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ABSTRACT: The snail fauna of human-transformed forests (originally ranging from oak-hornbeam to alder
swamps) at Lake Haricza and two nearby lakes in NE. Poland includes 29 species, with 14-18 species per site.
There are also four slug species. The ten sampling sites vary rather much in their species composition, the
mean Nei index being 0.71 and Iyax 1.57; the heterogeneity does not seem to result from sampling error. In
most sites 1-3 species contribute over 50% of total abundance. Most species recorded are common,
euryoecious and widely distributed; restricted forest snails, timber-dwellers and vegetation climbers are nearly

absent.
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INTRODUCTION

Compared to southern Poland, the northern part
of the country is believed to have a poor terrestrial
malacofauna. It was probably this belief that resulted
in the north being much less studied, though the re-
verse may also be true. It follows from RIEDEL’s 1988
catalogue that 90 out of the total of 175 terrestrial gas-
tropods of Poland were recorded from the northern
third of the country on various occasions. However,
the localities are few, most locality data are imprecise,
and some records are doubtful (cf. RIEDEL 1988,
WIKTOR 2004). The situation has not changed much
since the publication of the 1988 catalogue. The
north-eastern corner of the country seems to be the
most neglected. Only three of the 33 faunistic and/or
ecological papers (DYDUCH 1980, DZIECZKOWSKI

STUDY AREA AND HABITATS SAMPLED

Lake Haricza, the deepest in Poland, is located in
the north-easternmost (54°16°N, 22°49’E) part of
the Suwatki Lakeland (Fig. 1). Because of its unique
character, in 1963 the lake, but not its surroundings,

1988, CAMERON & POKRYSZKO 2004; for further refer-
ences see RIEDEL 1988, CAMERON & POKRYSZKO
2004) on various forests in northern Poland deal with
the north-eastern part of the country, and all three fo-
cus on Biatowieza Forest. This is the first attempt at
providing some data on terrestrial gastropod commu-
nities of the Suwalki Lakeland.

In summer 2003, when sampling terrestrial gastro-
pods within the project “Geographical variation in
the composition and richness of forest snail faunas in
northern Europe”, we visited Lake Haricza and exam-
ined snail fauna in ten sites. The faunal list has been
used for broader comparisons (POKRYSZKO & CAME-
RON 2005), here we present detailed results.

became a nature reserve (GLOWACINSKI 1968); in
1976 the surrounding area was proclaimed a land-
scape park (RAKOWSKI 1989). The lake has a compli-
cated shoreline and mostly steep shores. It is sur-
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Fig. 1. Study area (left: solid circle) and location of sampling sites (right: solid circles; forest areas stippled, lakes hatched)

rounded by a narrow belt of forest and adjoined by
moraine hills.

Originally, the forests of the region were oak-horn-
beam, riverine forests with ash and linden, alder for-
ests, and pine-oak or pine stands in drier places. Dur-

ing the last 500 years most of them, especially decidu-
ous stands, growing on fertile soil, were clear-felled
and converted into arable land. The narrow belts of
forests surrounding Haricza and smaller lakes in its vi-
cinity range from transformed oak-hornbeam stands
(often with some linden and ash) to alder swamps
(Figs 2, 3). They have never been completely clear-fel-
led (as suggested by the occurrence of plants such as
Paris quadrifolia) , but in most places are rather heavily
affected by removal of dead timber, some logging and
cattle or horse grazing. Cows, horses and their dung
were encountered while sampling. Forest only 30 m
or more away from the lake shore is usually heavily
managed, and is predominantly pine or spruce.

Fig. 1 shows the sampling sites. All sites, except 5
(Lake Jaczno) and 9 (Lake Jegléwek) were located on
the shores of Lake Haricza:

Figs 2, 3. A fragment of a forest (1) and an alder swamp (2)
at lake Haricza
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1. E. shore of Lake Haricza, steep slope with linden,
alder, elm, hazel, birch, oak, sedges and Herb Pa-
ris, pH 5.5;

2. W. shore of Lake Haricza, gentle slope with linden,
alder, maple, hazel, birch, ash and nettles;

3. W. shore of Lake Haiicza, gentle slope with linden,
alder, hazel, ash and birch, pH 6.0;

4. W. shore of Lake Haricza, flat shore with linden, al-
der, ash, elm, cow-wheat and Iris;

5. E. shore of Lake Jaczno: flat, swampy lake margin
with standing water pools: alder and a few ash and
birch trees, sedges, ferns;

6. E.shore of Lake Haricza: partly open swamp, with
traces of horse grazing, alder, ash, hazel, Iris,
meadowsweet and nettles;

METHODS

Sampling was carried out in July 2003. Each site
was an area of ¢. 400 m?, chosen to represent a typi-
cal part of the surrounding vegetation. Within each
site snails and slugs were collected by eye. Two
people searched in this way, in all appropriate
microhabitats, for at least one hour at each site. In
addition, c. 20 1 of litter was collected from patches
within each site. The litter was sieved (10 x 10 mm
mesh); the coarsest fraction was searched by eye in
the field and discarded. The remainder was bagged
and taken to the laboratory, where it was air-dried,
sieved and sorted down to 0.5 mm mesh. Large heli-
coids were sometimes counted but not collected;
slugs were identified in the field or specimens pre-
served for identification in the laboratory. No at-
tempt was made to count the number of slugs, as day-
time sampling is notoriously unreliable (WAREBORN
1969). Tests for completeness of sampling followed
CAMERON & POKRYSZKO (2005).

RESULTS AND DISCUSSION

A total of 33 species were recorded, 29 snails and
four slugs (Table 1); three: Succinea oblonga, S. sarsii
and Cochlicopa nitens, were limited to alder swamps.
The snail species list seems to be complete, as indi-
cated by the Chao estimator for the whole set of sites
equal to about one species missed, by the shape of the
rank abundance curve (Fig. 4), which steepens rap-
idly as the rarest species are included, and by the fact
that the numbers of specimens per site are usually ten
times or more higher than the number of species
(CAMERON & POKRYSZKO 2005). The species compo-
sition varies rather much between the sites — the Nei
index ranges from 0.50 to 0.91 (mean 0.73) (Table 2,

7. W. shore of Lake Haricza, gentle slope with alder,
ash, hornbeam, elm, maple, nettles, wild strawber-
ries and Circaea;

8. W. shore of Lake Haricza, gentle slope: hornbeam
coppice with Phragmites fringe with rowan, some al-
der, ash, willows, aspen, bracken and wood sorrel;

9. betwen lakes Jegtéwek and Szurpily, gentle slope
with young elm, hazel, ash, birch, some alder at lake
shore (traces of cattle trampling), wood sorrel;

10.E. shore of Lake Haricza, gentle slope with wet
flushes: alder, ash, elm, hazel, poplars, wild rasp-
berry and sedges.

Soil pH was determined colorimetrically for resi-
dues for two sites. From the flora and litter texture, it
seems likely that the other non-swamp sites would
yield similar values.

To estimate similarity among the snail faunas in
sites we used the Nei index Iy = number of species in
common,/geometric mean of the number of species
present in each site. Additionally, we applied the
Marczewski-Steinhaus distance (ALEXANDROWICZ
1987). Slugs are omitted, as sampling is not so reli-
able, but adding them makes little difference to the
results. Overall heterogeneity was estimated using
Whittaker’s index, Iy, the total number of species in
the array divided by the mean number per site, and its
variant, Iy,x, total number of species divided by that
in the richest site (CAMERON & POKRYSZKO 2004).
Slugs are included.

All shells extracted were identified and counted,
excluding only very old or unidentifiable remains.
Nomenclature throughout follows KERNEY et al.
(1983). The samples are kept in the collection of
RADC and of the Natural History Museum, Wroclaw
University.

Fig. 5). The two swamp sites (5 and 6) are rather dis-
similar (0.67), the similarity between site 6 and all
other sites being 0.50-0.69, while site 5 is closer to
sites 7, 9 and 10 (0.77, 0.79 and 0.75, respectively)
than it is to 6. Two clusters of similar sites (1 and 10 at
0.91, 2, 3, 4 and 8 at 0.83) are geographically very
close. Even excluding the two swamp sites, the lowest
Nei value is still only 0.69. The Marczewski-Steinhaus
distances (Table 2) give a very similar picture; they
range from 0.17 to 0.67, and excluding the swamp
sites the highest value is 0.55. The two variants of
Whittaker’s index, Iy, and Iy, are 1.75 and 1.57 for
all sites, and 1.55 and 1.43 when swamps are ex-
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Table 1. List of species recorded from Lake Haricza. For snails, numbers of specimens, relative abundance and frequency
are given. For slugs, not counted, presence and frequency are given

N Species/Sites 3 4 7 1 9 2 5 8 10 6 F
o.
Snails
1 Cochlicopa lubrica (O. F. Miill.) 20 13 26 35 10 45 11 20 41 78 100
10.31 6.02 14.53 1852 5.46 10.66 4.82 16.3 18.60 30.00
2 Punctum pygmaewm (Drap.) 72 27 49 69 16 44 13 4 15 28 100
37.11 1250 27.37 36.51 874 1043 5.70 323 6.61 10.77
3 Nesovitrea hammonis (Strom) 33 15 3 16 6 25 30 9 10 5 100
1701 694 168 847 328 592 13.16 726 441 192
4 Nesovitrea petronella (L. Pfeiffer) 4 3 3 13 14 8 6 1 16 9 100
206 139 168 688 765 190 263 081 7.05 3.46
5 Zonitoides nitidus (O. F. Mull.) 5 5 17 5 11 6 17 4 6 35 100
258 2.31 9.5 266 6.01 142 746 323 2.64 13.46
6  Euconulus fulvus (O. F. Mill.) 12 15 2 16 6 1 20 5 5 15 100
6.19 694 1.12 847 328 0.24 877 403 220 577
7 Cepaea hortensis (O. F. Miill.) 10 15 20 13 5 18 7 2 16 2 100
515 694 11.17 6.88 273 427 3.07 161 7.05 0.77
8  Vertigo pusilla O. F. Mull. 42 64 22 3 54 33 7 17 4 0 90
21.65 29.63 12.29 159 2951 7.82 3.07 13.71 1.76
9 Vallonia costata (O. F. Mull.) 1 4 32 2 14 103 2 5 0 0 80
052 185 17.88 1.06 7.65 2441 0.88 4.03
10 Succinea putris (L.) 1 8 3 2 2 0 0 7 14 0 70
0.52 370 1.68 1.06 1.09 5.65  6.17
11 Vertigo substriata (Jeffr.) 21 12 0 6 5 2 3 0 4 0 70
10.82  5.56 3.17 273 047 1.32 1.76
12 Vitrina pellucida (O. F. Mull.) 2 0 3 0 3 8 3 4 0 14 70
1.03 1.68 1.64 190 1.32 3.23 5.38
13 Carychium minimum O. F. Mull. 0 0 12 5 26 0 76 0 16 23 60
6.70 2.66 14.21 33.33 7.05 8.85
14 Carychium tridentatum (Risso) 12 0 0 22 0 69 0 9 35 14 60
6.19 11.64 16.35 726 1542 5.38
15 Vitrea crystallina (O. F. Mill.) 3 3 0 8 0 5 1 0 7 0 60
1.55  1.39 4.23 1.18 0.44 3.08
16  Perforatella bidentata (Gmel.) 3 8 3 22 0 0 11 0 26 0 60
155 3.70 1.68 11.64 4.82 11.45
17  Acanthinula aculeata (O. F. Miill.) 1 10 0 2 0 44 0 8 0 0 50
0.52  4.63 1.06 10.43 6.45
18 FEuomphalia strigella (Drap.) 0 0 3 2 4 5 0 0 10 0 50
1.68 1.06 219 1.18 4.41
19 Cochlicopa lubricella (Porro) 0 9 0 0 4 23 0 3 0 0 40
4.17 2.19 545 2.42
20 Vertigo antivertigo (Drap.) 0 0 1 0 1 0 4 0 0 3 40
0.56 0.55 1.75 1.15
21 Vallonia pulchella (O. F. Mull.) 0 8 8 0 0 0 0 8 0 18 40
3.70  4.47 6.45 6.92
22 Columella edentula (Drap.) 0 4 1 0 0 11 0 0 0 0 30
1.85 0.56 2.61
23 Discus rotundatus (O. F. Mull.) 2 0 2 0 0 0 0 6 0 0 30
1.03 1.12 4.84
24 Aegopinella minor (Stabile) 0 2 0 0 0 0 0 0 1 0 20
0.93 0.44
25 Succinea oblonga Drap. 0 0 0 0 0 0 0 0 0 5 10
1.92
26 Oxyloma sarsii (Esmark) 0 0 0 0 0 0 0 0 0 35 10

14.36
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No. Species/Sites 3 4 7 1 9 2 5 8 10 6 F
Snails
27  Cochlicopa nitens (Gallenstein) 0 0 0 0 0 0 14 0 0 0 10
6.14
28  Aegopinella pura (Alder) 4 0 0 0 0 0 0 0 0 0 10
2.06
29  Arianta arbustorum (L.) 0 0 0 0 1 0 0 0 0 0 10
0.55
Total species 18 18 18 17 17 16 16 16 16 14
Total specimens 194 216 179 189 183 422 228 124 227 260
Slugs
30 Arion subfuscus (Drap.) X X X X X X X X X X 100
31 Avrion circumscriptus Johnston X X X X X X 60
32 Deroceras laeve (O.F. Mull.) X X X X 40
33 Malacolimax tenellus (O.F. Mull.) X X X 30
Total slug species 3 2 3 2 2 2 2 2 3 2
Total all species 21 20 21 19 19 18 18 18 19 16

Table 2. Values of the Nei index (above the diagonal) and Marczewski-Steinhaus index (below the diagonal) for the studied
sites. Swamp site comparisons underlined

Site 1 2 3 4 5 6 7 8 9 10
1 0.83 0.86 0.80 0.79 0.58 0.74 0.73 0.76 0.91
2 0.26 0.82 0.82 0.75 0.60 0.65 0.81 0.79 0.75
3 0.25 0.30 0.78 0.77 0.57 0.72 0.82 0.69 0.77
4 0.33 0.30 0.36 0.71 0.50 0.72 0.77 0.69 0.77
5 0.35 0.40 0.38 0.45 0.67 0.77 0.63 0.79 0.75
6 0.59 0.57 0.61 0.67 0.50 0.69 0.67 0.65 0.60
7 0.41 0.52 0.43 0.43 0.38 0.48 0.77 0.80 0.71
8 0.43 0.32 0.30 0.38 0.55 0.50 0.38 0.78 0.63
9 0.38 0.35 0.48 0.48 0.35 0.52 0.33 0.43 0.78
10 0.17 0.40 0.38 0.38 0.40 0.57 0.45 0.55 0.43
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Fig. 4. Logarithmic rank-abundance relationships for snails
from all sampling sites. The vertical scale is expressed as  Fig. 5. Dendrogram of Nei affinities for snails among the
log,, percentage of the total sites
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cluded. Considering that all the sites are very close to-
gether — the lake is only 4,535 m long, with the maxi-
mum width of 1,175 m and the total shoreline of 12.7
km, and all but two sites (4 and 5 km away from Lake
Haricza) were in its nearest vicinity — they are fairly
heterogenous. Where similar clusters of sites are con-
sidered across N. Europe, a value of I,y of 1.43 is at
the high end of the range (POKRYSZKO & CAMERON
2005). While this may be influenced by sampling er-
ror, the Chao estimator (of species missed) for indi-
vidual sites ranges from 0 (0 or 0.5 for most sites) to
2.25, with the mean 0.3, and the patchy distribution
appears to be genuine.

The dominance structure in most sites includes
1-3 species which together constitute more than 50%
individuals, all other species being represented by
rather few specimens. The dominant species vary be-
tween sites: for example, Punctum pygmaeum and
Cochlicopa lubrica are the most numerous in three sites
each, Vertigo pusilla in two, Vallonia costata and
Carychium minimum in one each. These differences
may reflect the patchy distribution, or be only tempo-
rary, since all these species have short life cycles and
highly weather-dependent reproduction (for life his-
tory details see WHITNEY 1938, MORTON 1954,
WAREBORN 1979, 1982, ISKRZYNSKA 1986, BAUR 1989,
BULMAN 1990, POKRYSZKO 1990a).

Twelve snail species occur with a high frequency
(70-100%); all of them except Cepaea hortensis and
Succinea putris are small-sized and strict litter-dwellers,
and none is a genuinely restricted forest snail. Out of
nine medium-frequency species (40-60%), all except
Perforatella bidentata and LEuomphalia strigella are
small-sized; among them only Acanthinula aculeata can
be regarded as a genuine forest-dweller. The lowest
frequency class (10-30%) includes eight species: the
three limited to the alder swamps, the plant-climbing
Columella edentula (POKRYSZKO 1990b), the for-
est-dwelling Aegopinella pura, Ae. minor which is very
rare in the north of Poland (RIEDEL 1988), the big
and vegetation-climbing Arianta arbustorum and Discus
rotundatus which is closely associated with rotting tim-
ber (KUZNIK-KOWALSKA 1999). The complete absence
of clausiliids, more than ten species of which could be
expected to occur in this part of the country (for
ranges see RIEDEL 1988, WIKTOR 2004; for clausiliid
lists from nearby sites see MARZEC in prep.) is prob-
ably also associated with the scarcity of dead timber.
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