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ABSTRACT: Thirty nine species of terrestrial gastropods were recorded from the little studied Dobrzynskie
Lakeland (north-central Poland): the nature reserve Stary Zagaj and the town of Skepe (30 from the nature
reserve, 27 from the town, 18 species in common, 9 town only, 12 reserve only). The number of species
per site ranged from 8 to 21 (mean 13.88), the number of specimens from 38 to 1,224 (mean 347.7).
The aim of the inventory was to fill the gaps in the distribution knowledge and to identify symptoms of
anthropogenic influence on the malacocoenoses. Most species were euryoecious and/or widely distributed.
The results were compared to other biogeographically and ecologically similar, but mostly less human-
affected areas. The studied habitats showed unbalanced dominance structure, small between-site similarity
and small proportion of forest-dwellers, combined with the near-absence or absence of clausiliids and
other tree-climbing and/or timber-dependent species. These seem to be crucial symptoms of anthropogenic

changes in effect at present or in the past.
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INTRODUCTION

The gastropod fauna of northern Europe is a
result of post-glacial colonisation from the south.
Compared to the areas situated south of the bound-
ary of Pleistocene glaciations, it is not rich, and the
number of species increases from north to south
(CAMERON & POKRYSZKO 2004, 2005).

The gastropod distribution in Poland is rather
well recognised and the list of species is generally
complete (RIEDEL 1988, WIKTOR 2004). The only re-
cent additions to the faunal lists are introduced spe-
cies (e.g. PIENKOWSKA et al. 2018) whose number
has increased in the last years, and records of previ-

ously unrecorded native species (HORSAK & HAJEK
2005, SCHENKOVA et al. 2012, ZAJAC et al. 2012,
KSIAZKIEWICZ et al. 2015, POKRYSZKO et al. 2016).
However, the coverage of the country is very uneven,
no doubt depending on the malacological attractive-
ness of the various parts of Poland. For a long time it
was believed that the northern malacocoenoses were
species-poor. It was the potentially rich fauna from
the south of the country, with its many preserved nat-
ural habitats, partly calcium-rich substratum and its
varied topography, that attracted attention. Relatively
modern inventories of terrestrial fauna exist for most
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regions in the south (e.g. DYDUCH 1980, PIECHOCKI
1981, POKRYSZKO & CAMERON 2005, CAMERON et al.
2011). Only recently it has been found that, besides
Bialowieza Forest which is well-known for its natu-
ral character, some areas in the north hold equally
rich faunas (CAMERON & POKRYSZKO 2006, MARZEC
2010).

Some of the publications deal exclusively with
faunal records (see the cycle of papers in Folia
Malacologica 2006-2016), and only few are based on
modern methods of assessment of diversity and struc-
ture of malacocoenoses (CAMERON & POKRYSZKO
2004, 2006, MARZEC 2010). There are relatively re-
cent papers on the malacocoenoses of certain vegeta-
tion formations (DZIECZKOWSKI 1972, CAMERON et
al. 2010). Virtually all these data pertain to relatively
natural forests. The north-central part of the coun-
try is still data-deficient, and constitutes a gap in the
knowledge of the fauna, and especially the structure
of malacocoenoses. On the other hand, this part of

the country has experienced more pronounced an-
thropogenic changes (mainly economic exploitation
and fragmentation of forests) compared to the neigh-
bouring regions; even though some of its fragments
are protected, they offer a good opportunity to study
the effect of human activities on the original snail
fauna. Here, we set out to compare the studied area
to some geographically and environmentally close
areas in order to specify the possible indicators of
anthropogenic influence among the features of their
malacocoenoses.

Faunistic data on the Skepe municipality are lim-
ited to the information that the common species is
the Roman snail, with no information on other spe-
cies (RAPORT 2018). The literature data on the mal-
acofauna of the Kujawsko-Pomorskie Province are
very scanty. Faunistic studies on the molluscs of the
province were done by Drozdowski in 1950-1995.
However, none of his publications (for references see
RIEDEL 1988) specified which of the recorded spe-

Fig. 1. Location of the study area (inset) and distribution of the sampling sites
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cies were found in the Dobrzynskie Lakeland. In his
publications (DROZDOWSKI 1980, 1997) expressed
an opinion that the Kujawsko-Pomorskie Province
was among the best malacologically studied parts of
Poland, referring mainly to pre-war publications and
his own research of 1950-1995. Actually, there are
no modern inventories for the region, and it seems
to be among the least studied.

STUDY AREA AND SAMPLING SITES

The Dobrzynskie Lakeland (Dobrzynska Upland)
is a natural mesoregion situated in the southern part
of the Chelminsko-Dobrzynskie Lakeland (Fig. 1). It
is 2,800 km? in area (KOPLINSKI et al. 2010). It holds
glacial forms dating from the Vistulian: moraine hills
and kames, parallel drumlin banks and eskers. The
altitude is up to 100-150 m (KOPLINSKI et al. 2010).

The Dobrzynskie Lakeland is agricultural,
abounding in various kinds of mostly poor soils. It
is much transformed anthropogenically, with few
semi-natural habitats in the form of parks or mixed
and coniferous forests which occupy only small ar-
eas. The lakeland has many small lakes, the largest
of them (Zalskie) is 162 ha in area (KOPLINSKI et al.
2010). Agricultural areas are extensive. The region is
mostly deforested, not very densely populated, with
little industry.

Field studies were done in the nature reserve Stary
Zagaj and in the town of Skepe from May to October
2015. Each site was sampled in three different sea-
sons: spring, summer, and autumn, by two persons,
at least one of them an experienced collector. The
location of the study area and the sampling sites are
shown in Fig. 1, their numbers, characteristics and
geographic coordinates in Table 1.

ANTHROPOGENIC HABITATS IN THE TOWN OF
SKEPE

The town of Skepe, located in the eastern part
of the Kujawsko-Pomorskie Province, has 3,688 in-
habitants (NOWAK et. al. 2013). Parks and lakes are
within the town’s boundaries, and its environs are
forest-covered. The soils in the town and its sur-
roundings are brown, humus and rusty soils. Smaller
fragments hold black, podzol and peaty soils.

Site 1. Railway embankment. The site (Fig. 2) is
much human-transformed, with railway tracks
bordered by stones and adjacent meadow with
few shrubs. It is well insolated, mostly dry, but
with patches of wet soil in places. The vegetation
is mainly composed of great burdock, wormwood
or tansy, and sedge and grass in the damp patches.

Site 2. Lake Wielkie (Fig. 3) in Skepe has the poor-
est vascular vegetation among the region’s lakes;

Besides identifying the parameters of malacocoe-
onosis structure that would reflect anthropogenic in-
fluence, we sought to inventory the area’s fauna, to
fill the gap in the knowledge of the country’s fauna,
providing a list of the region’s gastropod species, and
to identify the possible refugia as well as endangered
and rare species.

Table 1. Characteristics of sampling sites

Coordinates
52°52.32'N, 19°20.41'E
52°51.85'N, 19°20.47'E
52°51.99'N, 19°20.28'E
52°48.72'N, 19°18.55'E
52°49.02'N, 19°18.21'E
52°49.08'N, 19°18.51'E
52°49.23'N, 19°18.41'E
52°49.15'N, 19°18.19'E

Site Habitat type

1 Railway embankment
Lake shore
Borek Park
Thermophilous oak forest
Currant-alder carr
Ash-alder riverine forest
Subboreal mixed forest

Subcontinental oak-
hornbeam forest
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this pertains especially to submerged plants.
Overall, the region’s lakes are eutrophic, with
rather lush but species-poor vascular vegetation
(KEPCZYNSKI 1960). The lake shore trees are few,
and human-transformed habitats - meadows
with short grass — predominate next to the lake.
The soil is very damp and the lake margin is peri-
odically flooded.

Site 3. Borek Park. The park (Fig. 4) is ca. 10 ha
in area and is a remnant of the once extensive
Mazovian Forest. Trees are diverse, with predomi-
nance of native species: oak, sycamore maple, pine,
spruce, Norway maple and linden. Besides, exotic
shrubs and trees have been introduced, such as
white horse-chestnut, blue spruce, Chinese juni-
per, pea-fruited cypress or red oak (KOPLINSKI et
al. 2010).

SEMI-NATURAL HABITATS - NATURE RESERVE
STARY ZAGA]

The nature reserve is situated in the marginal,
most fertile part of a large forest complex — part of
the Gleboczek Forest Division, south of Skepe (cen-
tral point of the reserve: 52°49.12'N, 19°18.72'E). It
is located on a small stream, a tributary to the Mienia
River. Its surface area is ca. 130 ha. Established in
2011, itis part of Natura 2000 network (PLH040038).
Its aim is to protect deciduous forests of natural
character (RAKOWSKI et al. 2012). The substratum
is outwash-sandy, with numerous marshy hollows.
The soils are mostly poor, podzolic soils formed of
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Fig 2. Site 1, railway embankment. Photo: M. FRASUNKIEWICZ

Fig. 3. Site 2, Lake Wielkie. Photo: M. FRASUNKIEWICZ
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Fig. 5. Site 4, thermophilous oak forest. Photo: M. FRASUNKIEWICZ
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Fig. 7. Site 6, ash-alder riverine forest. Photo: M. FRASUNKIEWICZ
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Fig. 8. Site 7, subboreal mixed forest, Sarmatian variant.
Photo: M. FRASUNKIEWICZ

clayey and poorly clayey sands. Brown soils occur in
places. Peaty soils are present in stream valleys and
hollows (KEPCZYNSKI & CYZMAN 1995). Deciduous
tree stands prevail in Stary Zagaj. Though oak stands
predominate, the reserve holds seven forest kinds,
some of them rare in the region: currant-alder carr,
ash-alder riverine forest, elm-ash riverine forest,
lowland form of submontane ash riverine forest,
subcontinental oak-hornbeam forest, thermophilous
oak forest and subboreal mixed forest, Sarmatian va-
riety. Almost all the deciduous forest types of this
part of Poland are represented. The total number of
recorded vascular plant species is 476, many of them
protected and/or rare, among others Dryopteris cris-
tata, Polypodium vulgare, Euphorbia dulcis, Viola epipsi-
la, Daphne mezereum, Hedera helix, Primula veris, Lilium
martagon and Hierochloe australis (RAKOWSKI et al.
2005). Since 2017 it has been nominally under strict
protection, but the forest is still managed to some
extent and holds some plantations, for example larch.
The tree stands are mostly young (see e.g. Figs 5-6).
Site 4. Thermophilous oak forest (Potentillo albae-

Quercetum petraeae Libb. 1933). This type of for-

est (Fig. 5) grows on mesotrophic soils, close to

brown soils with partly marked podzolization

process. This is usually a three-storey, sparse for-

est, with the canopy compactness rarely exceed-

ing 70%. The dominant tree is most often pedun-

Fig. 9. Site 8, subcontinental oak-hornbeam forest. Photo: M. FRASUNKIEWICZ
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culate oak. The shrub layer is poor or lacking. The
herb layer is rich but with a small cover, there is
no moss layer (KEPCZYNSKI 1965). In the reserve
the oak forest borders directly on riverine forests,
hence the soil is very damp in places.

Site 5. Currant-alder carr (Ribeso nigri-Alnetum Sol.-
Gérn. (1975) 1987). The forest (Fig. 6) grows in
places where water stagnates most of the time so
that the soil is not well aerated, slowing down
decomposition of organic matter and forming
peat beds. The dominant tree is black alder. The
shrub layer is mainly composed of blackcurrant,
alder buckthorn or rowan. The lichen-moss lay-
er is usually poorly developed (MATUSZKIEWICZ
2008). The currant-alder carr occupies a relatively
small part of the reserve; it develops mainly on
the margins, in very damp fragments of the re-
serve (KEPCZYNSKI & CYZMAN 1995).

Site 6. Ash-alder riverine forest (Fraxino-Alnetum W.
Mat. 1952) (Fig. 7) is a damp habitat with con-
stant movement of ground water but no major
flooding episodes or longer periods of stagnation.
The stands are composed of black alder and ash.
The shrub layer is well-developed and includes
bird cherry, hazel, and rowan. The moss and herb
layer are poorly developed, with such species
as Brachythecium rutabulum or Mnium undulatum
(MATUSZKIEWICZ 2008). The ash-alder riverine

MATERIAL AND METHODS

In each site gastropods were collected by eye in all
available microhabitats (leaf-litter, vegetation, soil
surface, tree trunks and logs at initial stages of de-
composition) over an area of ca. 400 m?, during the
time not shorter than two person-hours.

Herbs, grasses and sedges were shaken over a
white tray. Live individuals were drowned in boiled,
lukewarm water and then preserved in ethyl alco-
hol in case anatomical identification should be-
come necessary. Besides, 15 1 litter and topsoil were
sieved using a sieve of 1 cm mesh. The material was
then dried, passed through a sieve of 2 mm mesh
and hand-sorted under stereomicroscope. Only live
specimens and identifiable fresh shells were used in
the analysis.

The nomenclature and systematic arrangement
follow MOLLUSCABASE (2019).

forest grows in ground hollows, between the al-
der carr and slope parts of oak-hornbeam forest
and on the boundary between the forest and cul-
tivated fields (KEPCZYNSKI & CYZMAN 1995).

Site 7. Subboreal mixed forest, Sarmatian variant
(Serratulo-Pinetum (W. Mat. 1981) J. Mat. 1988).
This variant of subboreal mixed forest (Fig. 8)
grows in ground depressions where the ground
water level is low. The soil is podzolic, originat-
ing from loose or poorly clayey sands. Strongly
acidified rot occurs on its surface. Under the hu-
mic layer poorly clayey sand overlies loose sand.
Precipitated iron compounds are marked in the
loose sand level. Pine and spruce are the domi-
nant trees (KEPCZYNSKI 1965).

Site 8. Subcontinental oak-hornbeam forest (Tilio-
Carpinetum Tracz. 1962). The oak-hornbeam for-
est (Fig. 9) most often grows on fertile, damp
soil (KEPCZYNSKI 1965). The main trees are horn-
beam, pedunculate oak and linden, with some
admixture of Norway maple or beech. The shrub
layer is well-developed and composed of hazel,
buckthorn, common and rough-stemmed spindle
tree, bird cherry, fly honeysuckle, water elder, sin-
gle-seed hawthorn and rowan. The lichen-moss
layer is poor including, for example, Atrichum
undulatum, Plagomnium affine or Eurhynchium an-
gustirete (MATUSZKIEWICZ 2008).

The completeness of collection was tested us-
ing the Chao index (CAMERON & POKRYSZKO
2005). Between-site diversity was estimated using
Whittaker’s index (I) and maximum Whittaker’s
index (I,,) (CAMERON & POKRYSZKO 2005).
Dominance and frequency were calculated accord-
ing to DZIECZKOWSKI (1972). The similarity be-
tween the sites was assessed using the Nei estimator
(POKRYSZKO & CAMERON 2005). The fauna of the na-
ture reserve was compared with those of seven other
forest localities of different anthropogenic influence,
all situated in the north-central half of the country
and thus biogeographically similar i.e. potentially
holding the same set of species.
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RESULTS
COMPLETENESS OF INVENTORY

The Chao index for individual sites (Table 2)
ranged from 0.25 to 12.50. Though the mean num-
ber of specimens per site was 347.7, in one site (7)
it failed to meet the “ten or more times the number
of species” criterion (CAMERON & POKRYSZKO 2005).
This apparent incompleteness seems not to result
from inadequate collecting effort (see Discussion).

Table 2. Values of Chao index for individual sites

Site 2 3 4 5 6 7 8
number

Chao 450 2.25 2.00 2.25 4.50 12.50 0.25 1.00
index

Mean 3.66

SPECIES RICHNESS, COMPOSITION,
STRUCTURE AND BETWEEN-SITE SIMILARITIES

Thirty nine species were found in the studied area
(Table 3): 27 species in the town of Skepe, and 30
in the nature reserve Stary Zagaj. Eighteen species
were common for the town and the reserve, 9 oc-
curred in the town only and 12 in the reserve only.
The number of species per site was 8 to 21 (mean
13.88), the number of specimens 38 to 1,224 (mean
347.7). Four species (10.26%) were forest-dwellers/
shade loving species. A great majority of species
(25; 64.10%) were euryoecious, the remainder were
hygrophiles (7; 17.95%) or xerothermophilous (3;
7.69%). Virtually all the species recorded were wide-
ly distributed (Holarctic, Palaearctic, Euro-Siberian,
European in broad sense or species whose range
includes all Poland). Limacus flavus and Limax maxi-
mus are introduced but still they occur all over the
country, while Cepaea nemoralis is increasing its range
eastward, in Poland reaching as far east as Rzeszéw
and Roztocze; C. hortensis inhabits the western half
of the country (for ranges and habitat requirements
see WIKTOR 2004).

With very few exceptions most species in most
sites were characterised by very small dominance val-
ues, and in most of the sites the dominance structure
was unbalanced (see e.g. sites 1-3 and 5-8 in Table
3), with one to three species constituting more than
50% of the malacocoenosis and the remaining ones
represented by few or even single individuals. The
dominance values varied from site to site: the main
dominants were low-frequency species. The frequen-
cy ranged from 12.50 to 100%, the only species with
100% frequency being Perpolita hammonis, and only 13
species showed frequencies > 50%, so the values may
seem high but actually they result from the small
number of sampling sites (species with single sites

showed a 12.50% frequency and constituted 30.77%
of all species; see Table 3). Whittaker’s indices were:
I, 2.81, I  1.86, indicating a very high inter-site
heterogeneity (see Discussion).

The most similar sites (Table 4; values given in
bold) were 1 and 3, 1 and 4, 2 and 8, 4 and 6, 5 and
6, 5and 7, 5 and 8, 6 and 7, 7 and 8, thus the sites
did not form any definite clusters, and the Nei values
were generally small. The most dissimilar sites (un-
derlined values in Table 4) were 1 and 7, 2 and 4, 2
and 7.

SIMILARITY TO OTHER LOCALITIES IN THE
NORTH-CENTRAL PART OF POLAND

We compared the nature reserve Stary Zagaj
(SZ in Tables 5 and 6) with seven other forest lo-
calities in Poland which were similar in terms of
general habitat conditions and geographic loca-
tion, and thus could be expected to hold originally
similar faunas: Biatowieza Forest (BF; CAMERON &
POKRYSZKO 2004), Romincka Forest (RF; MARZEC
2010), Wzniesienia Lodzkie Landscape Park (WE;
SULIKOWSKA-DROZD 2011), nature reserves Grady
nad Moszczenicg (GM; SULIKOWSKA-DROzD 2010),
Grady nad Linda (GL; SULIKOWSKA-DROZD 2010),
Lake Hancza (LH; POKRYSZKO & CAMERON 2006)
and Kaszuby Upland (KU; CAMERON & POKRYSZKO
2006). They differed, however, in the degree and du-
ration of anthropogenic influence (age of tree stands,
kind and degree of forest management, extent of for-
est fragmentation; see the references cited above).
The species list for all these localities is given in
Table 5 and the Nei values in Table 6.

The number of species in the compared localities
ranges from 30 to 60. Overall the list contains all the
species that could be expected to occur in northern
Poland. Even discounting species with only few or
single isolated records in northern Poland (Helicigona
lapicida, Faustina faustina, Isognomostoma isognomosto-
mos), the species richness still varies very widely.
None of the localities holds the whole set of species
(67) which are biogeographically and ecologically
available in the northern half of the country. With
its 30 species, the nature reserve Stary Zagaj is the
poorest among the four relatively poor localities (for
species lists see Table 5), in contrast to the group of
three rich (51-60 species) localities; one locality is
moderately rich. Stary Zagaj and Lake Harncza stand
out in two respects: the complete absence of clausil-
iids (15 species recorded overall in all other localities)
and the very small proportion of forest-dwellers (ca.
10% of forest-dwellers in Stary Zagaj and even less
at Lake Hancza). Other similarities include the dom-
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Table 4. Similarity between sampling sites expressed as Nei ~ Table 6. Values of Nei estimator for eight forest localities

estimator; values exceeding 0.50 bolded, smallest val- (for symbols see text); values exceeding 0.70 bolded,
ues underlined smallest values underlined

Locality 1 2 3 4 5 6 7 8 SZ BF RF WL GM GL LH KU
1 x 0.38 0.55 0.68 0.23 0.27 0.08 0.21 SZ x 0.55 0.51 0.54 0.41 0.55 0.60 0.55
2 X 0.36 0.10 0.30 0.49 0.09 0.52 BF X 0.75 0.60 0.56 0.62 0.65 0.66
3 x 0.18 0.39 0.32 0.33 0.28 RF X 0.62 0.57 0.63 0.61 0.74
4 X 0.31 0.53 0.45 0.47 WL x 0.57 0.67 0.60 0.56
5 X 0.60 0.55 0.63 GM X 0.75 0.46 0.61
6 X 0.63 0.47 GL X 0.50 0.55
7 x 0.51 LH X  0.54
8 X KU X

Table 5. Species composition of the compared localities; for symbols see text. High-frequency species bolded, species with
single records underlined

Species SZ BF RF WL GM GL LH KU

Platyla polita (W. Hartmann, 1840) X X X X X X
Carychium minimum O. E Miiller, 1774 X X X X X X X X
Carychium tridentatum (Risso, 1826) X X X X X X X X
Succinella oblonga (Draparnaud, 1801) X X X X X X
Succinea putris (Linnaeus, 1758) X X X X X X X X
Oxyloma elegans (Risso, 1826) X X X

Oxyloma sarsii (Esmark, 1886) X
Cochlicopa lubrica (O. E Miiller, 1774) X X X X X X X X
Cochlicopa lubricella (Porro, 1838) X X X X X X X
Cochlicopa nitens (M. von Gallenstein, 1848) X X X X
Columella aspera Waldén, 1966 X

Columella edentula (Draparnaud, 1805) X X X X X X X
Truncatellina cylindrica (J. B. Férussac, 1807) X

Vertigo alpestris Alder, 1838 X X X X
Vertigo antivertigo (Draparnaud, 1801) X X X X X

Vertigo pusilla O. E Miiller, 1774 X X X X X X X
Vertigo pygmaea (Draparnaud, 1801) X X X

Vertigo ronnebyensis (Westerlund, 1871) X

Vertigo substriata (Jeffreys, 1833) X X X X X X X
Vertigo angustior Jeffreys, 1830 X

Pupilla muscorum (Linnaeus, 1758) X X

Vallonia costata (O. E Miiller, 1774) X X X X X

Vallonia pulchella (O. E Miiller, 1774) X X X X

Vallonia excentrica Sterki, 1893 X

Acanthinula aculeata (O. E Miiller, 1774) X X X X X X X X
Merdigera obscura (O. E Miiller, 1774) X X
Punctum pygmaeum (Draparnaud, 1801) X X X X X X X X
Discus ruderatus (W. Hartmann, 1821) X X X X

Discus rotundatus (O. E Miiller, 1774) X X X X X X X X
Arion subfuscus (Draparnaud, 1805) X X X X X X

Arion fuscus (O. E Miiller, 1774) X

Arion circumscriptus G. Johnston, 1828 X X X X X

Arion fasciatus (Nilsson, 1823) X X

Arion silvaticus Lohmander, 1937 X

Arion vulgaris Moquin-Tandon, 1855 X X

Vitrina pellucida (O. E Miiller, 1774) X X X X X X X
Vitrea contracta (Westerlund, 1871) X
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Table 5. continued

Species SZ BF RF WL GM GL LH KU
Vitrea crystallina (O. E Miiller, 1774) X X X X X X X X
Aegopinella minor (Stabile, 1864) X X X
Aegopinella nitidula (Draparnaud, 1805) X
Aegopinella pura (Alder, 1830) X X X X X X X X
Perpolita hammonis (Strgm, 1765) X X X X X X X X
Perpolita petronella (L. Pfeiffer, 1853) X X X X X X X
Oxychilus cellarius (O. E Miiller, 1774) X
Oxychilus draparnaudi (H. Beck, 1837) X
Oxychilus alliarius (J. S. Miller, 1822) X X X X X
Zonitoides nitidus (O. E Miiller, 1774) X X X X X X X
Limax cinereoniger Wolf, 1803 X X X X X X
Limax maximus Linnaeus, 1758 X
Limacus flavus (Linnaeus, 1758) X
Malacolimax tenellus (O. E Miiller, 1774) X X X X X X
Lehmannia marginata (O. E Miiller, 1774) X X
Ambigolimax nyctelius (Bourguignat, 1861) X
Deroceras agreste (Linnaeus, 1758) X
Deroceras laeve (O. E Miiller, 1774) X X X X X X
Deroceras reticulatum (O. E Miiller, 1774) X
Euconulus alderi (Gray, 1840) X X
Euconulus fulvus (O. E Miiller, 1774) X X X X X X X X
Cochlodina laminata (Montagu, 1803) X X X
Cochlodina orthostoma (Menke, 1828) X X X
Ruthenica filograna (Rossméssler, 1836) X X X X X
Macrogastra borealis bielzi H. Nordsieck, 1993 X X
Macrogastra plicatula (Draparnaud, 1801) X X X
Macrogastra tumida (Rossméssler, 1836) X X
Macrogastra ventricosa (Draparnaud, 1801) X X X
Claustlia bidentata (Strom, 1765) X X X
Clausilia cruciata (S. Studer, 1820) X X
Clausilia dubia Draparnaud, 1805 X X
Clausilia pumila (C. Pfeiffer, 1828) X X X
Laciniaria plicata (Draparnaud, 1801) X X X
Alinda biplicata (Montagu, 1803) X X
Strigillaria cana (Held, 1836) X X
Fruticicola fruticum (O. E Miiller, 1774) X X X X
Perforatella bidentata (Gmelin, 1791) X X X X X X X X
Monachoides incarnatus (O. E Miiller, 1774) X X X X
Monachoides vicinus (Rossméssler, 1842) X
Pseudotrichia rubiginosa (Rossméssler, 1838) X X X
Trochulus hispidus (Linnaeus, 1758) X X X X X
Euomphalia strigella (Draparnaud, 1801) X X X
Arianta arbustorum (Linnaeus, 1758) X X X X X
Helicigona lapicida (Linnaeus, 1758) X X
Faustina faustina (Rossmissler, 1835) X
Isognomostoma isognomostomos (Schroter, 1784) X
Cepaea hortensis (O. E Miiller, 1774) X X X X X X
Cepaea nemoralis (Linnaeus, 1758) X X
Helix pomatia Linnaeus, 1758 X X X X
Total species 30 52 60 51 34 31 33 43
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inance structure, with a group of one to three domi-
nant species, the complete absence of tree-climbing
species, and the small abundance and frequency of
Discus rotundatus — a species closely associated with
rotting timber (KUZNIK-KOWALSKA 1999).

DISCUSSION

Considering the values of the Chao index, the set
from Stary Zagaj seems to be only partly complete.
However, this may reflect the genuine poverty of
the fauna, in terms of both population density and
species richness. Unlike the other areas (CAMERON
& POKRYSZKO 2004, 2006, POKRYSZKO & CAMERON
2006, MARZEC 2010, SULIKOWSKA-DROZD 2010,
2011) the samples were taken in three different sea-
sons, on each occasion with two methods (searching
the microhabitats and sieving), to avoid sampling
errors resulting from the short life cycles and the
weather-dependent reproduction of some species
(for life history details see WHITNEY 1938, MORTON
1954, UMINSKI 1975, BAUR 1989, BULMAN 1990,
POKRYSZKO 1990, KUZNIK-KOWALSKA & PROCKOW
2016).

The small proportion of forest-dwellers, the lack
of clausiliids and the near-absence of tree-climbing
and timber-dependent species appear to be sympto-
matic of habitat disturbance. In this case the small
abundance may result from unfavourable conditions
(poor soils, age of tree stands), and the low frequen-
cies from heterogeneity of the sites which in turn
reflects a genuine patchy distribution. The values of
Whittaker’s index are high (I, 2.81, I, 1.86) and
thus not only much higher than at Lake Hancza (1.6),
but also much higher than those for similar clus-
ters of sites considered across N. Europe, where the
value of I,  of 1.43 is at the high end of the range
(POKRYSZKO & CAMERON 2005).

There is no unequivocal published evidence that
the nature reserve Stary Zagaj was part of an exten-
sive forest complex in the past. At present forests
cover ca. 20% of the region and pine stands prevail
while mixed or deciduous forests are limited to small
stands growing on slightly richer soil (KEPCZYNSKI
& CYZMAN 1995, KOPLINSKI et al. 2010). It is like-
ly that in the past the forest was continuous. The
area started being increasingly densely populated in
the 14th and 15th c. when large parts of the forest
were felled for building, fuel and to gain arable land
(KEPCZYNSKI & CYZMAN 1995); human habitations
were mainly built on rivers and lakes where the soil
was richer. Now, in the Skepe municipality, arable
land constitutes ca. 51% (KOPLINSKI et al. 2010). The
second stage of reduction of the forest-covered areas
took place during industrial development in the 16th
c. (charcoal, tar, glass and iron production) and in-

The mean Nei value for Stary Zagaj vs. all other
localities is small (0.53), the locality is the least sim-
ilar to Grady nad Moszczenica (0.41), and the most
similar to Lake Hancza (Table 6).

creasing colonisation in the 17th, 18th and early 19th
c. (KEPCZYNSKI & CYZMAN 1995), followed by inten-
sive management of the remaining forest fragments
(Stary Zagaj obtained the status of nature reserve in
2011, and though it has been nominally strictly pro-
tected since 2017 it is still managed!). This (sanitary
cuts, removal of dead timber implying herb layer and
leaf-litter damage), combined with the forest frag-
mentation and originally rather poor soils, are proba-
bly the reasons for the impoverishment of the fauna.
The fauna of Lake Harcza is similarly depauperate
(POKRYSZKO & CAMERON 2006).

In spite of the fact that each of the compared local-
ities was represented by a different number of sites,
their species richness shows differences which reflect
the general tendency. The number of species in the
rich localities (Bialowieza Forest, Romincka Forest,
Kaszuby Upland), though they are not very similar
(see Table 6), is comparable with such numbers in
very rich localities in the Carpathians (up to 57 spe-
cies; SZYBIAK 2000). They are also much less varied;
while I, is 1.3-1.5 for the richest localities in the
Carpathians (POKRYSZKO & CAMERON 2005), it rang-
es from 1.4 in Bialowieza (CAMERON & POKRYSZKO
2004) to 1.5-1.7 in Romincka Forest (MARZEC 2010).
On the other hand, the group of four poor localities
in Table 5 has much fewer species, unbalanced dom-
inance structure and in two cases clausiliids are ab-
sent. Besides, the three poor localities are less similar
to each other (Nei 0.41-0.60) than are the four rich
localities (Nei 0.66-0.75). The small similarity in the
group of poor localities suggests that the depaupera-
tion of their faunas was to a large extent random: dif-
ferent species were deleted from each locality which
before their impoverishment may have held a much
larger fauna, more similar to that of Bialowieza and
Romincka Forest.

Assuming an adequate collecting effort, the unbal-
anced dominance structure, small between-site simi-
larity reflected also by the high values of Whittaker’s
index, small proportion of forest-dwellers combined
with the near-absence or absence of clausiliids and
other tree-climbing and/or timber-dependent spe-
cies, seem to be crucial symptoms of anthropogenic
changes in effect at present or in the past.

Though Stary Zagaj offers habitat conditions
which are far from optimum, surprisingly Vertigo
angustior was found in the nature reserve (site 6:
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ash-alder riverine forest). Besides, it was found in
the town of Skepe, in site 1 (railway embankment).
It is listed in Annex II to the EU Habitats Directive
(EEC 1992) and in the IUCN Red List of Threatened
Species (IUCN 2014). Though in the EU it is regard-
ed as threatened (MOORKENS et al. 2012), the num-
ber of its records is increasing. The current number
of such records from Poland is 93 (KSIAZKIEWICZ et
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