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ABSTRACT: Biometrical analysis of the material of 668 adult shells of Helicidonta obvoluta (Mull.) from Great
Britain, Spain, Italy, Switzerland, Germany, Poland, the Czech Republic, Slovakia and Hungary showed a high
inter-population variation. Similarity analysis revealed two clusters of populations: one from the centre of the
range, another inhabiting its fringes. Snails from the Abruzzi Mts (Central Apennines) had shells similar to
those from the central populations, though the area is located on the southern fringe of the distribution range.
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INTRODUCTION

Helicodonta obvoluta (O. F. Muller, 1774) is among
the rare recent snails of Europe. It is a Central Euro-
pean species with the range including the Pyrenees,
southern part of the Atlantic coast and the west of
France, southern part of Great Britain, Belgium, The
Netherlands, Germany, Switzerland, Austria, the Cen-
tral Sudetes in Poland, southern part of Moravia and
Slovakia, as well as northern Hungary, and in the
south — a part of Albania and Bosnia, northern Serbia
and Calabria in the Apenninic Peninsula (LOZEK
1955, 1956, KERNEY et al. 1983, RIEDEL 1988, MALTZ
2003b, 2004, WIKTOR 2004). It is a typical forest-
-dweller, preferring natural, mixed deciduous and de-
ciduous-coniferous forests on calcium-rich substra-
tum in mountainous areas. It lives in humid, shady
places, on logs, in litter and under stones, as well as in
vegetation-covered ruins and screes (LOZEK 1955,
WIKTOR 1956, 1959, 1972, 2004, KERNEY et al. 1983,
RIEDEL 1988, MALTZ 1999, 2003b, 2004), though in
the centre of its distribution range it can inhabit also
more open and calcium-poorer habitats (CAMERON
1972). The life history of this snail has been thor-
oughly studied (MALTZ 2003a, 2003c); it is known that
H. obvoluta lays eggs and hibernates in rotting timber
of large logs, only in areas of milder, oceanic climate
(Great Britain) can it survive winter in leaf litter

(CAMERON 1972). Human interference (clear-felling,
removal of dead timber) and climatic changes have a
considerable effect on the occurrence of the species.
During the climatic optimum (Atlantic Period) its
range was probably somewhat wider, extending more
to the north and east of the continent, which is indi-
cated e.g. by isolated localities in Schleswig-Holstein
or by numerous subfossil sites in the Czech Republic,
Slovakia (LOZEK 1955), Denmark (GIROD 1968),
Great Britain (KERNEY 1999), or Spain (ALTONAGA et
al. 1994). At present it has small, isolated populations
whose survival depends on human activities: on the
one hand destruction of natural habitats, on the
other — taking proper conservation measures. In Po-
land it is a species of recognised conservation status
(PAWEOWSKA & POKRYSZKO 1998, WIKTOR & RIEDEL
2002, MALTZ 2004).

Compared with the extensive knowledge of the oc-
currence, life history and threats, the information on
shell variation of H. obvoluta is very fragmentary. Iden-
tification keys and guides contain various descriptions
of its shell (GEYER 1909, EHRMANN 1956, LOZEK 1956,
URBANSKI 1957, SHILEYKO 1978, KERNEY et al. 1983,
KERNEY 1999, CAMERON 2003, WIKTOR 2004). Adult
shells are flattened, with a wide and deep umbilicus,
flat spire and tightly coiled whorls, separated by a
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Fig. 1. Shells of Helicodonta obvoluta: juvenile stages with distinct hairs (A), adult just after lip completion (B), adult with
periostracum partly damaged, hairless (C)

deep suture. The surface of the dark brown shell is
covered by long, moderately dense hairs, best visible
in juvenile or newly mature specimens (Fig. 1). The
aperture is surrounded by a lip of pink or pink-brown
colour, with two elongate thickenings, one on the
basal and one on the palatal part of the lip; sometimes
they resemble teeth and their presence makes the ap-
erture three-sinuate. Literature data on the values of
basic shell parameters are summarised in Table 1. In
most cases they pertain only to the shell diameter,
sometimes also shell height and number of whorls are
given. There is no published information on the
intra- and interpopulation variation of the species,
hence the idea of this paper.

MATERIAL AND METHODS

Shell variation in H. obvoluta was studied in
2004-2006. The material included 668 adult shells
collected in various parts of Europe (Fig. 2), originat-
ing from museum and private collections (Table 2).
Most of the labels were incomplete. Apart from infor-
mation on collecting locality (country, town or village
and its surroundings, sometimes a brief note on the

Table 1. Helicodonta obvoluta. Shell parameters according to
various authors

Parameter source D (mm) H (mm) N
GEYER 1909 11 5 6
EHRMANN 1956 11 5 -
LOZEK 1956 11-13 5-6 6
URBANSKI 1957 10-11 5 -
SHILEYKO 1978 10-14 5-6 6
KERNEY et al. 1983 11-15 5-7 5-6
KERNEY 1999 11-14 - -
WIKTOR 2004 10-11 (15) 5-6 -

habitat, e.g. beech forest or slope forest) and date,
there were no detailed habitat data.

Biometrical analysis included measurements of the
most numerous samples from the following popula-
tions: three from Poland (PL-S, PL-M and PL-K), three
from Germany (DE-S, DE-B and DE-BW), two from It-
aly (ITAB and IT-AL) and one each from Switzerland
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Table 2. Helicodonta obvoluta. List of material examined

Number of specimens

Collection site s — 668 Property of
Poland (PL): 147
Sleza mountain range (S) 39 Museum of Natural History, Wroctaw University,
Muszkowicki Las Bukowy reserve (M) 44 Wroclaw
Ksiaz ravine zone (K) 64
Germany (DE): 298
Saxony (S): 29 Museum fur Naturkunde, Berlin
Drezden neighbourhood 29 Zoologische Staatssammlung, Minchen
Bayern (B): 146 Staatliches Museum fiir Naturkunde, Stuttgart
Gunzburg, Banz, Stamberger 107 Staatliches Museum fiir Naturkunde, Stuttgart
Marktschellenberg 39
Baden Wurttemberg (BW): 123
Kreis Reutlingen — Eningen unter Achalm 57
Kreis Tubingen — Bad Niedernau 24
Kreis Heidenheim — Steinheim 42
Italy (IT): 38
Abruzzi (AB): Zoologische Staatssammlung, Miinchen
La Maiella — Fonte Romana Zoologische Staatssammlung, Minchen
Forca d’Acero Zoologisches Museum, Hamburg
Alps (AL): 30
Provincia Brescia, Covalu (Iseo) 2
Evemo di San Colombano 12
Castello di Brendola, Monti Berici 16
Switzerland (CH): 34
Axenstein ober Brunnen 34 Zoologisches Museum, Hamburg
Great Britain (GB): 70
Buriton 43 Museum of Natural History, Wroctaw University,
Harting 16 Wroclaw
Rook Clift 11
Czech Republic (CZ): 52
Moravia: 52 M. HORSAK & V. LOZEK collection
Javornik 16
Suchovske Mlyny
Stary Hrozenkov
Vapenky 11
Bystrice p. Lopenikem 7
Slovakia (SK): 10
Stara Lehota M. HORSAK & V. LOZEK collection
Biele Karpaty
Spain (ES): 14
Pyrenees, Vulla 14 R. A. D. CAMERON collection

Hungary (HU):
Beech Mts.

R. A. D. CAMERON collection
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(CH), Great Britain (GB), the Czech Republic (CZ),
Slovakia (SK), Hungary (HU) and Spain (ES).

Seven metric characters were measured to the
nearest 0.01 mm (Fig. 3), whorls were counted to the

g | L

Fig. 2. Sampling sites: IT-AB — Italy-Abruzzi, IT-AL — Italy-Alps,
ES — Spain, CH - Switzerland, GB - Great Britain,
DE-B — Germany-Bavaria, DE-BW — Germany-Baden
Wirttemberg, DE-S — Germany-Saxony, PL — Poland,
CZ — Czech Republic, SK - Slovakia, HU — Hungary

Table 3. Helicodonta obvoluta. Abbreviations of shell para-

meters
Abbrevi-
ation Parameter
D shell major diameter
d shell minor diameter
H shell height
UD umbilicus major diameter
ud umbilicus minor diameter
h mouth height
w mouth width
N number of whorls
D/d  shell major diameter/shell minor diameter ratio
D/H  shell major diameter/shell height ratio
UD/D  umbilicus major diameter/shell major diame-
ter ratio
UD/ud umbilicus major diameter/umbilicus minor di-
ameter ratio
h/w mouth height/mouth width ratio

hw mouth height x mouth width index

D/N shell major diameter/number of whorls ratio

nearest 0.1 according to EHRMANN’s (1956) method;
seven coefficients describing shell proportions were
calculated (Table 3). The data were subject to basic
statistical analysis (mean, median and modal values,
variance and standard deviation); the results served as
the basis for determining interpopulation variation,
correlations among individual parameters of shells
from different populations, and betwen latitude and
longitude of the sites on the one hand and shell para-
meters on the other (Pearson correlation (r)).
Similarity among samples and populations was
analysed using Nei index (Iy), applied successfully in
faunistic and ecological studies to measure similarity

Fig. 3. Shell parameters of Helicodonta obvoluta (for designa-
tions of variables see Table 3)
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between snail communities (e.g. POKRYSZKO &
CAMERON 2005). Similarities among the 14 samples
were based on mean values of the 15 shell parameters.
Intervals grouping similar mean values were deter-
mined for each parameter (1. from the highest mean
value A to that value decreased by 5%, i.e. A — 5%; 2.
from the highest mean value B selected from among
the values outside interval 1 to value B — 5%, etc.);
symbols were assigned to each interval (interval 1 - a,
interval 2 — b, etc.). Then, as a result of pairwise com-
parison for each parameter (total of 91 pairs) popula-
tions were assigned 1 for the same letter symbol and 0
whenever the symbols were different. Sums of these
values (range from 0 to 15) were then used to calcu-
late the Nei index (Iy = number of symbols common
to each pair of samples divided by the geometric

RESULTS

Among the 668 examined shells 661 (98.95%)
were typical (Fig. 4A). The material included three al-
bino shells (0.45%) (Germany, Bavaria) (Fig. 4E) and
shells of atypical shape: two with elevated spire (0.3%)
(Germany, Baden Wirttemberg) (Fig. 4C), one
(0.15%) with descending body whorl (Slovakia, Biele
Karpaty) (Fig. 4B) and one (0.15%) with a crest on
the body whorl (Germany, Bavaria) (Fig. 4E).

Table 4 shows variation ranges of parameters of
the examined shells. In the case of shell major diame-
ter (D), shell height (H) and number of whorls (N)
most ranges of variation reported by various authors
(Fig. 5) are within the ranges determined in this
study. Only the ranges for N (5-6) and D (11-15 mm)
reported by KERNEY et al. (1983) are outside the de-
termined ranges (N: 5.3-6.3; D: 9.95-14.25). Values
of arithmetic means, SD, minima and maxima of the
parameters are shown in graphs for the whole of
Europe (Fig. 6a-b) and for individual populations
(Fig. 7a-h). The widest ranges of variation were dis-
played by samples from Germany (DE-B for D, d, H,
UD, ud, h, w, N and DE-BW for D, d, H, UD, N), the
Italian Alps (IT-AL for D, d, w, N), Poland (PL for UD,
ud, N), the Czech Republic (CZ for D and H) and

Table 4. Helicodonta obvoluta. Shell variation ranges in the
material examined

Parameter  Range (mm) Parameter Range
D 9.96-14.25 N 5.30-6.30
d 8.82-12.63 D/d 1.04-1.23
H 4.45-6.93 D/H 1.82-2.52
UuD 2.65-5.18 UD/D 0.25-0.42
ud 2.53-4.63 UD/ud 0.99-1.43
h 2.25-6.41 h/w 0.44-1.22
w 4.30-6.30 D/N 1.79-2.36

mean of all the symbols for each sample). In order to
determine similarity between the populations, Stu-
dent t-test was used, assuming different variance. The
resulting values t<t, for each pair of populations were
assigned 1 while values t>t, were assigned 0. Sums of
values confirming the zero hypothesis (1 values) were
used as the basis to calculate the Nei index, in a way
analogous to that used for similarity among the sam-
ples. Since this was the first attempt at adapting
morphometric data to the Nei formula, all intermedi-
ate steps are shown below (Tables 4-10). Dendro-
grams were constructed according to ALEXANDRO-
WICZ (1987).

Statistical analysis was performed with Microsoft
Excel, version PL 2003.

Great Britain (GB for H and w), the smallest — by
those from Hungary (HU for D, d, H, UD, ud, h, w,
N), Spain (ES for D, d, H, UD, ud, w) and the
Apennines (IT-AB for UD, ud, w and N).

Assigning mean values of shell parameters of the
samples (Table 5) to similarity intervals (within each
parameter) expressed as letter symbols is shown in
Table 6. Two coefficients, D/d and D/H, showed the
greatest scatter of mean values; the smallest scatter
was displayed by hw, UD/D and UD. Values of the Nei
index (Iy) (Table 8), calculated based on similarities
between the means expressed as letter symbols (Table
7), reflect similarities, presented in dendrogram I
(Fig. 8). Two main clusters of samples could be distin-
guished: one (Iy=0.65), including samples from
populations from the fringes of the range
(PL-M+ES+IT-AL+HU, I=0.77; PL-S+PL-K, I=0.8;
GB+CZ+SK, I=0.87), another (Iy=0.6) including
samples from the central populations and from Sax-
ony (subcluster from Germany: DE-B+DE-S+DE-BW,
Iy=0.74). The two clusters are rather dissimilar
(Ix=0.29), the most outlying being the sample from
the Apenninic Penisula (Iy=0.17).

Similarities between the populations represented
by the samples, based on calculated values of t and t,
(Student t-test, a=0.05) for individual parameters
(Table 9) and sums of values t<t, (Table 10), are pre-
sented in dendrogram II (Fig. 9). There is a high simi-
larity between the populations from the Italian Alps
and Hungary as well as the Czech Republic and
Slovakia (Iy=0.93). Cluster ITTAL+HU is very similar
to the population from Muszkowice (PL-M) (I=0.8),
while CZ+SK - to that from Spain (ES) (Iy=0.77). The
two clusters, together with the English population
(GB) (Ix=0.66) and the pair PL-S+PL-K (Iy=0.6),
form a group of populations from the fringes of the
range (Ix=0.51). The second group includes clusters
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Fig. 4. Shells of Helicodonta obvoluta: A — shell shown from four different sides, B — body whorl descending, C — elevated spire,
D - extremes of size variation, E — shell with a crest (left) and albino shell (right). Scale bar 10 mm [photo: R. A. D.
CAMERON]
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Fig. 5. Variability ranges of three parameters (D, H, N): literature records (black), own measurements (white)

DE-S+DE-B (Iy=0.73) and DE-BW+IT-AB (I=0.67),
with the Swiss population (CH) (I=0.6), for which
I3=0.33. The group represents central populations, as
well as those from Saxony and the Abruzzi Mts. The
similarity between the two groups is slight (I=0.26).
The mean values of shell parameters in the first group
are higher than European means, in contrast to the
mean values of the second group (Fig. 10).

Values of Pearson correlation coefficients among
particular parameters of shells from the 14 popula-
tions are presented in Table 11. Out of 1,470 correla-
tions, 520 are statistically significant ( e =0.5). All the
populations (100%) show a positive correlation be-
tween D and d, D and h, D and hw, D and D/N, d and
hw, h and hw, w and hw, as well as hw and D/N, 13
populations (93%) —between D and N, d and h, d and
N,dand D/N, Ud and ud, UD and UD/D, 12 (86%) —
between D and w, d and H, d and w, h and w, w and
D/N, N and hw, 11 (79%) — between H and h, h and

D/N, 10 (71%) — between H and hw, ud and UD/D, w
and N, nine (64%) — between d and ud, h and h/w,
eight (57%) — between D and ud, h and N, and seven
(50%) — between H and D/N. The following parame-
ters are negatively correlated: H and D/H (79% pop-
ulations), ud and UD/ud, w and h/w (14%) as well as
D and h/w, h/wand D/N (7%). The greatest number
(n,) of statistically significant correlations among the
shell parameters was found for the populations from
Hungary (HU) (n,=67; 72%), Italy (IT-AB) (n,=47;
51%) and Slovakia (SK) (n,=43; 46%), the lowest — for
those from Poland (PL-S) (n,=25; 27%) and Spain
(ES) (n,=29; 31%).

Correlations between longitude/latitude and the
shell parameters based on Pearson coefficients are
shown in Tables 12 and 13. A positive correlation
Il =0.5 was found only between latitude and D, d and
D/N, a negative correlation — between longitude and
D/d.



& Shell variation in Helicodonta obvoluta

EUROPE — SHELL PARAMETERS

EUROPE - SHELL INDICES

15 28
141 26+
131 241
121 290l
ol 201
ol o1
ol :
71 14+
+ 124
o} = b F|n] F 2
44 0.8+
37 0.6+
21 04+
11 021 &
0 + + + + t t } 0.0 ; ; : :
D d H ub ud h w N Drd DIH up/D UD/ud hiw DIN
[1-+SD = — MEAN T — MAXIMUM L — MINIMUM
Fig. 6. Parameters of 668 shells of Helicodonta obvoluta
SHELL MAJOR DIAMETER (D) [mm] SHELL MINOR DIAMETER (d) [mm]
15 14
141 '&5 134
131 E:E] E] 124
Hm P hhE . § 32 5. 0820 ;8¢
1 E] 10] E] ';E]
10+ 9
9 1
84 81
71 4
61 61
51 54
4 4
31 34
21 2
11 1
0
EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU 0EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU
SHELL HEIGHT (H) [mm] UMBILICUS MAJOR DIAMETER (UD) [mm]
75 55
71 5]
651 % é s
6+ sl 91
5.2 L é E] E] @ @ E] 41 @ E] @ E] B
454 3579
44 31
35+ 251
31
25+ 2
21 1.51
15+ 14
0_51 [ 0.5
0
EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB Ccz SK CH ES HU EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU
MOUTH WIDTH (w) [mm] UMBILICUS MINOR DIAMETER (ud) [mm]
7 5
6.51 451
64
551 @ @ E] E] = 41
St 351
451 -&5 E] @ é E;:E] E] E] E]
41 34 @
35+ 25+
31 |
251 2
24 15+
15+ 11
1+
051 051
0 0
EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU
MOUTH HEIGHT (h) [mm] NUMBER OF WHORLS (N)
7 6.4
6.51
61 @ 6.2+
551 &=
457 581
41
351 561
3+
25+ 54+
2 L
151 524
1T 51
054
0 4.8
EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL  GB cz SK CH ES HU EUROPE PL DE-B DE-BW DE-S IT-AB IT-AL GB cz SK CH ES HU

[1-+SD =" — MEAN

T - MAXIMUM

Fig. 7. Variation of eight parameters in populations of Helicodonta obvoluta

L - MINIMUM




I 80 G0 L9970 90 66L°0 66L°0 610 70 610 L9670 80 L9970 90 NH

80 I L9¢°0 90 £99°0 L£99°0 666°0 G0 666°0 £9¢°0 66670 I 80 L£99°0 S

G0 L9670 I L9670 L9¢°0 £96°0 66670 G0 66970 L99°0 90 L9¢0 £96°0 L9¢°0 HD
L£99°0 90 L9¢°0 1 L98°0 L98°0 £99°0 L9070 L9%°0 L9G°0 70 90 90 6690 S

90 L99°0 L98°0 L9870 I L98°0 66L°0 L9070 L9Y°0 £9¢0 66670 L99°0 66L°0 90 70
66L0 L9970 L9¢°0 L98°0 L98°0 1 66L°0 L9070 6690 L98°0 70 L£99°0 66L°0 L£99°0 a0
66L°0 6660 6660 L99°0 66L°0 66L°0 ! 6610 70 6660 70 666°0 66L°0 90  TVALI
sel'0 G0 G0 £90°0 £90°0 L9070 Sel'0 1 L9070 ¥0 G0 G0 L9¢°0 0  gvLI

70 66670 6690 L9V°0 L9V°0 669°0 Y0 L9070 I 90 L98°0 6660 £9¢°0 G0 S-Ad
Sel'0 L9380 £99°0 L93°0 £956°0 L93°0 §66°0 ¥°0 90 1 66L°0 L980 G0 g0  Mgaa
L96°0 66670 90 70 6660 ¥0 70 G0 L98°0 66L°0 ! 6660 £9¢°0 L9860  gaa

80 1 L9G°0 90 £99°0 L£99°0 6660 G0 66670 L980 66670 I 80 L99°0  W-1d
L£99°0 80 £9¢°0 90 66L°0 66L°0 66L°0 £9¢°0 L9¢°0 G0 L9¢°0 80 1 80  YId

90 L9970 L9¢°0 669°0 90 L99°0 90 G0 G0 G0 £96°0 L99°0 80 I S1d

NH Sq HO S yA0) qo TV-LI dV-LI S-ad MTAd qHaa IN-1d M 1d S71d

sopdures oY) U29MIIQ SONLIB[IUWIIS I0J SIN[LA XIPUL [ON] "PINJ0NG0 DIUOPOIYIE] *] IR

Tomasz K. Maltz

e e q q P e e e e e q ) e e e NH
e e q e ) e e e e e q q e ® ® Sq
q 9 e e P e e e > > p 9 > > q HD
e > e q b) e e e q q q 6} e ® e NS

e q e q > e e e q q q q e ® e 7D

e q e q b ® ® e e q q 6} ® ® ® a9
e e e e > e e e e e q q e e e IV-LI
2 J q e q q e q P p 2 p 2 p 2 dV-LI
q p e q 2 e ® e 2 2 q J q q q S-ad
q b} ® e ) e ® q b 6} > p b q q MI-AA
q p e e b e e e b > > ) q q q a-1d
e e q e > e e e e e q q e e e W-1d
e q q e q e e e e q q q e e e M1d
e q q e e e e e e q e e e e e S-1d

N/d mxq M/q pn/dan  d/dn H/d p/d N M q pn an H p a

10

J—® sjoquids 1a119] se passoxdxo siojouwrered [[oys Jo son[ea ULOW SUOWE SINLIR[IWIS DINJ0NQ0 DIUOPOIYIE] */, (L],



& Shell variation in Helicodonta obvoluta 11
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Fig. 8. Dendrogram of Nei similarities among the samples of  Fig. 9. Dendrogram of Nei similarities among the popula-
Helicodonta obvoluta tions of Helicodonta obvoluta
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Fig. 10. Mean values of shell parameters: European mean (continuous line), means for populations of group II (triangle)
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Table 12. Helicodonta obvoluta. Values of Pearson coefficients
of correlation between latitude and shell parameters

Table 13. Helicodonta obvoluta. Values of Pearson coefficients
of correlation between longitude and shell parameters

Parameter Pearson coefficient value Parameter Pearson coefficient value
D 0.508 D 0.138
d 0.567 d 0.234
H 0.463 H 0.243
UD 0.368 UD 0.245
ud 0.422 ud 0.223
h 0.283 h 0.093
w 0.302 w 0.115
N 0.323 N 0.245
D/d -0.491 D/d -0.514
D/H 0.322 D/H —0.254
UD/D —-0.085 UD/D 0.169
UD/ud -0.109 UD/ud 0.111
h/w -0.026 h/w -0.057
hxw 0.283 hxw 0.104
D/N 0.538 D/N 0.047
DISCUSSION

The shell of H. obvoluta is regarded as much vari-
able (KERNEY et al. 1983) (Table 1, Fig. ), which is
confirmed in this study. Based on similarities among
the shell parameters, two groups of populations can
be distinguished: one from the fringes of the distribu-
tion range, with much more varied and relatively
larger shells, another, including populations mainly
from the centre of the range, with less varied and
smaller shells. Many factors which may affect ultimate
size of snail shell and/or contribute to inter- and
intrapopulation variation have been mentioned in
the literature. They fall in two major groups: external
(among others, effect of habitat conditions, interac-
tions among individuals of the same/different spe-
cies) and internal (genetic factors, metabolic pro-
cesses, etc.) (GROMADSKA & PRZYBYLSKA 1960, WOLDA
1972, CAMERON & CARTER 1979, BAUR 1984, GOOD-
FRIEND 1986, BAUR & RABOUD 1988, SULIKOWSKA-
-DROZD 2001).

Altitude can have an effect on the shell size. In
Arianta arbustorum from the Swiss Alps the shell size
(volume) has been found to decrease with increasing
altitude (BAUR & RABAUD 1988). Individuals from
montane populations have considerably smaller shell
diameter compared to those from valleys (BAUR 1984).
Likewise, shells of Vestia turgida, collected in lower-
-situated sites, are higher than those from sites lo-
cated at greater altitudes (SULIKOWSKA-DROZD 2001).
According to SULIKOWSKA-DROZD (2001) the kind of
habitat rather than the altitude per se is the signifi-
cant factor influencing the shell size. Snails collected

above the timberline were significantly smaller than
those living in a forest at the same altitude. Shells of
H. obvoluta from populations representing the first
group (GB, PL, CZ, SK, HU, ES?) were collected in
areas not exceeding 600 m a.s.l. (CAMERON, HORSAK,
POKRYSZKO, WIKTOR personal communication).
There were no altitudinal data for the central popula-
tions (DE, CH). It is only known that in Germany the
snail reaches up to 1,300 m a.s.1., in the Swabian Jura —
1,600-1,699 m a.s.l., and in the German part of the
Alps — 1,700-1,800 m a.s.]. (EHRMANN 1956, GODAN
1979). In the Austrian and Swiss Alps it has been re-
corded even at 2,260 m a.s.l. (KLEMM 1973). Probably
shells from the populations included in the second
group were collected in montane areas. However, a
latitudinal effect compared to the altitudinal one
could be expected as well. Actually, most shell param-
eters show no clear geographical trend. Three of
them (D, d and D/N) tend to increase — and not
decrease — northwards. Besides, one (D/d) decreases
eastwards, with increasing continentalisation of the
climate.

Shell size may also depend on the temperature
and humidity. It has been found that smaller individ-
uals of Cepaea nemoralis prefer less shaded habitats
since they absorb less heat and lose it faster. Larger
snails absorb heat to a greater extent, lose it more
slowly and in consequence are limited to more
shaded places (HEATH 1975, KNIGHTS 1979). C. nemo-
ralis is a polymorphic species, which also has a signifi-
cant effect on preferred microhabitats, activity and —
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possibly — shell size. H. obvoluta is monomorphic with
respect to shell colour and is fairly stenoecious, pre-
ferring humid and shaded places in deciduous or de-
ciduous-coniferous forests. However, in the central
part of its range it is more catholic and found also in
more open and calcium-poorer habitats (CAMERON
1972), which may explain the relatively smaller shell
size and the presence of albino snails in such popula-
tions.

Population density can also have an effect on the
growth rate and attainment of ultimate size. Individ-
uals of C. nemoralis and C. hortensis kept singly grew
faster and had larger shells compared to those kept in
groups (CAMERON & CARTER 1979). The effect was
probably a result of the excess of mucus containing
pheromones which affect growth (GOODFRIEND
1986). In the wild H. obvoluta has been observed to
form very dense populations (some sites in England
and Poland) (CAMERON 1972, MALTZ 2003c), where
large individuals constitute a majority. Laboratory ob-
servations indicate that in this species there is no cor-
relation between the growth rate and the ultimate
shell size (fast-growing snails may have either small or
big shells; the same is true of slow-growing individ-
uals) (MALTZ 2002). Similar results have been ob-
tained for C. nemoralis (WOLDA 1972). Thus, the den-
sity is not the main decisive factor for the adult shell
size; reasons for the differences should be sought in
genetic factors (WOLDA 1972). Studies on A. arbusto-
rum show that individuals collected at high altitudes
produce relatively larger offspring in laboratory con-
ditions, but the size of parents and progeny from
low-altitude lineages is similar (BAUR 1984).

The shell variation may also depend on the struc-
ture of the distribution range: whether it is continu-
ous or consists of isolated localities. Shells of Vestia
elata from the isolated population in the Swigtokrzys-
kie Mts are smaller and less varied in their size than
those from the Bieszczady Mts or S. Carpathians
(ABRASZEWSKA-KOWALCZYK & SULIKOWSKA 1998),
which is probably a result of a limited gene pool of
small, isolated populations. POKRYSZKO (1990) has
shown that shell variation (mainly apertural barriers)
in numerous species of Vertigo does not depend on
habitat conditions. Many members of the genus are
stenoecious species of very fragmented ranges, com-
posed of isolated populations, while the snails are
only capable of passive dispersal. Few dispersing indi-
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