
Sbomik
geolngickÿch v6d

Anlropozoikum

24

Pages
35-59

IO
figs.

9
tabs.

4
pis.

Coi 3

Prahli 2000
ISBN 80-7075-412-5 
ISSN 0036-5270

Palaeoecology of Quaternary Mollusca

Paleoekologie kvartérm'ch mëkkÿiû

VOJEN LOlEK'

Received September 29, 1998

Kt‘\ words: Quaternary Mollusca, Present-day and fossil MaUicocoenoses, Sediments. Soils. Taphonomic contexts, Malaca- 

loii leai Eco* I rati g raphy

[ o/j-iK. V. (2000): Palaeoecology of Quaternary Mollusca. - Sbor. geo!. Vcd. Antropozoikum, 24, 35-59. Praha.

Abstract: Mollusca occur practically in ali calcareous Quaternary sediments and soils. Their palacoenvironmental interpretation rests 

laruei y on knowledge of the recent fauna as well as of local taphonomic contexts, particularly as concerns the catchment arca from which 
ihcWells were transported into the deposits in question. Fossil assemblages that arc referable to living molluscan communities pose no 

interpretive problems, however, a number of Pleistocene assemblages exists which have no present day analogy. Such mulacofaunas 

may be interpreted only in close correlation with characteristic properties of sediments or soils in which they arc incorporated. The best 

example is represented by peculiar snail assemblages of the loess. Their composition provides convincing evidence that several species 

had environmental requirements differing from those at present. The study of fossil mulacofaunas covers a wide range of habitats and en­

vironments so that it enables the landscape develoment to be reconstructed in detail. This is particularly important in regions where other 

lossii groups arc lacking. Within broad chronological context they provide aiso reliable chronological data. A multilateral application of 

Mollusca to various problems of the Quaternary Era still suffers from lack of correlation with other main groups of Quaternary fossils as 

well as of a sufficient number of records from many regions.
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PROBLEMS

The purpose of this paper is to review some of the pro­

gress thai has been made in recent years in our knowl­

edge of the interpretation of Quaternary molluscan fau­

nas. The atea dealt with in this paper is Central and 

Western Europe where the great majority of malaco- 

logically treated sites are situated in well known strati­

graphic contexts. Molluscan shells generally occur in 

high numbers in a wide range of deposits with sufficient 

CaC03 content. Best fossilization conditions are thus 

given in areas consisting of calcareous sediments, par­

ticularly iii karstlands. in the loess zone as well as in 

most low-lying regions with Tertiary and Quaternary 

substrates. These areas are generally rich in archaeologi­

cal findings, whereas plant remains are rather rare or 

lacking, so thai fossil mollusc provide the main evi­

dence of pasi environments over vast areas, particularly 

m the warm-dry South-East (inner Bohemia, Vienna 

Basin, Pannonian Lowland).

Although moll usta have been collected since the start 

ol modern palaeontological research, their importance 

remained underestimated or misinterpreted for a long 

lime, particularly in comparison with that of fossil flora 

or vertebrate fauna. Even though a number of mono­

graphs and detailed studies published during the second 

bali of this century considerably supported the applica- 

lion of mollusca to Quaternary problems (ALEXANDRO- 

w,cz 1987, Danilovskij 1955, Evans 1972, Falk-

NER 1969, FUHRMANN 1973, FÜKÖH el al. 1995. KER- 

NEY 1977, LOZEK 1964. 1967, 1976, 1982, 1986, Ma­

nia 1973, PUISSÉGUR 1976 etc.), the evidence provided 

by fossil mulacofaunas was not fully utilized till now.

There are two reasons for this state of knowledge: ( 1 ) 

The trend to evaluate ino)lusca primarily from chrono- 

stratigraphic point of view - and (2) an unsufficient 

stratigraphic treatment of many fossiliferous deposits. 

Of importance is aiso the fact thai fossil malacofaunas 

were commonly evaluated by zoologists without experi­

ence in Quaternary problems as well as in determining 

of poorly preserved fragmentary materials. For instance, 

the famous German malacologist D. GEYER (1927) paid 

considerable attention io Quaternary malacocoenoses 

and described exactly their sequence in limnic and 

marshland habitats, but misinterpreted their correlation 

with depositional environments characterizing wami or 

cold climatic phases. This resulted from his ignorance of 

the Quaternary climatic cycle and its relation to 

depositional and pedogenic processes which were, how­

ever, poorly known at thai time. It is aiso important to 

emphasize that many studies deal with aquatic and wet­

land species which provide much less useful data on cli­

matic fluctuations than terrestrial malacocoenoses. For 

this reason, our study is focused particularly on wood­

land and steppe communities closely associated with 

warm or cold intervals.

Only new investigations after the World War II fo­

cused on a precise correlation between Quaternary sedi-
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merus and soils and the incorporated molluscan commu­

nities (Kowalski and Berger 1966) demonstrated 

how sensitively the malacofauna reflects climatic and 

environmental changes, on which the Quaternary stra­

tigraphy is predominantly based and which alternate 

much more rapidly than phylogénie changes in mollus­

can species, so that molluscs can be applied as index fos­

sils only to general subdivisions of the Quaternary. It 

will be obvious from the foregoing thai the Mollusca 

may play the most important role in close correlation be­

tween specific molluscan assemblages and sediments or 

soils characterizing particular phases of the climatic cy­

cle including changes in occurrence of particular index 

species in time and space. Such an approach means thai 

molluscs are of prime importance to Quaternary eco­

stratigraphy which must be based on a precise knowl­

edge of ecological requirements of particular species as 

well as communities. It should be stressed thai most sed­

iments and soils depend on the same environmental fac­

tors as molluscs which can thus provide valuable evi­

dence of the character of the whole ecosystems.

BASIC PRECONDITIONS

FOR MALACOLOGICAL ECOSTRATIGRAPHY

A successful application of Mollusca to Quaternary 

ecoslraligraphy must be based on a reliable knowledge 

of the following aspects:

A. Precise knowledge of the ecological requirements 

of particular species at the present lime with respect io 

the following factors:

• Climate: The occurrence of species and communities 

in particular eli matie zones, altitudinal belts (PI. 1/1) as 

well as regions with special reference to the close rela­

tion of molluscs to soil microclimate; for instance, for­

est soils arc characterized by much lesser fluctuations 

in temperature and moisture than open-country soils, 

so that woodland snails are mostly confined to warm 

intervals (characterized by closed woodland).

• Substrate: The relation of molluscs to physical and 

chemical qualities of rocks, and above ali, of soils 

considerably control the character of malacofauna. 

For example, we may mention specific malacocoeno­

ses from loess (Tab. 1) which lived on loess raw soils 

rich in CaCO, and other mineral components (LOÉEK 

1965, 1991, Rousseau 1991).

• Vegetation: The vegetation affects the malacofauna 

by local environments characterizing particular vegeta- 

tional formations; for instance, dendrophilous and ed- 

aphophilous elements in woodlands; heliophilous 

open- ground species; relations io chemical properties 

of certain plant species, particularly to their accessi­

ble calcium content, which are expressed by the posi­

tive effect on snail fauna living in the litter of trees 

containing the citrate calcium, even on acidic bed­

rock (Wâreborn 1969, Walden. Gardenfors 

and Wareborn 1992).

Of further factors which should be considered, the 

dispersal rates of particular species are important. They 

can be stated on the basis of gradual colonization of 

newly created habitats, such as quarries (PI. 1/2), castle 

ruins, railway embankments etc., or by observations of 

riparian drifts (PI. III/l>and new occurrences along 

streams.

Of prime importance is a precise knowledge of present 

and pasi ranges of molluscan species in particular Quater­

nary regions (TAYLOR 1965), for instance of Alpine or 

Carpathian elements in the adjacent uplands and partly 

aiso lowlands of Germany, Austria and Czech Lands. An­

other important factor may be the age of prehistoric 

landnam which supported or hindered the expansion of 

various species and communities (Lo2ek 1982).

The above mentioned factors should be assessed in 

the context of whole biocoenoscs in relation to complete 

ecosystems, first of ali to phytocoenoses. There re­

mains, however, a crucial question to which extent these 

present-day observations can be of use in interpreting 

the pasi (Taylor 1965). Therefore, the second basic 

precondition must be fulfilled:

B. The correlation between malacofauna and envi­

ronments in various phases of the Quaternary climatic 

cycle characterized on the basis of scdimentological and 

pedological criteria (LOZEK 1976). The following mol­

luscan communities may be distinguished:

• Assemblages that are referable io living molluscan 

communities which usually characterize the wami in­

tervals (thermomeres) of the younger half of the Qua­

ternary. Minor changes in comparison with the pres­

ent state manifest themselves mostly in the areal ex­

tent of the range of particular species. For instance, 

the interglacial malacocoenoses with south-eastern 

elements, such as Drobacia banatica (R$SM.) or 

Soosi a diodonta (FÉR.) (Fig. 1) differ otherwise only 

in minor details from modern malacocoenoses living 

in deciduous mesic forests of wami mid-European up­

lands (Tab. 2/P, Pi. 11/1,2).

Q_l 2 3 4 5 mm

I. S<x>iio diodonta ( FERUSSACI - in­
dex species of mui-European inter­
glacial*. living in the South Carpat­
hians and North Balkans at present.
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Tabic I. European loess Mollusca

Widespread loess species 

Columella columella (MART.) 

Helicopsis striata (MULL.) 

Pupilla densegyrala Lzk 

Pupilla loessica L2K 

Pupilla mu sen nini (L.)

Pupilla s terri (VTJI) 

Succinea» oblonga (DRAP.) 

Trichia hispida (L.)

Vallonia tenuilabris (A. BR.) 

Vertigoparccdentata (A. BR.)

Regional/local loess species 

Arioma arbustorum (L.) 

Calinella arenaria (B.-Cu.) 

Clausilia dubia DkAP. 

Clausilia parvula FUR. 

Granaria frumentum (DRAP.) 

Neostyriaca cory nodes (HELD) 

Orcula dolium (Drap.)

Pupilla triplicata (STUD.) 

Trichia sericea (DRAP.)

Trichia striolata (C. PFR) 

Vallonia costata (MÜLL.) 

Vertigo pseudobistriata L2.K 

Vestia turgida (ROSSM.)

Occasional loess species______

Chondrula tridens (MÜLL.) 

Cochlicopa lubrica (MULL.) 

Euconulus fulvus (MÜLL.) 

Limacidae/Agriolimacidae 

Perpolita hammonis (STROM) 

Punctum pygmaeum (DRAP,) 

Semilimax kotulae (WEST.) 

Vertigo modesta (SAY) 

Vertigo pygmaea (DRAP.) 

Vitrea crystallina (MÜLL.) 

AQUATIC SPECIES 

Galba truncatula (MULL.) 

Pisidium stewarti PRESTON

Swamp loess species _

WETLAND SPECIES 

Pseudotrivia rubiginosa (A. Seu.) 

Succinea putris (L.)

Zonitoides nitidus (MUlLl.) 

AQUATIC SPECIES 

Anisus leucostoma (MULL.)

Anisus vortex (L.)

A plexa hypn orion (L.)

Bithynia troscheli (PaASCII) 

Cymatus aerogenes (FÉR.) 

Pisidium cascrtammi (POLI) 

Pisidium obiusale (Uam.) 

Planorbis planorbis (L.)

Radix ovata (DRAP.)

Stagnicola glaber (MÜLL.) 

Stagnicola diluvianus (AND.) 

Valvata pulchella (STUD.)

Ali loess species arc able io live in open grounds, most of them under severe temperature and moisture conditions.

• Communities largely different from modern faunas 

which are characteristic of various phases of cold in­

tervals or of transitional time-spans. Some fossil snail 

communities show a very specific composition which 

has no analog in modem European malacofauna. This 

is particularly true of loess assemblages and their 

equivalents (Tabs. 1.8- Farkasovo) as well as of cer­

tain Late Glacial malacocoenoses in which Discus 

ruderatus (FÉR.) is associated with Chondrula 

tridens (MÜLL.) or other steppe elements. Aiso the 

faunas from Pleistocene and Postglacial chernozems 

are not identical, which reflects different climatic 

conditions during the formation of the soils.

There can be no doubt thai the older is the warm 

phase, the more the composition differs of its mala- 

cococnoses from analogous molluscan communities in 

ihe arca in question (Tabs. 3/A, 5/A; HüRÂQek and 

Lo£ek 1988). These differences manifest themselves 

both in the occurrence of extinct species and of species 

whose range changed io the present time to such extent 

thai they may be today considered exotic (e. g. Gastro­

copta species, FÜKÖH et al. 1995).

When comparing the Pleistocene malacofauna with

- I'erf'»i liei la bidentata 
(GMEIJN) - species 
characteristic of riverine 
forests and alder cans 
which probably survived 
<he glacial phases within 

lls present-day range in 
Central Europe (cp. Tab. 

ttë- 3).

üài 11 \ tv

01 234 6mm

present-day communities it must be taken into account 

thai most of European territory has been affected by ag­

riculture since prehistoric times. In areas colonized by 

Neolithic farmers the land use could last to 8 millenia, 

which considerably affected whole ecosystems includ­

ing their malacofauna (KÖRNIG 1966, LOÉEK 1982).

In view of the foregoing data in seems most reason­

able to interpret the Quaternary malacofaunas in corre­

lation with specific conditions of the Quaternary pasi 

which have no modern analogies in many cases. This is

500m

/P/

3. Ünéticc (near Prague), Holy vrch - the present-day situation of 

Ciomerinn tufa and marl deposits (CT) overlying the Suclidol (90m) ter­
race of the Vltava River (ST). During the tufa deposition (CT) lile site iii 
question was situated in a broad open valley of the Vltava. Since ibis time 
the terrace plateau was dissected by deep valley cuts (VU) so thai the tufa 
lies today SO nt above Ihe adjacent floodplain of the Ünëtice Brook (EU) 

and 90 iii above the Vltava floodplain (FV) located in a canyon-like valley 
2 km easterly. L - loess. P - Proterozoic shales. Si - ridge of Proterozoic 
silicites forming the cut-hank of the Suclidol terrace, A - altitude (cp. 
Tab. 3).
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particularly true of Early Quaternary faunas which often 

reflect landscape environments very different from 

those of modern fauna in the area in question (Tab. 3/A, 

Fig. 2). For instance, no rocky river canyons existed in 

the Bohemian Massif at the beginning of the Quater­

nary. They gradually developed only during the Pleisto­

cene and provided much more suitable habitats for the 

molluscan fauna than the former gently undulated low 

relief peneplain (Fig. 3).

COLLECTING AND INTERPRETING 

FOSSIL MOLLUSCA

Collecting fossil shells should respect the prerequisites 

discussed in the foregoing chapter. What merges from 

this discussion is the following:

• Thoroughly cleaned and well-stratified sections.

• Examination of ali distinguishable fossiliferous 

strata. If a calcareous layer seems to be macroscopi- 

cally shell-free, it is useful to take small spot samples 

and io wash them in the field in order io show the 

presence of shells.

• Ali shells inclusive of small fragments should be ex­

tracted. which is possible only by washing. Even the 

smallest fragments are in certain cases well determi­

nable and may belong io important species, for in­

stance the keeled fragments of Drobacia banatica 

(RSSM.) or Aegopis verticillus (LAM.).

• To obtain a sufficiently rich material which could 

permit a statistical treatment of the molluscan assem­

blage.

• The most complete determination of ali shells includ­

ing the smallest fragments.

The determination and statistical treatment, if any. 

generally represent only the first step towards a complex 

interpretation of the fauna or faunal sequence in ques­

tion. It should be based on further important data which 

may be summarized as follows:

• The catchment arca from which the shells are trans­

ported into the deposit in question. The malacologist 

should know in detail the situation of the locality in 

order io recognize the environments in which the 

transported molluscs lived. For instance, deposits at 

the fool of slopes or rock walls include not only the 

species living in the area of the site itself, i. e. at the 

slope foot, but aiso shells transported from higher 

parts of the slopes or rocks apart from those derived 

from occasional stream drifts in the valley where the 

site is located. This is particularly true of cave en­

trance deposits which mostly contain shells coming 

from several different habitats (Fig. 4).

• To distinguish whether the fossil fauna is referable to 

one living assemblage or represents a mixture of vari­

ous malacocoenoses as well as to recognize the ad­

mixture coming from different habitats occurring in 

the catchment arca.

TALUS ENTRANCE INTERIOR

4 Transport of shells into cave-entrance deposits. R - entrance rampart. 
C. - accumulation cone below an open vertical ligln hole. I;C - lossii cone 
below a light hole filled up by old cemented sediments (V). Components 
of the snail assemblage incorporated in the rampart deposits: I - 
autochthonous malacocoeno$is living in the scree forest in the rampart 
area: pannitochthonous shells replaced from the following habitats: 2 - 

shaded rock walls. 3 - open rock walls. 4 - scrub patches. 5 - rocky 
steppe. 6 - steppe on deeper soil at the upper plateau margin, 7 - scrub 
*one at the woodland margin (ccolonc). K - xcric plateau woodland (cp 
Tab. 2. PI. 11/2).

• To distinguish the autochthonous component consist­

ing of species living in the deposition area from par- 

autochthonous components including shells trans­

ported at the same time from its surroundings as well 

as the allochthonous component represented by shells 

reworked from eroded older deposits (Tab. 5). For in­

stance. shells derived from glacial loess often occur 

in sediments of postglacial prehistoric sites. In a simi­

lar manner shells of glacial species (e. g. Vallonia 

tenuilabris(fii. BR.))can be reworked in young flood­

plain sediments due locrosional activity of streams. 

Results of ihe above analysis provide basis for a com­

parison with present-day conditions at the study site 

which allows io stale:

• The differences in ecological requirements of partic­

ular faunas, and:

• The differences in the occurrence of particular spe­

cies or assemblages.

It is useful to study aiso some present-day processes 

which may be used as a model for the pasi faunal succes­

sion. for instance, the colonization of abandoned quarries 

and brick-yards, spoil banks, road or railway embank­

ments which may serve as models for the change ai the 

boundary of cold and warm phases in the Quaternary pasi.

EXISTING DATA AND PROBLEMS

Investigations respecting the above discussed prereqm- 
sites show a close relation between the kinds of sedi' 

ments and soil types and their malacofauna. Of particu­

lar concern are the steppe assemblages from loesses and 

Pleistocene chernozems which clearly express the integ­

rity of these ecosystems whose components arc not only 

molluscan assemblages hui aiso the sediments or soils m
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question. The malacofauna! sequence of the loess series 

represents an excellent example of ccostratigraphic 

subdivision (Lo2EK 1965, 1976, 1991).

During the course of the Quaternary climatic cycle 

regular wide-ranging changes in biodiversity can be 

traced. The loess phases are characterized by low spe­

cies and habitat diversity within the moderate béii of 

Eurasia; by contrast, the warm intervals which are in 

Central Europe characterized by overall woodland ex­

pansion attain the highest species as well as landscape 

diversity (Tab. 4, PI. III/2).

The differentiation of Quaternary malacofauna in 

space is controlled by the following factors:

• Altitudinal belts: Both the faunas of warm and cold

intervals depend on the altitude; typical loess faunas 

are thus found only in lowland and lower upland 

belts, for instance Helicopis striata (MÜLL.) occurs 

only in so-called dry loess regions, at higher eleva­

tions which lie out of the typical loess 'zone some spe­

cies of alpine grassland are found, such as Faustina 

anguillia (RSSM.) (Fig. 5) and Vertigo alpestris 

ALD. in the West Carpathians which do not occur in 

loesses (LOÈEK 1980). /

• Regions: Even monotonous loess assemblages in­

clude certain species which characterize particular re­

gions. For instance, Vestia turgida (RSSM.) (Fig. 6) 

occurs in loesses of the Carpathian Basin. Nea- 

styriaca corynodes (HELD) in those of Alpine foot­

hills, Clausilia parvula FÉR. is locally frequent in the 

loess of western Central Europe, Orcula dolium 

(DRAP.) at the foot of the Carpathians and Alps.

• Particular periods of time: Besides these differences 

there exist changes in time which are best observable 

in warm intervals - interglacials. Even though differ­

ent interglacials may provide nearly identical snail 

assemblages in certain regions, woodland faunas 

never became established in the same species compo­

sition. For example, the alpine element Macrogastra 

densestriata (RSSM.) extended north of the Alps in 

the Postglacial climatic optimum, whereas in older 

warm intervals its occurrence in confined only to ear­

lier Middle Pleistocene interglacials. In Central Eu­

rope one of the inlerglacials is characterized in con­

trast to other ones by the spread of western species 

such as A zee a goodalli (FÉR.) or Cepaca nemoralis 

(L.) but aiso of the alpine Fusulus interruptus (C. 

PFR.)as well as of the extinct Aegopis klemmi (SCHL. 

and LÈK.) (Tab. 5). Of particular interest is the occur­

rence of the eastern element Gastrocopta theeli 

(West.) in the Last Interglacial. Early Pleistocene 

interglacials arc characterized by the occurrence of 

óveral extinct species, such as Zonitoides sepultus 

L2k., Campylaca capeki PBK or Acicula diluviana 

(Hocker) which represent chronostratigraphic index 

dossils and are often associated with high amounts of 

Granaria frumentum (DRAP.).

• In interglacials as well as in the Holocene a sequence 

°f molluscan assemblages is observable which corre-

5. Faustina cingalena 
(ROSSMAESSLFR) - rupe­
stris! species living in 
supramontane to alpine 
belts of high limestone 
West Carpathians; it sur­
vived the glacial phases at 
lower elevations.

6. Vestia turgilla (ROSSMAESSLERI - Car­
pathian Clnusiliid living in damp montane 
forests as well as in sheltered subalpine to al­
pine habitats. It survived the glacial phases 
within its present-day range as documented 
by loess records in Carpathian foothills.

mm

sponds to particular climatic phases in a similar way 

as the changes in vegetation (Lo2EK 1993). This is 

mainly true of the Holocene which shows a develop­

ment from the Late Glacial open landscape through 

early Holocene parkland and steppe formations to the 

climatic optimum with maximum woodland species 

richness continuing in a gradual dcpauperizaiion in the 

Late Holocene combined with a re-expansion of sev­

eral steppe elements as well as immigration of south­

ern species in the deforested agricultural landscape 

(Lo£ek 1993). An analogous developmental pattern 

can be observed aiso in older inlerglacials, for in­

stance, in the Cromerian of Zlatÿ Kuri (near Koné- 

prusy) or Strrinska skaia (near Brno), where phases 

corresponding to those of the Holocene can be distin­

guished (e.g. LOÈEK 1972 and Kovanda 1995)
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Tabic 2. Puslÿ £leb Gorge (Moravian Karst): the development of molluscan fauna since the Weichselian Plcniglacial

Ecologie and biostratigraphic 

characteristics

List of species Locality

Z s p

1 Acanthinum aculeata (MULLER) — — 4

1I Aegopinclta pura (ALDER) — — +

rr Aegopis verticillus (LAMARCK) — - 4

11 Cochlodina laminata (MONTAGU) — — +

f Cochlodina Orthostoma (MENKE) — — 4

1 Daudebardia rufa (DRAPARNAUD) — — 4

fl• • Discus perspectivus (MÜIILFELDT) — — 4

(G) Discus ruderatus (FÉRUSSAC) — + —

J Ena montana (Drapaknaud) — — 4

0) Faustina faustina (ROSSMÀSSLER) — — 4

1 t4 Heliodoma obvoluta (MULLER) — — 4

1 fsognomostoma isognomostotnos (SCHRÖTER) — — 4

1 Macrogastra plicatula (DRAPARNAUD) — — +

1i Monachoides incarnatus (MÜLLER) — — 4

(G) Oxychilus depressus (STERKI) — — +

A
1 Pelosina unidentata (DRAPARNAUD) - — 4

1 PI ary Io polita (Hartmann) — - 4

1• Ruthenica ft log rana (ROSSMÀSSLER) — — 4

)■ Sphyrodita doliolum (BRUGUIÈRE) — — 4

(!) Vertigo pusilla MULLER — + 4

1 Vitrea diaphana (STUDF.R) — — 4

14 Vitrea subrimata (REINHARDT) — - 4

1
1 1■ Alinda biplicata (MONTAGU) — — 4
1
1 (+) Anaata arbustorum (Linné) + 4

1 W(M) 1 Cepaea hortensis (MÜLLER) — — 4

1
1

1 Discus rotundatus (MÜLLER) — •ftft 4

G Semilimax kotttlae (WESTERLUNDI _ mmm
2 ,------------------

W(S)
(!) Frutieicola fruticum (MÜLLER) — + —

1
! Helix pomaiia — — ♦

1

W(H)
(G) Eucobresia diaphana (DRAPARNAUD) — + —

1 (+) Vitrea crystallina (MÜLLER) — + — :

3 1 Macrogastra ventricosa (DRAPARNAUD) — — +

1
A

(+) Granaria frumentum (DRAPARNAUD) - + 4
1

s
+ Helicopsis striata (MÜLLER) + - -

1 ^
4 1 + Pupilla stem (VoiTlI) + — +

1
1

(+) Pupilla triplicata (STUDER) — — +

1
1 XL (G) Chondrina dictua (WESTERLUND) - + 4

B
1

(G) Pyramidula pusilla ( VaLLOT) + + ♦

1» Truncate!lina cylindrica (FERUSSACI - -

5
(+) j Vallonia costata (MÜLLER) + + +

G Vallonia pulchella (MÜLLER) - 4 ♦

C 6
(!) Cochlicopa lubriceUa (PORRO) — +

(!) Euomphalat strigella (DRAPARNAUD) - +
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1
1
•

(+) Cochlicopa lubrica (MÜLLER) — + +
1
1 (+) Euconulus fulvus (Müller) — + +
1
1

(+) Perpolita hammonis (STROM) — + —

1 Me
1

<+) Punctum pygmaeum (DRAPARNAUD) — + +

1
7 j

(+) Trichia cf. sericea (DRAPARNAUD) + + —

1
•

11 Vitrea contracta (WESTERLUND) — - +
1
1 (G) Vitrina pellucida (MÜLLER) — — +

c 1 Mp (+> Clausilia parvula FÉRUSSAC — - +

1
1

(+) Clausilia dubia DRAPARNAUD — ■f +
1 R(W)

1
1•> Helicigona lapicida (LINNÉ) — - +

1
_L.

Lacunaria plicata (Draparnaud) — - +

Carychium tridentatum (RISSO) — + +

(•> Columella edentula (DRAPARNAUD) — + —

8 G Perpolita petronella (L. PFEIFFER) + —

+ Buccinella oblonga (DRAPARNAUD) + - -

(G) Vertigo substriata (JEFFREYS) — + -

9 G Carychium minimum MÜLLER — + —

D
(G) Vertigo angustior JEFFREYS - + —

G Zonitoides nitidus (MÜLLER) - + —

IO Pisidium personatum MA LM - + —

Number of species 8 27 45

Explanation to Tabic 2

Z - Zazdëna Cave, entrance - layer 11 : Locss-Iikc Ioani with fine angular debris, final Pleniglacial. The snail aascmblage consists of a 

few tolerant elements which are partly characteristic of loess (H. striata, P. sterri, S. oblonga), partly of loess-like sediments at higher el­

evations (A. arbustorum, S. leonilae). The record of Pyramidula pusilla documents its survival during the glacial. The malacocoenosis re­

flects open stony grassland under severe climatic conditions.
6 - Stajgrovka - pale brown fine-grained loose tufa at the basis of a spring tufa deposit, Late Weichsclian. The malacofauna is rather rich 

in species which are climatically tolerant and mostly reflect open environments. However, there are aiso snails indicating the starting cli­

matic amelioration (Gr. frumentum, Ch. clienta, C. tridentatum) and the transition from open country to parkland conditions 

(Fr. fruticum, V. pusilla).
P - Present-day malacofauna from the bottom part of the Pusty £leb Gorge - example of a fully developed warm-climate assemblage 

dominated by rich woodland malacocoenoses including even some interglacial index species, such as Aegopis verticillus or Discus 

perspectivus. Open ground elements arc confined to vertical limestone rock walls. This fauna represents a Holocene equivalent of inter­

glacial assemblages.

General explanation (to Tables 2-9)

Ecologie characteristics

Main ecologie groups (ecogroups): A - woodland in general. B - open grounds in general, C - woodland/open grounds. D - wetlands 

and aquatic habitats.
Ecologie groups: 1 - closed forest, 2 - predominantly woodland, locally semi-open to open habitats: W(M) - mcsic, W(S) - xcric. 

W(H) - damp; 3 - moist woodland, alder cam. riverine forests; 4 - warm-dry grassland or rocks: S - in general. XL - limestone rocks. 

S(W) - partly shaded habitats; 5 - open grounds in general (moist grassland to steppe); woodland/opcn grounds: 6 - predominantly dry,

7 - mesic or various: Me - in general, MR - mcsic rocks. R(W) - rocks, scree woodland; 9 - wetlands, banks. IO - aquatic habitats.

Biostratigraphic characteristics

+ - characteristic loess species, ++ - index loess species, (+) - local or accidental loess species, G - species surviving the glacial out of 

the loess zone, (G) - ditto, as relies, ! - warm-eli mate species, !! - interglacial index species, (!) - curythermal warm-climate species, 
M - modem (= Postglacial) immigrants.

Locality

+ - occurrence; +?, 3? - determination approximate; (+), (2) - allochthonous (= reworked) shells.
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Tabic 3. Mulacofaunas of calcareous swamps from different climatic phases

Ecoloeic and biostratieruphic List of species Locality

characteristics A B C _

H Campy Inca capeki (PETR BO K) 6 — —

1■ Cochlodina laminata (MONTAGU) 2 — —

!! Discus perspectivus (MÜHLFELDT) 3 — —

(G) Durus ruderatus (FÉRUSSAC) 22 — —

! Ena montana (DRAPARNAUD) 8 — —

1
nk * Macrogastra densestriata (ROSSMÀSSLER) 6 — —

1 MOlindioides incarnatus (MÜLLER) IO — —

II• • Perforatelia dibothryon (KlMAKOWICZ) 3 — —

cf. Semilimcix sp. IO — —

(!) Vertigo pusilla MULLER 1 — —

A ~ 1
1 (+) Arioma arbustorum (LINNÉ) 1? — —

1 W(M) 1K Cepaea hortensis/ncmoralis 2 — —

2 ! ____________ G Semilintax kotulae (WESTERLUND) — \ —

1
1 W(S)

I Aegophila cf. minor (STABILE) 17 — —

L _______ ____
(!) Fruticicola fruticum (MÜLLER) 90 — —

1 W(H) (+) Vitrea crystallina (MÜLLER) 9 —

(G) Clausilia pumila C. PFEIFFER 450 — —

j Macrogastra ventricosa (DRAPARNAUD) 2 — —
J

(G) Perforatelia bidentata (GMEL1N) 291 — —

f+ Urticicola umbrosus (C. PFEIFFER) 8 — —

1 (+) Granaria frumentum DRAPARNAUD 989 —
1
1 + Helicopsis striata (MÜLLER) — - +

1
4 1 S (+) Chondrula tridens (MÜLLER) 663 — —

1
L_ _ _

+ Pupilla sterri (VOITH) — 15

S(W) M* • Truncatella claustralis (GREDLER) i — -

B ++ Columella columella (MARTENS) — 11 —

+ Pupilla muscorum (LINNÉ) — 2 +

(!) TruncateUina cylindrica (FÉRUSSAC) 7 — —

(+) Vallonia costata (MULLER) 672 142 -f

5 G Vallonia pulchella (MULLER) 48 1 —

++ Vallonia tenuilabris (A. BRAUN) — 5 +

++ Vertigo parcedentata (A. BRAUN) — 1
‘ j

(G) Vertigo pygmaea (DRAPARNAUD) 32 — J. 1

6
(!) Cochlicopa lubricella (PORRO) 224 —

(!) Euomphala strigella (DRAPARNAUD) 234 — —

1 '
1 (+) Cochlicopa lubrica (MÜLLER) 77? 61 —

1
1

(+) Euconulus fulvus (MÜLLER) — 22 —

1
1 Me (+) Limacidae/Agriolinutcidae 6 :

C 7 1
1

(+) Perpolita hammonis (STROM) IO 26 —
1
1 (+) Punctum pygmaeum (DRAPARNAUD) — 5 — .

1
1 + Trichia hispida (LINNÉ) — 23 —

1
L

(+) Trichia sericea (DRAPARNAUD) 171 — —

1
1 R(W)

1____________________

<+) Clausilia dubia DRAPARNAUD — 4 —

G Vertigo alpestris ALDER — 4 --------- 1
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c
8 (G>

4

(G)

Carychium tridentatum (RISSO)

Perpolita petronella (L. PFEIFFER)

Succincta oblonga (Draparnaud)

Vertigo substriata (JEFFREYS)

S - -

- 2 -

16 1 -

1 '2 -

G Carychium minimum MÜLLER 2 - -

(+) Oxytoma sp. 64 - -

G Pupilla alpicola (CHARPENTIER) - 55 +

(+) Succinea putris (LINNÉ) - 364 -
9 (O Vallonia ennensis (GREDLER) 7-4

(G) Vertigo angustior JEFFREYS 33 - -

(G) Vertigo antivertigo (DRAPARNAUD) 26 - -

G Vertigo genesii (GREDLER) - 2 +

t Vertigo moulinsiana (DUPUY) 1 - -

<+) Anisus leucostoma (MILLET) 58? 6 4

(G) Bathyomphalus contortus (LINNÉ) 2 - -

Bithynia sp. 2? - -

D (+> Galba truncatula (MÜLLER) 27 85 4-

(+) Gyratus acronicus (FÉRUSSAC) 2? - -

G Gy rau! us crista (LINNÉ) 5-4

Lymnaea stagnalis (LINNÉ) 18 - -

(+) Pisidium casertanum (POLI) 30 15 4

Pisidium milium HELD 2 - -

IO (+) Pisidium oblusale (LAMARCK) 6-4

Pisidium personatum MALM 3 - -

G Pisidium stewarti PRESTON - - 4

(+) Planorbis planorbis (LINNÉ) 4 - -

(+) Radix ovata (DRAPARNAUD) l»
3

C»

Radix peregra (MÜLLER) - - 4

Sphaerium corneum (LINNÉ) 2? - -

(+) Stagnicola palustris agg. 4-4-

Unionidae 1 - -

Valvata cristata MÜLLER 9 - -

(+) Valvata pulchetla/piscinalis 2 - -

Number of species 59 26 18

Explanation see Table 2.

A - Unfitiec - Holy vrch (near Prague): loose tufa overlying the 90 m-terrace of the Vltava River, at present situated 60 m above the 
floodplain of the Ünêtice Brook (tributary' of the Vltava) under very dry conditions. Early phase of the Cromcrian Interglacial character­

ized by extreme habitat and .species diversity. Most of species arc locally or regionally extinct. The deposit in question formed in 

toeslopc position at the margin of a broad river flood-plain with swamps and oxbow lakes bordered by warm woodland with patches of 

xerothermic open grounds on adjacent slopes.
B - Ru2bachy - Horbek (SpiSskd Magura Mts, North Slovakia): loose tufa at the basis of a thick travertine body. Middle Pleistocene in 

age. Rich hygrophilous malacocoenoses of a moist, probably late-glacial phase, characterized by the lack of mam-ecogroup A species, 

dominated by tolerant open-ground (B) and indifferent elements (C) with admixture of several snails prefering small water bodies. The 

assemblage reflects predominantly open environments under rather severe climatic conditions.
C - Dolnf Chabry near Prague, brickyard: lentil shaped tufaceous marl intercalation in Wcichsdian pleniglacial loess containing an as­

semblage which consists partly of loess species, partly of very tolerant swamp elements (Pupilla alpicoto. Vertigo genesii, Pisidium 

stewarti), and reflects a wetland patch within the glacial loess steppe.
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Tabic 4. Martinica Cliff (Pdlava Hills. South Moravia): Changes in molluscan assemblages at the foot of the cliff since the Weichsclian 

pleniglacial

Ecologie and biostratigraphic 

characteristics

List of species Layer
R

A B C

1 Acanthia ula aculeata (MÜLLER) — — + —

1• Aegopinclla pura (ALDER) — — + —

1t Bai fia rica cana (HELD) — — + —

1 Cochlodina laminata (MONTAGU) — — 4 +

r »l• • Discus perspectivus (MÜHLFELDT) — — + —

1 (G) Discus ruderatus (FÉRUSSAC) — - + —

1♦ Ena obscura (MÜLLER) — — — +

1• Macrogastra plicatula (DRAPARNAUD) — — +

J Monachops incarnatus (MÜLLER) — - + + :

1 Platyca polita (HARTMANN) — — + —

1■ Sphyradium doliolum (BRUGUIÈRE) — — 4 —

A
(!) Vertigo pusilla (MÜLLER) — — + — 5

r\
1 W(M) •> Alinda biplicata (MONTAGU) — + +
1
1 (4) Arioma arbustorum (LINNÉ) - + - —

1
1

) Discus rotundatus (MÜLLER) — — + —

1
7 L _ _

1• Oxychilus glaber (ROSSMASSLER) — — 4 +

, W(S) 1■ Aegophila minor (STABILE) — — 4 4

1
1

(!) F mucicola fruticum (MÜLLER) — — 4 —

1
L.

* Helix pomaria LINNÉ — — f 4

! W(H) (4) Vitrea crystallina (MULLER) - — 4 —

3
(G) Clausilia pumila C. PFEIFFER - — 4 —

J Macrogastra ventricosa (DRAPARNAUD) — — 4

1 S M Cecilioides acicula (MULLER) — — — 4
I
1 (4) Granaria frumentum (DRAPARNAUD) — — 4 4

1
1 4 Helicopsis striata (MÜLLER) — + - —

1
1

M Oxychilus inopinatus (llLld’NY) — — 4 4

1
1

+ Pupilla sterri (VoiTII) **• - 4 4

4 1
I

(4) Pupilla triplicata (STUDER) — — 4 4
y
1 M Xerolenta obvia (MENKE) — - — 4

B
r XL

1
(G) Chondrina clienta (WF.STERLUND) — 4 4

•
1 (G) Pyramidula pusilla (VALLOT) — — + 4
r — - — - -
] S(W) ;; Ce/Mca vindobonensis (FÉRUSSAC) — — 4 +

1
1

i; Truncatellina c/australis (GREDLER) — — 4 —

++ Pupilla loessica Lo2EK + — — —

(!) Truncatellina cylindrica (FÉRUSSAC) — — + 4
J

(4) Vallonia costata (MÜLLER) — + + 4

G Vallonia pulchella (MÜLLER) — — — 4

6
(?) Cochlicopa lubricclla (PORRO) — — 4 —

(!) Euomphalia strigella (DRAPARNAUD) — + 4 —

c
------ 1--------------------

1 (+) Cochlicopa lubrica (MÜLLER) — + — —
7 1 Me

1 (4) Euconulus fulvus (MÜLLER) — — 4 -

1
1

(4) Punctum pygmaeum (DRAPARNAUD) — — 4 ♦
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1
1 + Trichia hispida (LINNÉ) — + — —
1

Me G Vifrina pellucida (MÜLLER) — — — +

1
1

7 1 MR

1--------------------

! Vitrea contracta (WESTERLUND) — — + -

c
! Batea perversa (LïNNÉ) — — + +

1
1

(+) Clausilia dubia Draparnaud — — + +

1 R(W)
1

Laciniata plicata (DRAPARNAUD) — — + —
1
1 G Vertigo alpestris ALDER • — + —

8 \ Carychium tridentatum (RISSO) — — + -

Number of species 1 6 40 24

Explanation of ecologie and biostratigraphie characteristics see Table 2.

The Pdlava Hills arc vertical cliffs consisting of Jurassic limestones and form an isolated mountain range within the lowlands of the Vi­

enna Basin. The deposit in question is situated at its north-west-facing foot (PI. III/2).

A - Light ochreous loess-like loam with scattered limestone blocks - Weichselian pleniglacial. There occurs only a very poor malaco­

fauna represented by the pleniglacial index species Pupilla hestica reflecting a cold-steppe environment repeatedly disturbed by block 

scree movement.
B - Light brownish grey angular debris with loamy matrix and scattered blocks - Weichselian Late Glacial. The species-poor grassland 

assemblage including several elements with higher moisture {Anaata arbustorum, Cochlicopa lubrica) or warmth requirements reflects 

a cool-climatc parkland characterized by a patchwork of xeric and mesic grassland with scrub patches.

C - Medium coarse scrcc with loose dark grey humic matrix and mass occurrence of shells. The fully developed mesic to medium damp 

woodland fauna reflects a closed predominantly mesic woodland characteristic of the moistest phase of the Holocene Climatic Optimum 

(Early Atlantic). IO species are regionally extinct at present (cp. the column R). Open-ground xerothermophiles come from the adjacent 

open rock walls.

R - The depauperized present-day fauna is dominated by open-ground xerothermophiles. the woodland component is strongly reduced. 

During the second half of the Holocene the arca in question was intensively settled, deforested and stcppified.

As for the Holocene, molluscs can provide the same 

evidence as the vegetation, particularly in areas 

where fossil plant remains are rare or lacking. Mol­

luscs aiso document the survival of steppe ecosys­

tems during the course of the mid-European 

Postglacial (Tab. 6).

• Changes in environmental requirements of particular 

species during the course of the Quaternary belong to 

the most interesting and most discussed problems. 

Nevertheless, in the case of certain species they may 

be accepted at any rate, above ali as the earliest Pleis­

tocene is concerned. For instance, at the Plio/Pleisto- 

cene boundary there occur assemblages which con­

sist of such species as Helicopsis striata (MÜLL.), 

Discus ruderatus (FÉR.), Vertigo angustior JEFFR., 

Vertigo pusilla MÜLL., Granaria frumentum (DRAP.) 

as well as the extinct Gastrocopta serotina LlK. (Fig. 

7) whose present-day ecologie requirements are very 

different from each other and whose coexistence has 

no analogy at present (see Tab. 7, PI. IV/1).

• Migrations of molluscs became manifest mainly in 

warm intervals when Middle Europe was repeatedly 

recolonized by demanding, predominantly woodland 

elements from refuges in the South. Of prime impor­

tance is the immigration from the Southeast charac­

terized by such species as Drobacia banatica (RSSM.), 

Soosia diodonta (FÉR.), hastus bielzi (KIM.) or 

Pscudalinda stabilis (L. PFR) whereas the above 

mentioned immigration from the West or Southwest

is less frequent (C epae a nemoralis <L.), Azeca, Fu­

sulus interruptus (C. PFR), Pagodulina, Helicigona 

lapicida (L.) etc. Of particular concern are the 

changes in areas of distribution during the course of 

the Holocene, when in the climatic optimum the Al­

pine Macrogastra densestriata (RSSM.) extended to 

Bohemia and Central Germany and in the early Holo­

cene Chilostoma achates (RSSM.) colonized southern 

Bohemia and Moravia, whereas the Carpathian Mac­

rogastra latestriata (A. SCHM.) invaded the mid- 

Moravian uplands. Aiso Bulgarica cana (HELD) was 

widespread in the climatic optimum, whereas at pres­

ent it lives only on less or more isolated relictual habi­

tats in the area of German-Bohemian Highlands.

• Expansion of many snail species during the mid-Euro­

pean Postglacial was hindered aiso by the prehistoric 

landnam. Several woodland districts which have been 

isolated since the early Neolithic, i. e. in the Atlantic 

phase, by deforested agricultural zone. were not colo­

nized by a number of otherwise widespread wood­

land species, such as Helicodonta obvoluta (MÜLL.), 

Isognomostoma isognomostomos (SCHR.), Petasina 

unidentata (DRAP.), Vitrea diaphana (STUD.), vari­

ous Clausiliidae etc. This is particularly true of the 

Pdlava Mts. and the western pan of Ceské Stfedohorf 

Mts. where these species would undoubtedly find 

suitable life conditions. In the Postglacial their ex­

pansion was reduced by prehistoric deforestation, 

whereas in interglacial they were widespread over
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Table 5. MladeC-Tfesfn (North Moravia): Pleistocene malacofaunas from caves in comparison with ihe preseni-day snail community

Ecologie and biostratigraphic 

characteristics

List of species Layer
R

A B

Acanthinula aculeata (MÜLLER) — — +

Acicula diluviana (HOCKER) + — —

Aegopinella cf. nitens (MICHAUD) + — +

Aegopinella pura (ALDER) — — +

Aegopis klemmi SCIILICKUM & LO'2.EK + + —

Azeca goodalli (FÉRUSSAC) + — —

Clausilia cf. cruciata STUDER + — —

Cochlodina laminata (MONTAGU) + + ■4-

Cochlodina Orthostoma (MENKE) — — +

Daudebardia brevipes (DRAPARNAUD) — — +

Daudebardia rufa (DRAPARNAUD) - — +

Discus perspectivus (MÜHLFELDT) + — +

Drobacia banatica (ROSSMASSLER) + — -

Ena montana (DRAPARNAUD) + — +

c Faustina faustina (ROSSMASSLER) — — +
1 Fusulus interruptus (C. PFEIFFER) + — —

Helicodonta obvoluta (MOLLERI + + +

Isognomnsloma isognomosiomos (SCHROTERI + - +

Macrogastra densestriata (ROSSMÀSSLER) + — —

A Macrogastra plicatula (DRAPARNAUD) + - -

Monachoides incarnatus (MÜLLER) + + +

Pagodulina pagodula (DESMOULINS) + — -

Pelosina unidentata (DRAPARNAUDI — — +

Platyla polita (HARTMANNI — — +

Ruthenica filograna (ROSSMASSLER) + — +

!! Soosia diodonta (FÉRUSSAC) + — —

Semilimax semilimax (FERUSSACI — — +

(!) Vertigo pusilla MULLER — — +

Vitrea diaphana (STUDER) — — +

Vitrea subrimala (REINHARDTI + — -

cf. Vitrinobrachium sp. + — —

1 1 Zonitoides sepultus Lo2tK + — —

r
1 * Albula biplicata (MONTAGU) + — +
1
1 (+) A nama arbustorum (LINNÉ) + — +

1
1

Cepaea hortensis (MULLERI + — +

1 W(M) Cepaea nemoralis (LINNÉ) +? — —
1
1
■

Discus rotundatus (MULLERI + - ♦
1

2 1 Limax sp. (cf. cinereoniger WOLF) + — —

1
1

Oxychilus glaber (ROSSMÀSSLER) + — +

r
1 Aegophila minor (STABILE) + — +
• W(S)

( Pratincola fruticum (MULLERI + +

1
1

Helixpomatia LINNÉ — — +

T W(H)
(+) Vitrea crystallina (MÜLLER) + — —
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(G) Clausilia pumila C. PFEIFFER + + —

A
! Macrogastra ventricosa (DRAPARNAUD) + — +

fG) Monotoides vicinus (ROSSMASSLER) + — +

(+) Vestia turgida (ROSSMASSLER) + — —

! s

1

+ Helicopsis striata (MÜLLER) — + —

4
+ Pupilla s terri (VOITH) — + —

B 1 S(W)
1

Ü Cepaea vindobonensis (FÉRUSSAC) — — +

+ Pupilla muscorum (LINNÉ) — + —

5 (+) Vallonia costata (MÜLLER) — + +

+-f Vallonia tenuilabra (A. BRAUN) — + —

6 (!) Euomphala strigella (DRAPARNAUD) — — +

1
1 <+) Cochlicopa lubrica (MÜLLER) — — +
1
1 (+) Euconulus fulvus (MÜLLER) + — +

!
1

(+) j Perpolita hammonis (STROM) — — +

1 Me (+) 1 Punctum pygmaeum (DRAPARNAUD) — — +
•
1
1

(+) Trichia sericea (DRAPARNAUD) — — +

1
> Vitrea contracta (WESTERLUND) — — +

c 7 1
1 (G) Vitrina pellucida (MÜLLER) — — +

1 Mr (+) Clausilia parvula FÉRUSSAC — - +

1
1

(+) Clausilia dubia Draparnaud + + +

» R(W)
1

; Helicigona lapicida (LlNNÉ) + — +
1
1 t* Lae miona plicata (DRAPARNAUD) — — +

1
1

G Vertigo alpestris ALDER — — +

1 Carychium tridentatum (RISSO) — — +
8 (!) Columella edentula (DRAPARNAUD) — — +

+ Succinella oblonga (DRAPARNAUD) 4- — —

Number of species
1

39 13 46

Explanation see Table 2.

A - Red clayey loams with scree in the Great Mladeni Cave - early Middle Pleistocene interglacial (pre-Holsteinian) woodland assem­

blage with high proportion of extinct or regionally extinct elements, partly of west-Europcan character. The open-country main 

ecogroup (B) is not represented.
B - Yellowish cave loams exposed in the cave hospital: the malacofauna is dominated by open-country species (Mam ecogroup B). but 

includes aiso reworked fragments of interglacial specics(Main ecogroup A).

C - Present-day malacofauna of the Tresm Hill representing a modem equivalent of former interglacial warm-climate assemblages.

most of Central Europe, because the zone of defor­

ested landscape did not exist. By contrast, the defor­

estation and following steppification supported the 

expansion of a number of species, probably even of 

Cepaea vindobonensis (FÉR.) and without doubt of 

young immigrants, such as Oxychilus inopinatus 

(UL.) or later Ceciliodes acicula (MÜLL.) and sev­

eral Helicellinae. The same holds true aiso for most 

of present occurrences of Pupilla muscorum (L.) 

which was widespread in the Pleistocene, but is 

mostly confined to open anthropogenic habitats at 

present.

• The problem of relicts from various periods of time 

can be solved in Mollusca often on the basis of fossil

records. In Central Europe the main problem is the 

possibility of survival of demanding species through 

glacial intervals. As for fossil molluscan records, 

there are very favourable conditions io confirm this 

possibility, particularly at the fool of sheltered 

south-facing slopes in warm limestone hill countries, 

where the surviving of some species may be assumed. 

Although a number of fossil faunas from such sites 

are available at present, for instance from the south­

ern slopes of the Palava Mts. in south Moravia, a 

reliable fossil evidence of glacial occurrences of de­

manding species is still lacking, perhaps except for 

Chondrina clienta (WEST.) at Palava (see Fig. IO). 

Only much farther in the southeast, in the Slovak
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7. Gastrocopta serotina LO£ek — ex­
ima species known from snail assem­
blages characterising ihe Plio/Pleisio- 
cene boundary which have no ana­
logue in laler phases (cp. Tab.7. PI. 
IV/1).

Karst, there exist some indications thai such species 

as Faustina faustina (RSSM.) or Cochlodina cerata 

(RSSM.) (Fig. 8) survived here the glacial (Tab. 8 - 

Sland River, PI. IV/2). In contrast to this, the pres­

ent-day malacofauna of cultivated landscapes includes 

several species whose optimum coincides with the 

loess phase of glacials [Pupilla muscorum (L.), Tri­

chia hispida (L.)].

• Fossil molluscan assemblages provide detailed evi­

dence of local environments, especially of the exis­

tence of open grounds within woodland areas. On the 

one hand it is a case of the survival of aboriginal 

steppe species from the glacial to the present in cher­

nozem areas settled since the Neolithic; as example, 

we may mention Helicopsis striata (MÜLL.) which 

could be considered glacial relic in this context, 

whereas Chondrula tridens (MÜLL.) had its optimum 

at the beginning of the Holocene when the chernozem 

steppes became established, similarly aiso Vallonia 

costata (MÜLL.). On the other hand, molluscs docu­

ment aiso the persistence of open meadow wetlands 

at times prior to the cultivation which refers particu­

larly io heliophilous représentants of the genus Verti­

go, sueli as V. angustior JFFR., V. anlivertigo (DRAP.) 

or V. pygmaea (Drap ), apart from obviously relictual 

snail species, such as Pupilla alpicola (CHARP.) or 

Vertigo geyeri LlND. in calcareous fens (Alps. Car­

pathians). It is likely thai wet meadows in valleys of 

major brooks were preserved due to the activities of 

beavers (SCHOTT 1934). It is important to emphasize 

that Quaternary malacology provided reliable evi­

dence of the persistence of steppes in the warmest and 

driest areas of Central Europe from Middle Holocene 

to the present. This was due to the early Neolithic 

landnam in areas with last steppe patches where the 

agricultural colonization hindered the expansion of 

closed woodland and rapidly enlarged the grassland 

arcas. This supported further existence and re-expan­

sion of the above mentioned aboriginal steppe species 

(Thuringian Basin, inner Bohemia, Vienna Basin, 

Pannonia Basin (KÖRN1G 1966, LOiEK 1982). 

Changes in ecological requirements of a number of 

species are best documented by the composition of loess 

malacocoenoses where there coexisted in extensive ar-

8. Cochlodina cerata (ROSSMAESSLERI - 
Wesi Carpathian endemic which probably sur­
vived lile glacial phases in sheltered arens of 
southern Carpathian foothills (Slovak Karst, 
cp. Tab.8, PI. IV/2).

eas such species as Succinella oblonga (DRAP.), Trichia 

hispida (L.), Helicopsis striata (MOLL.), most Pupilla 

species as well as Vallonia tenuilabris (A. BR.), Vertigo 

parcedcntata (A. BR.) or Columella columella (MART.). 

The latter survived up to the present only in remote re­

gions with very different environmental conditions. Of 

interest in this context are two mid-European Pupilla spe­

cies-P. sterri (VTH) and P. triplicata (STUD.) which are 

today markedly petrophilus xerolhermes confined io 

rocky or very stony habitats, whereas in cold phases they 

lived in flat loess steppes, often together with such spe­

cies as Columella columella (MAT.) or Pupilla alpicola 

(CHARP.) (cp. Comments on selected species).

As for the reconstruction of environmental conditions 

associated with various types of habitats during the 

course of the Quaternary, malacocoenoses provide evi­

dence of rather different value. There is a group of mol- 

luscan assemblages which reflect even such dramatic 

climatic events as the alternation of glacials and intcr- 

glacials only by minor changes due to the survival of 

most of their characteristic species. This is true of the 

great majority of aquatic and wetland communities as 

well as of some grassland or steppe malacocoenoses. 

Here belong aiso most euryoecic elements which usu­

ally inhabit various anthropogenic habitats in the cul­

tural landscape at present. The best palaeoenvironmen- 

tal evidence is given by woodland malacofauna which 

includes the main body of interglacial index species. 

These malacocoenoses are characterized aiso by the 

highest species diversity and regional differentiation 

(LOÉEK 1993) and in a number of cases provide basic 

stratigraphical records. Therefore, from the stratigrap­

hic point of view, malacology provided the most valu­

able records in the upland regions or Central and partly 

aiso West Europe, i. e. in the béii of German-Bohemian 

Highlands, at lower elevations in the West Carpathians 

and their foothills, in hilly countries along the Danube 

and in other similar regions. In great lowlands, be it in 

the North or in the Carpathian Basin, the reflection of
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Table 6. Vojnice (NW Bohemia): Postglacial sequence of malacofaunas from floodplain deposits consisting of chernozem sediments

Ecologie and List of species Depth (in cm)

biostratigraphic 450 400 350 300 250 200 150 loo 50 o
characteristics

500 450 400 350 300 250 200 150 loo 50

1 (G) Discus ruderatus (FÉRUSSAC) + — — +? — — — — — —

i
1 W(M) ! Cepaea "hortensis/vindobonensis ” — _ _ _ « « -f

A
2 1-----------------

; w(S) (!) Fruticicola fruticum (MÜLLER) + 4-

(G) Clausilia pumila C. PFEIFFER +? — — +? — — — — -
3

Macrogastra ventricosa (DRAPARNAUD) — +? — — +? 4 — — — —

4 S
+ Helicopsis striata (MÜLLER) + + 4 — 4 + + — * -

(+) Chondrula tridens (MÜLLER) + + - 4 - + + “ —

B + Pupilla muscorum (LINNÉ) — + — + + + + +

(+) Vallonia costata (MÜLLER) + 4 + 4 + + + + + +
J

G Vallonia pulchella (MÜLLER) + 4 + + + + + + + +

(G) Vertigo pygmaea (DRAPARNAUD) + — - — + — + + 4- +

6 (!) Euomphalia strigella (DRAPARNAUD) + + - + — — + + + -

7 Me
<+) Cochlicopa lubrica (MÜLLER) 4 — — + 4 + + + - -

C <+) Limacidae/A griol imacidae — — 4 + - + + + 4

8
Carychium tridentatum (RISSO) — +

4 Buccinella oblonga (DRAPARNAUD) — — — — — — - + - +

G Carychium minimum MÜLLER — 4 - 4 - — — — — 4

G Pseudntrichia rubiginosa (A. SCHMIDT) — - — — — — — 4 4 4

(-f) Succinea putris (LINNÉ) — — - 4 4 — 4 — — -

9
(G) Succinea/Oxyloma sp. 4 4 - - - 4 - - 4 -

(!) Vallonia enniensis (GREDLER) — — +? - - — — 4 4 4

(G) Vertigo angustior JEFFREYS 4 4 — f - 4 4 4 4 -

(G) Vertigo antivertigo (DRAPARNAUD) 4 — — 4 - - 4 4 - 4

G Zonitoides nitidus (MÜLLER) — 4 - - — 4 - — - -

D
(+) Anisus leucostoma (MÜLLER) +? — — 4 — — — — — —

Anisus spirorbis (LINNÉ) — — — — - — - +? — —

(+) Aplexa hypnorum (LINNÉ) — 4

Bithynia tentaculata (LINNÉ) — 4 + + — — — — — —

(+) Galba truncatula (MÜLLER) 4 - + — — + 4 + - 4

IO Gyraulus albus (MÜLLER) — — +? + - — - - - —

Gy rau lus crista (LINNÉ) — 4

G Gyraulus laevis (Alder) 4 4 4 - 4 - - - — —

(+) Pisidium casertanum (POLI) 4 4 4 + 4 4 - — — —

(+) Pisidium obtusale (LAMARCK) 4 - — + - - - - - —

Pisidium subtruncatum MALM — — — +? - 4 - — — —

Radix peregra (MULLER) — — — — - 4 +? 4 — —

(+) Radix cf. ovata (DRAPARNAUD) — 4 4 + — - — - — —

Explanation see Table 2.
The site in question is situated in the chernozem area of the Lower Ohfe Lowland which lias been settled since Neolithic times and is characterized by 
well-preserved steppe biocoenoses.
The 5 m thick depositional sequence include a monotonous malacofauna consisting mainly of open wetland and small water bodies species associated 
with dry to mesic grassland species in rather high amounts coming from adjacent valley slopes. Woodland elements (main ecogroup A) are very rare, 
being probably derived from stream drifts transported from the spring arca of the Suchÿ Brook which is situated at higher elevations out of the chernozem 

zone. This malacofaunal pattern is characteristic of dry chernozem areas settled since the early Neolithic.
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Table 7. Ctinëves-Hÿkovina (Central Bohemia), malacocoenoses reflecting peculiar environmental conditions ul the Plio/Pleistocenc 

boundary

Ecologie and 

biostratigraphic 

characteristics

List of species Layer

A B

A

(G)

1 (!)

Discus ruderatus (FÉRUSSAC)

Vertigo pusilla MÜLLER

+ +

+ +

(!)

2 W(S) ,,

cf. Fruticicolafruticum (MÜLLER)

Gastrocopta serotina Lo2ek

+ +

+ +

3 (G) Clausilia pumila C. PFEIFFER - +

B

(+)

+
4

(+)

!!

Granaria frumentum (DRAPARNAUD)

Helicopsis striata (MÜLLER)

Chondrula tridens (MÜLLER)

Truncatellina callicratis (SCACCHI)

+ +

+ +

+ +

+ +

(!)

5 <+>

G

(G)

Pupilla sp. (alpicola group)

Truncatellina cylindrica (FÉRUSSAC)

Vallonia costata (MÜLLER)

Vallonia pulchella (MÜLLER)

Vertigo pygmaea (DRAPARNAUD)

+ +

+ +

+ +

+ +

+ +

C

6 <!)

(!)

Cochlicopa fuhricella (PORRO)

Euomphalia cf. strigella (DRAPARNAUD)

+ +

+ +

j Me <+)
Euconulus fulvus (MÜLLER) 

cf. Trichia sericea (DRAPARNAUD)

- +

+ -

! R(W) <+)

1 G
---- M.. , - _ — - -

Clausilia dubia DRAPARNAUD

Vertigo cf. alpestris ALDfcR

+ +

+ -

8 + Succinella oblonga (DRAPARNAUD) + +

D 9 (G) Vertigo angustior JEFFREYS + +

Number of species 20 20

Explanation sec Tab. 2.

The deposit in question consists of loams high in CaCOt with coarse basalt scree and horizons of brown plastosols at the foot of a ba­

salt dome (Mt. Rfp). Layer A is a basalt scree al the basis of the sequence, B is a brown loam in the middle part. The whole deposit is Lat­

est Pliocene or Earliest Pleistocene in age. Both snail assemblages consist of species which do not coexist at present due to very differ­

ent ecologie requirements: Discus ruderatus - Chondrula tridens - Truncatellina callicratis - Helicopsis striata - Vertigo angustior - 

V. pusilla as well as the extinct Gastrocopta serotina. It may be assumed thai ecologie requirements of many species changed since this 

time. Such a fauna may reflect a patchwork of woods and open places under moderate climatic conditions differing from those in later 

Quaternary phases.

climatic changes based on malacofauna is much less dis­

tinct although some groups may provide important 

ecologie data (Pisidium - Meier-Brook 1975). Trace­

able differences between warm and cold intervals in 

continental steppe areas in the East as well as in strongly 

oceanic regions of south-west Europe are equally less 

expressed. This regional differentiation is, however, still 

poorly treated which is aiso true of South Europe due Io 

lack of trustworthy fossil evidence, although many valu­

able discoveries can be expected as suggested by several 

available records (BRUNNACKER et al. 1969).

COMMENTS ON SELECTED SPECIES

Carychium tridentatum (RS.) - appears at the beginning 

of the Holocene and shows a very rapid increase in the 

Late Atlantic which coincides with abrupt decrease in 

Vallonia costata (MÜLL.). Consequently it character­

izes the postglacial climatic optimum at which time it 

occurs in a number of habitats where it is extinct at pres­

ent. It is frequent aiso in interglacial deposits.

Cochlicopa species - C. lubrica (MÜLL.) and C. nitens 

(GALL.) survive the glacials (C. lubrica locally in loess),

50



Table 8. Snail assemblages from Pleistocene footslope deposits

Ecologie and 

biostratigraphic 

characteristics

List of species FarkaSovo Bank of Slanà

II IO 5 16 11b 6

j Aegopinella "n itens/m inor ' ' 1 — — — — —

I Causa holosericea (STUDER) 1? 1? — — — —

(G) Discus ruderatus (FÉRUSSAC) — 1 — 1? 1? —

(!) Faustina faustina (ROSSMÀSSLER) IO 13 2 116 24 18

1k Helicodonta obvoluta (MÜLLER) — — — 3 2 1

■
f Isognomostoma isognomostomos (SCHR.) — — — 7 5 I

1
* Monachoides incarnatus (MÜLLER) — — — — 1 —

(G) Oxychilus depressus (STERKl) 4 2 — — — 1?

! Pelosina unidentata (DRAPARNAUD) — — — 1 — —

u Soosia diodonta (FÉRUSSAC) — — — 1 —

! Vitrea diaphana (STUDER) — — — — 3 —

A (+) Arioma arbustorum (LINNÉ) — — — ' 1 — 2

j Limax sp. __ — _ 1 —
W(M)

Oxychilus sp. — —» — — 1 —

2 G Semilimax kotulae (WesTERLUND) — — — — 1 —

W(SÏ
(!) Fruticicola fruticum (MÜLLER) — — — 1 — —

Cochlodina cerata (ROSSMÀSSLER) 1 1? — 3? 3 1

W(H) (+) Vitrea crystallina (MÜLLER) 26 20 7 16 3 1?

3 (G) Monachoides vicinus (ROSSMÀSSLER) — — — 1 — —

(+) Vestia turgida (ROSSMÀSSLER) — — 1 1? — —

(+) Chondrula tridens (MÜLLER) — — — 1 — —

A
S + Pupilla ster ri (VOITH) 2 5 23 2 3? —

B
4

(+) Pupilla triplicata (STUDER) - 5 — - -

XL (G) Chondrina Cherna (WESTERLUND) — — — — 2 —

5
(+) Vallonia costata (MÜLLER) 13 Il IO — 3? -

++ Vallonia tenuilabra (A. BRAUN) — — 12 2? — —

6 Milax sp. (^rusticus) — — — 1 — -

(+) Euconulus fulvus (MÜLLER) — — — l — -

Me + Trichia “hispida/sericea " — — — — — 1

r Vitrea contracta (WESTERLUND) — — — 8 —» 1

7
R(W) (+) Clausilia dubia DRAPARNAUD 40 21 31 43 17 2

c 1 Laciniaria plicata (Draparnaud) — — — 9 14 2?

<+> Orcula dolium (DRAPARNAUD) 205 151 46 27 7 -

G Vertigo alpestris Al-DER — 1 2 1 3 1

(?) Columella sp. — — - 1 — —

8 + Succinella oblonga (DRAPARNAUD) 1? — 25 — — -

(G) Vertigo substriata (JEFFREYS) - — — 1 — —

D 9 <*) Succinella cf. putris (LINNÉ) — — — 2 1 —

Number of species 11 12 IO 24 20 12

Explanaiion see Table 2.
At FarkaSovo (southern foot of the Low Taira Mts in Central Slovakia) medium coarse screes with loess-like matrix include snail assemblages consisting 
partly of characteristic (Pupilla. Vallonia tenuilabra, Succinella oblanga) or local ( Virrea crystallina. Clausilia dubia, Orcula dolium) loess species, partly 
of species which occurred during the loess phases in moister uplands out of the loess zone {Faustina faustina, Oxychilus depressus. Vertigo alpestris).
In the Sland Valley (Slovak Karst. SE Slovakia) near Biroi in a very thick deposit of screes rich in clayey loamy matrix contain mixed malacocoenoses 
with a number of rather demanding woodland snails which probably survived the glacials in protected areas of Carpathian Foothills (Faustina faustina. 
Cochlodina cerata, Laciniaria plicata). In both cases the malacofauna reflects a parkland. A precise placing of the Sland-Valley local fauna into the se­
quence of Quaternary climatic cycle remains problematic.
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Table 9. Pavlov-vincyurd; Molluscan faunas from cryoclastic debris (grézes lilécs)

Ecologie and 

biostratigraphic 

characteristics

List of species Layer

A B c

! Aegopinella nitens/minor + — —

1
(G) Discus ruderatus (FÉRUSSAC) + — —

A 1 cf. Isognomostoma isognomostomos (SCHR.) + — —

1• Vitrea subornata (REINHARDT) + — —

2 W(S)
(!) Fruticicola fruticum (MÜLLER) + — —

It• • Gastrocopta theeli (WESTERLUND) 4- — —

“1
1
1

(+) Granaria frumentum (DRAPARNAUD) + 4- +
1
1 + Helicopsis sinaia (MÜLLER) + 4- 4-
1
1 s (+) Chondrula tridens (MÜLLER) + 4- 4-

4 1
1

+ Pupilla sterri (VOITH) — 4- —

1
L________

(+) Pupilla triplicata (STUDER) — 4- 4-

1
1 XL

(G) Chondrina clienta (WESTERLUND) + — —

B
1
1

(G) Pyramidula pusilla (Vallot) + - +

+ Pupilla muscorum (LINNÉ) — + —

(!) Truncatellina cylindrica (FÉRUSSAC) + 4- -

5 (+) Vallonia costata (MÜLLER) 4- + +

Vallonia excentrica STERKI mm» 4- —

++ Vallonia tenuilabra (A. BRAUN) — 4- —

(G) Vertigo pygmaea (DRAPARNAUD) — 4- —

6 (!) Cochlicopa lubricella (PORRO) + — 4-

C
I
1 (+) Euconulus fulvus (MÜLLER) 4- mm

7 • Me
1 (+) Trichia cf. sericea (DRAPARNAUD) — 4- —

1 R(W) 
j__________

(+) Clausilia dubia DRAPARNAUD + 4- 4-

Explanation see Table 2.
Tile deposit in question is situated at the southeastern foot of the Pdlava Hills in South Moravia (Vienna Basin). It represents a sequence of cryoclastic de­
bris (grezes litées). probably of Middle Pleistocene age. with thin loess-like (layer B) or humic (C) intercalations. The lowermost (A) layer is a medium 
coarse scree with brownish red loamy matrix. The three incorporated molluscan assemblages represent equivalents of those from the basal part of a loess 
series- the lowermost one (A) a declining interglacial (woodland with open patches), the middle one (B) a colei oscillation (loess steppe of warmer type) 
and the uppermost one (C) a warmer early glacial interval (continental steppe with humic rendzina soils). The occurrence of Granaria frumentum. 
Chondrina chena/. Pyramidula pusilla and Gastrocopta theeli are of particular interest. Ali faunas reflect a peculiar environment characterized by the 
substrate consisting of fine angular limestone debris rather poor in matrix (cp. Fig. 9).

whereas C. lubricella (PORRO) appears in large quantifies 

al the beginning of wami phases, particularly of the Holo­

cene, often in localities where it is lacking at present.

Pyramidula pusilla (VALLOT) - although it lives in 

cold high mountains environments at present, its Pleis­

tocene records are very rare, both in glacials and 

interglacials. This fact is puzzling, since Pyramidula is 

confined to karstlands which are very rich in various 

sites with abundant fossil molluscan faunas (see 

Chondrina).

Vertigo species - V. antivertigo (DRAP.) and V. an­

gustior JEFFR. are characteristic of moist meadows and 

nutrient-rich open wetlands where aiso V. pygmaea 

(Drap.) lives in high numbers. In Holocene floodplain 

deposits they occur throughout the Holocene which sug­

gests thai open habitats persisted in valleys during the 

whole Postglacial even in regions covered by woodland.

Granaria frumentum (DRAP.) - living at present in 

open warm-dry habitats in southern and southwestern 

Central Europe. It appears already in the early Holo­

cene, but rises to the highest values only in the I lolocene 

climatic optimum. Its occurrences are often situated in 

rocky open habitats forming patches within closed 

woodland areas which suggests that this is obviously 

due to higher temperatures. Nevertheless, in the Pleisto­

cene it occurs in early glacial chernozems or even in cer­

tain loesses.

Chondrina species - their fossil occurrence corre­

sponds to that of Pyramidula being very rare even in 

karstlands. Both Chondrina and Pxramidula arc obvi-
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9. Pavlov-Vineyards gravei pii (South Moravia» - ihe deposit in question consists of cryoclastic debris (Jurassic limestones) representing a peculiar en\ i- 
ronment strongly differing from that of the adjacent loess landscape. I - arable soil. 2.3.7.9. IO. 12. 14. 17.19- angular cryoclastic debris (while, yel­
lowish Io light greyish brown). 8ab. 13.15.21 - dark humic Itociions Ire nd/in a soils). 5. II -calcareouscrusts. 6.1fi. 18-horizonsrich in loess-like ma­
trix. 20-coarser scree. 4 - brownish red soil sediment. 22 - coarser scree with brownish red matrix. T - talus; (cp. Tab. l>. Fig. IO).

ously confined io very siony open environments (bare 

rocks, screes) as documented, for instance, by their oc­

currences in grèzes litées near Pavlov (S. Moravia) 

where C/i. clienta (WEST.) and P. pusilla (VALLOT) 

(Fig. IO) were recorded in several early glacial layers 

(Tab. 9, Fig. 9). Glacial occurrence of Ch. clienta. Ch. 

tatrica L2.K and Pyramidula has been known aiso from 

the Marama Cave in the Velkd Falra Mis. (Central 

Slovakia), so that it seems io be possible thai these spe­

cies survived the glacial in the West Carpathians. By 

contrast, Chondrina avenacea (BRUG.) in the Bohemian 

Karst was recorded only in the Postglacial.

Pupilla species - ali Pupilla species occur abundantly 

in loesses. They are very variable, their identification 

being sometimes difficult, particularly in the case of 

Pleistocene populations. At present, they arc ecologi­

cally differentiated: P. sterri (VTH.) and P. triplicata 

(STUD.) are confined to warm-dry rocky habitats, P. 

sterri occurring even in the alpine béii; P. muscorum 

(L.) prefers today semi-xcric grasslands on soft soils, 

mostly in cultivated landscapes: P. alpicola (CHARP.) 

lives in calcareous wetlands.

Vallonia costata (MÜLL.) and V. pulchella (MÜLL.) - 

both species which coexist at present in numerous 

places show a strongly differentiated occurrence pat­

terns in the past. V costata occurs locally in loesses, cur­

rently in late glacial or early interglacial/poslglacial 

phases, in which it attains its highest values. Al present 

it tolerates aiso partly shaded habitats. By contrast, V.

puchella is purely heliophilous and much less frequent 

in Pleistocene deposits being mostly associated only 

with damp environments. It occurs in highest amounts 

in the Late Holocene, particularly in cultivated areas 

which it prefers aiso at present. This is aiso true of V 

excentrica STRRKI which is. however, more abundant in 

West Europe. V. alutensis (GREDLERI is a heliophilous 

element of moist lowland meadows, today endangered 

by human activities.

Discus ruderatus (FÉRUSSAC) - is a well known in­

dex fossil widespread in the early Holocene with re­

duced present-day range confined io mid-European 

mountains and boreal forests. Its environmental require­

ments have been discussed by R. DEHM (1967). It is of 

interest thai D. ruderatus lived in the Late Glacial and 

early Holocene mostly in environments which consider­

ably differed from those of his present habitats. This is 

particularly documented by its associates, such as 

Chondrula tridens (MÜLL.), Vallonia costata (MÜLL.) 

or Cochlicopa lubricella (PORRO). D. ruderatus occurs 

aiso in various phases of the Pleistocene, particularly in 

early Pleistocene inlerglacials in malacocoenoses which 

suggest thai it considerably changed its ecological re­

quirements since this time (Tab. 3. 7).

Semi limax kotulae (WESTERLUND) - this species liv­

ing al present in montane to alpine belts occurs in small 

numbers in loesses and other glacial (inch of Late Gla­

cial) sediments al lower elevations, particularly in hilly 

areas where it disappeared during the earliest Holocene.
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O_________ 1 mm O 1 mm

IO. Chondrina dlenta < WESTERLUNDI anti Pyramidula pusilla ( Vau.OT) 
- epililhiccalcicolous snails confined eo bare limestone rocks, very rare in 
Pleistocene deposits. They probably survived the glacial phases in 
well-sheltered karsiland habitats within their present-day mid-European 

range (cp. Tabs. 9.2. PI. II/2).

Ac gap is verticillus (LAMARCK) - East Alpine-Dina- 

ric element, index species of interglacials in the arca of 

mid-European uplands io highlands as well as of lile 

Wesl Carpathians. By contrast, in the Postglacial it oc­

cupied only a limited area north of the Alps in the south­

ern half of the Bohemian Massif only during the second 

half of the Holocene (Tab. 2).

Aegopinella minor (STABILE) - only fully developed 

adult shells enable this species to be identified on 

conchological basis. lis expansion occurred in the early 

Postglacial, when Ae. minor extended even into the 

montane belt where it is extinct al present (high limesione 

Carpathians). In comparison with other Aegopinella spe­

cies it prefers rather dry often semi-open habitats.

Perpolita petronella (L. PFEIFFER) - occurs in high 

amounts in the early Postglacial, usually in wetland con­

texts; its range became reduced since the beginning of 

climatic optimum.

Oxychilus species - only O. depressus (STRRK1) and

O. glaber (RSSM.) were recorded in the Pleistocene of 

Cemral Europe; O. glaber very rarely in old interglacials 

(MIadcë), O. depressus aiso in glacial contexts. Other 

Oxychilus species are very young Late Holocene or 

modern immigrants.

Ceti [ioides acicula (MÜLLER) - in Central Europe a 

modern immigrant mostly confined io calcareous soils 

in cultivated areas. The shells of this subterranean spe­

cie arc often replaced into deeper strata which leads to 

false dating of such records.

Cochlodina cerata (ROSSMASSLER) - in the West 

Carpathians this species has been recorded in low num­

bers in glacial deposits which indicates thai it might sur­

vive the glacial in the arca of its present distribution. Al­

though it prefers woods and shaded places, it is able to 

live aiso among rocks and screes or under stones on 

open hillsides, especially at higher altitudes.

Clausilia dubia DRAPARNAUD - numerous records 

in mid-European glacial deposits inclusive of loesses, 

partly out of its recent range, indicate thai Cl. dubia may 

be considered glacial relict in a number of areas, particu­

larly al lower elevations.

Bulgarica cana (HELD) - a number of records from 

deposits of ihe Postglacial climatic optimum document 

thai this dendrophilus woodland species considerably 

reduced his range during the Late Holocene. Scattered 

occurrences in interglacial climatic optima.

Fruticico/a fruticum (MÜLLER) - occurs in a wide 

range of habitats from riverine forests to semi-xeric 

scrub, bushes or hedgerows. In the Pleistocene pasi it 

mostly reflects environments rich in ecotones, sueli as 

edges of woods, i. e. parklands. Therefore it is character­

istic of the transition periods between cold and wami 

phases as well as of warmer intervals in early glacials. It 

is abundant iii the first half of the Holocene, later its 

range becomes gradually reduced. In most cases it oc­

curred together willi Euontphaiiu strigella (Drap).

liei leei linae - only Helicopsis striata (MÜLL.) is ab­

original in Central Europe occurring frequently iii steppe 

phases of the Pleistocene and early Holocene, particularly 

iti loesses and chernozem soils. Other Helicellinae colo­

nized Central Europe only during the latesi Holocene and 

their invasion continues aiso at present {Ce nui el fo 

neglecta (Drap.) iii Central Germany and Bohemia).

Trichia hispida (L.) and Tr. sericea (DRAP.) -- both 

closely related species occur abudantly iii loesses; Tr. 

hispida in the Middle and Late Pleistocene, Tr. sericea 

in older glacials (early Middle and ORI Pleistocene). 

The relation of tile loess races of Tr. hispida and Tr. 

sericea to living populations has not been cleared until 

now. In certain areas, for instance in the Bohemian 

Karst, Tr. sericea is characteristic of the first half of the 

Holocene, later it became extinct, although it lives in 

other areas of inner Bohemia.

Faustina cingalena (ROSSM.) - rupestral snail living 

on limestone rocks in the subalpine io alpine belts of the 

West Carpathians. In glacial phases it lived al lower ele­

vations (corresponding to the present submontane belt), 

where it survived the cold-climate periods.

Helix pomaria - the Roman snail is an important in­

dex fossil of inlerglacials in the younger half of the 

Pleistocene. During early Holocene it recolonized Cen- 

iral Europe south of great northern lowlands, al present 

it lives in highest amounts in cultivated arcas.

CONCLUSIONS

The aim of this study was to present a review of avail­

able observations on the palaeoccologieal significance 

of Quaternary molluscs, particularly on their contribu­

tion to the knowledge of environmental conditions in the
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recent geological past - the Quaternary. Our results 

based on evidence from Central and Western Europe 

show thai fossil shells may elucidate a number of 

palaeoenvironmental problems of the Quaternary Era. 

The major conclusions may be summarized as follows:

1. The study of fossil malacofaunas covers a wide 

range of habitats and environments, so that it enables the 

landscape development to be reconstructed in consider­

able details.

2. In a number of regions Mollusca provide the main 

evidence ol palaeoenvironmental development and stra­

tigraphy of the Quaternary due to lack of other groups of 

fossils. This is particularly true of warm-dry regions 

densely settled since prehistoric times.

3. Fossil molluscs play an important role in Quater­

nary ecostratigraphy since they give the possibility to 

identify precisely particular phases of the Quaternary 

climatic cycle in close correlation with sediment and 

soil develomcnt.

4. Within broad chronological context they provide 

aiso a number of chronostratigraphic data, particularly 

with respect io the gradual retreat of several Pleistocene 

species extinct at present or living in remote regions.

5. Multilateral application of molluscs to problems of 

the Quaternary Era still suffers from lack of contextual 

analyses, since correlation with further main groups of 

Quaternary' fossils, i. c. with plants and vertebrates, re­

mains poorly known even today and a number of regions 

where fossii molluscs undoubtedly occur in abundance 

have not been malacologically examined.

Translated by lile author
Rcc oinmended Jur print by J. VaSdtko
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Paleoekologie kvartérni'ch mekkÿsu

(Resume anglickei)o texta)

VO JEN LOÉEK 

Pfedloieno 29. zaff 1998

Mëkkÿsi patn mezi nejhojnëjSf fosilie kvartéru a casto se hojnê vyskytujf tam, kde jinÿch kvartérm'ch Ios iii* jc 

nedostatek. Pfesto nejsou dodnes plnë docenëni a vyuSiti. coi souvisf s nedostatecnou znalostf jejicli ekologie 

v korelaci se sedimentaënfm prostfedim kvartérm'ch ulozenin. nehledé k tomu, ze zpracovarum fosilnich malakofatm 

byli ëasto povëfovani zoologové, kieri' je sice dovedli dobfe urcit, nemëli vsak blizsf pfedstavu o pomereeh 

v kvartéru, lakze urëenÿ material nebyli s io radne vyhodnotit. Nutno zdûraznit, ze podrobné clenëni kvartéru se opi'ra 

o klimatické zmëny, které se obrâzejf nejen ve vÿvoji fauny a flóry, nÿbrô i ve zmenach rüznych scdimeniü a pud. 

Urëitÿ sediment nebo poda jsou slozkami téhoz ekosystému jako fauna v nich zachovana, lak/.e malakostratigrafie 

kvartéru sc opira pfedevsfm o ekoslraligrafickd data.

Uspësné vyuzitf mëkkÿSû v kvartémi ekostratigrafii vyzadujc splnëni dvou zakladm'ch podmfnek:

1. Znalost vztahu mëkkÿsü k prashadi, ij. k podnebi', subslratu, vegeiaci i k pravëkcmu osfdlenf vëclnc poznatku o 

rychlosti sirenf jednotlivych druhû.

2. Korelace malakofauny s prostfedim jednotlivych fdzf kvartérniho kliinatickëho cykhi. charakterizovanym na 

zakladë dalsich, zejména sedimenlologickych a pedologickÿch kritcrii. To umoznujc spravné uplalncm' poznatku o 

ckologii souëasnÿch mekkÿsu v kvartémi minulosti, zejména pri hodnocem' tedi spolecenstev, kteru nemaji recentm' 

analogii (zvl. sprase). Dalsf podmmkou je sbër azpracovani fosilnich schranck pfizpusobeny pozadavkiim vyzkuinu 

kvartéru. Schranky i jejich ulomky musi' bÿt ziskany ze vsech fosilifernich vrstev dokonalc ociStönych a podrobné 

strati fikovanÿch profilû, pokud mozno v poëtu umoziïujfcfm statistické vyhodnocenL Krom vlastmho urcenf mu si 

kvartémi malakozoolog znat moznosti prfnosu ulit do fosilifernich vrstev. coz dovoluje rozlisil, zda jde o jedinou 

malakocenozu nebo celÿ soubor rûznÿch spolecenstev. i rozliscnf slozky auiochtonm, tj. druhû zijfcich primo v sedi- 

menlaënfm prosloru, od slozky parau tochton ni, zahrnujicf ulity transportované ze SirSiho okolf, nehledé k slozce 

alochtonm, k nfz nalezf ulity premistëné ze starôich ulo^enin.

Taklo ziskané vÿsledky jc pak treba porovnal se soucasnÿm slavem na zkournané lokalitë a stanovil rozdi'ly v eko- 

logickÿch narocich jednotlivych faun i ve vyskytu jednotlivych druhû, popr. spolecenstev.

Dfk splnëni popsanÿch pfedpokladu se podafilo v sirsi'm slfedoevropském prosloru stanovil pomërnc podrobnou 

korelaci mezi sedimenty a pudami jednotlivych fazf kvartérm'ho klimatického cyklu a pnslusnÿmi spolecenstvy 

mëkkÿSu. Tÿka se io zejména spraSovÿch seri i, které poskytujf nejüplnëjsf üdaje. Optimum podnu'nky poskytujf niz- 

ké teplé pahorkatiny a krasova üzemi. V této oblasti lezicf v sousedstvt dvou vclkÿch zalednënf. severoevropského a 

alpského, se také nejvÿraznëji projevuji rozdi'ly mezi jcdnotlivÿmi klimatickÿmi vÿkyvy; v rovitiatÿch scvernich m- 

zinach, na stepm'ch planinach vÿchodnf Evropy nebo vc vÿraznc oceanskÿch oblastcch ila zapadë jsou tylo rozdfly 

mené vÿrazné.

Podobnë jako dnesni mulakofauna byly i kvartémi malakocenozy diferencovany podle vÿSkovÿch vegetaenfeh 

stupfiù, vykazovaly regionalnf rozdfly, napadné zejména v leplÿch obdobfch. ale sledovatelné i v monoiônnfcb spole- 

censtvech sprasi. K lomu prislupovaly zmëny v éasc. i kdyz zakladnf schéma cyklického vÿvoje zustavalo zachova- 

no. Na prechodu rûznÿch klimatickÿch fazf se projevovaly sukeese spoleëenstev. navazujici na sukeesi fytocenóz a 

vÿvoj pud. Tylo rozdfly lze vyu^.ft zejména pfi podrobném clenënf tcplÿch obdobf. predevSfm postglacial u, kdy lze 

rozliSit i jednotlivé migracnf smëry a konfronloval je s ruznÿnii pfeka?.kami, napr. s vytvoremm odlesnëné kulturnf 

krajiny pocfnaje neolitem, ktera zamcziladalsf migraci nêkierÿch lesnfch druhû. Lze zachylit i zmëny slanovistm'ch 

naroku nekterÿch druhu oproli dnesnfmu slavi!, coz phili' zejména pro nëktcré cleny sprasovÿch spolecenstev a pro 

fauny ze starého pleistocénu.
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Uvcdenâ zjiStêni vrhajf svëtio i na nëkieré dosud diskutované problémy, pfedevsim na otâzku rcliktu, zejména 

prezfvânf teplomilnÿch prvku bëhem glaciâlu, dale pak na podrobné z achy ce m' zakladm'ch vegetaëm'ch for maci, pfe­

devsim lésa a stepi na mcnSich plochâch, eo?, hraje vÿznamnou ülohu ve sprâvném pochopeni postglaciâlnfho vÿvojc 

z.ivého svëta slfednf Evropy a jeho soucasného slavi!.

Ukazalo se rovnez, ze z hlcdiska rekonslrukce minulÿch pffrodnfch podmfnek vykazuji malakocenozy rûznÿch 

lypu stanoviSf rozdi'lnou vÿpovëdni hodnolu. Spolecenslva vodnf a mokradm a do jisté mfry i spolecenstva luënf az 

stepni se vy/.nacujf podstatnë menSfmi zmënami v prûbëhu glaciâlu a interglaciâlu nez spolecenslva lesnf, ktera zahr- 

nuji nejvëtsi pocet vûdcfch druhû jak z hlediska ekoslratigrafic, lak chronostraligrafîe.

7. pfedchozfho rozboni vyplÿvajf lylo zâkladni vÿsledky:

1. Studium fosilnich malakofaun zachycujc velmi §irokou Skâlu rûznÿch lypu prostredi, takze umoznuje rekon- 

slruoval obraz vÿvoje krajiny do znacnÿch podrobnostf.

2. V rade oblastf jsou mëkkÿsi hlavnim zdrojcm biologické informace o vÿvoji proslfedf i stratigrafii kvartéru 

vzhledem k nedosiaiku jinÿch druhû fosaii. Jde pfedevsim o suché teplé krajiny, osidlené jiz v hlubokém pravèku.

3. Fosilnf mëkkÿSi se plnë uplatnuji v râmci ekostratigrafie kvartéru tfm, ze umoznujf presnou idenlifikaci jednot- 

livÿch fâzf kvarlérniho klimalického cyklu v lësné korelaci s vÿvojem sedimentù a pûd.

4. V susini casovém ramci poskytujf i fadu ccnnÿch chronostraligrafickÿch dokladû, pfedevsim vzhledem k po- 

stupncmu mizenf dnes jiz vymrelÿch pleislocennich druhû a v regionalnfm ramci i k vÿskylu novÿch imigrantû, eo? 

platf pfedevsfm pro postglacial.

5. Klimalické zmëny, zejména slffdânf teplÿch a studenÿch obdobi, se nejvÿraznëji projevujf ve zmënâch malako- 

cenôz v teplÿch suchÿch pahorkalinâch az vrchovinâch, kde spoleëensiva glaciâlni otevfené krajiny vzdy vystndala 

v leplÿch obdobich plnë rozvinutâ lesnf spolecenstva. V rovinatÿch oblastech s pfevahou vodm'ch a mokfadm'ch ma- 

lakocenoz, stcjnë jako na siepmch rovinâch, jsou rozdily v malakofaunë mène vÿrazné.

6. Vseslranné vyuziti kvarlérm'ch mëkkÿsû je dosud v pocatcfch, i kdy? prvnf kroky byly jiz ucinëny. Zbÿvâ pro- 

vést presnëjsi korelaci s Balgimi hlavnimi skupinami kvarlérm'ch fosilif, rostlinami a obrallovci, a rovnë? zbÿvâ do­

sud mnoho oblaslf, kde se kvartémi' mëkkÿsi nepochybnë hojnë vyskytujf. nebyli v§ak zatfni blfze zkoumâni, coz phi­

li' pfedevsfm pro hornaté câsti ji?ni Hvropy.

Vysvëtlivky k tabulkam

Tabulka I. Mëkkÿsi cvropskÿch sprasf.

Vscobecnë rozsfrcnc sprasove druhy; rcgionâlmVmistnf spraSovc 

druhy; piïlc?itostnc druhy sprasf; druhy buzinnÿch sprasf. Vscch- 

ny sprasove druhy inohou zft v otevfené krajinë, velina z nieli i 

v drsnÿch tcplotnfch i vlhkoslnfch podmmkâch.

Tabulka 2. Pustÿ JMcb v Moravském krasu: vÿvoj inalakofauny od 

visclskcho pleniglaciâlu.

Z - vehod j. Pustozlcbskc Zazdcnc - vrstva II: spraSovita hlfna 

s ostrohrunnou drtf, koncc pleniglaciâlu. Malakoccnôzu pozustâ- 

vâ 7. necetnÿch druhû, zcâsli vÿznaënÿch pro spraSe (H. sinaia. P. 

sterri. S. oblanga), zcâsli pro sprasovité ulozeniny vyssfch poloh 

[Arioma, S. Lotidae). Nulcz Pyramida!}' doklâdâ jejf prciitf bc- 

hem glaciâlu. Spolcccnslvo odpovfdâ kamenilÿm holmi v drsném 

podncbf.

S - Stajgrovka - svëtle hncdÿ jcmnë pfscitÿ pënovcc na bâzi pë- 

noveového lozisku. Druhovë Josti bohalâ mulukofauna je klima- 

licky ncnârocnâ a odpovfdâ prévalue otevfcnc' krajinc. Zahrnujc 

ovsem i druhy indikujfcf poëâlek olcplcnf (G. frumentum. Ch. cli­

enta, C. tridcnlalum) a pfcchod k parkovilé krajinë (F. fruticum, 

V. pusilla).

P - Soucasnâ malakofauna zc dna Pustého ilebu - pffklad plnë 

rozvinulého spolecenslva tcplcho obdobi s pfevahou bohatÿch 

lesnfch malakocenoz s nÔklciÿmi vûdéfmi druhy inicrglaciâlû 

jako Ac. verticillus. D. perspectivus etc. Druhy otevfené krajiny 

ptichâzcjf ze skalnfch sien. Pffklad posiglaciâlnfho ckvivalentu 

intcrglaciâlnfch malakofaun.

Obccné vysvctlivky k tabulkam 2-9 

Ekologickc charakteristiky

Hlavnf ckologické skupiny: A - les vscobecnë. B - otevfenâ kra- 

jina vscobecnë. C - les i bezlesf. D - mokfady u vodnf stanovistë. 

Ekologickc skupiny: 1 - zapojcnÿ Ios. 2 pfevâ?në les. mfsty i po- 

lootcvfcnâ a? bezlesâ stanovistë: W(M) - svë*f. W(S) - suchâ. 

W(H) - vlhkâ, 3 - zamokrené lesy. luhy, olSiny. 4 - xcrotermnf 

bezlesf nebo skâly: S - vscobecnë. XL - vâpcncovc skâly, S(W) - 

câstccné zaslfnënf, 5 - bezlesf vScobccnë fvlhkc lotiky a? stepi); 

Ios i bezlesf: 6 - pfevâïnë suché, 7 - svëZf nebo rûzné: Mc - vsc- 

obeenë. MR - svezf skalnf stanovistë. R(W) - skâly i lesnf sutë, 

9 - mokfady. bfehy vod. IO - vody.

Biostratigrafickc charakteristiky

+ - vÿznuënc sprasove druhy. ++ - vûdcf sprasove druhy, (+) - 

mfstnf a nâhodné spraSovc druhy. G - druhy prc?fvajfcf glaciâl 

mimo pâsmo sprasf. (G) - duo. jako relikty. ! - druhy teplÿch ob- 

dobf, !! - vudëf druhy interglaciâlu. (!) - curytermnf druhy tep- 

lÿch obdobf, M - modernf (postglacialiii*) imigranti, +?. 3? - pfi- 

bli?nc urëcnf. (+)(2) - alochtonnf (prcmfstënd) ulity.

Tabulka 3. Malakofauny vâpnitÿch moëâlû z rûznÿch klimatic- 

kÿch tâzf.
A - Ünëticc - Holÿ vrch (u Prahy): sypkÿ pënovcc v nadlozf 90 m 

terasy Vltavy. v souëasnosti le?fcf 50 m nad nivou Unëtickcho 
potoka (pfftoku Vltavy) vc velmi suchém prostredi. Cusnâ fdze 

cromerského interglaciâlu vyznaëujfcf se mimofâdnou stanovist- 

nf i druhovou diverzitou. Vëtsina druhû je lokâlnë i rcgionâlnc 

vyhynulâ. Lo?isko se vytvofilo na lîpatf svahu na okraji Siroké 

ffcnf nivy s mocâly a tünemi lcmovanÿmi tcplÿmi hâji s otevrenÿ- 

mi xcrotcrmnfmi pioskami na pfilchlÿch svazfch.
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B - Ruihachy - Horbek (SpiSskd Magura. sevcmf Slovensko): 

sypkÿ pënovcc na bdzi mocncho tclcsa stfedopleistoccnnfch tra- 

vertinü. Bohuté vlhkomilné mulukocenôzy z vlhkc, patmë pozdnë 

glaciâlnf fâze. charaktcrizované chybënfin druhû hlavnf ckosku- 

piny A. s pfevahou ncnâroënÿch prvkû otevfené krajiny (B) a in- 

diferentû (C) s prfmësf nëkolika plzû. pfcvâinë vazanÿch nadrob- 

né vody. Spolcëenstvo odpovfdâ pfcvâinë otevfené krajinë v drs- 

nÿch klimadckÿch podmfnknch.
C - Dolnf Chabry u Prahy. cihelnu. Coëkovitâ vloika slfni'i ve 

sprasi visclského pleniglaciâlu obsahujfcf spolecenstvo. které po- 

zûstâvâ zëâsti ze sprasovÿch, zëâsti velmi ncnâroënÿch baiin- 

nÿch druhû {Pupilla alpicola. Vertigo genesii. Pisidium stewarti) 

a odpovfdâ mentum mok fad u v glaciâlnf sprasove stepi.

Tabulka 4. Skalnf ûtes Martinka na Pâlavô (jiinf Morava) - zmc- 

ny mêkkÿsfch spolcëcnstcv na üpatf steny od visclského plcnigla- 

ciâlu.
Pâlnvu budujf vcrtikâlnf utesy jurskÿch vâpencu tvoffcf drobné 

izolované pohoff uprostfed nfiin Vfdcftské pânve. Studované lo- 

iisko se nachâzf na jejich sz. üpatf.

A - svëtle okrovâ sprasovitâ hlfna s roztrousenÿmi bloky vdpcncc 

- visclskÿ pleniglacial. Chovu vclice chudou malakofaunu za- 

stoupenou vudëfm plenigluciâlmm druhem Pupilla loessica, coz 

odpovfdâ prostfedf ch lad né stepi opëtovnë narusované pohyby 

blokovÿch sutf.

B - svëtle hnëdosedc ostrohrunne drtë s hlinitou vÿplnf a roztrou­

senÿmi balvany - visclskÿ pozdnf glaciei. Druhovë cliudé spole- 

Censtvo bezlesé krajiny zahrmijc nëkolik vlhkomilnëjSfch prvkû 

(A riant a arbustorum. Cochlicopa lubrica) i druhû s vySsfmi nâro- 

ky na tcplotu. coz odpovfdâ ehladne parkovité krajinc charakteri- 

zovanc moza i ko u suchÿch ai svëzfch trâvnfkü s menSfmi plocha- 

mi kfovin.

C - stfednë hrubé sutë s kyprou linuvo.sedou hunuS/nf vÿplnf 

s mnozstvfm uii!. Plnë rozvinutâ malakofaunu svëifho ai mimé 

vlhkého lésa odpovfdâ zapojenemu. pfcvâinë svcifmu lesu. vÿ- 

znacncmu pro ncjvlhcf fâzi holoccnnfho klimatického optima 

(casnÿ atlantik). Desct druhû je dnes rcgionâlnë vymfelÿch (srov. 

s loupe c R). Xcrotermnf prvky otevfené krajiny pochuzejf z pfi 

Ichlÿch skalnfch stën.

R - v dncsnf ochuzené faune pfevazujf xcrotermnf druhy bezlc- 

sf, lesnf sloiku je silne redukovdna. Bëhem dru hé poloviny holo- 

cénu byla studovanâ oblast hustë osfdlenu. odlcsnêna a zestep- 

nëna.

Tabulka 5. Mladcc-Tresfn (sevemf Morava): pleistocena mala- 

kofauny z jeskynf ve srovnânf se souëasnÿm spoleëenstvcm pliü. 

A - rude jflovité hlfny sc sutf ve Vclké Mludccské jcskyni; lesnf 

spolcëenstvo ëasnë stredopleistoccnnfho (tj. predholstcinského) 

interglaciâlu s vysokÿm podflcm vyhynulÿch nebo rcgionâlnc vy- 

mfclÿch druhû, zëâsti zâpadoevropského râzu. Hlavnf ekoskupi- 

na otevfené krajiny (B) nenf zastoupena.

B - il ula vâ jcskynnf hlfna odkrytâ v jcskynnf léccbnë: malako- 

fauna pozûslâvâ prevainë z druhû otevfené krajiny (hlavnf cko- 

skupina B), avsak obsahujc i pfcmfstëné Ülomky druhû intcrgla- 

ciâlnfch {hlavnf ckoskupina A).
C - dneSnf malakofauno kopee Tfcsfn pfedstavujfcf modem i ek- 

vivalent nëkdcjSfch interglaciulmch spolecenstev vazanÿch na 

tcplé podncbf.

Tabulka 6. Vojnice (scverozâpadnf £cchy): postglaciâlnf sied 

malakofaun z nivnfch uloicnin pozûslâvajfch z ëernozemm'ho 

matcriâlu.

Studované naleziStë se nachâzf vccmozcmnf oblasti nfiiny dolnf- 

ho Poohff. osfdlcné od ncolitu a charaktcrizované dobfc zuchova- 

nÿmi stcpnfmi biocenózami. Pët metrii moenÿ sied uloienin obsa- 

huje jednotvârnou malakofaunu scstâvajfcf pfcvâinë z obyvatcl 

otcvfcnÿch mokfadû a drobnÿch vod spolu s prvky suchÿch ai

sveifeh trâvnfkü pochâzejfcfch z pfilehlÿch üdolnfch svahû. Les­

nf druhy (hlavnf ckoskupina A) jsou velmi ffdkc a palmé pochâ- 

zejf z nâplavû pfipluvcnÿch ui z prumenné oblasti Suchého poto- 

ka. ktcrâ Icif ve vëtsf nadmofské vÿscc iii mimo cemozcmm pas 

ino. Tcnto vÿvoj malakofauny je vÿznaënÿ pro suché ëcrnozcmnf 

oblasti osfdlcnc od casného ncolitu.

Tabulka 7. Ctinëves-Hÿkovina (slfcdnf Cechy) - malakocenozy 

obrâicjfcf specifieke' podmfnky prostfedf na pi io/plci streeli min 

rozhranf.

Studované souvrstvf pozûslâvâ ze silne vâpnitÿeh lilfn s hmbou 

ëcdicovou sutf a horizoni)1 hnëdÿch plastosolû na üpatf ëcdiëovc 
kupy ftfpu. Poloha A zahmujc ëcdiëovd sutë na bazi souvrstvf. B 

hnëdé hlfny ve stfedm'm üseku. Celé souvrstvf nâleif nejmladSf- 

mu pliocena nebo nejslariifmu plcislocénu. Obc spolcëcnstva po- 

züslâvaji z druhû. kterc nciijf pohroinadë vzhlcdem k protichüil- 

nÿm ekologickÿm poiadavkûm: Discus ruderatus - Chondrula 

tridens - Truncatellina callicratis - Helicopsis striata - Vertigo 

angustior - Vertigo pusilla a rovnez vyhynulâ Gastrocopta sero­

tina. L/c se proto domnfvai. ic ekologické poiadavky mnohÿch 

druhû sc od té doby zmënily. Takovâ fauna patmë odpovfdâ mo- 

zaice Icsû i otcvfcnÿch ploch v mfmÿeh klimatickÿeh podmfn- 

kâch lisfcfeh sc od pomërü v pozdcjsfeh fâzfch kvartéru.

Tabulka 8. Spolecenstva pliü pochâzejfcfch z plcistocennfch 

üpatnich souvrstvf.

Na Farkasi vu (jiinf üpatf Nfzkÿch Tater na stfcdnfm Slovcnsku) 

stfednë hrubé sutë sc spruSovitou vÿplnf chovajf pii! spolccen 

siva, pozüstâvajfcf zëâsti z vÿznacnÿch {Pupilla, Vallonia tenui- 

labris. Succinella oblonga) nebo lokâlnfch {Vitrea crystallina. 

Clausilia dubia, Orcula dolium) sprasovÿch druhû. zëâsti z dru- 

hû. které sc l>ëhcm sprasovÿch fâzi vyskytovaly ve vlhêfeh vyso- 

cinâch mimo sprasove pdsmo (Faustina faustina, Oxychilus ile 

pressus. Vertigo alpestris). - V üdolf Slanc vc Slovcnském krasu 

na jv. Slovcnsku nedaleko Br/olfna moené souvrslvi sutf s boha 

loii vÿplnf jflovitÿch humuscm chudÿch hlm choya smfsené mala- 

kocenôzy s fadou Josti nâroënÿch lesnich pixii, kteff pravdëpo- 

dobnë pfeiili glacial v chrânënÿeh okrscfch jiinich kurpatskÿch 

pfedhoff (Faustina faustina. Cochlodina cerata. Paciniana pli­

cata). - V obou prfpadeeh malakofaunu indikujc parkoviiou kraji- 

nu. Prcsné zafazenf mfstnf fanny z üdolf Slané do nëktcrc fâze 

kvartérnflio klimatického cyklu zûstâvâ zatfm probletnatické.

Tabulka 9. Pavlovské vinicc: malakofauny z mrazovÿch drtf fgrc- 

zes litées).

Studované uloicniny sc nachâzejf na jv. üpatf Palavy na jiinf Mo- 

ravë (Vfdeliska pânev). Jde o sied mrazovÿch drtf. patmë stredo- 

plcistoccnnfbo stâff s tcnkÿmi spraSovilÿini (vrstva B) nebo hu- 

móznfmi C) vloikaini. Bazâlnf polohu ( A) tvofi rudohnëdâ hlfna 

sc stfednë hmbou sutf. Tri mëkkÿsi spolcëcnstva pfcdstavujf ek- 

vivalenty malakofaun z buzâlnfch liscku sprasovÿch sérif - nej- 

hlubsf (A) patri' vyznfvajfcfmu interglaciâlu. prostfednf (B)chiaii- 

nému vÿkyvu (sprasovâ step tcplejSiho typu) a nejvySSf (C) tep- 

lejsfmu Casnë glaciâlnfmu vÿkyvu {kontincntdlnfstep nu humôznf 

rcndzinë). Pozomhodnÿ je vÿskvt dinhii Granaria frumentum. 

Chondrina Chenia. Pyramidula pusilla a Gastrocopta theeli. 

Vscchny fanny indikujf svérâzné prostfedf na nânosech drobné 

ostrohranné vâpcncovc drtë. chudé na jemnozemnf vÿplft.

Vysvëtllvky k obrâzkum

I. Soosiu diodonta (FÉRUSSAC) - vùdëf druh stfcdocvropskÿeh 

interglaciâlu. dncs iijfcf v Jiinfch Karpatcch a na scvcrnfm Bai 

kânë.
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2. PerforateIla bidentata (GMH1.IN) - ch ara kieri sticky druh luhu a 

olsin, klerÿ pravdëpodobnë prezil glacialy ve svem dneSnfin stfe- 

docvropském areal u (srov. tab. 3, obr. 3).

3. Ünëticc u Prahy, Holÿ vrch - dncsnf siluace cromerskÿch pë- 

noveû a slfnû (CT) v nudloif suchdolskc (90 m) lcrasy Vltavy 

(ST). Bëhem ukladam pënovcû (CT) se nalczistë nachazclo v si- 

rocc otevfeném üdolf Vltavy. Od te doby by la terasova plosina 

roze lenen u hlubokÿmi udolnfmi zarezy (VU), takic pënovcc dncs 
Ie?.f 50 m nad sousednf nivou Ünëtického potoka (FU) a 90 m 

nad nivou Vltavy (FV) na dnë sevfeného üdolf 2 km dale k vÿcho- 

du. L - spi ns, P - protcrozoické bridlice. Si - hfeben proterozoic- 

kÿch buliXnfkû tvoffcf narazovÿ breh suchdolskc terasy. A - nad- 

mofska vÿska (srov. tab. 3).

4. Transport ulit do uloicnin v jcskynnfm vehodu. R - vehodovÿ 

val, C - akumulacnf kuici pod otcvfenÿm komfncm. FC - fosilnf 

ku?cl pod komfncm vyplnônÿm starymi stmelenÿmi sedimenty 

(V). Slozky mckkÿsfho spolecenstva v scdimcntcch vstupnfho 

valu: I - uutochtonnf malakoccnoza lésa na suti vstupnfho vaili. 

Parautochtonnfulity pfemfstënc z nüslcdujfcfch biotopü: 2 - stin- 

né stëny, 3 - otevfené steny, d - kfoviny, 5 - skalm' stepi. 6-step 

na hlubSf püdë na okraji plosiny. 7 - pas kfovin na okraji lésa na 

okraji lésa (ckoton), 8 - suchÿ les na ploSinë (srov. tub. 2. 

pffl. II/2).

5. Faustina cingalena ( R OS SM AHSS LHR) - skalm druh supramon- 

tannfho az alpinskeho siupnë vysokÿch vapencovÿch Zapadnfch 

Karpat. Prezil glacialy v nizsfch polohach.

6. Vestia turgida (ROSSMAESSLKR) - karpatskÿ klausiliid fijfcf 

ve vlhkÿch horskÿch lesfeh i nachrancnÿch mfstcch subalpinskë- 

ho az alpinskeho stupnë. Pfciil glacial ve svem dncsnfm arealu, 

jak doklâdajf jcho nalczy ve sprasfch na üpatf Karpat.

7. Gastrocopta serotina LOZEK - vyhynulÿ druh znamÿ ze spolc- 

ëcnstev plio/plcistoccnnfho rozhranf, ktera ncmajfolxioby v poz- 

dëjsfch dobach (srov. tab.7. phi. IV/I).

8. Cochlodina cerata (ROSSMAESSLERI - zdpadokarpatskÿ ende- 

mit, ktcrÿ patrnë prezil glacialy v chranënÿch okrscfch v jiXnich 

pfedhoffeh Karpat (Slovcnskÿ kras, srov. tab. 8, pffl. 1V/2).

9. Pavlovskii vinicc. sterkovna (jiinf Morava) - sediment tvoff 

mrazove drtë z jurskÿch vapencü sc zvlastnfm prostfedfm zeela 

odlisnÿm od okolnf sprasove krajiny. I - ornice, 2. 3.7. 9. IO. 12. 

14, ! 7, 19 - ostrohranné mrazove drie (bile, zlutavé az svëtle sedé), 

8ab, 13, 15.21 - tmavc humoznf horizonty(rendziny). 5. 11 -kar- 

boniitove krusty, 6. 16. 18 - polohy s pfevahou sprasoveho mate- 

iialu, 20 - hrubsf sutë. 4 - hnëdocervenÿ pûdnf sediment, 22 -

hnédoêervena hlfna s hrubsf sutf (srov. tab. 9. obr. IO). T- 

osyp.

IO. Chondrina clienta (WESTERLUND) a Pyramidula pusilla 

(VALLOT) -- epilitiëtf vapnobytnf plzi vazanf na hole' vâpcncovc 

skaly, velmi vzacnf v plcistocennfch uloieninüch. Pfe2ili patrnë 

glacial na chrânënÿch krasovÿch stanovistfeh ve svém dnesnfm 

stfcdoevropske'm arealu (srov. tab. 9. 2. pffl. II/2).

Vysvétlivky k prilohâm

Pffl. i

1. Kopcncic (Vclkü Fatra. stfednf Slovensko). Dncs lezf loto nalc- 

zistc na horni' hranici lésa, avsak v postgfacialnfm klimatickeni 

opt i mu byl cclÿ okrsek pokryt lesem, jak dokladajf bohatc mëk- 

kÿsf fauny ve vÿplnfch drobnÿeh pfevisü.
2. Chlum u Srbska v Ceskem krasu, opustenÿ loui. Obii blokova 

halda po komorovem odstfelu dovi) lu je sledovat kolonizaci pixi 

v case i prosloru.

Pffl. Il

1. Jcskynë PustoZIcbska Zazdëna v Moravskem krasu. Ulity plu- 

jfcf na hladinc bëhem plavenf vzorku zeminy ze stfcdoholocen- 

nfeh vstupnfch ulozenin. Malakoccnoza poziistava ze skalnfch 

druhû (Chondrina, Granaria) i obyvatcl lésa na üpatnf sini (Sphy­

rodita!!, Clausiiadae) (srov. tab. 2. pffl. II/2).

2. Stëny Zobanü v Pustëm zlebu v Moravskc'm krasu - na üpatf 

svislc steny sc devini vehod PustoilcbskéZazdëné jcskynë (srov. 

tab. 2, phi. n/l.obr. 4).

Pffl. III

1. Naplav Dunuje pod Brulislavou obsahujc pfccctnc ulity pocha- 

zcjfci vëtsinou z Iii 2 me h hüjû.

2. Murtinka na Palavë. Ulozeniny na üpatf stëny dovolujf sledovat 

vÿvoj mêkkÿsfch spolcëcnstcv od visclského pleniglaciâlu do 

souëasnosti (srov. tab. 4. obr. 4).

Phi. IV

1. Ctinëvcs-Hÿkovina pod Rfpem - moené souvrstvf ëcdiëovÿeh 

sini' s fosilnfmi pûdami (hnëdé plastosoly). bflÿmi provapnënÿmi 

u hnëdÿmi hlinitÿmi polohami obsahujc zvlaStnf plif spolcëcn­

stva s Gastrocopta serotina, vyznaëujfcf plio/plcistoccnnf rozhra- 

nf (srov. tab. 7, obr. 7).

2. Brzotfnské skaly v Slovcnskcm krasu - na üpatf 450 m vysoké- 

lio skalnatého svahu vystupujc moona série hlinitÿch sutf s tau 

nini zahrnujfcf nëklerc klimaticky narocnëjsf druhy v chladném 

prostfedf. eo?, mu2c dokladat jcjich pfezitf bëhem glaciale! (srov. 

tab. 8, obr. 4, 8).
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V. LOZEK: Palacoccology of Quaternary Mollusca PI. I

1. Kopenëie (Vclka Fatra Mts., central Slovakia) - at present, this site is situated at the upper timber line, but in the Postglacial Climatic 
Optimum the whole arca was covered by forest as documented by rich snail faunas occurring in sedimentary Tills of small rock-shecltcrs.
2. Olium HUI near Srbsko (Bohemian Karst), abandoned quarry - the giant scree formed by chamber blasting enable the gradual 
colonization by snails to be traced in space and time.

Sbor. geol. v£d - A - sv. 24



PI. Il

1. Pusto?.lcbska Zazdënd Cave (Moravian Kars!) - shells floating at !hc water surface during the washing of an earth sample from Middle 
Holocene entrance deposits. The assemblage in question consists of rupestral (Chondrina, Granaria) and scree-forest species 
(Sphyradium, Clausiliidae) (cp.Tab. 2, PI. II/2).
2. Zobany Rocks in the Pustÿ 7.1eb Valley (Moravian Karst) - at the foot of the vertical rock wall the entrance of PustoZlebska Zazdena 
Cave is situated (cp. Tab. 2. PI. II/l, Fig. 4).



V. Lo2EK: Palaeoecology of Quaternary Mollusca PI. III

Iii

Sbor. gcol. vöd - A - sv. 24
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PI. IV

1. Ctinévcs-Hÿkovinu (Central Bohemia) - a thick sequence of coarse basalt screes with fossil soils (brown plastosols). white calcic and 
light brown loamy horizons include peculiar snail assemblages with Gastrocopta serotina that characterizes the zone of Plio/Pleistoccne 
boundary (cp. Tab. 7. Fig. 7).
2. Brzotfnske skaly in the Slovak Karst - at the foot of the 450m high rocky slope of the Slana River Canyon a huge loamy scree sequence 
is developed which contains a fauna with several demanding species in cold-climate contexts, which probably documents their surviving 
the glacial phases at this well-sheltered place (cp. Tab. 8. Figs. 4. 8).
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