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The region of Flysch Carpathians is characterised by sandstone and shale complexes
with low calcium carbonate content, which results in conditions unfavourable for preserva-
tion of molluscs shells in the overlying soils. At the low concentration of calcium carbonate,
shells are dissolving after mollusc death, mainly due to the humic acids activity. However,
in the Flysch Carpathians, there are complexes represented by sandstones with calcite
cements and rare marble complexes, especially rich in calcite. The calcareous complexes occ)�
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�	 �*���&	 ��*�*��������	 'S.W. Alexandrowicz 1999,
S.W. Alexandrowicz & W.P. Alexandrowicz 2011). Studies of thanatocenoses and bio-
coenoses from terrestrial environments were conducted in the limestone-underlain areas of
the Polish Carpathians in the past (e.g. W.P. Alexandrowicz 1997,  2001, W.P. Alexandrow-
icz & Rudzka 2006) *�&	 *���	 
�	C�*B>0A#$D������0*	E
�*�&	 '���. S.W. Alexandrowicz
2000, W.P Alexandrowicz 2000). Due to the presence of small isolated carbonate-
-underlain areas the Flysch Carpathians, synthetic regional studies of this nature are rare
(W.P. Alexandrowicz 1994).
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rassic and Cretaceous age. These limestones are covered by soils with high concentration
of calcium carbonate. Cieszyn limestones lie within the Cieszyn shales and are the oldest
sedimentary rocks belonging to the Silesian Series of the Flysch Carpathi*��	 '.4��B*
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���	�����	I �	������		�ove mean see level and possesses five prominent mild
brows and steep valleys with slopes inclied up to 23 degrees. The brows proceed from east,
west, north and south. Northern slopes are less wooded than southern ones, and the central
part of the hill is covered by grasslands. This is an important area in terms of ecological
and historical interest. The florist reserve was established here in 1948 at the highest part
of this hill and on its northeast slope to protect rare species of plants. In this area Orchis
pallens (L.) are growing, as well as old Acer campestre (L.) on the eastern slope and Lilium
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	Orcula
doliolum (Brug.) species is also interesting, due to its limited distribution in Poland.
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 sample was collected. The last
sample came from the western apex underlain by the Cieszyn limestones.

The samples were collected using the methods described by S.W. Alexandrowicz &
W.P. Alxeandrowicz (2011). The average weight of the sample was about 1 kg of material
taken from 25 cm × 25 cm size square. Before malacological analysis, samples were washed
to extract shells and their fragments. Then, collected remains of malacofauna were identi-
fied using microscope. Fragments of shells were converted into completely preserved spe-
cimens according to the method described by S.W. Alexandrowicz & W.P. Alxeandrowicz
(2011). The whole analyzed material comprised 38 species of land snails, represented
by 879 specimens (Tab. 1).
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E Taxon Abbrev. 1 2 3 4 5 
F Acicula polita (Hartmann) Ap 2 – – – 2 
F Vertigo pusilla (Müller) Vpu 25 1 – – – 
F Orcula doliolum (Bruguiere) Od 125 – – 72 12 
F Acanthinula aculeata (Müller) Ac 3 – – – – 
F Ena obscura (Draparnaud) Eo – – – 8 – 
F Discus rotundatus (Müller) Dro 41 – 1 21 1 
F Vitrea diaphana (Studer) Vd 20 – 2 10 3 
F Vitrea transsylvanica (Clessin) Vt 8 – – – – 
F Vitrea crystallina (Müller) Vc 4 – – – – 
F Aegopinella minor (Stabilne) Am 3 2 1 17 7 
F Aegopinella nitens (Michaud) An 12 – 11 – – 
F Aegopinella pura (Alder) Ap 18 4 – – – 
F Oxychilus glaber (Westerlund) Og 2 – – – – 
F Daudebardia rufa (Draparnaud) Dr 2 – 1 3 – 
F Cochlodina laminata (Montagu) Cl 3 2 – 4 6 
F Ruthenica filograna (Rossmässler) Rf 5 – 2 1 4 
F Macrogastra tumida (Rossmässler) Mt 2 – – – – 
F Macrogastra plicatula (Draparnaud) Mp 16 – – 3 3 
F Balea biplicata (Montagu) Bb 26 5 3 26 6 
F Trichia unidentata (Draparnaud) Tu 18 4 – – – 
F Monachoides incarnatus (Müller) Mi 8 4 2 3 2 
F Monachoides vicinus (Rossmässler) Mv 25 46 35 13 8 
F Isognomostoma isognomostomos (Schröter) Ii – 7 4 1 – 
O Truncatellina cylindrica (Férussac)  Tc – – – 1 – 
O Vertigo pygmaea (Draparnaud) Vpy – 1 – – – 
O Pupilla muscorum (Linnaeus) Pm 2 – – – – 
O Vallonia costata (Müller) Vc 1 1 1 – 2 
O Vallonia pulchella (Müller) Vp 14 3 5 – – 
M Cochlicopa lubrica (Müller) Clu 4 2 – 1 – 
M Columella edentula (Draparnaud) Ce – – 4 – – 
M Punctum pygmaeum (Draparnaud) Pp 25 – – – – 
M Vitrina pellucida (Müller) Vpe 3 – – – – 
M Vitrea contracta (Westerlund) Vc 1 5 – – – 
M Nesovitrea hammonis (Ström) Nh 2 18 – 3 – 
M Oxychilus cellarius (Müller) Oc 1 – – – – 
M Clausilia dubia (Draparnaud) Cd 2 – – – – 
M Trichia hispida (Linnaeus) Th – 6 5 – 2 
M Carychium minimum (Müller) Cm 9 6 6 – 2 
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Standard methods of malacological analysis described by '�P�! (1964) and S.W.
Alexandrowicz (1987, 1999) were applied. Malacological individual spectra (MSI) and ma-
lacological species spectra (MSS) were measured to determine the structure of molluscan
fauna (Figs 2–6). The found species were divided into ecological groups representing
three categories: F – shade-loving species, O – open-country snails, and M – mesophilous
snails with wide ecological tolerance (Tab. 1). Structure of constancy (C) and dominance
(D) were measured in the whole material using the method described by Dobrowolski
(1963) and S.W. Alexandrowicz (1987), and then dominant and accessory species were dis-
tinguished (Tabs 2, 3). Molluscs form the four groups: CD – common species with nume-
rous specimens (C > 50Q, D > 5Q), Cd – common species with limited number of speci-
mens (C > 50Q, d < 5Q), cD – rare species represented by numerous specimens (c < 50Q,
D > 5Q), and cd – rare species and limited number of specimens (c < 50Q, d < 5Q). Addi-
tionally, for the whole fauna two indices of differentiation of fauna (TDI, ADI) were calcu-
lated, as well as normalized constancy, dominance indices (Ci, Di) and Q index, which de-
fine geometric mean of constancy and dominance defined by S.W. Alexandrowicz (1987,
1999). Zoogeographical structure of mollusc associations was analysed based on traditional
scheme of species classification (Jaeckel 1962, LoPek 1964, Körnig 1966) (Fig. 7). Entity
HP represents widespread species: Hl – Holarctic, Pl – Palaearctic, Ep – European, Es –
Euro-Siberian. Group ME indicates Middle-European taxa: Me – Central-European and
Ma – Alpino-Carpathian. Species belonging to EO entity represent European species with
limited distribution: Em – South-European. Detailed biometric analysis was performed for
Orcula doliolum (Brug.), for which following parameters were measured: mean height,
width and elongation of the shells and apertures (Figs 8, 9). This rare species commonly
inhabits the Tu� Hill. Analysis was carried out to verify whether population of Orcula
doliolum (Brug.) living in an isolated area had biometric features similar to those described
in areas of dense presence of this species (Tab. 4).
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Σtax = 38         Ci = 35.53        TDI = 0.96

Σspec = 879      Di = 17.76        ADI = 0.63
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  D-1  D-2  D-3  D-4  D-5  

C-5   – 2 1 1  – 

C-4  1 4 1  –  – 

C-3  1 5 –   – 1 

C-2  2 4 –  –   – 

C-1  14 1 –  –   – 

Monachoides vicinus (C-5; D-4)

Balea biplicata (C-5; D-3)

Discus rotundatus (C-4; D-3)

Orcula doliolum (C-3; D-5)

CD [D ≥ 5%, C ≥ 50%] Q  Cd [d < 5%, C ≥ 50%] Q 

Monachoides vicinus 38.0  Aegopinella minor 18.5 

Orcula doliolum 37.8  Vitrea diaphana 17.8 

Balea biplicata 27.4  Monachoides incarnatus 14.7 

Discus rotundatus 24.1  Carychium minimum 14.5 

    Nesovitrea hammonis 12.5 

    Macrogastra plicatula 12.3 

    Vallonia pulchella 12.3 

    Cochlodina laminata 11.7 

    Ruthenica filograna 10.5 

    Trichia hispida 9.4 

    Isognomostoma isognomostoma 9.1 

    Cochlicopa lubrica 6.9 

    Vallonia costata 6.7 

    Daudebardia rufa 6.4 

      

Q Q Q Q
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References 
Shells height 

[mm] 
Shells width 

[mm] 

Geyer (1927) 4.4–5.5 2.0–2.5 

��������	
��
�	
��� 4.5–6.0 2.3–2.5 

Damjanov & Likharev (1975) 4.5–5.6 2.3–2.4 

Kerney et al. (1983) 4.5–6.0 2.3–2.5 

Schileyko (1984) 4.0–5.0 2.2–2.4 

Wiktor  (2004) 5.0–6.0 2.5–3.0 

�����-Siarzewska (this paper) 4.7–6.0 2.1–2.8 

cD [D ≥ 5%, c < 50%] Q  cd [d < 5%, c < 50%] Q 

    Vertigo pusilla 10.9 

    Aegopinella nitens 10.2 

    Aegopinella pura 10.0 

    Trichia unidentata 10.0 

    Punctum pygmaeum 7.5 

    Vitrea contracta 5.2 

    Acicula polita 4.3 

    Ena obscura 4.3 

    Vitrea transsylvanica 4.3 

 Vitrea crystallina 3.0 
 – – 

 Columella edentula 3.0 

    Acanthinula aculeata 2.6 

    Vitrina pellucida 2.6 

    Oxychilus glaber 2.1 

    Macrogastra tumida 2.1 

    Pupilla muscorum 2.1 

    Clausilia dubia 2.1 

    Truncatellina cylindrica 1.5 

    Vertigo pygmaea 1.5 

     Oxychilus cellarius 1.5 

Q Q Q Q
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�������	 �(�����	 #;&	 	��	 ���	 	��	����(
�����	 ����	 #-&�	�
�	 number of taxa per sample
ranged from 14 to 32, and the number of specimens ranged from 60 to 432.

The first sample contained 32 species and 432 specimens of molluscs with a domina-
tion of shade-loving species (Fig. 2). Taxa which occurred in the first sample, but were not
found in the rest of samples (10 species), represented some of the rare species appearing in
Poland. The second sample included 17 species and 117 specimens of malacofauna. This
sample contained molluscs which mainly corresponded to shade-loving group, but also had
the highest content of mesophilous snails with wide ecological tolerance (Fig. 3). The third
sample was represented by 15 species and 83 specimens. Numerous species in this sample
corresponded to dominant shade-loving ecological group (Fig. 4). The fourth sample con-
tained 16 species and 187 specimens. The most frequent species were those living in for-
ests, while mesophilous and open-country snail constituted only 3Q of taxa found in
the fourth sampling site (Fig. 5). The last sample contained 14 species and 60 specimens,
with significant number of shade-loving species (90Q) (Fig. 6). Malacological individual
spectra (MSI) and malacological species spectra (MSS) made for particular samples were
comparable and showed that molluscs associations living in the forest were dominating.

Structure of constancy (C) and dominance (D) of the samples is characterized by mean
values (Tab. 2). Only four species represented shade-loving environment had the highest
C-D values: Monachoides vicinus (Rossm.) (5–4), Balea biplicata (Mont.) (5–3), Discus
rotundatus (Müll.) (4–3), Orcula doliolum (Brug.) (3–5). Twenty-one taxa could be regard-
ed as accessory components with low C-D indices. The values of normalized constancy and
dominance indicators (Ci = 35.53, Di = 17.76) showed similar species composition found in
different sampling sites, with variation of dominant species. Normalized differentiation
index (TDI) equated 0.89, 0.81, 0.79, 0.80 and 0.91 for the samples 1 to 5, respectively.
Value of TDI measured for the whole material achieved 0.96, while average difference
index ADI was 0.63. These results corresponded to well-differentiated polymictic asso-
ciations of molluscs, which confirms favorable ecological conditions for malacofauna de-
velopment.

The molluscan associations belonging to three C-D categories were ordered according
to Q index values (Tab. 3). The CD group consisted of four species: Monachoides vicinus
(Rossm.), Orcula doliolum (Brug.), Balea biplicata (Mont.) and Discus rotundatus (Müll.).
This fauna, with the highest Q index values, was considered as dominant. Fourteen species
belonging to Cd class were accessorial components, while 20 of taxa occured rarely
(cd class).

The whole described fauna was composed of various geographical ranges of species
(Fig. 7). Zoogeographical composition of the malacofauna indicates that more than half
of the species (HP = 55Q) can be classified to the group of taxa which are widespread
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in the whole Europe. Almost half of them (Ep = 26Q) were European taxa, while the lowest
number belonged to Euro-Siberian class (Es = 3Q). The second large group consisted
of species representing middle European taxa (ME = 37Q), especially those that migrated
from Central Europe (Me = 24Q). The rest of species (EO = 8Q) are South-European taxa
(Em) with limited spread.

Biometric analyses were conducted for Orcula doliolum (Brug.) and distributions
of measured parameters were shown on the diagrams (Figs 8, 9). Sixty shells were random-
ly chosen and measured. The mean height (H) of shells was 5.1 mm, and the mean height
of apertures (h) was 1.8 mm. The mean width (W) of shells was 2.5 mm, and the mean width
of apertures (w) was 1.9 mm. The elongation of shells was 2.1, and the ratio of apertures’
height to width was 0.9. Standard deviation for each measurement ranged from 0.1 mm
to 0.2 mm.
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�
	�	 
��	 �/	�(��	Oxychilus glaber (Rossm.), Daudebardia rufa (Drap.) and Macrogastra
tumida (Rossm.) species are disappearing. Fortunately, Orcula doliolum (Brug.) is still
present here.

Orcula doliolum #0��%�&	 ������	 ��	 �
�	 4����
	 J��	'���	 �
	�
��	�����	7���	��	 	��

��������		((�	��		�	�
�	���	����. Orcula doliolum (Brug.) inhabits forests of high humidi-
ty and can be found under limestone rocks. This species lives in the Eastern and Southern
Europe, and extends from Iran through Mediterranean to the Pyrenees (Riedel 1988, Wiktor
2004). Orcula doliolum (Brug.) inhabits local limestone areas in France, Belgium, Holland,
Switzerland, Germany and Czech Republic (LoPek 1956, Kerney et al. 1983). In Poland,
it occurs at isolated localities in the southern part of the country, avoiding the higher
and cooler mountain ranges (Riedel 1988, Wiktor 2004).

Biometric analysis provided information on the population diveristy. The results of the
measurements (height and width of shells) are in accordance with minimum and maximum
sizes given by Geyer (1927), LoPek (1956, 1964), Damjanov & Likharev (1975), Kerney
et al. (1983), Schileyko (1984), Wiktor (2004) (Tab. 4). My results compared to previous
measurments showed no variation. However, for Orcula Doliolum (Brug.) species, left
skewed distributions of aperture heightness and widthness was shown, so that higher values
occured more often. Diagrams presenting the height and elongation of shells had a right
skewed distribution, which indicated higher amount of shorter shells. Only the values
of aperture elongation were normally distributed. Diagram of shells width was bimodal,
showing the presence of young		��	���	��	���	(�(��	�����		�	�
�	���	�����	0��������		�	�����
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��	�	 	���.���	 #��
�����	����&�	Orcula doliolum (Brug.)
species may also reacts differently to changes caused by the diversity of slopes, forestation
and insolation.

The Flysh Carpathians constitute an ecological barrier (low calcium carbonate content
and	 climate fluctuations) especially for south European calciphile species. There are two
possible r�����	 �
	 �
���	 ��%�	�����	 �
�	 
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e transport routes (S.W. Alexandrowicz 1995, S.W. Alexandrowicz & W.P. Alxeandro-
wicz 2010).
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	��		�
����		��	
�	%������	?��	�	ys, this area is covered
by forests and meadows. Progressive deforestation and devastation of the ��� Hill area may
lead to extinction of the characterized species. It would, in turn, inhibit their migration
from the south of Europe, which can be seen through the comparison of the samples and
zoogeographical analysis. Shade-loving and mesophilous species show reduction in num-
bers during the last 20 years, at the expense of open-country snails.	Mid- and South Euro-
pean taxa represent almost 50Q of all found malacofauna. The collected taxa indicate that
the region of the Cieszyn Silesia may be a route of the species migration because of
the Cieszyn limestones occurrences. The species can migrate from the Czech Republic and
Slovakia to Poland, especially to the	=�	!��"��>����
��		3(�	��	 	��	 4��
	��	 0	����
For example, Orcula doliolum (Brug.) species was noticed in samples from Moravian
in Czech Republic (L�P�!	�*,I&		��	
���	<��>%�����	��	4��	��	(Riedel 1988).
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