)
by o
o
5
k3
.8
L a

Gl

'Y L

Chormik Antropozoikum Pages 10 g | 4 CGU ISBN 80-7075-412-5
o 15-50 figs. tabs, ] pls. Praha 2000 IS5N 0036-5270)

sealngickych vid 24

Palaeoecology of Quaternary Mollusca

Paleoekologie kvartérnich mékkysu
VOIEN LOZEK'
Received September 29, 1998

Kev words: Quaternary Mollusco, Present-day and fossil Malacocoenoses, Sediments, Soils, Taphonomic contexts, Malaco-
lagical Ecostratigraphy

LOZEK. V. (2000): Palacoecology of Quaternary Mollusca. — Sbor. geol. V&, Antropozoikum, 24, 35-59. Praha.

Ahstract: Mollusea occur practically in all calcareous Quaternary sediments and soils. Their palacoenvironmental interpretation rests
largely on knowledge of the recent fanna as well as of local tuphonomic contexts, particularly as concerns the catchment area from which
the shells were transported into the deposits in question. Fossil assemblages that are referable to living molluscan communitics POse no
interpretive problems, however, a number of Pleistocene assemblages exists which have no present day analogy. Such malacofaunas
may be interpreted only in close correlation with charactenstic propertics of sediments or soils in which they are incorpotuted. The best
exumple is represented by peculiar snail assemblages of the loess. Their composition provides convincing evidence that several specics
had environmental requirements differing from those at present. The study of fossil malacolaunas covers a wide runge 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
fossil groups are lacking. Within broad chronolagical context they provide also reliable chronological data, A multilateral application of
Mollusca to various problems of the Quatemnary Era stili suffers from lack of correlation with other main groups of Quaternary fossils as
well as of a sufficient nomber of records from many regions,

Kofenskeho 1. 150 00 Praha 5-Smichov

PROBLEMS NER 1969, FUHRMANN 1973, FUKOH et al. 1995, KER-
NEY 1977, LOZEK 1964, 1967, 1976, 1982, 1986, Ma-
The purpose of this paper is to review some of the pro-  NIA 1973, PUISSEGUR 1976 etc.), the evidence provided

aress that has been made in recent years in our knowl- by fossil malacofaunas was not fully utilized till now.

cdge of the interpretation of Quaternary molluscan fau- There are two reasons {or this state of knowledge: (1)
nas. The area dealt with in this paper is Central and  The trend 1o evaluate mollusca primarily from chrono-
Western Europe where the great majority of malaco-  stratigraphic point of view — and (2) an unsufficient
logically treated sites are situated in well known strati-  stratigraphic treatment of many fossiliferous deposits.

araphic contexts, Molluscan shells generally occur in Of importance is also the fact that fossil malacofaunas
high numbers in a wide range of deposits with sufficient  were commonly evaluated by zoologists without experi-
CaCO; content. Best fossilization conditions are thus  ence in Quaternary problems as well as in determining
given in areas consisting of calcareous sediments, par-  of poorly preserved fragmentary materials. For instance,
ticularly in karstlands, in the loess zone as well as in the famous German malacologist D. GEYER (1927) paid
most low-lying regions with Tertiary and Quaternary  considerable attention to Quaternary malacocoenoses

substrates, These areas are generally richin archaeologi-  and described exactly their sequence in limnic and
cal findings, whereas plant remains are rather rare or  marshland habitats, but misinterpreted their correlation
lacking, so that fossil mollusc provide the main evi-  with depositional environments characterizing warm or

dence of past environments over vast areas, particularly cold climatic phases. This resulted from his ignorance ol
m the warm-dry South-East (inner Bohemia, Vienna  the Quaternary climatic cycle and its relation to
Basin, Pannonian Lowland). depositional and pedogenic processes which were, how-
Although moliusca have been collected since the start  ever, poorly known at that time, It is also important 1o
of modern palacontological research, their importance  emphasize that many studies deal with aquatic and wel-
remained underestimated or misinterpreted for a long  land species which provide much less useful data on cli-
lime, particularly in comparison with that of fossil flora  matic fluctuations than terrestrial malacocoenoses. For
Or vertebrate fauna. Even though a number of mono-  this reason, our study is focused particularly on wood-
fraphs and detailed studies published during the second  land and steppe communities closely associated with
h':l“' of this century considerably supported the applica-  warm or cold intervals.
ton of mollusca to Quaternary problems (ALEXANDRO- Only new investigations after the World War II fo-
WICZ 1987, DANILOVSKI 1955, EVANS 1972, FALK- cused on a precise correlation between Quaternary scdi-
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ments 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 phylogenic changes in mollus-
can species, so that molluscs can be applied as index fos-
sils only to general subdivisions of the Quaternary. [t
will be obvious from the foregoing that the Mollusca
may play the most important role in close correlaton 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 that
molluscs are of prime importance to Qualernary 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 that most sed-
iments and soils depend on the same environmental ac-
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
ecostratigraphy must be based on a reliable knowledge
of the following aspects:

A. Precise knowledge of the ecological requirements
of particular species al the present time with respect to
the following factors:

e Climate: The occurrence of species and communities
in particular climatic zones, altitudinal belts (Pl. /1) as
well as regions with special reference to the close rela-
tion of molluscs to soil microclimate; for instance, for-
est soils are characterized by much lesser [luctuations
in lemperature and moisture than open-country soils,
so that woodland snails are mostly confined Lo warm
intervals (characterized by closed woodland).

o Substrate: The relation of molluscs to physical and
chemical qualities of rocks, and above all, 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 sotls
rich in CaCQ, and other mineral components (LOZEK
1965, 199], ROUSSEAU 1991).

e Vepetation: The vegelation 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 to 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 (WAREBORN 1969, WALDEN, GARDENFORS
and WAREBORN 1992},
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Of further factors which should be considered, the
dispersal rates of particular species are important, They
can be stated on the basis of gradual colomzation of
newly created habitats, such as quarries (Pl. I/2), castle
ruins, railway embankments etc., or by observations of
riparian drifts (Pl. HI/1)and new occurrences along
sireams.

Of prime importance is a precise knowledge of present
and past ranges of molluscan species in particular Quater-
nary regions {TAYLOR 1965), for instance of Alpine or
Carpathian elements in the adjacent uplands and partly
also 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 {LOZEK 1982).

The above mentioned factors should be assessed m
the context of whole biocoenoses in relation to complete
ecosystems, first of all to phytocoenoses. There re-
mains, however, a cructal question to which extent these
present-day observations can be of use in interpreting
the past (TAYLOR 1965). Therelore, the second basic
precondition must be fulfilled:

B. The correlation between malacofauna and envi-
ronments in various phases of the Quaternary climaiic
cycle characterized on the basis of sedimentological and
pedological criteria (LOZEK 1976). The following mol-
luscan communities may be distinguished:

» Assemblages that are referable to living molluscan
communities which usually characterize the warm in-
tervals (thermomeres) of the younger halif 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 (RS5M.) or
Soosia diodonta (FER.) (Fig. 1) differ otherwise only
in minor details from modern malacocoenoses living
in deciduous mesic forests of warm mid-European up-
lands (Tab. 2/P, PL 111, 2).

. Soessivn elfoclonmner [FERUSSAC) — In-
dex species of mid-European inter-
placials, living in the South Carpat-
hians and North Balkans @t present.

01 234 5mm



Table 1. European loess Mollusca

_‘a‘-.-'idﬁspreud loess specics
Columetla columella (MART.) Ariania arbustorum (L.)

Regionalflocal loess species

Catinella arenaria (B.-CH.)
Clausilia dubia DRAP.

Helicopsis striata (MULL.)
Pupilla densegyraia LZK
Pupilla loessica LZK Clausifia parvalo FER.
Pupilla muscarim { L.) Crranaria frumentiem (DRAP.)
Pupilla sterri (VTH)
succinella obfonga (DRAP.)
Trichia hispida (L.) Pupilla triplicata (STUD.)
Vallonia tenuilabris (A, BR.Y  Trichia sericea (DRAP.)

Vertiga Fﬂrcﬂ'{f{,‘ﬂ.fﬂh:'! {A. BR.) Trichia striofata (C. PFR)

Neastvriaca corvnodes (HELD)
el dofium {DRAP.)

Valtlonia costara (MUOLL)Y
Vertigo pseudosubstriata LZK
Vestiar turgida (ROS5M.)

Occasional loess species
Chondrula tridens (MULL.)
Cochlicopa lubrica (MULL.)
Enconulus fulvus (MULL.)

Limacidae/Apriolimacidae

Semilimax kotwlae (WEST.)
Vertizo modesta (SAY)
Vertigo pyemaea (DRAP.)
Vitrea crystallina (MULL)
AQUATIC SPECIES
Crerfber truncarufa (MUOLL.)
Pisichium stewarti PRESTON

Swamp Ic loess species

WETLAND SPECIES
Pseudotrichio rubiginosa (A. 5CH.)

Succinea puiris (L.)
Zonitoides nitidus {(MOILL)Y

FPerpolita hammonis (STROM) AQUATIC SPECIES
Puncrum pygmaeum (DRAP.)  Anisus lencostonra (MULL.)

Anisus vorrex (L)

Aplexa hvpnorum (L))
Bithynia rroscheli (PAASCH)
Gyranlus acronicucs (FER.)
Pisidium casertanum (POLI)
Pisidivm ebiusale (LLAM.)
Planorbis planorbis (L.}
Radix ovara (DRAP.)
Stapnicoln glaber (MULL.)
Stagnicola difuvians (AND.)
Valvata paichella (STUD.)

All loess species are able to live in open grounds, most of them ander severe lemperatune and mnsiure condilions,

+ Communities largely different from modern faunas
which are charactenistic of various phases of cold in-
tervals or of transitional time-spans. Some [ossil snail
communities show a very specific composition which
has no analog in modern European malacofauna. Ths
15 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 {FER.) is associated with Chondrida
tridens (MULL.) or other steppe elements. Also the
faunas from Pleistocene and Postglacial chernozems
are nol identical, which reflects different climatic
conditions during the formation of the soils.

There can be no doubt that the older is the warm
phase, the more the composition differs of its mala-
cocoenoses from analogous molluscan communities in
the area in question (Tabs. 3/A, 5/A; HORACEK and
LOZEK 1988). These differences manifest themselves
both in the occurrence of extinct species and of species
whose range changed to the present time to such extent
that they may be today considered exotic (e. g. Gastro-
copla species, FOKOH et al. 1995).

When comparing the Pleistocene malacofauna with

2. Perforatella bidentara
(GMELIN) - species
characteristic of rivering
forests and alder cams
which probably survived
the placial phases within
Ils present-day range in

Central Europe (cp. Tab.
3 ]-|-:r 3y,

present-day communities it must be taken into account
that 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 (KORNIG 1966, LOZEK 1982).

[n view of the foregoing dala 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
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3. Unétice {(near Prague), Holy vrch - the present-day situation of
Cromerian twfa and marl deposits (CT) overlying the Suchdal (90m) rer-
race of the Vitava River (ST). During the tula deposition (CT) the site in
gquestion was situatad in a broad open valley of the Vitava. Since this time
the terrace plateau was dissected by deep valley cuts (YU} so that the wfa
lies today 50 m above the adjacent floodplain of the Unétice Braok (FL)
and 90 m above the Vitava floodplain {(FV) located in a canyon-like valley
2 km easterly. L — loess, P — Proterozoic shales, 5i = ridge of Proterozoic
silicites forming the cut-bank of the Suchdol termce, A — alimude {(op.
Tah, 3).
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particularly true of Early Quaternary faunas which often
reflect landscape environments very dif ferent from
those of modern fauna in the area in question (Tab. 3/A,
Fig. 2). For instance, no rocky river canyons existed 1n
‘he 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
relie{ peneplain (Fig. 3.

COLLECTING AND INTERPRETING
FOSSIL MOLLUSCA

Collecting fossil shells should respect the prerequisiles
discussed in the foregoing chapter. What merges from
(his discussion is the following:

e Thoroughly cleaned and well-stratified seclions.

« Examination of all distinguishable fossiliferous
strata. If a calcareous layer seems to be macroscopi-
cally shell-free, it is useful to take small spot samples
and to wash them in the field in order to show the
presence of shells.

« All 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 to imporlant species, for in-
stance the keeled fragments of Drobacia banaiica
(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 all shells includ-
ing the smallest fragments.

The determination and siatistical treatment, il any,
generally represent only the first step lowards a complex
interpretation of the fauna or f aunal sequence in ques-
tion. It should be based on further important data which
may be summarized as follows:

« The catchment area from which the shells are trans-
ported into the deposit in question. The malacologisl
should know in detail the situation of the locality in
order 10 recognize the environments in which the
transported molluscs lived. For instance, deposits at
the foot of slopes or rock walls include not only the
species living in the area of the site iself, i. e. at the
slope foot, but also shells transported from higher
parts of the slopes or rocks apart rom 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
(rom several different habitats (Fig. 4).

« To distinguish whether the fossil fauna s referable o
ane living assemblage or represents a mixture of vari-
ous malacocoenoses as well as to recognize the ad-
mixture coming from different habilats occurring in
the catchment area.
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4, Transport of shells into cave-entrance depasits. B = entrance rampant,
C - accumulation cone below anopen vertica! light hole, FC - {ossil cong
below a light hole filled up by old cementad sediments (V). Components
of the spail ossemblage incorporated in the ramparl deposits: 1 -
autnchthonous malacocoenogis living in the scree farest i the rampart
aren; parautechthonous shells replaced from the following habitats: 2 -
shaded rock walls, 3 — apen rock walls, 4 - scrub patches. 3 = rocky
steppe, 6 — sleppe on deeper soil atl the upper platean margin, 7 - scrub
sone at the woodland margin fecotone), B — xeric plateau woodland (cp
Tah. 2, PL 1/},

e To distinguish the autochthonous component consist-
ing of species living in the deposition area [rom par-
autochthonous components including shells trans-
ported at the same time from its surroundings as well
+s the aliochthonous component represented by shells
reworked from eroded older deposits (Tab. 5). For in-
stance. shells derived [rom glacial loess often occur
in sediments of postglacial prehistoric sites. Ina §1Mi-
lar manner shells of glacial species {(e. g. Vaflonia
tenuilabris (A. BR.)) can be reworked 1n young flood-
plain sediments due to erosional activity of streams.
Results of the above analysis provide basis for a com-

parison with present-day conditions at the study site

which allows to state:

« The differences in ecological requirements of partic-
ular faunas, and:

« The differences in the occurrence ol particular spe-
cies or assemblages.

It is useful to study also some present-tay processes
which may be used as a model for the past 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 past.

EXISTING DATA AND PROBLEMS

[nvestigations respecting the above discussed pra.:rcqui-
<ites show o close relation between the kinds ol sed
ments and soil types and their malacofauna. Of parbict
lar concern are the steppe assemblages from locsses and
Pleistocene chernozems which clearly express the integ”
rity of these ecosystems whose components afc not uﬂ!!ﬂ
molluscan assemblages but also the sediments o soils i




question. The malacofaunal sequence of the loess series

represents an excellent example of ecostratigraphic

subdivision (LOZEK 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 belt of
Euroasia; 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, Pl. I11/2).

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 (MULL.) 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
cingullella (RSsM.) (Fig. 5) and Vertigo alpestris
ALD. in the West Carpathians which do not occur in
loesses (LOZEK 1980).

» Regions: Even monotonous loess assemblages in-
clude certain species which characterize particular re-
gions. For instance, Vestia turgida (RS5M.) (Fig. 6}
occurs in loesses of the Carpathian Basin, Neo-
styriaca corynodes (HELD) in those of Alpine foot-
hills, Clausilia parvala FER. is locally frequent in the
loess of western Central Europe, Orcula dolinm
(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 ils occurrence in confined only to ear-
lier Middle Pleistocene interglacials. In Central Eu-
rope one of the mterglacials is characterized in con-
trast to other ones by the spread of western species
such as Azeca goodalli (FER.) or Cepaea nemoralis

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

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

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

rence of the eastern element Gastrocopta theeli

(WEST.) in the Last Interglacial. Early Pleistocene

Wterglacials are characterized by the occurrence of

several extinct species, such as Zonitoides sepultus

LZK., Campylaea capeki PBK or Acicula diluviana

(HOCKER) which represent chronostratigraphic index

fossils and are often associated with high amounts of

Granaria frumentum (DRAP.).

In interglacials as well as in the Holocene a sequence

of molluscan assemblages is observable which corre-

3. Fausting  cinpulelfe
(ROSSMAESSLER) — rupe-
stral  species living in
supramontane o alpine
belts of high limestone
West Carpathians; it sur-
vived the glacial phases at
lower elevations,

6. Vestia mirgida (ROSSMAESSLER) — Car-
pathian Clausiliid living in damp montane
forests as well as in shebtered subalpine to al-
pine habitats. It survived rthe glacial phases
withim its present-day range as documented
by loess records in Carpathian foothills.

sponds to particular climatic phases in a similar way
as the changes in vegetation (LOZEK 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 depauperization 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 agriculral landscape
(LOZEK 1993). An analogous developmental pattern
can be observed also in older interglacials, for in-
stance, in the Cromerian of Zlaty Kifi (near Koné-
prusy) or Strdinska skdla (near Brno), where phases
corresponding to those of the Holocene can be distin-
guished (e.g. LOZEK 1972 and KOvVANDA 1095).

39



Table 2. Pusty Zleb Gorge (Moravian Karst): the development of molluscan fauna since the Weichselian Pleniglacial

Ecalogic and biostratigraphic

—

Locality

- —

List of species o
characteristics 7 & b
! | Acanthinula acufeara (MULLER) - - +
! Aegopinella pura (ALDER) P - — +
b Aegapis verticillus (LAMARCK) - - +
! Cochlodina faminarta (MONTAGU) - - +
! Cochiodina orthostoma (MENKE) - - +
' Daudebardia rufa (DRAPARNAUD) - - +
" Discus perspectivis (MUHLFELDT) I - +
(G} Discus ruderatus (FERUSSAC) - + —
! | Ena montana (DRAPARNAUD) - — +
'I () Faustina fausting (ROSSMASSLER) - - +
1 f b Heficadonta obvoluia (MULLER) - - +
' Isognomosioma isognomostamos (SCHROTER) - - +
! Macropasira plicatula (DRAPARNAUD) - - +
! Monacheides incarnatis {MULLER) | - - + |
{G) Oxychilus depressus (STERKI) - - +
A ! Petasina unidentala (DRAPARNAUD) - = +
! Plarvia polita (HARTMANN) - - +
! | Ruthenica fllograna (ROSSMASSLER} — - +
| ! « Sphyradium doliofum (BRUGUIERE) — - +
(" Vertigo pusilla MULLER P - + +
! t Virtrea diaphana (STUDER) : - - + |
! | Vitrea subrimata (REINHARDT) - i - - + _ '
: ! | Alinda biplicara (MONTAGLU) - - +
: {+) Arianta arbustorum (LINNE) i + + +
: W{M) ! Cepaea hortensis (MULLER) - — + !
: ! Discus rotundeatis (MOLLER) — - + |
7 S p—— G _ _| Semilimax kotufae (WESTERLUND) _ _ _ _ _ _ ______| . b e ]
: W(S) {" Fruticicola fruticum (MULLER) i - + -
i I | _ | Helspomatia |- 1.
: W(H) () Eucobresia diaphana (DRAPARNAUD) - -
E _ {+) Vitrea cr}‘..v..*ﬂﬁ t'r.r.rr_f MUOLLER) - + -
3 ! Macrogastra ventricosa (DRAPARNAUD) rl - - -
: (+} Granaria frumentum (DRAPARNAUD) - + +
: S + Helicopsis striata (MULLER) + - -
4 : + Pupifta sterri (VOITH) I - +
: (+) Pupilla triplicara (STUDER) | - -
: YL (G) Chondrina clienta (WESTERLUND) - +
B : (G) Pyramidula pusifla (VALLOT) + +
I | Truncatelling cylindrica (FERUSSAC) - - +
5 (+) i Viallonia costara (MULLER) + + +
| G J Vallonia pulchella ( MULLER) o - + + :
C 6 (1 Cochlicopa lubricella (PORRO) - -
(N Euomphalia strigella (DRAPARNAUD) - + -
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— 1
I (+} Cochlicopa lubrica (MULLER) - +
| -
I (+) Euconuius fulvus (MULLER) - + +
: (+) Perpolita hammonis (STROM) - + -
: Me {+) Punctum pygmaeum (DRAPARNAUD) - + +
. : {+) Trichia cf. sericea (DRAPARNAUD) + + -
1 I ! Vitrea contracta (WESTERLUND) | - -
! |
| I (G) Vitrina pellucida (MULLER) | - -
| e e e bt e ik
,  C L Mp (+) | Clausilia parvila FERUSSAC - - +
P e -———— — i ————— i ———————— e o T e ——
| : (+) | Clausilia dubia DRAPARNAUD | - + +
: R(W) ! E Helicigona lapicida {LINNE) - - + |
__:I. ' l Laciniaria plicata (DRAPARNAUD) = -
' ! ' Ca rychium fridentalum (R1SS0) - + +
(" ! Columella edentula (DRAPARNAUD) - + _
! R G i Perpolita petronella (L. PFEIFFER) - + —~
| + | Succinella oblonga (DRAPARNAUD) + - -
l {G) | Vertige substriata (JEFFREYS) - + -
| .9 G | Carychium minimum MULLER . + -
|
I D (G) Vertigo angustior JEFFREYS - + ~
: G Zonitoides nitidus {(MULLER) - + -
i 10 Pisidium personatum MALM — + -
| Number of species R 8 27 45 |

Explanation to Table 2

Z — Zazd&nd Cave, entrance - layer | 1: Loess-like loam with fine angular debris, final Pleniglacial. The snail aasemblage 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, §. kotulae). The record of Pyramidula pusilfa documents its survival during the glacial. The malacocoenosis re-
flects open stony grassland under severe climatic conditions.

§ - Stajgrovka — pale brown fine-grained loose tufa at the basis of a spring tufa deposit, Late Weichselian. The malacofauna is rather rich
in species which are climatically tolerant and mostly reflect open environments. However, there are also snails indicating the starting cli-
matic amelioration (Gr. frumentum, Ch. clienta, C. tridentatim) and the transibon from open country to parkland conditions
(Fr. fruticum, V. pusitla).

P - Present-day malacofauna from the bottom part of the Pusty Zleb 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 are confined to vertical limestone rock walls. This fauna represents a Holocene equivalent of inter-
glacial assemblages.

General explanation (to Tables 2-9)

Ecologic characteristics

Main ecologic groups (ecogroups): A — woodland in general, B - open grounds in general, C — woodland/open grounds, D — wetlands
and aquatic habitats.

Ecologic groups: 1 - closed forest, 2 - predominantly woadland, locally semi-open to open habitats: W(M) — mesic, W(S) — xeric,
W(H) -~ damp; 3 - moist woodland, alder carrs, riverine forests; 4 — warm-dry grassland or rocks: § — in general, XL — limestone rocks,
S(W) - partly shaded habitats; 5 — open grounds in general (moist grassland to steppe); woodland/open grounds: 6 — predominantly dry,
T — mesic or various: Me — in general, MR - mesic rocks, R{W) - rocks, scree woodland; 9 — wetlands, banks, 10 - 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 relics, ! — warm-climate species, !! — interglacial index species, (1) = eurythermal warm-climate species,
M — modern (= Postglacial) immigrants.
Locality

+ = occurrence; +7, 37 — determination approximate; (+}, (2) — allochthonous (= reworked) shells.
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Table 3. Malacofaunas of calcareous swamps from different climatic phases

42

Ecologic and biostratigraphic List of species i Locality
characteristics ] _ A B c |
" Campylaea capeki (PETRBOK) I 6 = -
! Cochlodina laminata (MONTAGU) | 2 — -
" Discus perspectiviis (MUHLFELDT) 3 - —~
(G} Discus ruderatis (FERUSSAC) 22 - -
J Ena montana (DRAPARNAUD) & - -
| r Muacrogasira densestriata (ROSSMASSLER) G - - |
1 Monachoides incarnatis (MULLER) 10 - -
J Perforatella dibothryon (KIMAKOWICZ) 3 - -
cf. Semilimax sp. 10 - -
| (" Vertigo pusifla MULLER | 1 - —
| : {+) Arianta arbustorum (LINNE) 17 — -
: W(M) ' Cepaea hortensis/nemoralis 2 - - |
2 L G _ | Semilimax kotulae (WESTRRLUND)__ L _ SRR
: W(S) ! Aegopinella cf. minor {STABILE) 17 - -
Lo _ | Fruicicola fruticum MULLER) | _ I
L W) (+) | Virea crystallina (MULLER) B 9 - -
(G) Clausifia pumila C. PFEIFFER 450 - -
! Muacrogastra ventricosa (DRAPARNAUD) 2 - -
3 (G) Perforatella bidentata (GMELIN} 291 — —~
! Urticicola umbrosus {C. PFEIFFER) ) - -
l : (+) Granaria frumentum DRAPARNAUD G389 - - |
: + Helicopsis striata (MULLER) — - +
4| S (+) | Chondrula rridens (MULLER) 663 - -
I — ot | pwtaserrivomy |-
a : S{W) 3 Truncatellina claustralis (GREDLER) 1 - - ‘
i ++ Columella columella (MARTENS) - 11 -
+ Pupilla muscorum (LINNE) | - 2 +
{" Truncatetlina cylindrica (FERUSSAC) | 7 - - |
(+) Vallonia costata {MULLER) 672 142 + |
5 G Vallonia pulchella (MULLER) 48 l -
++ Vallonia tenuilabris (A. BRAUN) - 5 +
++ Vertigo parcedentata (A. BRAUN) - I -
{G) Vertigo pvgmaea (DRAPARNAUD) i 32 - "
i . () | Cochticopa lubricelia (PORRO) 224 - .
i Euomphatia strigella (DRAPARNAUD) 234 — - ‘
. 1I {+) Cochlicepa lubrica {MULLER) 777 ol —
i : (+) Euconulus fulvis (MULLER) - 22 -
L : Me (+) Limacidae/Agriolimacidae 6 1 + ‘
7 1 (+) Perpolite haommonis (STROM] 10 26 - |
: (+) Puncrum pygmaeuni (DRAPARNAUD) - 5 -
: + Trichia hispida (LINNE) - 23 -
| ey v -
: ROW) (+) Clausifia dubia DRAPARNAUD - 4 -
: Vertigo alpestris ALDER - 4 -]




! : Carvchium tridentatum (RI550) 8 - -
c . (G} | Perpolita petronella (L.. PFEIFFER) - 2 -
+ Succinella oblonga (DRAPARNAUD) 16 1 -
(G) | Vertigo substriata (JEFFREYS) 1 ) -
G Carychium minimum MULLER : 2 - -
(+) Oxyloma sp. | 64 - _
G Pupilia alpicola (CHARPENTIER) |- 55 +
(+) Succinea putris {LINNE) - 364 -
? ('Y | Vallonia enniensis (GREDLER) 7 - -
Gy | Vertigo angustior JEFFREYS 33 — -
(&) | Vertigo antivertigo (DRAPARNAUD) 26 - -
G | Vertigo genesii (GREDLER) - 2 +
[ \ Vertigo moulinsiana (DUPUY) 1 - -
; (4+) . Anisus leucostoma (MILLET) 587 6 +
i (G) | Bathyvomphalus contortus (LINNE) 2 - -
: | Bithynia sp. 27 — —
D ! (+) | Galba truncatula (MULLER) 27 25 +
_ {+) | Gyraulus acronicus {FERUSSAC) 27 - -
! G i CGyraulus crista (LINNE) 5 - +
| Lymnaea stagnalis (LINNE) 1R _ _
; {+) ; Pisiditm casertanim (POLD 30 15 +
! | Pisidium mifium HELD 2 - -
10 (+) Pisidium obtusale (LAMARCK) |6 - +
Pisidium personatum MALM : 3 - -
G Pisidium stewarti PRESTON | - —~ +
{+) Planorbis planorbis (LINNE) | 4 - -
(+) | Radix ovata (DRAPARNAUD) 34 18 -
Radix perepra (MULLER) : - - +
Sphaerium corneum (LINNE) ; 27 - -
{+) Stagnicola palustris agg. .4 - +
Unionidae ! ] _ _
Valvata cristata MULLER 9 — —

(+) Valvata pulchella/piscinalis | 2 - - |

Number of species . §89 26 18 |

Explanation see Table 2.

A — Unétice — Holy vrch (near Prague): loose tufa overlying the 90 m-terrace of the Vitava River, at present situated 60 m above the
floodplain of the Unétice Brook (tributary of the Vitava) under very dry conditions. Early phase of the Cromerian Interglacial character-
ized by extreme habitat and species diversity. Most of species are locally or regionally extinct. The deposit in question formed in
toeslope 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 - RuZbachy - Horbek (Spi¥skd Magura Mts, North Slovakia): loose tufa at the basis of a thick travertine body, Middle Pleistocene in
age. Rich hygrophilous malacocoenoses of 4 moist. probably late-glacial phase, characterized by the lack of main-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 - Doln{ Chabry near Prague, brickyard: lentil shaped tufaceous marl intercalation in Weichselian pleniglacial loess containing an as-
semblage which consists partly of loess species, partly of very tolerant swamp elements { Pupilla alpicola, Vertigo genesii, Pisidium
Stewarti), and reflects a wetland patch within the glacial loess steppe.
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Table 4. Martinka CLiff (Pdlava Hills, South Moravia): Changes in molluscan assemblages at the foot of the cliff since the Weichselian

pleniglacial
Ecologic and biostratigraphic List of species I__ _Layer TR !
characteristics - - | A B c | |
1 Acanthinula aculeata (MULLER) - - + - |
' | Aegopinella pura (ALDER) |- - + - |
! Bulgarica cana (HELD) - - + _ ‘
| ! Cochlodina faminata (MONTAGU) - - + +
7 v | Discus perspectivus (MUHLFELDT) - - + _
I (G) Discus ruderatis (FERUSSAC) - ~ + -
! Ena obscura (MULLER) — - - ‘ + ‘
! Macrogastra plicatula (DRAPARNAUD) - - + o=
' Monachaides incarnatus (MULLER) - - + +
! Plarvla polita (HARTMANN) _ _ + | -
! | Sphvradium doliolum (BRUGUIERE) - - n ! _
(" Vertieo pusiflfa (MULLER) - — + | -
h : W{M) ! Alinda biplicata (MONTAGU) + o+ !
: (4 Ariania arbustorum (LINNE) |- + - i —
: ' Discus rotundatus (MULLER) I _ - + | - ‘
L L | Ouchilus aber ROSMASSUER) - R
’ : WI(S) f Aegopinella minor (STABILE) - — + |7 +
t (1Y | Fruticicola fruticum (MULLER) - - + | -
Lt |ewomaieuewe | ot
: W(H) (+} Vitrea crystallinag (MULLER) | - _ + - |
9 (G) Clausilia pumila C. PFEIFFER - - " _ ‘
! Macropastra ventricosa (DRAPARNAUD) - — T —
: S M Cecifioides acicula (MULLER) - - - +
: (4} Granaria frumentinm (DRAPARNAUD) - - + +
: + | Helicopsis striaia (MULLER) - + ~ — ‘
: Oxychilus inopinatis (ULICNY) - _ + 4
: + Pupilla sterri (VOITH) - - +
4 | (+) Pupilla riplicata (STUDER) - - + +
: M | Xerolenta obvia (MENKE) - - - |+
r——————= o e e i e e - —— o — = = = :_ ——
| B lE XL {GY | Chondrina clienta (WESTERLUND) - - I +
1 (G) | Pyramidula pusitla (¥ ALLOT) — - ot
i_ S{W) T Cepaea vindobonensis (FERUSSAC) - - + i n
: i Truncatel! a'mlr L'.Fan.wmﬁ.r {GREDLER) |~ - -:: _ ' ~
++ Pupilla loessica LOZEK | + - — —
5 i') Truncarelling cylindrica (FERUSSAC) - - + +
{+) Vallonia costata (MULLER) - + +
G | Vallenia pulchella (MULLER) - - - +
— : e : — e ——
' I 6 (" Cocliicopa tubricelle (PORRO) - - I
{" Euvomphalia strigelia (DRAPARNALD) — + + -
C : (+) Cochlicopa fubrica (MULLER) - + - -
! : Me (+) | Eucomulus fulvens (MULLER) - - + -
: (+) Punctum pygmaeum (DRAPARNAUD) - - t _+_ |




S : . S _ _
I + | Trichia hispida (LINNE) - + | - -
| . 1
| Me G | Virrina pellucida (MULLER) — - — + |
: 1 ' Vitrea contracta (WESTERLUND) - . + -
il Sl ety —— e o o o
i MR ! Balea perversa (LINNE) - N +
c 7 e ___,l___J__.,.,._.___.
| : (+) | Clausilia dubia DRAPARNAUD S B +
| I R(W) ! | Laciniaria plicata (DRAPARNAUD) _ 1 - | + -
. I |
I { Vertigo alpesiris ALDER - o |+ -
8 f | Carychium tridentatum (RISSO) R - + -
' Number of species 1 ] 40 24

Explanation of ecologic and biostratigraphic characteristics see Table 2.

The Pédlava Hills are 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 (P1. IIL/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 loessica 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 (Arianta arbustorum, Cochlicopa lubrica) or warmth requirements reflects
a cool-climate parkland characterized by a patchwork of xeric and mesic grassland with scrub patches.

C — Medium coarse scree with loose dark grey humic matrix and mass occurrence of shells. The fully developed mesic to medinm damp
woodland fauna reflects a closed predominantly mesic woodland characteristic of the moistest phase of the Holocene Climatic Optimum
(Early Atlantic). 10 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 15 strongly reduced.
During the second half of the Holocene the area in question was intensively settled, deforested and steppified.

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 also 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 interesiing and most discussed problems.
Nevertheless, in the case of certain species they may
be accepted at any rate, above all as the earliest Pleis-
tocene 1s concerned. For instance, at the Plio/Pleisto-
cene boundary there occur assemblages which con-
sist of such species as Helicopsis striata (MULL.),
Discus ruderatus (FER.), Vertipo angustior JEFFR.,
Vertigo pusilla MULL., Granaria frumentum (DRAP.)
as well as the extinct Gastrocopta serotina LZK. (Fig.
7) whaose present-day ecologic requirements are very
different from each other and whose coexistence has
no analogy at present (see Tab. 7, PL. 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 1s the immigration from the Southeast charac-
lerized by such species as Drobacia banatica (RSSM.},
Soosita diodonta {FER.), Mastus bielzi (KIM.) or
Pseudalinda stabilis (.. PFR) whereas the above
mentioned immigration from the West or Southwest

is less frequent (Cepaea nemoralis (L.), Azeca, Fu-
sulus interruptus (C. PFR), Pagodulina, Helicigona
fapicida (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.) exlended to
Bohemia and Central Germany and in the early Holo-
cene Chilostoma achates (RSSM.) colomized southern
Bohemia and Moravia, whereas the Carpathian Mac-
rogasira latestriata (A. SCHM.) invaded the mid-
Moravian uplands. Also 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 snai] species during the mid-Euro-
pean Posiglacial was hindered also by the prehistoric
landnam. Several woodland districts which have been
isolated since the early Neolithic, 1. 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 (MULL.),
Isognomostoma Isognomostomos (SCHR.), Petasina
unidentata (DRAP.), Vitrea diaphana (STUD.), vari-
ous Clausiliidae etc. This is particularly true of the
Pdlava Mts. and the western part of Ceské Stiedohof{
Mits. 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

43



Tahle 5. Mladed-Tresin (North Moravia): Pleistocene malacofaunas from caves in comparison with the present-day snail community

Ecologic and biostratigraphic

List of species

characteristics

— e e

}

Acanthinula aculeata (MULLER)
Acicula dituviana (HOCKER)

| Aegopinella cf. nitens (MICHAUD)

Aepopinella pura (ALDER)

Aegopis klemmi SCHLICKUM & LOZEK
Azeca poodalli (FERUSSAC)

Clausilia cf. cruciata STUDER
Cochioding laminata (MONTAGU)

\ Cochlodina orthastoma {MENKE)

Daudebardia brevipes (DRAPARNAUD)
Daudebardia rufa (DRAPARNAUD)
Discus perspectivis (MUHLFELOT)
Drobacia banatica (ROSSMASSLER)
Ena montana (DRAPARNAUD)
Faustina faustinn (ROSSMASSLER)
Fusulus interruptus (C. PFEIFFER)
Helicodonia obvoluta (MULLER)

Isopnomostoma isognemosiomos (SCHROTER)

Muacrogastra densestriata (ROSSMASSLER)

Macrogastra plicatida (DRAPARNAUD)
Monachoides incarnatus (MUOLLER)

\ Pagoduling pagodula (DESMOULINS)

Petasing unidentata (DRAPARNAUD)
Platyla polita (HARTMANN})
Ruthenica filograna (ROSSMASSLER)
Soosia diodonta (FERUSSAC)
Semilimax semilimax (FERUSSAC)
Vertigo pusilla MULLER

Vitrea diaphana (STUDER)

| Vitrea subrimata (REINHARDT)

cf. Vitrinobrachium sp.

Zonitoides sepultus LOZEK

{+)

WMy 1

_-—_-1-.._.__u|_|_.—.———————

Alinda biplicata (MONTAGU)
Arianta arbustorim (LINNE)

i Cepaea hortensis (MULLER)

Cepaea nemoralis (LINNE)

Discus rotundais (MULLER)
Limax sp. (cf. cinereoniger WOLF)
Oxyehilus glaber (ROSSMASSLER)

T o e e e e S S R S S SN D I I I T S S CEE S e B SIS S e

Aeropinella minor (STABILE)
Fruticicola fruticum {(MULLER)
Helix pomatia LINNE

Vitrea crystallina (MULLER)

N
N ) ]
+ - +
- - + |
+ + —
. ] .
. , _
+ - +

| - - +

| - — +
~ - +
+ - +

— +
- - 1
N . _

. + + +
+ - +
+ _ _ |
N _ _
+ + +
e
- — +
- — +
+ - +
N _ _
- - +

I - - +
— - +
+ _ .

—— ~ ____ |
+ - +
+ -

N _
+? - -

I - +
N . .
+ - +
+ - +
+ + +
— - +
N _ -
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r (G) | Clausilia pumila C. PFEIFFER + + _
| A ) ' Macrogastra veniricosa (DRAPARNAUD) + — |
| [ ] [ .
| (G) Monachoides vicinus (ROS5MASSLER) + —
(+) Vestia turgida (ROSSMASSLER) + — -
I T o = O -
I I g + Helicopsis striata (MULLER) - _
|
| I + Pupilla sterri (VOITH) — + _
4 r' ________________ L i I I R e I I I I P ———
B : ’I S(W) " i Cepaea vindobonensis (FERUSSAC) . — - +
+ | Pupilla muscorum (LINNE) | - + _
!
2 (+) | Vallonia costata (MULLER) - + |
. g |
++ | Vallonia tenuilabris {A. BRAUN) | - + -
: 6 (') | Euomphalia strigelia (DRAPARNAUD) | - - +
: _ - ,
I {+) | Cochlicopa lubrica (MULLER) — ~ +
| .
I (+) | Euconulus fulvus (MULLER) + — + .
: ! : {+) FPerpolita hammonis (STROM) - - +
' : Me (+) Punctum pygmaeum (DRAPARNALUD) - - +
| : (+) Trichia sericea (DRAPARNAUD) - - +
I ! Vitrea contracta (WESTERLUND) — - +
| . ) .
C 7 I () Vitrina pellucida {(MUOLLER) - - +
[e———m e e e e e e - = ——— L e - P
| Mr (+) | Clausilia parvila FERUSSAC | - - +
I— _____________________ L e e  ——— U R S S ————
: {+) Clausilia dubia DRAPARNAUD + + +
b RIW) ! Helicigona lapicida (LINNE) - +
|
i ! Laciniaria plicata (DRAPARNAUD) - - +
: - G __.: Vertigo alpestris ALDER ) - - +
! Carvchium tridentaturm (RIS50) _ _
5 (1) | Columella edentula (DRAPARNALUD) - -
+ Succinella oblonga (DRAPARNAUD) + — -
Number of species 39 13 46
A . .

Explanation see Table 2.

A - Red clayey loams with scree in the Great Mlade& Cave — early Middle Pleistocene interglacial (pre-Holsteinian) woodland assem-
blage with high proportion of extinct or regionally extinct elements, partly of west-European 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 (Main ecogroup B), but
includes also reworked fragments of interglacial species(Main ecogroup A).
C - Present-day malacofauna of the Tfesin Hill representing a modern 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 (FER,) and without doubt of
young immigrants, such as Oxychilus inopinatus
(UL.) or later Cecilivides acicula (MULL.) and sev-
eral Helicellinae. The same holds true also 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 fessil molluscan records,
there are very favourable conditions (o confirm this
possibility, particularly at the foot 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 Pidlava Mts, in south Moravia, a
reltable fossil evidence of glacial occurrences of de-
manding species is still lacking, perhaps except for
Chondrina clienta (WEST.) at Pdlava (see Fig. 10),
Only much farther in the southeast, in the Slovak

47



7. Gastrevopia serofing LOZEK — ex-
tinct species known from snail assem-
blages characterising the Plin/Pleisto-
cene boundary which have no ana-
logue in later phases (cp. Tab.7, Pl
Vi),

Karst, there exist some indications that such species
as Faustina faustina (RS5M.) 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.)].

e 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 aboniginal
steppe species from the glacial to the present in cher-
nozem areas settled since the Neolithic; as example,
we may mention Helicopsis striata (MULL.) which
could be considered glacial relic in this context,
whereas Chondrula tridens (MULL.) had its optimum
at the beginning of the Holocene when the chernozem
steppes became established, similarly also Vallonia
costata (MULL.), On the other hand, molluscs docu-
ment also the persistence of open meadow wetlands
at times prior to the cultivation which refers particu-
larly to heliophilous representants of the genus Verti-
go, such as V. angustior JFFR., V. antivertigo (DRAP.)
or V. pygmaea (DRAP.), apart from obviously relictual
snail species, such as Pupilla alpicola (CHARP.) or
Vertigo geveri LIND. in calcareous fens {Alps, Car-
pathians). It is likely that 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 rehable 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
areas. This supported further existence and re-expan-
sion of the above mentioned aboriginal steppe species
(Thuringian Basin, inner Bohemia, Vienna Basin,
Pannonia Basin (KORNIG 1966, LOZEK 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-
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8. Cocltoding cevara (ROSSMAESSLER) -
Wesl Corpathian endemic which probably sur-
vived the glacial phases in sheliered areas of
southern Carpathian foothills (Slovak Karst,
¢p. Tab 8, PL IV/2Y

eas such species as Succinella oblonga (DRAP.), Trichia
hispida (L.}, Helicopsis striata (MULL.), most Pupilla
species as well as Vallonia tenuilabris (A. BR.), Vertigo
parcedentata (A. BR.) or Columella columelia (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 Pupifla spe-
cies — P. sterri (VTH) and P. triplicata (STUD.) which are
today markedly petrophilous xerothermes confined to
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. Commenls 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 evenits as the alternation of glacials and nter-
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 also 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 characlerized also by the
highest species diversity and regional differentiation
(LOZEK 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 ol Central and partly
also West Europe, i. e. in the belt 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




Table 6. Vojnice (NW Bohemia): Postglacial sequence of malacofaunas from floodplain deposits consisting of chernozem sediments

Ecologic and List of species Depth (in cm) |
biostratigraphic 450 400 350 300 250 200 150 100 S0 O |
charactenstics
500 450 400 350 300 250 200 150 100 50
] (G) | Discus ruderatus (FERUSSAC) + - T B — _ _ _ _
| W(M) ! | Cepaea “hortensis/vindobonensis" — - - - - — - + - -
2r-r--—-|t——————————— . EEE T, T T EE - ——————
A I W(S) (Y | Fruticicola fruticum (MULLER) + + - - — _ _ _ _ _
(G) | Clausilia pumila C. PFEIFFER +7 - - - +7 - - _ _ _
3 V' | Macrogastra ventricosa (DRAPARNAUD) - +7 - — +7 + — — - —
4 g + | Helicopsis striata (MULLER) - - - - + . - -
{4) | Chondrula tridens (MULLER) - - + - + - —
B + | Pupilla muscorum (LINNE) - - + - ~ + + + 4 +
5 (+) | Vallonia costata (MULLER) + + + + + + + + + +
G | Vallonia pulchella (MULLER) + + + + + + 4 ¥ |
(G) | Vertigo pygmaea {DRAPARNAUD) + - — - + - + + + o+
6 () | Evomphalia strigelia (DRAPARNAUD) + + - + - —~ + + + -
7 Me {+) | Cochlicopa lubrica (MULLER) + - - + - -
C {+) | Limacidae/Agriolimacidae - - + - - +
] ' | Carychium tridentatum {RI550) - + — - — ~ — - - - |
+ | Succinella oblonga (DRAPARNAUD) - - - - - - - + -+ |
G | Carychivm minimum MULLER - + - + - - - - - + |
G | Pseudarrichia rubiginosa (A. SCHMIDT) - - - - - - - + o+ + |
(4) | Succinea putris (LINNE) - - - + + - + - - o :
(G) : Succinea/Oxyloma sp. + + - - - + - - + -
9 in i Vallonia enniensis (GREDLER) - - +7 - - - - + + + |
(G) | Verrigo angustior JEFFREYS + - - + + + -
(G) | Verrigo antivertige (DRAPARNAUD) - - - - . =+
G | Zonitoides nitidus (MULLER) — + - - - + - a e -
b {+) | Anisus lewcostoma (MULLER) +1 = - + — _ - _ _ _
Anisus spirorbis {LINNE) - - = - . _ — 4+ - -
(+) | Aplexa hypnorum (LINNE) - - - - - - - = =% i
Bithynia tentaculata (LINNE) - + + - — — - - -
{+) | Galba rruncatula (MULLER) + - - - + + + - +
10 Cryraulus albus (MULLER) - - +7 4+ - — - - - -
CGryrawlus crista (LINNE) - + - - - - - - - -
G | Gyraulus laevis (ALDER) - + - - - - =
{(+) | Pisidium casertanum (POLI} + + + - _ _ _
(+) | Pisiditem obtusale (LAMARCK) - - - - - - - -
Pisidium subtruncatun MALM — -~ — +7 - - — _ _
Radix peregra (MULLER) - - - - - +7 &+ -
(+) | Radix cf. ovata (DRAPARNAUD) - + + + - - — - - _

Explanation see Table 2.

The site in question is situated in the chernozem area of the Lower Ohfe Lowland which has been settled since Neolithic times and is characterized by
well-preserved steppe biocoencses.
The 5 m thick depositional sequence include 4 monotoenous malacofauna consisting mainly of open wetland and small water badies 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 drifls transported from the spring area of the Suchy Brook which is sttuated 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. Ctingves-Hykovina (Central Bohemia), malacocoenoses reflecting peculiar environmental conditions at the Plio/Pleistocene

boundary
Ecologic and List of species i Layer '
biostratigraphic A R
characteristics
(G} | Discus ruderatus (FERUSSAC) + +
1 {1} | Vertipo pusifla MULLER + +
A {" | cf. Fruticicela fruticum (MULLER) + +
2 W(3) Al (GGastrocopta serating LOZEK - +
3 (G) | Clausilia pumila C. PFEIFFER - +
(+) | Granaria frumentum (DRAPARNAUD) - B
i s + Helicopsis siriata (MULLER) + +
{(+) | Chondrula tridens (MULLER) + +
t Truncatellina callicratis (SCACCHI) + +
B I - S —— - -
% Pupitia sp. (alpicola group) + +
(" | Truncatellina cvlindrica (FERUSSAC) + +
5 {+) | Vallonia costata (MULLER) + +
| G | Vallonia pulchella (MULLER) + +
| (G) | Vertigo pygmaea (DRAPARNALUD) + +
. () | Cochiicopa lubricetia (PORRO) + .
l (| Euomphalia cf. strigella (DRAPARNAUD) + +
|
| | )
| I M {+) | Eunconulus fufvus (MULLER) - +
C | ME Do
” I {+) 1 cf. Trichia sericea (DRAPARNALUD) + -
r ——————————————————————————————————————————————————————
I + Clausilia dubia DRAPARNAUD +
i rwy
’ I G Vertigo cf. alpestris ALDER -
8 - Succinella oblonga (DRAFPARNAUD) - 4
D9 {(G) | Vertigo angustior JEFFREYS - +
Number of species 20 20 7

U — P -

Explanation sec Tab. 2.

The deposit 1n question consists of loams high in CaCO, with coarse basalt scree and horizons of brown plastosols at the footof a ba-

salt dome (Mit.

ip). Layer A is a basalt scree at 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 ecologic requirements: Discus ruderatus — Chondrula tridens - Truncatellina callicratis = Helicopsis striata - Vertigo angustior -
V. pusitla as well as the extinet Gastrocopia seroting. It may be assumed that ecologic requirements of many species changed since this
time. Such a faona 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
ecologic 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 also true of South Europe due to
lack of trustworthy fossil evidence, although many valu-
able discoveries can be expected as suggested by several
available records (BRUNNACKER et al. 1969),

50

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 costara (MULL.). 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 also in interglacial deposits.
Cochlicopa species — C. lubrica (MULL.) and C. nitens
(GALL.) survive the glacials (C. lubrica locally in loess),




Table &. Snail assemblages from Pleistocene footslope deposits

Ecologic and List of species Farkaiovo Bank of Sland
biostratigraphic
characteristics i ] 10 3 16 11b 6
V| Aegopinella "nitens/minor” | - - - - .
' Causa holosericea (STUDER) 17 1? - - — -
(G} | Discus ruderatus (FERUSSAC) - | - 17 17 -
{1} | Faustinag fausting (ROSSMASSLER) 10 13 2 116 24 18
! Helicodonta obvoluta (MULLER) - - - 3 2
! Isegnomostoma isegnomostomos (SCHR.) - - - 7 5 l
I ! Monachoides incarnatus (MULLER) - - - - 1 -
((7) | Oxychifus depressus (STERKI) 4 2 - - - 17
! Petasing unidentata (DRAPARNAUD) — — - 1 - -
't | Soosia diodonta (FERUSSAC) - - - - ] -
! Vitrea diaphana (STUDER) — — — — 3 - |
- . . ‘ _ ——
A i (+) | Arignta arbustarum (LINNE) - - - ] - 2 1
: ' | Limax sp. - ~ - —~ 1 -
I WiM) Crxvchilus sp. - - - - 1 -
! ) : G | Semilimax kotwlae (WESTERLUND) - - - - 1 -
- R - _ I
! W(s) (Y | Fruticicola fruticum (MULLER) - - ~ 1 - -
| : Cochlnding cerara (ROSSMASSLER) ] 17 - 37 3 1
: W(H) (+) | Vitrea crystalling (MULLER) 20 20 7 16 3 1?
3 (G3) | Monacheides vicinus (ROSSMASSLER) — — — | — —
(+) | Vestia turgida (ROSSMASSLER) - - I 1? ~ —
B |
| (+) | Chondrula tridens (MULLER) - - - l - -
S+ | Pupilla sterri (VOITH) 2 5 23| 2 3 -
. 4 ] (+) | Pupilla triplicata (STUDER) - s - |- - =
______ FPrm e — e [ —— -
| I XL (1) | Chondrina clienfta (WESTERLUND) - - — — 2 -
— {
s (+} | Vallonia costata (MULLER) 13 1] 10 - 3? -
i ++ | Vallonia tenuilabris (A, BRAUN) — - 12 2! - -
T 6 | Milax sp. (Prusticus) - -~ - I - -
e B S R —
, I (+) | Evconulus fulvus (MULLER) - - - | - -
! ' : Me + i Trichia "hispidafsericea” — — — - - 1
I ' : Vitrea contracta (WESTERLUND) - - - R - 1
| 7 e — e e e m—— o ——— ——— — — | i it
| : R(W)Y (4} | Clausilia dubia DRAPARNAUD 4() 21 31 43 177 2
C ; : ' | Laciniaria plicata (DRAPARNAUD) — - - g 14 27
: (+) | Orcula dolium (DRAPARNAUD) 205 151 46 27 7 -
] G | Vertigo alpestris ALDER - 1 2| 1 3 !
| (" ; Calumella sp. - - - | - -
5 + | Succinefla oblonga (DRAPARNAUD} 17 = 25 - - -
_ () | Vertigo substriaia {(JEFFREYS) - - - | - -
D ,- 9 (+} | Succinella cf, putris (LINNE) - - - 2 | -
| Number of species L1 12 i 24 20 12

Explanation see Table 2.

Al Farkafovo (routhem fool of the Low Tatra Mis in Central Slovakia) medium coarse screes with loess-like matrix include snat! assemblages consisting
partly of characteristic (Pupilla, Vallonia tenuifabris, Succinella oblonga) or local { Vitrea crystaliling, Clausifia dubia, Orcula dolium) loess species, partly
of species which occurred during the loess phases in moister uplands out of the loess zone (Fauwsting fausting, Oxyehilus depressus, Verngo alpestris),

In the Sland Valley (Slovak Karst, SE Slovakia) near Brzotin 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 placials in protected areas of Carpathian Foothills { Fouwsting fausting,
Cochlodinag 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-vineyard; Molluscan faunas from cryoclastic debris (grézes litdes)

Ecologic and List of species Layer
biostratigraphic —
characteristics A B - J
! Aegopinelia nitens/minor + - - !
! (G) | Discus ruderatus (FERUSSAC) + - _
A [ cf. Isognomostoma isognomostamos (SCHR.) + - -
! Vitrea subrimata (REINHARDT) + - -
| o b - ! ¥ _ _
2 W(S) (" | Fruticicela fraticum (MULLER) +
" Gastrocopta theeli (WESTERLUND) _ _
| - ' — e
f I (+) | Granaria frumentum (DRAPARNAUD]) + + + 1
1| + Helicopsis striata (MULLER) + + |
: g (+) | Chondrula tridens (MULLER) + + + |
4 : + Pupilla sterri (VOITH) I + _
L (+) | Pupilla triplicata (STUDER) | - + +
: «L. (G) | Chondrina clienta (WESTERLUND) ‘ + - ~
i : (@ | Pyramidula pusilla (VALLOT) + - +
| + | Pupilla muscorum (LINNE) - + — |
(1Y | Truncatellina cylindrica (FERUSSAC) i + + _
5 (+} | Vallonia cosiata (MULLER) + + + |
Vallonia excenfrica STERK] ! - + — |
++ | Vallonia renuilabris (A. BRAUN) | - + -
(G) | Vertigo pygmaea (DRAPARNAUD) - + - |
6 (" | Cochlicopa lubricella (PORRO) [ + - +
I - - " - — —
C I (+} | Euconulus fulvius (MULLER) |+ — -
I . . . .
7 I Me {+) | Trichiacf. sericea {DRAPARNALD) — + _
i )
I R(W) (+) | Clausilia dubia DRAPARNAUD + + + |
i _ . . - -

Explanation see Table 2.

The 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 (grézes litées), probably of Middle Pleistocene age. with thin loess-like {layer B} or humic {C) intercalations. The lowermost (A) kayer is a medium
caarse scree with brownish red loamy matrix. The three incorporated molluscan assemblages represent equivalents of thase from the basal part of a loess
series — the lowermost one (A) a declining interplacial (woodland with open patches), the middle one (B) a cold oscillation {1oess steppe of warmer Lype)
and the uppermost one (C) a warmer early glacial interval {continental steppe with humic rendzina soils). The occurrence of Gratnaria frovmentum,
Chondring clienta, Pyranidula pusitla and Gastrocopta theeli are of particular interest. All 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 quantities
at the beginning of warm 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 Plets-
tocene records are very rare, both in glacials and
interglacials. This fact is puzzling, since Pyramidula 15
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 also V. pygmaea
(DRAP.) lives in high numbers. In Holocene floodplain
deposits they occur throughout the Holocene which sug-
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gests that 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 Holocene
climatic optimum, Its occurrences are ollen 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 cet-
tain loesses.

Chondrina species — their fossil occurrence corre-
sponds to that of Pyramidula being very rare even in
karstlands. Both Chendrina and Pyramidula are obvi-
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9. Pavlov-Vineyards gravel pit {South Moravia) - the deposit in question consists of cryoclastic debris (Jurassic limestones) representing a peculiar envi-
ronment strongly differing from that of the adjacent loess landscape. | —arable seil, 2.3, 7,910, 12, 14, 17, 19 - angular eryoclastic debris (white, vel.
lowish to light greyish brown), Bab, 13, 15, 21 = dark humic horizons (rendzina soils), 5, 11 —calcareous crusts, 6. 16, 18 — horizons rich in loess-like ma-
trix, 20 — coarser scree, 4 - brownish red s01] sediment, 22 — coarser scree with brownish red matris, T — talus; (cp. Tab. %, Fig. 10).

ously confined to very stony open environments (bare  puchella is purely heliophilous and much less frequent
rocks, screes) as documented, for instance, by their oc-  in Pleistocene deposits being mostly associated only
currences in grézes litdes near Paviov (5. Moravia)  with damp environments. It occurs in highest amounts
where Ch. clienta (WEST.) and P. pusilia (VALLOT) in the Late Holocene, particularly in cultivaled areas
(Fig. 10) were recorded in several early glacial layers  which it prefers also at present. This is also true of V
(Tab. 9, Fig. 9). Glacial occurrence of Ch. clienta, Ch.  excentrica STERKI which is, however. more abundant in
tatrica LZK and Pyramidula has been known also from  Wesl Europe. V. enniensis (GREDLER) is a heliophilous
the MaZarnd Cave in the Velkd Fatra Mts. (Central  element of moist lowland meadows, today endangered
Slovakia), so that it seems to be possible that these spe- by human activities.

cies survived the glacial in the West Carpathians. By Discus ruderatus (FERUSSAC) — is a well known in-
contrast, Chonerina avenacea (BRUG.) in the Bohemian dex fossil widespread in the early Holocene with re-
Karst was recorded only in the Postglacial. duced present-day range confined to mid-European

Pupilla species —all Pupilla species occur abundantly  mountains and boreal forests. Its environmental require-
in loesses. They are very variable, their identification  ments have been discussed by R. DEHM (1967). It is of
being sometimes difficult, particularly in the case of  interest that D. ruderatus lived in the Late Glacial and
Pleistocene populations. At present, they are ecologi-  early Holocene mostly in environments which consider-
cally differentiated: P. sterri (VTH.) and P. triplicata  ably differed from those of his present habitats. This is
(STUD.) are confined to warm-dry rocky habitats, P.  particularly documented by its associates, such as
Sterri occurring even in Lhe alpine belt; P. muscorum Chondrula tridens (MULL.), Vallonia costata (MULL))
(L.) prefers today semi-xeric grasslands on soft soils,  or Cochlicopa lubricella (PORRQ). D. ruderatus occurs
mostly in cultivated landscapes: P. alpicola (CHARP.)  also in various phases of the Pleistocene, particularly in

lives in calcareous wetlands. early Pleistocene interglacials in malacocoenoses which
Vallonia costata (MULL.) and V. pulchella (MULL.)—  suggest that it considerably changed its ecological re-

both species which coexist at present in numerous  quirements since this time (Tabh. 3, 7).

places show a strongly differentiated occurrence pat- Semilimax kotulae (WESTERLUND) — Lhis species liv-

terns m the past. V. costata occurs locally in loesses, cur-  ing at present in montane to alpine belts occurs in small

rently in late glacial or early interglacial/postglacial  numbers in loesses and other glacial (incl. of Late Gla-
phases, in which it allains its highest values. At present  cial) sediments at lower elevations, particularly in hilly
it tolerates also partly shaded habitats. By contrast, V.  areas where it disappeared during the earliest Holocene.
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10, Chendring elienta (WESTERLUND) and Pyreonicdalo presifla (VN ALLOT)
— epilithic calcicolous snails confined to bare limestone rocks. very rare in
Pleistocene deposits. They probably survived the glacial phases in
well-sheltered karstland habitats within their present-day mid-European
range (ep, Tabs, 9, 2, PL IIS2).

Aegopis verticilius (LAMARCK) -- East Alpine-Dina-
ric element, index species of interglacials in the area of
mid-European uplands to highlands as well as of the
West Carpathians. By contrast, in the Postglacial it oc-
cupied only a limited area north of the Alps in the south-
ernt half of the Bohemian Massif only during the second
half of the Holocene (Tab. 2).

Aegopinella minor (STABILE) — only [ully developed
adult shells enable this species to be identified on
conchological basis. [ts expansion occurred 1n the early
Postglacial, when Ae. minor extended even into the
montane belt where it 15 extinct at present {high limestone
Carpathians). In comparison with other Aegopinella spe-
cies it prefers rather dry often semi-open habitats.

Ferpolita petronella (L. PFEIFFER) — occurs in high
amounts in the early Postglacial, usuvally in wetland con-
texts; its range became reduced since the beginning of
climatic optimum,

Oxychilus species — only O. depressus (STERKI) and
O. glaber (RSSM.) were rccorded in the Pleistocene of
Central Europe; O. glaber very rarely in old interglacials
(Mlade&), O. depressus also in glacial contexts. Other
Oxychilus species are very young Late Holocene or
modern immigrants.

Cecilioides acicula (MULLER) — in Central Europe a
modern immigrant mostly conflined o calcareous sols
in cultivated areas. The shells of this subterranean spe-
cie are often replaced into deeper strata which leads 1o
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 that it might sur-
vive the glacial in the area of its present distribution. Al-
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though 1t prefers woods and shaded places, it is able to
live also among rocks and screes or under stones on
open hillsides, especially at higher altitudes.

Clausifia dubia DRAPARNAUD — numerous records
in mid-European glacial deposits inclusive of loesses,
partly out of its recent range, indicate that CL dubia may
be considered glacial relict in a number of areas, particu-
larly at lower elevations.

Bulgarica cana (HELD) — a4 number of records from
deposits of the Postglacial climatic optimum document
that this dendrophilous woodland species considerably
reduced his range during the Late Holocene. Scattered
occurrences in interglacial climalic optima.

Fruticicola frinicin (MULLER) — ocecurs in a wide
range of habitats {rom riverine forests 10 semi-xeric
scrub, bushes or hedgerows. In the Pleistocene past it
mostly reflects environments rich in ecotones, such as
edoes of woods, 1. e, parklands. Therelore it is character-
istic of the transition periods between cold and warm
phases as well as of warmer intervals in early glacials. It
is abundant in the first hall of the Holocene, later s
range becomes gradually reduced. In most cases it oc-
curred together with Ewanmphalia strigella (DRAP.).

Helicellinae — only Helicopsis striata (MULL.) i1s ab-
original in Central Europe occuwrring (requently in steppe
phases of the Pleistocene and early Holocene, particularly
in loesses and chernozem soils. Other Helicelfinae colo-
nized Central Europe only during the latest Holocene and
their invasion continues also at present {(Cernuella
neglecta (DRAP.) in Central Germany and Bohemia),

Trichia hispida (L.} and Tr. sericea (DRAP.) — both
closely related species occur abudantly o Joesses; Tr.,
hispida in the Middle and Late Pleistocene, Tr. sericea
in older glacials (early Middle and Old Pleistocene).
The relation of the loess races of Tr. hispida and Tv.
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 n
other areas of inner Bohemia.

Frustina cingulella (ROSSM.) — rupestral snanl hiving
on limestone rocks in Lthe subalpine 10 alpine belts ol the
West Carpathians. In glacial phases it lived at lower ele-
vations (corresponding to the present submonltane belt),
where it survived the cold-climate periods.

Helix pomatia — the Roman snail is an important in-
dex fossil of interglacials in the younger hali ol the
Pleistocene. During early Holocene it recolonized Cen-
tral Europe south of great northern lowlands, al present
it lives in highest amounts in cultivated areas.

CONCLUSIONS

The aim of this study was to present a review of avail-
ahle observations on the palaeoecological signtlicance
of Quaternary molluscs, particularly on their contribu-
tion to the knowledge of environmental conditions in the




recent geological past — the Quaternary. Our results
based on evidence from Central and Western Europe
show that 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 reconstrucied in consider-
able details.

2. In a number of regions Mollusca provide the main
evidence of palagoenvironmental development and stra-
tigraphy of the Quaternary due to lack of other groups of
fossils, This 15 particularly tue 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 Lo
identily precisely particular phases of the Quaternary
climatic cycle in close correlation with sediment and
s0il develoment.

4, Within broad chronological context they provide
also a number of chronostratigraphic data, particularly
with respect to the gradual retreat of several Pleistocene
species extinct at present or living in remote regions.

5. Mululateral 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. e. with plants and vertebrales, re-
mains poorly known even today and a number of regions
where fossil molluscs undoubtedly occur in abundance
have not been malacologically examined.

Fremgslared by the authior
Recommended for pring iy 1, Vaddeko

References

ALEXANDROWICZ, 5. W._ (1987): Analiza malakelogiczna w
badantach osadéw czwartorzedowych (Malacological analy-
sis in Quaternary research). = Geologia, 12, 1-2, 240 pp.
Krakow,

BRUNNACKER, K. - BASLER, D). - LOZEX, V. - BEUG, H. 1. -

ALTEMULLER, H. J. (1969); Zur Kenntnis der Losse im
Neretva-Tal. — Neu. Ib. Geol. Paliont., Abh., 132, 2, 127-154,
10=14. Stuttgart. .

DanNILOvSKLY, I V. (1953): Opornyj litologo-stratigrafiCeski
razrez otlofenij skandinavskogo oledenenija russkoj ravniny 1
N.5., 9,202 pp, I-XXII, 1 tab. Moskva.

DEHM, R. {1967): Die Landschnecke Discus ruderatus im Post-
glazial Stiddeutschlands. — Mitt. d. Bayer. Stsamml. . Pal, u.
hist. Geol., 7, 135-155. Miinchen,

Evans, ). G. {1972): Land Snails in Archacolopy. — Studies in
Archaeol. Science, 436 pp. Seminar Press. London-New
York.

FALKNER, G. (1969): Dic Bearbeitung ur- und frilhgeschichtli-
cher Molluskenfunde. - DFG Forschungsber., 15, 112-140,
7-8.

FUHRMANN, R. (1973): Die spidtweichselglaziale und holoziine
Molluskenfauna Mittel- und Westsachsens, - Freiberg,
Forsch.-H., C 278, Pal., 121 pp.. 1-21. Leipzig.

FUKOH, L. - KroLopp, E. - SUMEGH, P. (1995): Quaternary
Malacostratigraphy in Hungary. — Mal. Newslet., Suppl. 1,
219 pp. Gyongyis.

GEYER, D. (1927}, Unsere Land- und Sisswassermollusken. - 3.
Aufl,, 224 pp.. I-XXXIII K. G. Lutz, Stuttgart.

HORACEK, . - LOZEK, V. {1988} Palacozoology and the
Mid-European Quaternary Past: scope of the approach and se-
lected results. - Rozpr. Cs. Akad. V&d, R. mat. piifr. V&d, 98. 4,
102 pp. Praha.

KERNEY, M, P, (1977): British Quaternary non-marine Mollusca:
a brief review. — Brit. Quat. Studies, Rec. Adv., 3142, Claren-
don Press, Oxford.

KORNIG, G. (1966} Die Molluskengesellschaften des mittel-
deutschen Higellandes. - Mal. Abh., 2. [, 1-112. Dresden.
Kovanpa, 1. (1995): Revision of fossil molluscs of the upper
part of the talus cone profile at the Strinska Skala Hill near

Brno. — Anthropos ser., 26 (N.S. 18}, 127-136. Bmo.

KOWwaLKOWSKL A, - BERGER, L. {1966): Zastosowanic metody
paleomalakologiczne) do badai nad rozwopem gleh v holo.
cenie (Palacomalacological analysis in Investizations on De-
velopment of Soils in Holocene). - Fol. Quat., 23, 27 pp. 1.
Krakow.

LOZEK, V. {1964): Quartirmollysken der Tschechoslowakel, —
Rozpr. Ustf. Ust. geol., 31, 374 pp., I-XXXI1, I-IV. Praha.

- (1963a): Das Problem der LéBbildung und die LéBmollusken.
— Eiszeitalter u, Gegenw., 16, 61--75. Ohringen.

— (1965b); The relationship between the development of soils
and faunas in the wann Quaternary phases, — Sbor. geol. Véd,
Antropozoikum, 3, 7-33, 1-T11. Praha.

(1967): Beitriige der Molluskenforschung zur prihistorischen
Archiiologie Mittcleuropas, — Ztschr. Arch., 1. 88=138. Berlin.

- {1972% Holocene Interglacial in Central Europe and its Land
Snails. — Quat. Rescarch, 2, 3, 327-334. New York-London.

— {1976); Khmaabhiingige Zyklen der Sedimentation und
Bodenbildung withrend des Quartiirs im  Lichte malako-
zoologischer Untersuchungen. — Rozpr. Cs. Akad. VEd, R.
matl. pFir. Véd, 80, 8, 97 pp.. 10 tab. Praha.

— (1980} Quaternary Molluses and Stratigraphy of the MaZamad
Cave. — Cs. Kras, 30, 67-80, 2 tab. Praha.

~ (1982} Faunengeschichtliche Grundlinien zur spit- und
nacheiszeitlichen Entwicklung der Moelluskenbestinde in
Mitteleuropa. — Rozpr. Cs. Akad. Véd, R. mat. pfir. Véd, 92, 1,
106 pp.. 1-8, 1-3. Praha.

~ {1986): Mollusca analysis. - In: Berglund, B. E. (Ed.): Hand-
book of Holocene Palacoecology and Palaeohydrology.
Chapt. 36, 729-740. I, Wiley & sons. Chichester.

- {1991} Molluscs in loess, their paieoecological significance
and role in geochronology — Principles and Methods, — Qua-
ternary International, 7/8: 71-79. Perzamon Press, Oxford.

~ (1993): Diversity changes in mid-european molluscan fauna
during the Postglacial. — Ekologia, 12, 3, 247-254. Bratislava.

Mania, D (1973 Paliiobkologie, Fauncnentwicklung und
Stratigraphie des Eiszeitalters im mittleren Elbe-Saalegebiet
auf Grund von Molluskengesellshatten, — Geologie, 21, Bh,
TJ879, 175 pp., 3. Beil. Berlin.

MEIER-BROOK, C. (1975): Der okologische Indikatorwert mittel-
europiiischer Pisidium-Arten (Mollusca, Eulamellibranchia).
— Eiszeitalter u. Gegenw., 26, 190-195. Ohringen.

PuissEGUR, 1.-1. (1976): Moliusgues continentaux quaternaires
de Bourgogne. — Mém., Géol. Unmiv. Dijon, 3. 241 pp., pl. 1-28.
Dijon (Paris).

ROUSSEAU, D.-D. (1991): Statistical Analyses of Loess Molluscs
for Paleoccological Reconstructions. — Quaternary Interna-
tional, 7/8, 81-89. Oxtord.



SCHOTT, C. {1934); Kanadische Biberwiesen, ein Beitrag zur
Frage der Wiesenbildung. — Z. Gesell. Erdkde. Berlin, 370 bis
374. Berlin.

TAYLOR, D, (1965): The study of Pleistocene nonmarine maol-
lusks in North America. — The Quat. of U.S., 597-611. Prince-
ton University Press, Princeton.

WALDEN. H. V. - GARDENFORS, U. - WAREBORN, L. (1992); The
impact of acid rain and heavy metals on the terrestrial moliusc
fauna. — Proc. 10™ Malac. Congress, 425-435. Tiibingen.

WAREBORN, L. (1969): Land molluscs and their environments in
an oligotropic area in southern Sweden. — Oikos, 20, 2,

461-47%. Copenhagen,

Paleoekologie kvartérnich mékkysa

(Reswme anglickeho texti)
VOIEN LOZEK

Piedlofeno 29. zafi [ 998

MEkkysi patii mezi nejhojnéjsi fosilie kvartéru a Casto se hojné vyskytuji tam, kde jinych kvariérnich fosilii je
nedostatek. Piesto nejsou dodnes plné docendni a vyuliti, coZ souvisi s nedostateénou znalosti jejich ekologie
v korelaci se sedimentadnim prostfedim kvartérnich uloZenin, nehledé k tomu, Ze zpracovinim {osilnich malakofaun
byli fasto povéfovdni zoologové, klefi je sice dovedli dobfe wrdit, neméli viak bliZi pfedstavu o pomérech
v kvartéru, takZe urdeny materidl nebyli s to fidné vyhodnotit. Nutno zdiiraznit, Ze podrobné Elenéni kvartéru se opird
o klimatické zmé&ny, kieré se obriZeji nejen ve vyvoji fauny a flary, nybrZ i ve zménich riznych sedimentii a pid.
Urdity sediment nebo phda jsou sloZzkami t€hoZ ekosystému jako fauna v nich zachovana, takZe malakostratigrafie
kvartéru se opird predeviim o ekostratigrafickd data.

Uspéiné vyuZiti mékkysh v kvartérni ekostratigrafii vyZaduje splnéni dvou zdkladnich podminek:

1. Znalost vztahu mékky3i k prostfedi, (. k podnebi, substritu, vegelaci i k pravékému osidleni véetné poznatki o
rychlosti &ifeni jednotlivych druhil,

2. Korelace malakofauny s prostfedim jednotlivych fdzi kvartérniho klimatického cykhu, charakterizovanym na
zdkladg& dal%ich, zejména sedimentologickych a pedologickych kritérii. To umoZfiuje sprivné uplatnéni poznatki o
ekologii soudasnych mékkysi v kvartérni minulosti, zejména pifi hodnoceni téch spoledenstev, klerd nemayji recentni
analogii (zvl. sprade). Daldi podminkou je sbér a zpracovini fosilnich schrinek pfizpasobeny poZadavkim vyzkumu
kvartéru. Schranky i jejich dlomky musi byt ziskiny ze viech fosilifernich vrstev dokonale olisiénych a podrobné
stratifikovanych profili, pokud moZno v poftu umoZiiujicim statistické vyhodnoceni. Krom vlastniho uréeni musi
kvartérni malakozoolog zndt moZnosti pfinosu ulit do fosililernich vrstev, coZ dovoluje rozlidit, zda jde o jedinou
malakocendzu nebo cely soubor riiznych spoledenstey, i rozliSeni sloZky autochtonni, (j. druht Zijicich pfimo v sedi-
mentanim prostoru, od slozky parautochtonni, zahrnujici ulity transportované ze Sirfiho okoli, nehledé k sloice
alochtonni, k niZ ndleZi ulity pfemisténg ze starsich uloZenin.

Taklo ziskané vysledky je pak tfeba porovnat se souCasnym stavemn na zkoumané lokalité a stanovit rozdily v eko-
logickych nirocich jednotlivych faun i ve vyskyiu jednotlivych druhi, popi. spoleCenstev.

Dik splnéni popsanych pfedpokladii se podafilo v Sir§im stfedoevropském prostoru stanovit pomérné podrobnou
korelaci mezi sedimenty a pidami jednotlivych fdzi kvartérniho klimatického cyklu a piisludnymi spoleCenstvy
m&kky5i. Tykd se lo zejména spradovych sérii, kieré poskytuji nejiplnéjii idaje. Optimdlni podminky poskytuji niz-
ké teplé pahorkatiny a krasovi tzemi. V této oblasti leZici v sousedstvi dvou velkych zalednéni, severoevropskeho a
alpského, se také nejvyraznéji projevuji rozdily mezi jednotlivymi klimatickymi vykyvy; v rovinatych severnich ni-
Zindch, na stepnich planindch vychodni Evropy nebo ve vyrazné ocednskych oblastech na zipadé jsou tywo rozdily
mené vyrazne,

Podobné jako dnedni malakofauna byly i kvartérni malakocendzy diferencoviny podle vyikovych vegetacnich
stupii, vykazovaly regiondlni rozdily, ndpadné zejména v teplych obdobich, ale sledovalelné i v monotonnich spoele-
Eenstvech spradi. K tomu pfistupovaly zmény v ¢ase, i kdyZ zdkladni schéma cyklického vyvoje zOstivalo zachovi-
no. Na pfechodu riiznych klimatickych fizi se projevovaly sukcese spoledenstev, navazujici na sukcesi [ytocendz a
vyvoj piid. Tyto rozdily lze vyuZit zejména pfi podrobném &lenéni teplych obdobi, pfedeviim posiglacidlu, kdy lze
rozlifit i jednotlivé migraéni sméry a konfrontovat je s riznymi pfekdZkami, napf, s vytvoienim odlesnéne kultumi
krajiny poéinaje neolitem, kterd zamezila dalsi migraci nékterych lesnich druhii. Lze zachytit y zmény stanovistnich
ndrokd nékterych druhil oproti dnednimu stavu, coZ plati zejména pro nékieré cleny spraSovych spoleCensiev a pro
launy ze starého pleistocénu.
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Uvedena zjidténi vrhaji svétlo i na nékteré dosud diskutované problémy, pfedeviim na otdizku reliktl, zejména
pfeZivini teplomilnych prvki béhem glacidlu, ddle pak na podrobné zachyceni zdkladnich vegetatnich formaci, pie-
deviim lesa a stepi na mendich plochdch, coZ hraje vyznamnou tlohu ve spravném pochopeni postglacidlniho vyvoje
Z1vého svéta stfedni Evropy a jeho souasného stavu.

Ukdzalo se rovnéZ, Ze z hlediska rekonstrukce minulych pfirednich podminek vykazuji malakocendzy riiznych
typl stanovidt rozdilnou vypové&dni hodnotu. Spolefenstva vodni a mokfadni a do jisté miry i spoledenstva luéni aZ
stepni se vyznaduji podstainé mendimi zmé&nami v pribehu glacidll a interglacidli neZ spoleenstva lesni, kterd zahr-
nuji nejvEt$i pocet viidéich druhi jak z hlediska ekostratigrafie, tak chronostratigrafie.

Z ptedchoziho rozboru vyplyvaji tylo zdkladni vysledky:

1. Studium fosilnich malakofaun zachycuje velmi Jirokou 3kdlu rivznych typil prostiedi, takZe umoZiiuje rekon-
struovat obraz vyvoje krajiny do znaénych podrobnosti.

2. V fadé oblasti jsou mékkysi hlavnim zdrojem biologické informace o vyvoji prostiedi i stratigrafii kvartéru
vzhledem k nedostatku jinych druhi fosilii. Jde pfedeviim o suché teplé krajiny, osidlené jiZ v hlubokém pravéku.

3. Fosilni mékky3i se pIn& uplatiwi v rdmei ekostratigrafie kvartéru tim, Ze umoZiiuji pfesnou identifikaci jednot-
livych fdzi kvartérmiho klimatického cyklu v 1&sné korelaci s vyvojem sedimentil a pid.

4. V Sir§im ¢asovém rdmci poskytuji | fadu cennych chronostratigrafickych dokladi, predevdim vzhledem k po-
stupnému mizeni dnes jiZ vymielych pleistocennich druhil a v regiondlnim rdmci i k vyskytu novych imigranti, coZ
plati pfedevsim pro postglacial.

3. Klimatické zmény, zejména sifiddni teplych a studenych obdobi, se nejvyraznéji projevuji ve zméndch malako-
cendz v teplych suchych pahorkatindch aZ vrchovindch, kde spoleenstva glacidlni oteviené krajiny vZdy vystiidala
v leplych obdobich plné rozvinutd lesni spole€enstva. V rovinatych oblastech s pievahou vodnich a mokiadnich ma-
lakocendz, stejné jako na stepnich rovindch, jsou rozdily v malakofaung méné vyrazné,

6. Viestranné vyuZiti kvartérnich mékkysu je dosud v pocatcich, i kdyZ prvni kroky byly jiZ ucingény. Zbyvd pro-
veést piesnéjsi korelaci s dal$imi hlavnimi skupinama kvartémich fosilii, rostlinami a obratlovci, a rovnéZ zbyva do-
sud mnoho oblasti, kde se kvartérni mékky3i nepochybng hojné vyskytuji, nebyli v8ak zatim bliZze zkoumadni, coZ pla-

I pfedeviim pro hornaté é4sti jiZni Evropy.

Vysvétlivky k tabulkam

Tabulka 1. Mékkysi evropskych sprasf.,

Vieobeond roziitend sprasové druby;, regiondInifmisini sprafove
druhy: piileZitostné druhy sprasi; druhy baZinnych spradi. Viech-
ny sprasoveé druhy mohou Zit v oteviend krajiné, vétdina z nich i
v drsnych teplotnich i vihkostnich podminkiich.

Tabulka 2. Pusty #leb v Moravském krasu: vivoj malakoefauny od
visclského pleniglaciilu.

L — vchod j. PustoZlebske Zazdéné — vrstva |l spradovitd hlina
s ostrohrannou drtf, konec pleniglaciilu. Malakocendza pozastd-
vd 2 necetnych druhi, z&isti vvznaénych pro sprade (H. striata, P
sterri, 8. oblange), #Gasti pro sprasovité uloZeniny vyssich poloh
(Artanta, 5. kotwlae). Nilez Pyramiduly doklida jeyl preiti bé-
hem glacidlu. Spoleenstvo odpovidi kamenitym holim v drsném
podnebi.

§ - Stajgrovka — svétle hnddy jemné piséity pEnovec nu bizi pé-
novcového loZiska, Drubhové dosti bohatd malakofauna je klima-
licky nendrofnd a odpovidi previZné oteviend krajiné. Zahrnuje
ovsem i druhy indikujici po&itek otepleni (G. frumenium, Ch. cfi-
enta, C. tridentatiim) a pfechod k parkovité krajiné (F. fruticum,
V. pusitla).

P — Soulasni malakofauna ze dna Pustého Zlebu — piiklad plné
rozvinutého spolecenstva teplého obdobi s pfevahou bohatych
lesnich malakocenoz s nékterymi vidéimi druhy interglacidld
Jako Ae. verticilius, D. perspectivas etc. Druhy oteviené krajiny
pochidzeji ze skalnich sién. PHiklad postglacidlniho ekvivalentu
interglacidilnich malakofaun.

Obecné vysvitlivky k tabulkdm 2--9

Ekologické charakteristiky

Hlavni ekologické skupiny: A = les vicobecné, B — otevien:d kra-
Jina vieobecné, C —les i bezlesi, D — mokiady a vodni stanoviste,
Ekologické skupiny: | — zapojeny les, 2 pfevdZng les, misty i po-
lootevicni aF bezlesd stanovidtd: W(M) = svEH, W(S) = suchad,
W{H) - vlhkdi, 3 - zamokiené lesy, luhy, oldiny, 4 - xerotermni
bezlesi nebo skdly: § - vieobecn, XL - vipencové skily, S{W) -
Cidstelné zastingni, 5 — bezlesi vieobecné (vlhké louky aZ stepi);
les 1 bezlesi: 6 — pfevainé suchd, 7 - svEéZ nebo rizné: Me - vie-
obecné, MR - svEE skalni stanovisté, R(W) — skily i lesni suté,
9 — mokfady, biehy vod, 10 - vody,

Biostratigrafické charakteristiky

+ — vyznadné sprafové druhy, ++ — vidéi sprafové drohy, (+) -
mistni & nihodné sprafové druhy. G - druhy preZivajici glacidl
mimao pasmo spradi, (G) — dtto, jako relikty, ! — druhy teplych ob-
dobi, ! = viid& druhy interglaciili, (1) = eurytermni drohy tep-
Iych obdobi, M - moderni (postglacidlni) imigranti, 47, 37 — pii-
bliZné urdeni, (+)2) - alochtonni (pfemisténé) ulity.

Tabulka 3. Malakofauny vapnitych moéilh z riznych Klimatic-
kych fizi.

A - Unétice - Hol§ vich (u Prahy): sypky pénovee v nadloZi 90 m
terasy Vitavy. v soudasnosti leFfcl 50 m nad nivou Unétického
potoka (pfitoku Vitavy) ve velmi suchém prostiedi. Casnd fize
cromerského interglacidlo vyznadujici se mimofFidnou stanovist-
ni i druhovou diverzitou. VESina druhi je lokidiné 1 regionalné
vyhynuli. Lofisko se vytvofilo na dpati svaho na okragt Siroké
ficni nivy s mocaly a tinémi lemovanymi teplymi hiiji s otevieny-
mi xerotermnimi plodkami na piilehlych svazich.
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B — Ruzbachy — Horbek (Spifskd Magura, severni Slovensko):
sypky pénovec na bizi mocného télesa stfedopleistocennich tri-
vertinil. Bohaté vihkomilné malakocendzy z vihké, patrné pozdng
glacidlni fize, charakterizované chyb&nim druhii hlavni ckosku-
piny A, s pfevahou nendroénych prvkil oteviend krajiny (B) a in-
diferentii (C) s piimési nékolika plZ, pfevdZné vizanych na drob-
né vody. Spoleéenstvo odpovidd pfeviZng oteviend krajiné v drs-
nych klimatickych podminkich.

{ ~ Dolni Chabry u Prahy, cihelna. Cockovitd vloFka slinli ve
spradi viselského pleniglacidlu obsahujicl spolecenstvo, které po-
ziistdvd z&4sti ze sprafovych, z&dsti velmi nendrotnych baZin-
nych druhil (Pupilia alpicola, Vertigo genesii, Pisidium Flewiarti]
a edpovidd mensimu mokfadu v glacidln{ spradové stepi.

Tabulka 4. Skalnf dtes Martinka na Pdlavé (jiZnf Morava) - 7mé-
ny mékkyiich spoledenstev na dpati stény od viselského plenigla-
ciidlu.

Pilavu buduji vertikdini iitesy jurskych viipencil tvoiicl drobné
izolované pohoif uprostied niZin Videfiské pinve. Studované lo-
isko se nachdzi na jejich sz. Gpati.

A - svEtle okrovd sprafovitd hiina s roztrouienymi bloky vipence
— viselsky pleniglacidl. Chovil velice chudou malakofaunu za-
stoupenon viidéim plenigiacidlnim drubem Pupilla loessica, cof
odpovidd prostfedi chladné stepi opétovné naruované pohyby
Mokovych suti.

B - svétle hnddofedé ostrohranné drt€ s hhinitou v¥plni a roztrou-
senymi balvany — viselsky pozdnf glacidl. Druhove chudé spole-
¢enstvo bezlesé krajiny zahruje nékolik vihkomilngjdich prvki
( Arianta arbusiorum, Cochficopa fubrica) tdruhii s vy38imi ndro-
ky na teplotu, coz odpovidi chladné parkovité krajing charakteri-
sované mozaikou suchych a? svd#ich travniki s mensimi plocha-
mi kfovin,

C - stiedné hrubé sutdé s kyprou tmavoiedou humdzni vyplni
s mnoFstvim ulit, PIné rozvinutd malakofauna svéZiho aZ mirné
vihkého lesa odpovidd zapojenému, pfeviZng sveZimu lesu, vy-
znatnému pro nejvlhéi fizi holocenniho klimatckcho oplima
(Casny atlantik). Deset druhii je dnes regiondiné vymiclych (srov.
sioupec R). Xerotermni prvky oteviené krajimy pochdzeji z pfi

lehlych skalnich stén.

R - v dnetni ochuzené fauné prevauji xerotermni druhy bezle-
sf, lesni sloZka je silné redukovina. B&hem druhé¢ poloviny holo-
cénu byla studovand oblast husté osidlena, odlesnéna a zestep-
néna.

Tabulka 5. Mladed-Tresin (severni Morava): pleistocenni mala-
kofauny z jeskyn{ ve srovndni se soufasnym spoledenstvem pléiL.
A — rudé jflovité hliny se suti ve Velké Mladedské jeskyny; lesni
spoledenstvo Casné stiedopleistocenniho (. piedholsteinského)
interglacidlu s vysokym podilem vyhyoulych nebo rcgiondlng vy-
mfeljch druhd, z8dsti zdpadoevropského rizu. Hlavni ckoskupi-
na oteviené krajiny (B) neni zastoupena.

B — Flutavd jeskynnf hifna odkrytd v jeskynni lécebng: malako-
fauna pozéstdva prevaing z druhd oteviend krajiny (hlavni eko-
skupina B), aviak obsahuje i pfemisténé Glomky druhil inte rela-
cidlnich {hlavni ckoskupina A).

C — dne&nf malakofauna kopee Tfesin predstavujici moderni ek-
vivalent nékdejSich interglacidinich spolefenstev vizanych na
teplé podnebi,

Tabulka 6. Vojnice (severozdpadni Cechy): postglacidini sled
malakofaun z nivnich uloZenin pozfisuivajich z Cernozemniho
materizbi.

Srudované nalezidtd se nachdzi v fernozemni oblash niZiny dolni-
ho Poohii. osidlené od neolitu a churakterizovand dobfe zachova-
n§mi stepnimi biocenézami. P&t metrd mocny sled uloZenin obsa-
huje jednotviirmou malakofaunu sestdvajicl pfevdint z obyvatel
otevienych mokiadd a drobngch vod spolu s prvky suchych aZ
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svédich trivnikd pochizejicich z pFilehlych idolnich svahi. Les-
ni druhy (hlavni ekoskupina A) jsou velmi Fidké a patrné pochi-
zeji z ndplavil phiplavenych aZ z pramenné oblasti Sucheho poto-
ka, kterd le#l ve vEt§i nudmofské vSce jiZ mimo Cernozemni pis

mo. Tento vyvoj malakofauny je vyznaény pro suché Cernozemni
oblasti osidlené od Easného neolitu,

Tabulka 7. Ctinéves-Hykovina (stiedni Cechy) — malakocendzy
obrifejici specifické podminky prostfedi na plio/pleistocennim
rozhrani.

Studované souvrstvi pozdistivi ze silné vipnitych blin s hrubou
Zedidovou suti a horizonty hnédych plastosoll na tpati Cedicove
kupy Ripu. Poloha A zahmuje Eedifové suté na bazi souvrsivi. B
hnédé hliny ve stfednim tseku. Celé souvrstvi ndleZi nejmladsi-
mu pliveénu nebo nejstariimu pleistocénu. Obe spoledenstva po-
zistivaji z druhifl, kterd neZiji pohromadé vzhledem k protichid-
nym ekologickym pozadavkiim: Discus ruderatus — € frenedrul
tridens — Truncatellina callicratis — Helicopsis striata — Vertigo
angistior — Vertizo pusilla a vovnéz vyhynuld Gastrocopta sevo-
ting. Lze se proto domnival. Ze ekologické poZadavky mnohych
druhil se od té doby zménily, Takovd fauna patrné odpovidd mo-
zaice lest 1 otevienych ploch v mirnyeh klimatickych podmin-
kdch liticich se od pomérd v pozdéjiich fizich kvarcru.

Tabulka 8. Spolecenstva plzll pochizejicich z pleistocennich
tpatnich souvrstyi,

Na FarkaSovu (jizn{ Gputf Nizkych Tater na stiednim Slovensku}
stiednd hrubé suté se sprafovitou vyplni chovapi plE spolecen

stva, pozistavajici z&isti z vyznalnych (Pupilta, Vallonia tenu-
labris. Sucrinelfa oblonga) nebo lokilnich (Vitrea crystallinag,
Clansilia dubia, Orcula dolivmt) sprasovych druhi, 28dsti z dru-
hii. které s¢ béhem sprajovych fazi vyskytovaly ve vihéich vyso-
Sindch mimo spradoveé pasmao ( Fansting fausting, Oxvohilies et

pressus, Vertige alpestris). = V idoli Slané ve Slovenském krusu
na jv. Slovensku nedaleko Brzotina moene souvrsivi suti s boha

tou vyplni jilovityeh humusem chudych hlin chovi smisend mala-
kocenozy s fadou dosti ndrofnych lesnich pl#i, kiefi pravdépo-
dobn preili glacidl v chrinénych okrscich jiznich karpatskych
predhofi (Fausting faustina. Cochloding cerata, Laciniaria pli-
cata). - V obou piipadech malakofauna indikuje parkovitou krayi

nu. Pesné zafazeni mistni fauny 7 idoli Slané do nékteré fize
kvartérntho klimatického cyklu ziistivi zatim problematicke.

Tabulka 9. Pavlovské vinice: malakofauny z mrazovych drti (gre-
zes litdes).

Studované uloFeniny se nachizeji na jv. dpati Pdlavy na jizni Mo-
ravé (Videfiskd pdnev). Jde o sled mrazovyeh drtf, patmé sifedo-
pleistocenniho stdfi s tenkymi sprafovitymi (vistva B) nebo hu-
moéznimi ©) vloZkami. Bazilnf polohu {A) tvoii rudohnédd hlina
se stedn® hrubou suti. TH mékkyii spoledenstva predstavuyi k-
vivalenty malakofaun z bazilnich vseki sprafovych séril — ne)-
hlub3f (A} patti vyznivajicimu interglacidlu, prostfedni (B) chlad-
nému vikyvu (sprafovi step teplejiiho typu) a nejvyEE (C) wep-
lejiimu Sasné glacidlnimu v¥kyvu (kontinentdlni step na humazni
rendzing). Pozoruhodny je vyskyt druhl Granaria frimentun,
Chondrina clienta, Pyramidula pusifla o Gastrocopta theeli
Viechny fauny indikuji svérizné prostfedi na ndnosech drobné
ostrohranné vipencové drté, chudé na jemnozemni vyphi.

Vysvétlivky k obrdzkam

| Seosia diedonta (EERUSSAC) — vadel druh stiedoevropskych
interglacidlt, dnes Zijici v Jiznich Karputech ana severnim Bal
kané,




2. Perforatelfa bidentara (GMELIN) — charaktenisticky droh lehi o
oliin, ktery pravdépodobné pfeZil glacidly ve svém dnednim stic-
docvropském aredlo (srov. tab. 3, obr. 3),

3. Unétice u Prahy, Holy vrch — dnedni sitnace cromerskych pé-
novcl a slind (CT) v nadloZ suchdolské (90 m) terasy Vitavy
{(ST). Béhem ukkidini pénoved (CT) se naleziid nachdzelo v §i-
roce oteviendm ddoli Vitavy, Od 1€ daby byla terasovd plodina
rozélenéna hlubokymi adolnimi zifezy (VU), lak#e pénovee dnes
le#{ 50 m nad sousedni nivou Unétického potoka (FU) a 90 m
nad nivou Vitavy (FV) na dné sevieného ddoli 2 km dile k vycho-
du, L - spras, P - proterozoicke bridlice, 8i — hieben proterozoic-
kych buliZnikd rvofici ndrazovy biich suchdolské terasy, A — nad-
motskd vyika (srov. tab. 3).

4. Transport ulit do uloFenin v jeskynnim vchodu. R - vehodovy
val, C — akumulagni kuZel pod otevienym komfnem, FC - fosilni
koZel pod kominem vyplnénym starymi stmelenymi sedimenty
(V). Sloiky mékkyiiho spolelenstva v sedimentech vstupniho
ralu: 1~ auochtonni malakocendza lesa na suti vstupniho valu.
Parautochtonni ulity piemisténé z nidsledujicich biotopii: 2 - stin-
né stény, 3 —oteviend stény, 4 - kfoviny, 5 —skalni stepi, 6 - step
na hlubdi plid& na okraji plodiny, 7 - pds kiovin na okraji lesa na
okraji lesa (ekoton), 8 — suchy les na ploding (srov. tab. 2,
P, T1/2),

3. Faustina cinguelella (ROSSMAESSLER) — skalni druh supramon-
tanniho aZ alpinského stupné vysokych vipencovyeh Zdapadnich
Karpat. Prezil glacidly v m#Sich polohich.

6. Vestin turgida (ROSSMAESSLER) ~ karpatsky klausiliid Zjici
ve vlhkych horskych lesich i na chranénych mistech subalpinské-
ho a# alpinského stupné. Pie#il glaciidl ve svém dnednim aredluy,
Jak doklidaji jeho nilezy ve sprafich na dpati Karpat.

1. Gastrocopra sevoting LOZEK - vyhyauly druh zndmy ze spole-
éenstey pliofpleistocennibo rozhrani, kterid nemaji obdoby v poz-
déjsich dobich (srov. tab.7, pil. TV/1).

K. Cochloding cerata (ROSSMAESSLER) - zdpadokampatsky ende-
mit, ktery patrné pfeZil glacidly v chrinénych okrscich v jiZnich
predhoffich Karpat (Slovensky kras, srov. tab, 8, piil. TV/2).

9. Pavlovske vinice, Stérkovna (ji#ni Morava) - sediment tvof{
mrazove drté z jurskych wipencii se 2vIidStnim prostfedim zeela
odlignym od okolni sprafové krajiny. | —orice, 2,3,7,9, 10, 12,
14, 17, 19~ ostrohranné mrazové dné (bilé, Zlutave aZ svétle edd),
Bab, 13, 15. 21 —tmavé humozni hordzonty(rendziny), 5, 11 = kar-
bondtové krusty, 6, 16, 18 — polohy s pievahou sprafového mate-
ndlu, 20 - hiubdi sutd, 4 — hndédoderveny pldni sediment, 22 —

hnédofervenid hlina s hrobsi suti (srov., tab., 9, obr, 1. T -
asyp.

10. Chondring clienta (WESTERLUND) a Pyramidula pusilic
(VALLOT) - epilitiéf vipnobytni plZi viizani na holé vipencové
skily, velmi vzicni v pleistocennich ulofenindch, Pieili patrnd
glacidl na chrinénych krasovych stanovistich ve svém dneinim
stredoevropském aredlu (srov, tah, 9, 2, pFil. T1/2).

Vysvétlivky k pFiloham

PFl T

l. Kopenéie {Velki Fatra, stiedni Slovenska). Dnes ledi toto nale-
2i8t¢ na homni hranici lesa, aviak v postglacidlnim klimatickém
optimu byl cely okrsek pokryt lesem, juk doklddaji bohaté mek-
k¥Si fauny ve v¥plnich drobnych pievisi,

2. Chlum u Srbska v Ceském krasu, opudtény lom. Ob#i blokovi
halda po komorovém odstielu dovoluje sledovat kolonizaci plii
v Casc 1 prostori.

Pril. 11

1. Jeskyné PustoZlebska Zazdéni v Moravském krasu. Ulity plu-
Jici na hladiné b&hem plaveni vzorku zeminy ze stfedoholocen-
nich vstupnich vlofenin, Malukocendza pozlistivd ze skalnich
druht (Chendring, Granaria) | obyvatel lesa na dpatnd suti (Spfiv-
radivm, Clausiliidae) (srov, tab. 2, piil. 11/2).

2. Stény Zohanil v Pustém Zlebu v Moravském krasu — na dpati
svislé stény se otevird vehod PustoZlebskd Zazdénd jeskyné (srov,
tab. 2, piil. [I71, obr. 4).

Pl 111

1. Nidplav Dunaje pod Bratistavou obsahuje pfeéetné ulity pochi-
zejich vétEinou z lunich haji.

2. Martinka na Filavé. UloZeniny na dpati stény dovoluji sledovat
vyva] mékkygich spoledenstev od viselského pleniglacidlo do
soucasnost (stov. tab. 4, obr. 4).

Pril. TV

1. Ctindves-Hykovina ped Ripem — mocné souvrstvi Sedidovych
suti s fostinimi piidami thnédé plastosoely), bil§mi provipnénymi
a hnédymi hlinitymi polohami obsahuje zvldstni pl# spoleden-
stva s Castrocopta seroting, vyznadujic plio/pleistocenni rozhra-
ni (srov. tab. 7, obr. 7).

2. Brzotinské skily v Slovenském krasu — na dpati 450 m vysoké-
ho skalnatého svahu vystupupe mocnd série hlinitych suti s fan
prostiedi, co? mitZe doklidat jojich piciti béhem glacidld (srov,
tub. 8, obr. 4, 8.
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V. LOZEK: Palacoecology of Quaternary Mollusc:

Optimum the whole area was covered by forest as documented by rich snail faunas occurring in sedimentary fills of small rock-sheelters.
2. Chlum Hill 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




1. PustoZlebskd Zazdénd Cave (Moravian Karst) — shells floating at the 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 speci
(Sphyradium, Clausiliidae) (cp.Tab. 2, P1. TI/2).

2. Zobany Rocks in the Pusty Zleb Valley (Moravian Karst) — at the foot of the vertical rock wall the entrance of PustoZlebskd Zazd
Cave is situated (cp. Tab. 2, PI1. II/1, Fig. 4).
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ywn plastosols), white calel

1. Ctinéves-Hykovina (Central Bohemia) — a thick sequence of coarse basalt screes with fossil soils (b

light brown loamy horizons include peculiar snail assemblages with Gasirocopta serotina that characterizes the zone of Plio/Pleistocenc

boundary (cp. Tab. 7, Fig. 7).

2. Brzotinske skaly in the Slovak Karst - at the foot of the 450m high rocky slope of the Slani River Canyon a huge loamy scree seque

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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