., 1805) se velice vzdcné vyskytuje jen v Po-
labi a je u nds pouze druhem recentnim.

2. Byl promé&Fen genitdlni aparédt u 187 jedincii 5“druhli a stanovena jeho variabilita.
Do tabulek a grafii jsou vyneseny hodnoty rozmérdi jednotlivgch tseki pohlavniho
apardtu (penis, epiphallus, flagellum, vas deferens, bursa telae, glandulae mucosae,
truncus receptaculi, receptaculum seminis, spermoviductus, glandula albuminalis, duc-
tus hermafroditicus) v&etné& smérodatnych odchylek, stfedni chyby a variacniho
koeficientu.

3. Byla provedena biometrickd méfeni ulit (2155 kusil), sledovdna jejich velikost
a pigmentace v zdvislosti na rliznych stanovistich. Bylo zjiSténo, Ze pigmentace i veli-
kost ulit u druhit podéeledi Helicellinae je vyrazné ovliviiovdna klimatickymi faktory.
Méni se nejen na riiznych lokalitdch, ale 1isi se vfyrazné i u populaci na stejném stano-
visti v rlznych letech. Na suchych a teplfch mistech se vyskytuji se zvySenou frek-
venci ulity vyS3i a svétleji zbarvené, zatimco na lokalitdch vlh&éich a chladné&jich se
vyskytuji ulity 3ir8i a niZ%i, ale tmavéji zbarvené.

4, Hlavni t&Zi¥td prdce spo¢ivd v revizi druhfl rodu Candidula na tzemi CSSR. Pfi
podrobném hodnoceni vét§iho mnoZstvi materidlu se ukézalo, na rozdil od tvrzeni
HUDCE (1964), Ze jak anatomické, tak konchylologické znaky, uvadéné jako specifické
pro rozli¥eni Candidula unifasciata a Candidula soosiana (]. WAGNER, 1933) nejsou
zcela konstantni, Podléhaji zm&ndm nejen na rizn§ch stanovistich, ale dokonce na
stejném misté v rliznych letech. Hlavni rozliSovaci znaky genitdlniho apardtu — fla-
gelum a volny konec Sipového vaku — se u populaci smérem na vychod zkracuji
(flagellum F aZ o 0,2 mm a volny konec Sipového vaku BT2 aZ o 0,4 mm v priméru]).
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1 z ostatnich poznatkll vyplyvd, Ze morfologie pohlavniho aparédtu neni vZdy spolehli-
vym voditkem k urcovéni blizce pfibuznych taxonfl. V mnoha pfipadech vykazu]e vetsi
proménlivost neZ ulita, kterd je v pFimém kontaktu s okolnim prostfedim,

RovnéZ -konchyliologické znaky udévané jako diagnistické pro oba druhy nemaji
taxonomickou hodnotu. Hlavni diagnosticky znak — Zebirkovdni — Céstetn& podléha
zm&ndm i na stejné lokalitd. Projevuje se to pfedevdim na nalezisti Stramberk (nej-
ndpadnéjsi je to u ulit z r. 1968 ve srovndni s materidlem z r. 1952). JiZ HUDEC (1964)
zjistuje, Ze ulity C. unifasciata ze Stramberka (lgt. Hruby, 1963) jsou ve srovnéani
s ulitami z Cech, vyrazn&ji ryhované a hrub%i na poslednim zdvitu. Mohu konstatovat,
Ze hrub3i ZebSrlmvani je v pozitivni korelaci ke svétlym ulitdm bez typického paskovéni
nebo k ulitdim s rozru$enym pdskovdnim. Ze srovnédvaciho materidlu dale vyplyva, Ze
Zebirkovdni se zvétSuje [je hrubsi] u populaci smérem na vychod a je ovliviiovano
klimatickymi faktory.

Na tzemi CSSR (Morava) je tato suchomilka zFejm& na rozhrani vlivié ocednského
vlhéiho a pevninského su$$iho podnebi. Podle dosavadnich v§zkumii se plZ Candidula
unifasciata jevi jako velmi plastick§ druh, ktery je schopen osidlovat daldi vhodna
tizemi (nikoliv v3ak pfivodni stepni biotop) smérem na vychod a pomérné rychle se
piizplisobovat mikroklimatu novych biotopti. ULICNY (1893) uvAddi, Ze se k ndm tento
plZ dostal zavlefenim. Podle vzhledu srovndvaciho materidlu se zda, Ze rozdifeni na
na nasem tGzemi neni stejného plivodu. Jednak je zde typickd populace C. unifasciata
z okoli Tachlovic a ji podobnd (aspoii materidl z r. 1952) ze Stramberka. Druhou sku-
pinu tvofi populace z okoli Opo¢na, severni Moravy a Slovenska, z nichZ nékteré upo-
minaji na polsky materidl. JiZ POLINSKI (1924) a URBANSKI (1933) poukazuji na
silnéjsi Zebirkovani ulit C. unélasciam z TéS8inska a Poznaiiska ve srovndni s typickou
C, unifasciata z Némecka a Svycarska. Tento rozdil je viddt i pfi srovnani s na3im
materidlem od Tachlovic. Nékteré dalsi znaky uvddéné jako rozliSovaci pro dva druhy
(HUDEC, 1964) se méni v zdvislosti na vySce ulity a nelze je proto uznat za diagnos-
iické. Jednd se o procento velikosti posledniho zdvitu s pFfedposlednim, tvar dsti, tvar
ulity, ahel posledniho a pfedposledniho zavitu, sklon $vu u posledniho zévitu.

Je nutné znovu zdiraznit, Ze v3echny uvedené znaky se méni u populaci nejen na
riiznych lokalitach, ale i na stejném mist& b&hem riiznych let. Tato promé&nlivost vedla
|. PETRBOKA (1936c) tak daleko, Ze na stanovisti Tachlovice u Prahy determinoval dva
druhy; ve skutefnosti asi jen dvé riizné generace nebo dokonce variabilni jedince téZe
populace. Z fotografii, uvefejnénych v jeho préci (1936c) je vidét, Ze ulity bez vyraz-
ného paskovéni a s vyraznym Zebirkovdnim determinoval jako Candidula sp. cf. inter-
secta POIRET var. heripensis MABILLE; zatimco ulity vyrazné& péskované a slabgji
Zebirkované ur&il jako Candidula cf. unifasciata (POIRET). Ve skutefnosti se jedna
jen o variabilni exemplédfe jediného druhu — Candidula unifjasciata (POIRET)! Tento
priklad je n&zorn?m varovdnim nejen pFfed undhlenou determinaci, ale plati i pro
popisovani novych taxond. Zékladnim pFedpokladem kaZdé systematické prdce je tedy
i dnes diikladna znalost druhové variability.

Pfi neznalosti téchto faktorl neni ovSem divu, ¥e ]J. WAGNER pfi popisu Candidula
soosiana, kdy% srovndval typovy materidl z Madarska s ulitami C. unifasciata z N&mec-
ka, zjistil odchylné znaky a pouZil je pro diagnézu nového druhu. SnaZil jsem se
ziskat na srovnéni typovy materidl C. soosiana z muzea v Budape$ti. Jak mi pisemn#
sd¥lil madarsky makolog L. Pinter, 25 10. 1973, nachézi se v jejich sbirkdch pouze
1 ulita z typové lokality sebrand 22. 2. 1966. Tutc ulitu jsem mél vypljéenou; je hrubd
Zebirkovand a pPipomind ulity z Vretenu na Slovensku. BohuZel z jediného kusu si
nelze udélat pfedstavu o populaci. Tento kus byl determinovdn madarskym malako-
logem jako C. unifasciata. L. Pinter ddle poznamenév4, Ze tento druh asi v Madarsku,
kam byl pravdépodobné pred 40 lety zavlefen, jiZ vyhynul. Osobn& se domnivam, Ze
se tam dostal z nékteré slovenské lokality.

Studiem -variability ulit i pohlavniho apardtu nebyly nalezeny Z&dné konstantni
diagnostické znaky (v3echny se méni vlivem klimatick§ch podminek) a protoZe pfed-
stavitelé slovenskych populaci determinovani jako Candidula soosiana byli uréeni
podle origindlniho popisu z typové lokality v Madarsku, dospél jsem k nézoru, Ze
viechny studované populace néleZi k jedinému druhu Candidula unifasciata [POIRET,
1801). Proto taxon Candidula soosiana (]. WAGNER, 1933) povaZuji za synonymus.

I kdyZ se populace oznafované dosud jako C. soosiana 1i8i od typick§ch populaci
Candidula unifasciata, nemiZe jim byt pFizndn statut samostatného druhu. Mohu je
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hodnotit jen jako nejvychodn&jsi formu druhu Candidula unifasciata (tzn, forma infra-
subspecifickad).

Vysledky tohoto studia neplati jenom v tomto pfipadé, ale lze je aplikovat i na jiné
pPfipady v rdmci této podcéeledi mimo naSe tGzemi. Bylo by proto potfebné zaujmout
kritick§ postoj i v okruhu druhli Helicella obvia - macedonica a Helicopsis striata - hun-
garica - austriaca - cereoflava,

5. Na modelovém druhu Candidula unifasciata na stanovisti Chynice u Prahy byly
sledovdny i nékteré biologické aspekty — zplsob pFezimovdni, pdfeni, kladeni vajiCek,
riist ulity i zplisoby Sifeni z plivodni lokality.

6. PFi studiu obsahu CaCOs3; na lokalitich druhli podcéeledi Helicellinae bylo zjisténo,
7e sila populaci jednotlivfch druh neni pFimo umérnd k velikosti podilu vdpna v pii-
dé&; ta vSak musi mit aspoii urfitou minimélni zdsobu vépna. Zda se v3ak, Ze na veli-
kost populace druhii Helicella obvin a Cernuella neglecta méa vliv fyzikdlni stav pidy.
Oba druhy se vyskytuji mnohem d¢ast&ji a ve vétS§im mnoZstvi v okoli nebo pfimo na
mistech, kterd jsou obas obd&lavana (nikoliv pravideln& kultivovdna). Takovymi misty
jsou pravé dhory, sméskovd a jetelovd pole a strni¥tata, kterd se nezaoravaji.

7. Byly sledovdny | nékteré faktory ovliviiujici popula€ni dynamiku druh@ podéeledi
Helicellinae. Délka Zivota je rozdilnd u jednotlivgch druhfi, nejniZiiho véku se doZiva
Candidula unifasciata, 7—12 mésicl (asi 10 % prezimujicich kusi). Hustota populaci
je znafné rozdilnd na riiznych biotopech. Podminky ve stfedni Evrop# nedovoluji vznik
masovych populaci, znamych z jiZni Evropy. Jejich vyskyt na biotopu je nepravidelny.
Jen jednou jsem naSel populaci Helicela obvia, kdy se pocet jedinci na 1 m? pohyboval
kolem 50—60 kus a populaci Candidula unifasciata, kdy se poget jedincli pohyboval
okolo 100—150 ks/m? VétSina populaci, které jsem naZel byla slab4 nebo stiedni.

Na silny rozvoj populace mé vedle teploty zna¢tny vliv delSi destivé obdobi. Pfi
takovém pocasi b&hem celého roku dochézi k rozvoji nékolika generaci a na zatatku
podzimu je misty silnd nebo velmi silnd populace. Kromé& &isté klimatickych faktord
maji velky vliv i mistni faktory. PfedevSim je to €innost nepfatel t&chto plZd (ptéci,
larvy dravého hmyzu), paraziti, popf, 1 chemick§ch postfikd. U druhu Helicopsis
striata se uplatiiuje isolace a degenerace, jeho vymirdni u néds pokracuje velmi rychle.
Vyznamnou tlohu zde nesporn& hraje i ta okolnost, Ze jde o druh, ktery na rozdil
od ostatnich suchomilek, neosazuje tak snadno umélé biotopy, ale je naopak lidskymi
zdasahy potlacovan.

Dynamika druhii této podceledi je v neposledni fad& ovlivn&na v naZich oblastech
zimnim ozdobim, zatimco rozvoj nékterych druh@i v oblasti plivodniho rozsifeni pro-
bihéd cely rok (kromé& obdobi velkého sucha). Z vjzkumu vyplyva, Ze dynamika populaci
téchto plZi (a pravdépodobné i ostatnich) je — kromé& genetick§ch faktorii — zavisld
pfedevéim na ekologickych faktorech. Jednotlivé vlivy nelze z tohoto komplexu vyéle-
fiovat a zdlvodiiovat jimi vyskyt a mnoZstvi uvedenych druhi.

Viechny protokoly a materidly pouZité k této préci jsou uloZeny v zoologickém od-
déleni PM NM v Praze.
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