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MOLLUSCAN FAUNA OF THE UPPER VISTULIAN AND EARLY 
HOLOCENE SEDIMENTS OF SOUTH POLAND 

Abstract 

Rich molluscan assemblages occur in different sediments deposited in South Poland during the inter­
val 20-8 thousand years BP. Successions of assemblages connected with shady and open habitats, swamps 
and marches as well as water basins can be distinguished. Each described succession comprises species of 
snails and bivalves characterizing changes of environment controlled mainly by climatic conditions. These 
species can be pointed out as important indicators of particular stages of the Upper Vistulian and Lower 
Holocene. 

INTRODUCTION 

The evolution of the molluscan fauna at the decline of the last glacia­
tion and the beginning of the Holocene followed substantial changes in cli­
mate and environment. Different types of molluscan assemblages and suc­
cessions of these assemblages occur in particular types of sediments de­
posited since the Pleniglacial of the Upper Vistulian till the Postglacial 
Climatic Optimum. They were described from many outcrops and profiles 
found in the whole area of South and Middle Poland, mainly in the 
Carpathians and their foothills as well as in the Polish Uplands (Fig. 1). 

Subfossil shells of snails, slugs and bivalves occur in such sediments as: 
loess and loess-like loams, lacustrine chalk and gyttja, calcareous tufa and 
traverti nes, sand and mud accumulated at the bottom of valleys, slope de-

. bris and soil enriched in calcium carbonate (rendsina). At many localities 
the age of mollusc-bearing deposits is es tabl ished with the radiocarbon or 
TL dating. Sequences of molluscan assemblages from selected, most i mpor­
tant profiles of the mentioned sediments characterize particular phases of 
the evolution of these fauna, inhabiting different biotops at the interval of 
20-8 thousand years ago. 

FAUNA OF MOLLUSC-BEARING DEPOSITS 

Subfossil shells of molluscs occur frequently in the Upper Vistulian 
loess and loess-like loams. The most instructive profiles are known from 
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Fig. 1. Distribution of the Upper Vistulian and Lower Holocene mollusc-bearing sediments in 
South Poland 

l. northern border of Carpathians; 2. calcareous tufa; 3. lacustrine chalk; 4. fluviatile sediments; 5. slope 
debris; 6. calcareous silts of dry valleys; 7. loess; CC - Central Carpathians; OC - Outer Carpathians; 
SU - Silesian Upland; KU - Cracow Upland; MU - Miechów Upland; SB - Sandomierz Basin; GS - Holy 

Cross Mountains; OU - Opatów-Sandomierz Upland; LU - Lublin Upland 

the Cracow Upland and Carpathian Foothills (Fig. 2). The fauna of the 
loess deposited just before the last Pleniglacial, dated at 30-21 thousand 
years BP depends on local habitat conditions but may be relatively rich 
and contain usually 6-12 species, such as: Trichia hispida, Arianta arbusto­
rum, Pupilla muscorum, Clausilia dubia, Vallonia tenuilabris, V. pulchella, 
Columella columella and Vertigo parcedentata, accompanied by snails con­
nected with dry steppes (Helicopsis striata, Pupilla sterri) and numerous 
shells of snails most typical of loess (Pupilla loessica, Succinea oblonga 
elongata). A quite poor molluscan assemblage occurs in sediments of the 
last Pleniglacial. In a lot of samples only 1-4 species of snails can be 
found and the fauna is clearly dominated by Pupilla loessica. In the upper­
most part of sorne profiles the last mentioned species is progressively re­
placed by Succinea oblonga elongata becoming the most important compo­
nent of the fauna. The assemblage is usually more rich, enclosing Vallonia 
tenuźlabris, Pupilla muscorum, Columella columella, Semilimax kotulai and 
a few other species (Fig. 2). Mesophile snails living in moderately humid 
and hum id habitats prevai I i n sed i ments of the descending phase of the 
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Fig. 2. Molluscan fauna of loess 
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A - age BP (in thousand years); KU - Cracow Upland; RF - Rożnów Foothill; M - Maszków; J - Ja­

nuszowice; N - Niedźwiedź; B - Bibice; S - Sienna; R - Roztoka. Number of shells: l. few; 2. common; 
3. abundant; 4. datation - 14c; 5. datation - TL 

Ple n iglacial. At th ree localities loess with numerous shells of water mol­
luscs were noted, too (ALEXANDROWICZ, 1988, 1991a, b). 

Lacustrine sediments developed as chalk, calcareous silt and gyttja 
were deposited during the Late Vistulian and Early Holocene in small, 
shallow lakes. In the Jasło-Sanok Depression (Carpathian Foothill) a lot of 
these water bodies had formed a lakeland completely declined before the 
Atlantic or even the Boreal Phase (WóJCIK, 1987; GERLACH 1990). The mol­
luscan fauna of the Late Glacial enclose the two main components: snails 
represented by Gyraulus laevis with an admixture of Gyraulus acronicus, 
and th ree taxa of bivalves (Pisidium stewarti, P. obtusale lapponicum, 
P. lillieborgi) accompanied by a few eurythermic species . The Holocene as­
semblage is characterized by a considerable content of shells and opercula 
of Bithynia tentaculata beside numerous species of snails (Armiger crista, 
Anisus contortus, Physa fontinalis) and bivalves (Pisidium subtruncatum, 
P. nitidum, P. milium). A fauna with Lymnaea peregra can be distinguish­
ed as a transitional assemblage separating the two previously mentioned 
(Fig. 3). The most representative profiles of the described mollusc-bearing 
lacustrine sediments are known in Roztoki near Jasło, Miejsce Piastowe 
near Krosno and Niepołomice near Cracow (ALEXANDROWICZ, 1981, 1987a, 
1991c). 

The silts and calcareous silts filling short, dry valleys are developed 
mainly in the Małopolska Upland. A rich and differentiated molluscan fau­
na can be found in these sediments. In the profile in Częstochowa the se­
quence begi ns at an assemblage with Vertigo parcedentata, Succinea putris 
and Pupilla muscorum. It corresponds with the swampy habitats of the de-
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Fig. 3. Molluscan fauna of lacustrine chalk 
R - Roztoki; M - Miejsce Piastowe; S - silt; C - chalk; P - peat; LV - Late Vistulian; H - Holocene. 

Remaining explanations as in Fig. 2 

scending phase of the Pleniglacial. The next one is dominated by Vertigo 
genesii, accompanied by Semilimax kotulai, Euconulus fulvus, Nesovitrea 
hammonis and a few other eurythermic species. This fauna is typical of 
the Late Vistulian therefore the presence of Discus ruderatus is notewor­
thy here. The increasing content of shadow-loving snails such as: Acicula 
polita, Acanthinula aculeata, Vitrea crystallina and Discus rotundatus in­
dicates the early phase of the Holocene while the advanced amelioration 
of the climate is marked by the occurrence of Cochlodina orthostoma, 
/sognomostoma isognomostoma and Helicigona lapicida (Fig. 4). 

A similar sequence of molluscan assemblages was described by Prn­
CHOCKI (1977) from Kunów in the Kamienna river valley. In the Late Vis­
tulian sediments filling a side valley open-country and eurythermic species 
dominated. Snails connected with the cold climate (Columella columella, 
Vertigo parcedentata, Vallonia tenuilabris) were accompanied by Nesovit­
rea hammonis, Euconulus fulvus, Vallonia pulchella, Vertigo genesii and 
Succinea putris. Since the beginning of the Holocene the content of wood­
land snails had been increasing markedly. These were at first: Acicula 
polita, Acanthinula aculeata, Aegopinella pura and Discus ruderatus fol­
lowed with a fauna with Clausilia cruciata, Macrogastra latestriata, 
M. ventricosa, Discus perspectivus and Perforatella vicina. The last men­
tioned assemblage corresponded with the climatic optimum and according 
the radiocarbon dating it fell into the interval 8,620-6,160 years BP (JER­

SAK, 1977). 
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The richest rnolluscan fauna occurs in calcareous tufa and travertines 
i n the Carpath ians, Carpath i an Foothill, Cracow U pl and and Kielce-San­
dom ierz Upland. The mentioned sediments are connected with the Holo­
cene but in a few profiles they are preceded by mollusc-bearing silts of 
the Late Vistul ian. The assemblage with Vertigo genesii accornpanied by 
Columella columella, Succinea oblonga, Semilimax kotulai, Vertigo geyeri, 
V. substriata, Nesovitrea hammonis, Vallonia pulchella, V. costata and Pu­
pilla muscorum was found in the lowermost part of the profile near Gdów 
(Fig. 5). Similar assernblages occur in Late Vistulian tufa in the Central 
Carpathians (Gliczarów, Ostrysz) and in Sieradowice near Bodzentyn 
(Fig. 6). The age of this type of fauna is confirmed by the radiocarbon 
dating. 
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Fig. 4. Molluscan fauna of calcareous silt filling dry valleys (Częstochowa) 
S - silt and sandy silt; T - calcareous silt and tufa; F - content of woodland snails. Remaining explana­

tions as in Fig. 2 

Since the beginning of the Holocene the content of shadow-loving 
snails has been increasing markedly. Besides a typical species - Discus 
ruderatus, a lot of such taxa as: Acicula polita, Vitrea crystallina, Ae­
gopinella pura and Bradybaena fruticum are found in several outcrops. 
The most instructive profile characterizing the whole postglacial sequence 
of molluscan assernblages is known i n the Racławka stream valley (Fig. 6). 
Species of shady habitats (Discus rotundatus, Perforatella incarnata, Ena 
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Fig. 5. Molluscan fauna of silt and calcareous tufa from Carpathian Foothill 
(Gdów-Zabłocie) 

S - silt; T - calcareous tufa; O - organie mud; M - mud. Remaining explanations as in Fig. 2 
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Fig. 6. Molluscan fauna of calcareous tufa in the Małopolska Upland 
R - Racławka near Cracow; S - Sieradowice near Bodzentyn. Explanations as in Fig. 2 
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montana) prevail in the tufa of the climatic optimum while in the younger 
sediments open-country and catholic snails are the most important compo­
nents of the fauna. In particular profi les of the Holocene tufa relations be­
t we en the main ecological groups of molluscs are quite variable. Four 
types of molluscan successions can be distinguished (ALEXANDROWICZ 
1983, 1987b; ALEXANDROWICZ, CHMIELOWIEC, 1992; ALEXANDROWICZ et al., 
1992): 
- assemblages with woodland snails, characterized by a sequence: Discus 
ruderatus-Discus rotundatus-Discus perspectivus; 
- assemblages dominated by open-country and mesophile snails; 
- assemblages of march species: Vertigo antivertigo-Vertigo angustior-
Vertigo moulinsiana; 
- assemblages of water molluscs containing taxa living mainly in streams 
or temporary water bodies. 

The fauna of fluviatile sediments deposited on alluvial plains and fill­
ing ox-bows was described from severa} localities in the Carpathians and 
Carpathian Foreland. In the profile in Łężkowice near Wieliczka the suc­
cession begins with an assemblage with Succinea oblonga and Trichia hisp­
ida passing upward into a fauna dominated by open-country snails (Vallo­
nia pulchella, V. costata), accompan ied by Vertigo geyeri, Nesovitrea ham­
monis and Perforatella bidentata found i n the sand and si lt of the Late 
Vistulian (Fig. 7). The main components of this assemblage pass to the fau­
na of the Holocene sediments which is enriched in severa} mesophile and 
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Fig. 7. Molluscan fauna of fluviatile sediments from the Carpathian Foothill (Łężkowice) 
D - sand; N - sandy silt; S - silt; C - clay; M - mud. Remaining explanations as in Fig. 2 
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shadow-loving snails, such as Carychium tridentatum, Vertigo antivertigo, 
Vitrea crystallina and Perforatella incarnata (ALEXANDROWICZ, WYŻGA, 
1992). 

The succession of assemblages found in the sediments filling ox-bows 
and ot her wa ter basi ns developed on the al luvial plains of several river 
valleys are disti nctly di fferentiated and controlled mai n ly by local condi­
tions. Water molluscs, march snails and catholic species are the main com­
ponents of these assemblages. Instructive examples of such successions are 
described from the Wisłoka river valley and Sancygniówka river valley 
(ALEXANDROWICZ, 1987b). In both valleys the fauna dominated by water 
molluscs passes upward into an assemblage containing an admixture of 
species living in swamps or marches and into a fauna with a considerable 
content of march and mesophile snails. The changes of molluscan assem­
blages reflect particular phases of the transformation and decli n i ng of the 
mentioned water basins during the Lower Holocene. Similar molluscan as­
semblages were found in sediments filling dam-lakes connected with land­
slides or small water bodies developed on slided colluvial masses (ALEX­
ANDROWICZ, 1987, 1993). 

Shells of land snails are fairly common in slope debris, in loams with 
limestone lumps deposited in caves and fissures as weU as in some soil 
profiles. A sequence of four assemblages corresponding to the interval 
20-6 thousand years BP is known from the Zawalona Cave in the southern 
part of the Cracow Upland. lt begins with a fauna with Pupilla loessica 
and Succinea ob longa elongata accompan ied by Trichia his pi da, Semilimax 
kotulai and Clausilia dubia, attributed to the descending phase of the 
Pleniglacial. The next fauna is en riched i n open-country and catholic 
snails of a wide climatic tolerance. The occurrence of Discus ruderatus 
and Vertigo geyeri beside Semilimax kotulai and Vallonia tenuilabris is 
noteworthy and indicates the Late Vistulian age. The Early Holocene fauna 
is dominated by Vallonia pulchella and V. costata with a considerable ad­
mixture of Discus ruderatus, Vitrea crystallina, Bradybaena fruticum and 
Nesovitrea hammonis. A rich mol luscan assemblage with a lot of woodland 
snails indicating the climatic optimum can be distinguished as the next 
component of the said sequence. 

Another profile of the mollusc-bearing slope sediments was found close 
to the outlet of a small cave in the Sobczański Gully (Pieniny Mts). A fau­
na with Discus ruderatus, Vallonia costata, Arianta arbustorum and Semil­
imax kotulai attributed to the lowermost part of the Holocene is the oldest 
component of the sequence. lt passes upward i nto a fauna with Discus rud­
eratus, Vitrea crystallina, Bradybaena fruticum, Vallonia costata and 
Clausilia dubia, characterizing the Boreal Phase of the Holocene. The as­
semblage with numerous species of woodland snails such as Vitrea dia­
phana, Isognomostoma isognomostoma, Ruthenica filograna and Helicigo-
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na /austina corresponds to the Atlantic Phase while in the upper part of 
this sequence traces of the deforestation attributed to the Upper Holocene 
are clearly expressed (ALEXANDROWICZ, 1987b). Similar successions of 
Holocene molluscan assemblages were noted in both the Pieniny Mts and 
Cracow Upland as well as in the Tatra Mts. 

SUCCESSIONS OF MOLLUSCAN ASSEMBLAGES 

Particular molluscan assemblages are connected with ancient habitats 
changing subsequently to the evolution of climate. A fauna living in stable 
habitats is modified mainly by climatic conditions forming a simple suc­
cession developed in a specific type of environment. Relations between 
ecological groups of molluscs remain almost unchanged for a long time 
while species of different climatic tolerance follow one another. A com­
bined type of succession occurs in changing habitats. lt contains assem­
blages characterized by a different content of particular ecological types 
of snai Is and bivalves and reflects the transforrnation of environment 
documented in one sequence of deposits and molluscan fauna. Quaternary 
rnolluscan successions were described from different regions by LożEK 
(1976, 1982), ALEXANDROWICZ (1983, 1987b), LIMONDINE, ROUSSEAU (1991) 
and other authors as important indicators of evolution of the climate and 
environment. 

Four types of sirnple successions can be distinguished in the Upper Vis­
tulian and Lower Holocene of South/Middle Poland (Fig. 8): 
S - succession: assemblages of snails living in shady or partly shady habi­

tats (mai n ly the woodland fauna); 
O - succession: assemblages of open-country snails connected with dry 

and moderately hurnid habitats; 
M - succession: assemblages of rnarch species living in hurnid habitats, 

mainly in wet rneadows, darnps and marches; 
W - succession: assernblages of water rnolluscs . 

Changes of the rnolluscan fauna can be attributed to the following time 
i ntervals correspondi ng with the mai n cli ma tie phases (Fig. 8): 
Ps-1 - the Late Interpleniglacial just before the last cold period (23,000-

-21,000 BP); 
Ps-2 - the last Pleniglacial (20,000-18,000 BP); 
Ps-3 - the descending phase of the Pleniglacial (16,500-14,500 BP); 
Ps-4 - the Late Vistul ian (12,000-10,500); 
Ps-5 - the Preboreal and Boreal Phases of the Lower Holocene (I0,000-

-8,500 BP); 
Ps-6 - the clirnatic optimum of the Holocene (8,000-6,000 BP). 

The rnolluscan fauna typical of shady habitats developed subsequently 
to the afforestation, mainly since the beginning of the Holocene but ini-
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Fig. 8. Molluscan successions of the Upper Vistul ian and Lower Holocene sediments of South 
Poland 

BP - age in thousand years; 1-6. intervals connected with c!imatic phases (described in the text); S, O, M, 
W - types of successions of molluscan assemblages (described in the text); DN- GL - particular mollus­

can assemblages (described in the text) 

tially also during the warm episodes of the Late Vistulian. Shells of me­
sophile snails connected with both open and shady environments, accompa­
nied by a few species living in bushes and on skirts of forest occur in sed­
i ments of the Interpleniglacial as components of the first assemblage of 
the S-succession (Trichia hispida fauna, Fig. 8, TH). This assemblage con­
tains snails typical of loess with an admixture of Trichia hispida, Arianta 
arbustorum, Semilimax kotulai, Clausilia dubia, Nesovitrea hammonis, Eu­
conulus fulvus and shells of slugs. lt is the richest fauna of the Inter­
pleniglacial. The lack of this type of assemblage in the following two 
phases (Fig. 8, Ps-2, -3) is responsible for a break in the described S-suc­
cession. lts next element is represented by the Nesovitrea hammonis fauna 
developed in Late Vistulian sediments (Fig. 8, NH). lt is a fauna with 
snails of a wide climatic tolerance such as: Nesovitrea hammonis, Euconu-
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lus fulvus, Punctum pygmaeum, Trichia hispida, Arianta arbustorum and 
Bradybaena fruticum. The occurrence of Discus ruderatus, Vitrea crystal­
lina and Vertigo substriata is noteworthy. 

The assemblage with component of the S-succession is typical of the 
Lower Holocene (Fig. 8, DR). lt is a rich fauna with a considerable number 
of woodland and mesoph i le snai Is such as: Disc us ruderatus, Acie ula poli­
ta, Vertigo pusilla, V. substriata, Acanthinula aculeata, Aegopinella pura, 
Cochlodina laminata, Vitrea crystallina, Cochlicopa lubrica and Punctum 
pygmaeum. Similar molluscan assemblages described as Ruderatus fauna 
are known from many profiles of the Lower Holocene deposits in the 
whole Europe (LOŻEK, 1964, 1970, 1982; DEHM, 1967; FUHRMANN, 1973; 
ALEXANDROWICZ, 1987b). The youngest element of the mentioned succes­
sion is represented by a fauna with Discus rotundatus (Fig. 8, DN). lt con­
tains a lot of species of woodland snails including taxa migrating from 
West and South Europe subsequently to the amelioration of the climate. 
The main components of this fauna are species of the preceding assem­
blage completed by: Discus rotundatus, D. perspectivus, Ena montana, 
Cochlodina orthostoma, Ruthenica filograna, Macrogastra plicatula, Vit­
rea diaphana, Carychium tridentatum, Perforatella incarnata, /sognomos­
toma isognomostoma and many others. This is the richest and most differ­
entiated fauna of the described sequence, widely distributed (LożEK, I 964, 
1982; FUHRMANN, 1973; ALEXANDROWICZ, 1987b; DEHM, 1987). 

The succession of molluscan assemblages typical of open environments 
begins with a fauna with Pupilla sterri and Helicopsis striata (Fig. 8, PS). 
Besides the nominał species it contains numerous shells of Pupilla loessi­
ca, P. muscorum, Succinea oblonga elongata and Vallonia tenuilabris with 
an admixture of Vallonia pulchella, V. costata and occasionally - Chondru­
la tridens. Shells of other species typical of loess can be found, too. The 
mentioned assemblage is connected with the Interpleniglacial. Subse­
quently to the deterioration of climatic conditions it passes into a poor and 
less di fferentiated fauna with Pupilla loessica, typical of the last cold peri­
od (Fig. 8, PL). The nominał species clearly dominates or is even the sole 
component of the assemblage. lt can be accompanied by shells of Succinea 
oblonga elongata, Vallonia tenuilabris, Columella columella and a few other 
snails. In a lot of samples the rnentioned fauna encloses oniy one species 
represented by a different number of specimens. During the descending 
phase of the Pleniglacial in open environments Pupilla loessica was gradu­
ally replaced by Succinea oblonga elongata - the nominał species of the 
next assemblage (WIKTOR, 1960; ALEXANDROWICZ, 1987b, 1991b). The num­
ber of species increased slightly. Such taxa as Pupilla muscorum, P. loessi­
ca, Trichia hispida, Vallonia tenuilabris and Columella columella occur be­
sides numerous shells of Succinea oblonga elongata but in many places the 
fauna encloses only one - the last mentioned taxon (Fig. 8, SO). 
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A quite another assemblage characterizes the open environments of the 
Late Vistulian. This is a fauna dominated by the two species: Vallonia pul­
chella and V. costata (the Va/fonia fauna, Fig. 8, VV), known also from the 
West Europe (LożEK, TH0STE, 1972). A few other species can be found ad­
ditionally in this assemblage: Va/fonia tenuilabris, Pupilla muscorum, Coch­
licopa lubrica and Nesovitrea hammonis. The mentioned fauna continues 
throughout the Lower Holocene but it is enriched in such components as: 
Cochlicopa lubricella, Euomphalia strigella, Vitrea contracta and Vitrina 
pellucżda instead of Va/fonia tenuilabris and other taxa connected with the 
cold climate. The next assemblage of open-country snails is characterized 
by the same species with a domination of Va/fonia pulchella and V. costa­
ta. It also contai ns species found occasionally i n older deposits: Vertigo 
pygmaea, Truncatellina cylżndrica, Chondrula tridens and a few others. 
The assemblage with Vertigo pygmaea closes the O-succession as its young­
est element (Fig. 8, VP). This type of fauna is wide-spread in the Upper 
Holocene sediments and indicates human impact, particularly the progress­
ing deforestation of large areas. Assemblages of snails inhabiting humid 
and wet habitats form the M-succession characterized by a fairly rich and 
differentiated fauna. lt begins at an assemblage with Columella columella 
and Vertigo parcedentata, typical of the Upper Vistulian (Fig. 8, CV). In 
the Interpleniglacial deposits besides the two nominał species shells of 
Succinea oblonga efongata, S. putris, Lymnaea truncatula and a few other 
eurythermic snails can be found but only the first mentioned reach a con­
siderable number of spec i mens. The second assemblage characteri zed by 
Columella columella is qui te poor. It occurs i n deposits of the Pleniglacial 
and its descending phase (Fig. 8, CC). An increasing number of Succinea 
oblonga efongata characterizes the transition of the CC-assemblage to the 
SO-assemblage, noted frequently in deposits of the Late Pleniglacial. 

The fauna with Vertigo genesii and V. geyeri is the most typical assem­
blage of the Late Vistulian (Fig. 8, VG). lt is fairly rich and contain species 
living in swamps and marches in both cold and temperate climate. These 
are: Succinea putris, S. oblonga, Lymnaea truncatula, Vertigo substriata 
and Zonitioides nitidus as well as a glacial relic - Columella columella. 
The next assemblage with Vertigo antivertigo, (Fig. 8, VA) is more rich and 
contains such species as: Vertżgo substriata, V. angustior, Succinea putris, 
Carychium minimum and Perforatella rubiginosa with an admixture of 
Vertigo geyeri and occasionally - Vertigo genesii. The youngest fauna of 
the mentioned succession encloses all species known from the previously 
described one, completed by Vertigo moulinsiana, Va/fonia enniensis and a 
few other taxa (Fig. 8, VM). Transitions to assemblages of water molluscs 
or shadow-loving snails are noted in profiles of different sediments. 

The succession of water fauna (W-succession) is composed by a few as­
semblages connected with the sediments of particular types of water 
basins inhabited by snails and bivalves. The oldest assemblage is known 
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mai n ly in loess deposited just before the last Pleniglacial. lt is a fauna 
with Gyraulus laevis accompanied occasionally by Aplexa hypnorum and 
Pisidium obtusale lapponicum. The same assemblage can be found in sedi­
ments of the last cold period (Fig. 8, GL). During the descending phase of 
the Pleniglacial the fauna was enriched in a few species (Gyraulus acroni­
cus, Pisidium stewarti, P. lillieborgi). It is distinguished as the Gyraulus­
-Pisidium fauna (Fig. 8, GP). The next assemblage is more rich again and 
occurs mainly in lacustrine chalk, lacustrine silt and calcareous gyttja. It 
is composed of species known from the previously described fauna and ad­
ditionally of: Valvata piscina/is, Lymnaea ovata, Gyraulus rossmaessleri, 
Anisus leucostomus, Armiger crista, Pisidium milium and P. nitidum (Gy­
raulus-Valvata fauna, Fig. 8, GY). 

The fauna of the Lower Holocene deposits is characterized by Bithynia 
tentaculata (Fig. 8, BT). Beside numerous shells and opercula of this 
species a lot of other taxa occur in the mentioned assemblage: Gyraulus 
laevis, G. riparius, Armiger crista, Hippeutis complanatus, Anisus contor­
tus, Valvata cristata, Sphaerium corneum, Pisidium nitidum, P. casertanum 
and P. subtruncatum. Subsequently to the warming of climate the Bithynia 
fauna (BT) passes into the assemblage with Gyraulus albus and Pisidium 
moitessierianum (Fig. 8, GA). The nominał species is connected rnainly 
with the sedirnents of lakes and rivers while in the deposits of small and 
temporary water bodies the fauna with Lymnaea truncatula, L. palustris, 
Planorbis planorbis, Planorbarius conreus, Anisus leucostomus and many 
other species can be found. 

CONCLUSIONS 

Substantial changes in molluscan fauna followed the evolution of cli ­
mate since the last lnterpleniglacial till the Atlantic Phase of the Holo­
cene (LOŻEK, 1970, 1976, 1982; ALEXANDROWICZ, l987b; LIMONDINE, Rouss­
EAU, 1991 ). The fauna connected with particular types of habitat developed 
subsequent.ly to changes of climatic conditions from a few simple and com­
bined successions of molluscan assemblages, found i n different sediments. 
The assemblages typical of loess can be successively related to the Late 
lnterpleniglacial (the fauna with Trichia, Arianta and Pupilla), the Pleni­
glacial (the fauna with Pupilla loessica) and its descending phase (the fau­
na dominated by Succinea ob!onga elongata). The assemblages of the Late 
Vis tu lian enclose species cli matically very tolerant, includi ng the most 
typical taxon - Vertigo genesii, living in rnarches and swampy habitats sub­
sequently to the deglaciation. The woodland snail Discus ruderatus is typi­
cal of this interval whiie a few other taxa characterize open and swampy 
habitats. The water snai l Bithynia tentaculata, living now in temperate 
zone within areas covered with mixed or deciduous forests with Corylus, 



18 S. W. Alexandrowicz, W. P. Alexandrowicz 

indicates the beginning of the Holocene in profile of sediments of differ­
ent water basins. During the climatic optimum the molluscan fauna re­
mained disti nctly di fferentiated. Particular assemblages enclose species 
typical of the humid, temperate climate, which migrated at that time from 
western and southern Europe. 
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