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ABSTRACT: Shells and opercula of an aquatic snail Bithynia tentaculata (L.) occur commonly in Quaternary de-
posits as a substantial component of subfossil malacocenoses. They have been noted mainly in lacustrine chalk
and calcareous gyttja, as well as in silts and muds accumulated in fluviatile environments. The contemporary
geographical range of this taxon is very wide, comprising the whole Palaearctic except areas extending north
of the Arctic Circle. In subfossil assemblages of molluscs B. tentaculata (L.) has been described almost exclus-
ively from Holocene and Interglacial deposits, apart from a few localities of sediments accumulated during the
cold periods of Pleistocene, particularly in Late Glacial phases. As the range of the mentioned species is lim-
ited to the zones of the temperate, boreal and Mediterranean climate, it can be pointed out as a cli-
matic-stratigraphic indicator, useful in malacological analysis of Quaternary deposits. Only a few taxa of
aquatic molluscs have such a value. The proportion of shells and opercula characterizes sedimentary environ-

ments.
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INTRODUCTION

Climatic changes, cyclically repeated during the
Quaternary, determined the course of geological pro-
cesses, distribution and transformations of biocenoses
and migrations of many plant and animal species.
The reconstruction of the course of these changes is
based on geological and geomorphological studies as
well as — to a large degree — on palynological,
malacological and diatomological analyses, consider-
ing studies on plant macrofossils and vertebrate
faunae. Data on the present range of taxa, their eco-
logical and climatic tolerance, and their association
with oceanic vs. continental climate are assumed as
the basis for interpretation.

Changes that took place at the end of the last gla-
ciation, and especially on the transition Vistulian/Ho-
locene, are clearly reflected in sequences of mollusc
assemblages which characterize profiles of sediments
deposited in various environments (LOZEK 1970).
This pertains especially to terrestrial fauna which
fairly quickly responds to changing ecological condi-

tions and diversification of vegetation cover. The fau-
nae of freshwaters display a greater stability, and ac-
cording to some authors they provide almost no cli-
matic-stratigraphic indicators which would be useful
for divisions of profiles of Late Quaternary deposits.
This view finds no confirmation in the light of
malacological studies carried out both in Poland and
in adjacent countries (MENZEL 1910, 1911, 1915,
LOZEK 1964, ALEXANDROWICZ 1987a, b,
ALEXANDROWICZ & ALEXANDROWICZ 1995). In many
profiles there occur aquatic molluscs typical of cold
climate (Pisidium stewarti Preston, P. obtusale
lapponicum Clessin) on one hand, and taxa of higher
thermal requirements, such as Gyraulus albus (O. F.
Miill.) or Acroloxus lacustris (L.) on the other. A water
snail Bithynia tentaculata (L.) is especially noteworthy
in this context, since it is commonly recorded from
various kinds of deposits and its shells and opercula,
easy to identify, are mentioned from many profiles
and localities. They often constitute an important or
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even dominant component of aquatic mollusc assem-
blages, especially in lacustrine carbonate deposits
(DEMBINSKA 1924, KASPRZAK & BERGER 1978,
ALEXANDROWICZ 1980a, b, 1987a, b, 1988a, b, 1989,
1995a, ALEXANDROWICZ & TCHORZEWSKA 1981). Pre-
liminary data on the application of this species in
palaeoclimatic and stratigraphic interpretation have
been presented by the author in 1995 during a sympo-

sium in Sosnowiec which was devoted to the problems
of threshold changes of natural environment on the
transition of Late Glacial and Holocene
(ALEXANDROWICZ 1995b). The study has been fi-
nanced by Academy of Mining and Metallurgy as the

scientific project 10.140.551.

DIAGNOSTIC CHARACTERS OF BITHYNIA TENTACULATA (L.)

Two members of the genus Bithynia occur in Po-
land: B. tentaculata (L.) and B. leachi (Sheppard). The
former has a conical shell of poorly convex whorls
and aperture outline tapered in its upper part. The
latter has strongly convex whorls and rounded aper-
ture (URBANSKI 1957a, LOZEK 1964, PIECHOCKI 1979,
FALNIOWSKI 1989, FECHTER & FALKNER 1990, GLOER
& MEIER-BROOK 1994). Shells of B. tentaculata (L.)
reach usually the height of 9-12 mm (sporadically up
to 16 mm), and those of B. leachi (Sheppard) are
smaller (5—7 mm high). The variability of the shell
shape is mainly expressed as varied degree of elonga-
tion and varied size of the body whorl (Fig. 1). The
variation was the basis for distinguishing varieties of
unclear taxonomic status, such as B. tentaculata

producta Menke, B. tentaculata codia Bourguignat, B.
tentaculata albida Rimmer, B. tentaculata matritensis
Graells, B. tentaculata ventricosa Menke, B. tentaculata
crassitesta Bromme, B. tentaculata gardnensia Dyduch et
Falniowski (GEYER 1927, GERMAIN 1931, EHRMANN
1937, SIVICKIS 1960, DYDUCH & FALNIOWSKI 1979,
PIECHOCKI 1979).

The operculum of B. tentaculata (L.) has, in its
apical part, an angular termination with an angle
close to right, and its outline is flattened or even con-
cave on the left. These diagnostic characters are
clearly marked in mature specimens in their final
phase of growth, and less so in juvenile shells. The
operculum in B. leachi (Sheppard) is oval and
rounded on all sides (Fig. 1).

DISTRIBUTION RANGE OF BITHYNIA TENTACULATA (L.)

Information on the present distribution of B.
tentaculata (L.) is contained in papers of GEYER (1927),
EHRMANN (1937), LOZEK (1956, 1964), JAECKEL
(1960), GROsSSU (1986) and FECHTER & FALKNER
(1990). These are general data, usually with no source
of information indicated. In some cases they are not
identical or even contain contradictory elements and
should be verified based on detailed faunistic publica-
tions. B. lentaculata (L.) is a Palaearctic species inhabit-
ing Europe and western Asia, including Mediterranean
zone and North Africa. Its presence in North America
is a result of introduction. The richest and most abun-
dant populations are found in Central Europe where
B. tentaculata (L.) is one of the most often recorded wa-
ter snails, and an important component of aquatic
malacocenoses. It plays such a role, among others, in
the Danube River basin, on the whole length of the
river valley (FRANK et al. 1990).

The northern part of the range includes Scotland,
southern and central Scandinavia, shores of the Gulf of
Bothnia, Finland and Karelia, and the area located be-
tween St. Petersburgh and Archangelsk. The data on
its presence on Iceland and Greenland are ambiguous.
It was also recorded from the mountains, among
others Alps, where it reaches the altitude of 1600 m

a.s.l. Especially noteworthy are original data on the
composition of malacofauna of the Swedish part of
Lappland, in an area of varied topography and occu-
pied partly by tundra and partly by pine-birch forests,
of a mean annual temperature of -0.8 — -2.5°C. The
aquatic malacocenosis includes 23 species of snails and
bivalves, among others Lymnaea peregra (O. F. Mull.), L.
ovata (Drap.), L. truncatula (O. F. Mull.), Anisus
contortus (L.), Gyraulus rossmaessleri (Auerswald),
Sphaerium cornewm (L.), Pisidium obtusale lapponicum
Clessin and P. milium Held (JAECKEL 1961). However,
B. tentaculata (L.) has not been recorded.

A detailed analysis of distribution of particular
mollusc species in northern Europe was presented by
JOHANSEN (1904). It follows from his results that in
Scandinavia and northern Russia no specimens of B.
tentaculata (L.) have been found in the zone of birch
forests, of mean temperature in July of 8-12°C, while
the species has been found within the range of forests
with admixture of hazel (Corylus), of July isotherm
14-16°C.

In the profiles of Late Quaternary deposits of
northern Germany described by MENZEL (1910, 1911,
1915), few specimens of B. tentaculata (L.) appear at
the zone characterized by the presence of Gyraulus
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Fig. 1. Shells and opercula of species of Bithynia occurring in
(Sheppard): 19 - shell, 20-22 — opercula

stroemi (Wstld) (= Gyraulus gredleri (Gredl.) = Gyraulus
acronicus (Fér.)), while its numerous shells occur at
the zone with Planorbis umbilicatus O. F. Miull. (=
Planorbis planorbis (L.)). Both these zones have been
assigned to Holocene. No B. tentaculata (L.) was
found at the zone with Planorbis arcticus Beck (=
Planorbis sibiricus Dunker) and Columella columella
(Martens), corresponding to Late Glacial (MENZEL
1910, 1911, 1915). A similar stratigraphic range is dis-
played by this species in the Russian lowland
(DANILOVSKIY 1955), and in Slovakia and Czech Re-

Poland. B. tentaculata (L.): 1-9 shells, 10-18 opercula; B. leachi

public, where besides numerous Holocene localities
(also Interglacial) the taxon has been cited from one
profile of Late Glacial deposits (LOZEK 1964). Its pres-
ence in Alleréd deposits of central Germany was re-
corded also by JAECKEL (1960).

The other species, B. leachi (Sheppard), has a wide
distribution range which is associated with its
considerable climatic tolerance. Accordingly, it was
cited from an array of localities of Vistulian deposits
in such countries as Germany, Czech Republic,
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Slovakia and Hungary (EHRMANN 1937, JAECKEL
1960, LOZEK 1964, GROSSU 1986).

BITHYNIA TENTACULATA (L.) IN HOLOCENE DEPOSITS OF POLAND

B. tentaculata (L.) is one of the most common com-
ponents of Holocene aquatic mollusc assemblages in
Poland; it is found in both carbonate and terrigene
deposits. In many sites the age of such deposits is
documented by radiocarbon dating or palynological
and malacological analyses.

Mollusc assemblages with B. tentaculata (L.) are
known from several localities of Holocene carbonate
deposits in western Poland, near Zielona Géra and
Gorzéw Wielkopolski. They were recorded from de-
posits of lacustrine chalk: Pomorsko, Zabér, Szumiaca
and Osiek (ALEXANDROWICZ 1980a). In the first of the
mentioned localities there are radiocarbon-dated de-
posits. In chalk assigned to Late Vistulian, deposited
mainly during Alleréd, aquatic fauna was found with
Gyraulus acronicus (Fér.), G. laevis (Alder) and Pisidium
lilljeborgi Cles., but with no Bithynia. A younger lacus-
trine chalk representing Mesoholocene (time interval
7,095+50 — 4,110+60 years BP) abounds in opercula of
B. tentaculata (L.) which, in the upper part of the pro-
file, constitute the main component of the association.
There are also shells of this species, though less numer-
ous (ALEXANDROWICZ & NOWACZYK 1982). A consider-
able proportion of specimens of B. tentaculata (L.) was
found in sandy Holocene lacustrine deposits, underly-
ing peat-bogs in the vicinity of Wolsztyn
(ALEXANDROWICZ & ZUREK 1991).

In Szczecin Pomerania the taxon was noted from
outcrops of lacustrine chalk in Lubiatéw and on the
lake Pton. Both species of Bithynia are abundantly rep-
resented in the profile of Holocene mineral-organic
deposits and in peat slime in Brzesk on the lowland
Nizina Pyrzycka (KOWALKOWSKI & BERGER 1966).
Lacustrine deposits of Late Glacial and Lower Holo-
cene, exposed in the coastal cliff in Niechorze, con-
tain mollusc assemblages with B. tentaculata (L.).
However, the taxon was found in the upper part of the
profile, corresponding to the Preboreal phase of
Eoholocene, but single specimens appear also in de-
posits assigned to Late Allerod (KOPCZYNSKA-
LAMPARSKA et al. 1984).

Rich malacological materials were collected in
central Pomerania. In lacustrine chalk deposits:
Marcelin, Prostynia, Borzytuchom and Lubiana there
occur three types of mollusc assemblages, the associ-
ation with Bithynia-operculum being the most numer-
ously represented (ALEXANDROWICZ & TCHORZEWSKA
1981). In carbonate and organic-carbonate deposits
described from the Grabowa river valley near Dartowo
(RYBICKI & ZUREK-PYSZ 1989) there is a characteristic
sequence of mollusc assemblages. In the lowest part it

is an assemblage with Vertigo genesii (Gredl.) and V.
geyeri Lindh., higher there appear rich faunae with B.
tentaculata (L.), including consecutively such species
as Discus ruderatus (Fér.), Planorbis planorbis (L.), Dis-
cus rotundatus (O. F. Mill.), Vertigo antivertigo (Drap.)
and V. moulinsiana (Dupuy). The age of the deposits
containing numerous specimens of Bithynia, repre-
senting Eo- and Mesoholocene, was determined
based on radiocarbon dating and malacological data
(ALEXANDROWICZ 1987a, FILONOWICZ & KRZYMINSKA
1989). In the Stupia river valley lacustrine chalk and
calcareous gyttja contain mollusc assemblages in
which B. tentaculata (L.) is present or absent. In the
profiles located SE of Stupsk (Gal¢Znia Mata, Stozek
Glazny), Early Holocene deposits with opercula and
shells of B. tentaculata (L.) were distinguished, and in
boreholes in the town gyttja was found which corre-
sponded to Late Vistulian and contained a fauna with
characteristic species: Vertigo genesii (Gredl.), V. geyeri
Lindh., Pisidium stewarti Preston and P. obtusale
lapponicum Cles., but completely devoid of Bithynia
(ALEXANDROWICZ et al. 1989, 1990). A similar type of
Late Glacial fauna was described by BRODNIEWICZ
(1979) from carbonate deposits exposed in the Baltic
cliff near Ustka.

Profiles of lacustrine chalk in Orle near
Wejcherowo (ALEXANDROWICZ 1988a) are especially
noteworthy. Few opercula of Bithynia were found in
profile A, in deposits which, based on palynological
analysis, were classified in the zone called ,Orle 2b*,
with Betula-Pinus-Salix-Populus, together with appear-
ance of pollen of Ulmus and Corylus (LATALOWA
1988). Numerous shells, and especially opercula, of
these snails are present in profiles B and C, in the
palynological zone ,Orle 3" with Corylus-Pinus
(LATALOWA 1988). Both these zones were assigned to
Holocene, Preboreal and Boreal, respectively. Holo-
cene lacustrine chalk and calcareous gyttja with B.
tentaculata (L.) are known from several other expo-
sures in Gdarisk Pomerania (Siwiatka, Nowe Polaszki,
Skowarcz).

In north-eastern Poland profiles of Holocene lac-
ustrine deposits containing malacofauna are known,
among others, from the deposit of lacustrine chalk in
Sotdany on the lake Kruklin (STASIAK 1963). The mol-
lusc assemblages, besides dominant members of the
genus Valvata, contain numerous shells and opercula
of B. tentaculata (L.) (CZEPIEC 1997). Similar assem-
blages were noted by the author from several other
carbonate deposits (Malinowo, Rutkowo, Leguty),
and also from deposits underlying the Biebrza
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peat-bog (ZUREK & DZIECZKOWSKI 1979). In precisely
dated profiles of calcareous and detritus gyttja in
Woryty near Gietrzwald, malacological analyses car-
ried out by SKOMPSKI and ALEXANDROWICZ revealed
that Late Glacial deposits containing malacofauna,
dominated by members of the genus Valvata and fam-
ily Planorbidae, were completely devoid of Bithynia
which appear only in gyttja younger than these sedi-
ments (STUPNICKA 1981, PAWLIKOWSKI et al. 1982).
They occur also in carbonate and organogenic Holo-
cene deposits in the Vistula river valley between War-
saw and Dobrzynn (BRYKCZYNSKI & SKOMPSKI 1979,
ALEXANDROWICZ 1983).

In Central and Southern Poland, in the moun-
tains, uplands and foothills, Holocene deposits con-
taining specimens of B. tentaculata (L.) were de-
scribed from many localities. Especially noteworthy
are profiles of lacustrine carbonate deposits from the
region of Roztoki near Jasto (ALEXANDROWICZ 1987b,
WOJCIK 1987). Single specimens of Bithynia are found
in the assemblage with Lymnaea peregra (O. F. Mull.),
while very numerous shells characterize the associa-
tion termed ,tentaculata-fauna“. The presence of B.
tentaculata (L.) coincides with the beginning of Holo-
cene and corresponds to the appearance of pollen of
Ulmus and Corylus in the palynological zone domi-
nated by Pinus and Betula (HARMATA 1987).

In sediments deposited in river valleys, and espec-
ially those filling oxbows, shells and opercula of B.
tentaculata (L.) are often an important component of
mollusc assemblages. They were described among
others from Polesie (ALEXANDROWICZ & ZUREK 1996,
ALEXANDROWICZ & SANKO 1997), the Bug river valley
(ALEXANDROWICZ & DOLECKI 1991), the
Sancygniowka river valley near Dzialoszyce
(ALEXANDROWICZ et al. 1984, ALEXANDROWICZ
1987¢), the Wistoka river valley near Debica
(ALEXANDROWICZ 1980b), the Vistula river valley and
its tributaries in the region of Cracow
(ALEXANDROWICZ & CHMIELOWIEC 1992,
ALEXANDROWICZ 1997) and also from the Sudete
Foothills (ALEXANDROWICZ & TEISSEYRE 1997). The
assemblages are characterized by the presence of spe-
cies of limited thermal tolerance, including
shade-loving snails. B. tentaculata (L.) is absent from
mollusc assemblages found in the Late Vistulian de-
posits, containing such characteristic taxa as Vertigo
genesii (Gredl.) and V. geyeri Lindh. It should be
stressed, however, that few opercula indicating the
presence of this species were found in silts and car-
bonate deposits whose age was estimated as older
than 10,000 years BP, based on various evidence. It
can be supposed that, like in Pomerania and in the
Czech Republic, in the area discussed single speci-
mens could have appeared in Alleréd, while their
common and abundant occurrence is associated with
Postglacial Period.

Shells and opercula of B. tentaculata (L.) were
noted from various Interglacial deposits. They occur
in all profiles of Eemian Interglacial in Pomerania,
Wielkopolska and Sudete Foothills (LUBICZ-
NIEZABITOWSKI 1929, BRODNIEWICZ 1969,
MAKOWSKA 1979, SKOMPSKI 1980, 1983, 1991,
CISZEWSKA 1988, 1996, MAMAKOWA 1989,
ALEXANDROWICZ 1994); they were also noted from
the upland Wyzyna L.édzka and from the vicinity of
Warsaw (POLANSKI 1927, GOEAB & URBANSKI 1938,
URBANSKI 1954, 1957b, SKOMPSKI & SEOWANSKI 1961,
MAKOWSKA 1971, KLAJNERT & PIECHOCKI 1972,
ALEXANDROWICZ 1988b). In the lower part of the pro-
file of carbonate deposits in Kochanéw near £.6dZ a
mollusc assemblage with Gyraulus laevis (Alder) and
Pisidium obtusale lapponicum Cles. was distinguished,
and above it — an assemblage with Gyraulus albus (O. F.
Muall.) and B. tentaculata (L.). The sequence corre-
sponds to the sequence of faunae observed in profiles
of Late Vistulian and Lower Holocene deposits
(ALEXANDROWICZ 1997). B. tentaculata (L.) is present
also in deposits of Eemian Interglacial in other coun-
tries of Europe. It was recorded among others from
several sites of travertines and calcareous tufas in
Thuringia where it is a component of faunae typical
for temperate climate and the zone of mixed decidu-
ous forests (ZEISSLER 1975, 1977, MANIA 1978).

Especially noteworthy is the presence of opercula
of B. tentaculata (L.) in Podgl¢bokie in the region of
Lublin (SE Poland), in an assemblage including
among others Valvata piscinalis (O. F. Mull.) and
Planorbis planorbis (L.) (MAKOWSKA 1969). The fauna
occurs in deposits that, based on palynological analy-
sis, are included in Brorup Interstadial, and especially
its phases with Pinus-Picea association, characterized
by the presence of pollen of deciduous trees — Quercus,
Ulmus and Corylus (JANCZYK-KOPIKOWA 1969).

The species was also found in deposits of older
interglacials. Its presence was noted by the author in
lacustrine chalk in Losy near Lubawa, in a profile typi-
cal of Lubawa Interglacial (KRUPINSKI & MARKS
1986), in gyttja assigned to Mazovian Interglacial
(SKOMPSKI 1980, 1991) and in lacustrine deposits of
Ferdynandéw Interglacial in Belchatéw
(ALEXANDROWICZ 1991a). Analogous data were re-
ported from Germany, Czech Republic, Slovakia and
Belorussia (LOZEK 1964, MOTUZ 1975).

It follows from this review that B. tentaculata (L.),
because of its limited climatic tolerance, can be re-
garded as an element characteristic of Holocene and
Interglacial Periods, though it is sporadically noted in
a warm interphase of Late Vistulian (Aller6d) and an
Early Vistulian Interstadial (Brorup). It is thus a cli-
matic-stratigraphic indicator especially useful in the
estimate of age of deposits from early phases of warm
periods.
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BIOMETRICAL CHARACTERS

Shells and opercula of B. tentaculata (L.) display a
considerable variation, with respect to both their size
and shape. The variation reflects mainly the effect of
ecological and climatic conditions, and thus can serve
as an indirect and supplementary indicator of the de-
position environment of sediments in which they are
contained. Application of this indicator requires sys-
tematic biometrical studies on the species, based on
samples of both recent and subfossil faunae. The ex-
isting data indicate that such studies are purposeful.
This is illustrated among others by the information
given by LOZEK (1964), that in calcitrophic water bod-
ies there occur numerous but small specimens of B.
tentaculata (L.), like those found in Holocene lacus-
trine chalk. A biometrical analysis of rich and proper-
ly selected material may also contribute to the expla-
nation of morphological diversity of shells of B.
tentaculata (L.) which was the base for distinguishing
its forms, varieties or subspecies.

Preliminary studies on subfossil materials from
western Poland indicate that the population from
Late Holocene silts near Swinoujscie is characterized
by the following shell height: modal value m4 = 9-10
mm, arithmetic mean X = 8.73+0.20 mm, standard de-
viation SD = 1.83 mm, while in the population from
Holocene lacustrine chalk of the deposit Szumiaca
near Zielona Gora the respective values are: my = 8-9
mm, X = 7.52+0.21 mm, SD = 1.51 mm (Fig. 2). The
difference is statistically significant at the level of
0.001 which means that it can be a base for interpreta-
tion. A similar diversity involves opercula, and their
mean size in the materials from Swinoujscie and
Szumiaca is 4.29 and 3.82 mm, respectively. Even
smaller opercula of Bithynia occur in Holocene lacus-
trine sands from Kietkowo near Zielona Géra and in
Early Holocene lacustrine chalk from Orle near
Wejcherowo (3.16 and 2.98 mm, respectively). The re-
sults of measurements indicate that the examined
populations are within the lower range of shell size re-
ported by many authors who described the species.
The character, however, is only of limited value
because of the scarcity of analysed data.

30%
Sw(Sh) <H7_L Sz(Sh)
0 4 6 8

25%
Wr(Op)

4
o

Fig. 2. Size of shells and opercula of selected subfossil popu-
lations of B. tentaculata (L.). (Sh) - shells, (Op) -
opecula, R —relation between shell and operculum size,
Sw — Swinouj§cie, Sz — Szumiaca near Zielona Géra, Wr —

Orle near Wejcherowo, Kt — Kietkowo near Zielona Géra

The dependence between the shell height (Sh)
and operculum size (Op) analysed in the material
from Kietkowo is nearly functional, with the linear
correlation coefficient r = 0.98, which for the number
of specimens n = 72 is statistically significant at the
level 0.001 (99.9% probability). The dependence is
described by the regression equation Op = 0.40 + 0.46 Sh
(Fig. 2). It makes it possible to compare sets char-
acterized by statistical analysis of results of shell and
opercula measurements, and especially to determine
characters of shell populations based on measure-
ments of opercula which in Holocene and Intergla-
cial deposits are usually much better represented. Sys-
tematic application of results of biometrical studies
on subfossil populations of B. tentaculata (L.) to in-
terpretation of ecological conditions of deposition
environment should be preceded by a detailed analy-
sis of correlation and regression of specially selected
sets, representing deposits of various origin.

CONDITIONS OF DEPOSITION OF SHELL MATERIAL

In Holocene and Interglacial deposits shells and
opercula of B. tentaculata (L.) occur jointly or sep-
arately. In many profiles of lacustrine carbonate
deposits abundant accumulations of opercula
(Bithynia-operculum) were observed, at an absence or
only sporadic presence of shells. In other profiles,
among others in sediments deposited in fluviatile envi-
ronments, shells are fairly numerous or numerous and

may outnumber opercula. An interpretation of this dif-
ference requires a reference to actualistic data and to
observations on accumulation of shell material in re-
cent water bodies, described among others by
STEENBERG (1917) and WASMUND (1926, 1929). They
indicate that after death of the animal its shell may for a

long time float close to the water surface, whereas the



¥4

Bithynia tentaculata in Quaternary sediments 85

operculum soon falls of, sinks and becomes a part of
the deposit.

Specimens transported by water currents are de-
posited as a whole and thus in bays of slowly flowing
rivers the proportion of deposited shells and opercula
is roughly equal. Often shells are more numerous
than opercula, since they are much easier transported
by flowing water. A similar composition of
thanatocenoses characterizes deposits of all kinds of
water bodies located on flood plains and influenced
by episodic floods (PIECHOCKI 1969,
ALEXANDROWICZ 1987a).

In the littoral of lakes, with abundant rooted veg-
etation, in rush and reed beds, shells stay on the sur-
face for a long time, slowly transported towards the
shore by wind and waves. At the same time, detached
opercula accumulate on the bottom as the only sign
of the presence of snails. In such a situation both
parts are sorted and secondarily accumulated on the
bottom (opercula) and shore (shells). In small water
bodies with sparse vegetation such a separation takes
place only to a limited extent, since specimens are
rather quickly transported. Shore thanatocenoses of-
ten contain shells closed with opercula, or both com-
ponents in various proportions, like thanatocenoses
accumulated on the bottom, but characterized by
more numerous opercula (ALEXANDROWICZ 1987a).

It follows from these data that determination of the
proportion of shells and opercula of B. tentaculata (L.)
in Quaternary deposits may be of importance for the

CONCLUDING REMARKS

An aquatic snail B. tentaculata (L.) is an important
and commonly found component of subfossil mollusc
assemblages, described from Quaternary deposits.
The limited range of its thermal tolerance justifies the
statement that it bears traits of a climatic-stratigraphic
indicator, characteristic of Interglacial and Postglacial
Periods. The presence of numerous specimens of the
snail in profiles is especially useful for defining the

REFERENCES

ALEXANDROWICZ S. W. 1980a. Zespoly malakofauny w kredach
jeziornych Ziemi Lubuskiej. In: Kreda jeziorna i gytje 2
(SZUKALSKI H., ed.), pp. 24-32, PTPNoZ, Gorzéw Wikp.

ALEXANDROWICZ S. W. 1980b. Wczesnoholoceriskie zespoty

mieczak6w z Podgrodzia nad Wistoka. Roczn. Pol. Tow.
Geol. 50: 391-408.

ALEXANDROWICZ S. W. 1983. Analiza malakologiczna profilu
glebowego z poludniowego pasa bagien w Puszczy Kam-
pinoskiej. In: Wplyw dzialalnosci cztowieka na srodowi-

estimate of deposition environment and conditions of
accumulation. This way of interpretation was applied
in the analysis of several profiles of Eemian and Holo-
cene deposits, among others in Kochanéw near £6dz7,
Kietkowo near Wolsztyn and a lacustrine chalk deposit
in Soldany in the Mazurian Lakeland
(ALEXANDROWICZ & ZUREK 1991, ALEXANDROWICZ
1997, CZEPIEC 1997). Data on the archaeological site
on the fossil lake in Dabki near Leba are especially in-
teresting: the differences in the proportion of shells
and opercula made it possible to determine the ranges
of reed beds and their location in relation to the pre-
historical settlement (ALEXANDROWICZ 1991b).

Systematic application of these relationships in the
analysis of subfossil mollusc assemblages is rendered
considerably easier due to an adequate index which
may well be compared with various quantitative pa-
rameters of particular associations (number of taxa,
number of specimens, diversity indices) and may be
used in graphs illustrating malacological succession
(ALEXANDROWICZ 1987a). The index, termed
Bithynia-index, BIN, is an adapted form of differenti-
ating formula: BIN = (O -S)/(O +S), where O — num-
ber of opercula, S — number of shells. It is a normal-
ised index which assumes value of +1 when only
opercula are present in the association, -1 when there
are only shells, and 0 when the proportion of both
components is equal. All the intermediate values
characterize the discussed proportion well and un-
equivocally.

lower limit of Holocene, though single opercula of B.
tentaculata (L.) are sporadically found as early as
Allerod deposits. The variation of biometrical charac-
ters of shells and opercula of B. tentaculata (L.) may
be used for estimation of ecological conditions, and
the proportion of shells and opercula, expressed by
the specially defined index BIN, characterizes sedi-
mentary environment.

sko glebowe w Kampinoskim Parku Narodowym
(KONECKA-BETLEY K., ed.), pp. 215-227. Wyd.
SGGW-AR, Warszawa.

ALEXANDROWICZ S. W. 1987a. Analiza malakologiczna w ba-
daniach osadéw czwartorzedowych. Kwartalnik AGH,
Geologia 13: 3-240.

ALEXANDROWICZ S. W. 1987b. Malacofauna of the Late Vi-
stulian and Early Holocene lacustrine chalk from Rozto-



86 Alexandrowicz S. W.

ki near Jasto (Jasto-Sanok Depression). Acta Palacobota-
nica 27: 67-74.

ALEXANDROWICZ S. W. 1987c. Malakofauna péznego vistu-
lianu i holocenu srodkowej czesci Wyzyny Malopolskiej.
Prace Nauk. Uniw. SI. 712: 25-58.

ALEXANDROWICZ S. W. 1988a. Molluscan assemblages of the

lacustrine sediments in the ancient melt-lake Orle. Folia
Quaternaria 58: 59-67.

ALEXANDROWICZ S. W. 1988b. Zespoly mieczakow z osadow
eemskich w Swiatnikach na Wyzynie Lubelskiej. Spraw.
Pos. Kom. Nauk. PAN Oddz. Krakéw 29: 355-357.

ALEXANDROWICZ S. W. 1989. Zespoly migczakéw w poZno-
czwartorzedowych osadach jeziornych péinocnej Polski.
Studia i Materialy Oceanogr. 56: 267-276.

ALEXANDROWICZ S. W. 1991a. The malacofauna of the Fer-
dynandéw Interglacial in the Betchatéw Outcrop (Cen-
tral Poland). Folia Quaternaria 61/62: 93-99.

ALEXANDROWICZ S. W. 1991b. The malacofauna of the Ho-
locene lacustrine sediments of Dabki near Darlowo.
Przegl. Archeol. 38: 19-24.

ALEXANDROWICZ S. W. 1994. Malacofauna of the Eemian In-
terglacial in the Leszno Lake District. Folia Quaternaria
65: 129-142.

ALEXANDROWICZ S. W. 1995a. Malacofauna of the Holocene
calcareous sediments in Grabowo near Koszalin (Pome-
rania, North Poland). Quaestiones Geographicae, Spec.
Iss. 4: 13-20.

ALEXANDROWICZ S. W. 1995b. Bithynia tentaculata (L.) jako

wskaznik klimatostratygraficzny. Mat. Symp. Nauk. KBCz-
PAN i Wydz. Nauk o Ziemi Uniw. SL.: 1-2.

ALEXANDROWICZ S. W. 1997. Malacofauna of Holocene sedi-
ments of the Pradnik and Rudawa River Valleys (South-
ern Poland). Folia Quaternaria 68: 133-188.

ALEXANDROWICZ S. W., ALEXANDROWICZ W. P. 1995. Mol-
luscan fauna of the Upper Vistulian and early Holocene
sediments of South Poland. Biuletyn Peryglacjalny 34:
5-19.

ALEXANDROWICZ S. W., CHMIELOWIEC S. 1992. Late Vistu-
lian and Holocene Molluscan Assemblages of the Boch-
nia Foothill near Gdéw (Southern Poland). Bull. Pol.
Acad. Sci., Earth Sci. 40: 165-176.

ALEXANDROWICZ S. W., DOLECKI L. 1991. Osady i malako-
fauna holoceriskiej terasy Bugu w Grédku koto Hrubie-
szowa. Kwartalnik AGH, Geologia 17: 5-24.

ALEXANDROWICZ S. W., CICHOSZ-KOSTECKA A., FLOREK E.,
FLOREK W., OREOWSKI A., RACZKOWSKI W., ZACHOWICZ
J. 1989. Ewolucja doliny Stupii w p6Znym vistulianie i ho-
locenie. Kwartalnik AGH, Geologia 15: 5-218.

ALEXANDROWICZ S. W., FLOREK W., ZABOROWSKA K.,
ZACHOWICZ J. 1990. The Stupia upper floodplain in the
vicinity of Stupsk. Quaestiones Geographicae 11/12:
5-27.

ALEXANDROWICZ S. W., NOWACZYK B. 1982. Late-glacial and
holocene lake sediments at Pomorsko near Sulechéw.
Quaestiones Geographicae 8: 5-17.

ALEXANDROWICZ S. W., SNIESZKO Z., ZAJACZKOWSKA E.
1984. Stratigraphy and malacofauna of Holocene depo-
sits in the Sancygniéwka valley near Dzialoszyce. Quater-
nary Studies in Poland 5: 5-28.

ALEXANDROWICZ S. W., TEISSEYRE A. K. 1997. Holocene
overbank deposits and mollusc fauna, Otawa River Valley
(Sudety Foothill, Western Poland). Bull. Pol. Acad. Sci.,
Earth Sci. 45: 47-58.

ALEXANDROWICZ S. W., TCHORZEWSKA D. 1981. Kreda je-
ziorna w osadach czwartorzedowych Srodkowego Pomo-
rza. Kwartalnik AGH, Geologia 7: 59-71.

ALEXANDROWICZ S. W., ZUREK S. 1991. Malakofauna
holoceriskich osadéw jeziornych i torfowiska okolic
Wolsztyna (Zachodnia Polska). Kwartalnik AGH, Geolo-
gia 17: 221-234.

ALEXANDROWICZ S. W., ZUREK S. 1996. Geneza i malakofau-

na Zrédliskowego torfowiska w dolinie Tysmienicy (Pole-
sie Zachodnie). Kwartalnik AGH, Geologia 22: 263-279.

ALEXANDROWICZ W. P., SANKO A. F. 1997. Malacofauna and
calcareous deposits in the Ptich Valley (Minisk Upland,
Belarus). Folia Quaternaria 68: 203-211.

BRODNIEWICZ L. 1969. Mieczaki z interglacjalnych iléw
elblaskich z Elblaga i nabrzeza. Acta Palacont. Pol. 14:
253-298.

BRODNIEWICZ L. 1979. Analiza faunistyczna péznoglacjal-
nych osadéw stodkowodnych z klifu nadbrzeznego koto
Ustki. Wyd. UAM, Geologia 9: 3-27.

BRYKCZYNSKI M., SKOMPSKI S. 1979. Holoceriska fauna mie-
czakow i martwica wapienna z Glowizny koto Dobrzynia
nad Wista. Kwart. Geol. 23: 429-434.

CISZEWSKA M. 1988. Mig¢czaki osadéw organicznych z kopal-
ni wegla brunatnego Wiadystawéw koto Turka. Bad. Fizj.
Pol. Zach. 38: 1-18.

CISZEWSKA M. 1996. Kopalna malakofauna stanowiska ,J6z-
win 84” z Koninskiego Zaglebia Weglowego. Geologos 1:
175-192.

CZEPIEC 1. 1997. Malakofauna i srodowisko depozycji jezior-
nych osadéw zloza Kruklin (NE Polska). Kwartalnik
AGH, Geologia 23: 121-129.

DANILOVSKIY I. V. 1955. Oporny litologo-stratigraficheskiy
razrez otlozheniy skandinavskogo oledieneniya russkoy
ravniny i rukovodiaschchiye chetviertichnye mollyuski.
Trudy Vses. Nauchn.-Isled. Geol. Inst. 9: 3-202.

DEMBINSKA M. 1924. Fauna malakologiczna wapieni lako-
wych niektérych miejscowosci Wielkopolski. Prace. Kom.
Nauk. Mat.-Przyr. PTPN A-1: 189-296.

DYDUCH A., FALNIOWSKI A. 1979. Migczaki Jeziora Gardno i
koniecznos¢ ich ochrony. Ochrona Przyrody 42:
151-182.

EHRMANN P. 1937. Weichtiere — Mollusca. In: Die Tierwelt
Mitteleuropas 2 (BROHMER P., EHRMANN P., ULMER G.,
eds), pp. 3-264. Quelle & Meyer Verlag, Leipzig.

FALNIOWSKI A. 1989. Przodoskrzelne (Prosobranchia, Ga-
stropoda, Mollusca) Polski. I. Neritidae, Viviparidae, Val-
vatidae, Bithyniidae, Rissoidae, Aciculidae. Zeszyty Na-
ukowe U], Prace Zool. 35: 5-148.

FECHTER R., FALKNER G. 1990. Weichtiere. Mosaik Verlag,
Minchen.

FILONOWICZ P., KRZYMINSKA J. 1989. Starszy holocen w doli-
nie Grabowej kolo Koszalina. Studia i Materialy Ocea-
nogr. 56: 331-337.



¥4

Bithynia tentaculata in Quaternary sediments 87

FRANK C., JUNGBLUTH J., RICHNOVSZKY A. 1990. Die Mollu-
sken der Donau vom Schwarzwald bis zum Schwarzen
Meer. Akaprint, Budapest.

GERMAIN L. 1931. Mollusques terrestres et fluviatiles. In:
Faune de France 22, pp. 3-897. Libr. Fac. Sci., Paris.

GEYER D. 1927. Unsere Land- und Susswasser-Mollusken.
Lutz Verlag, Stuttgart.

GLOER P., MEIER-BROOK C. 1994. Stisswassermollusken. DNJ
Verlag, Hamburg.

GOLAB J., URBANSKI J. 1938. Nowa odkrywka interglacjalu na
Winiarach kolo Poznania. Roczn. Pol. Tow. Geol. 13:
104-143.

GROSSU A. 1986. Gastropoda Romaniae. 1: 5-524. Editura
Litera, Bucuresti.

HARMATA K. 1987. Late-glacial and Holocene history of ve-
getation at Roztoki and Tarnowiec near Jasto (Jasto—Sa-
nok Depression). Acta Palacobotanica 27: 43-65.

JAECKEL S. G. 1960. Erganzungen und Berichtigungen zum
rezenten und quartiren Vorkommen der mittel-
europaischen Mollusken. In: Die Tierwelt Mitteleuropas,
Erganzung, 1 (BROHMER P., EHRMANN P., ULMER G.,
eds), pp. 27-293. Quelle & Meyer Verlag, Leipzig.

JAECKEL S. G. 1961. Zur Molluskenfauna des noérdlichen
Schwedisch-Lappland. Schrift. Naturwiss. Verein Schle-
swig-Holstein 32: 21-46.

JANCZYK-KOPIKOWA Z. 1969. Plejstoceriska flora w Podgtebo-
kim na lubelszczyZnie. Biul. Inst. Geol. 220: 51-68.

JOHANSEN A. C. 1904. Om den fossile kvartaere Molluskfau-
na i Danmark. Nordisk Forlag, Kobenhavn.

KASPRZAK K., BERGER L. 1978. Subfosylne migczaki (Mol-
lusca) odkrywki Mi¢kowo koto Poznania. Przegl. Zool.
22: 55-63.

KLAJNERT Z., PIECHOCKI A. 1972. Gérnoplejstoceniskie osady
doliny Bobréwki koto Lowicza i ich zawartos¢ malakolo-
giczna. Folia Quaternaria 40: 1-36.

KOPCZYNSKA-LAMPARSKA K., CIESLA A., SKOMPSKI S. 1984.
Evolution of fossil lake basin of the Late Glacial and Ho-
locene in the cliff near Niechorze (Pomeranian Lake-
land, Poland). Quaternary Studies in Poland 5: 39-58.

KOWALKOWSKI A., BERGER L. 1966. Zastosowanie metody pa-
leomalakologicznej do badai nad rozwojem gleb w holo-
cenie. Folia Quaternaria 23: 1-27.

KRUPINSKI K. M., MARKS L. 1986. Interglacial sediments at
Losy, Mazury Lakeland. Bull. Pol. Acad. Sci., Earth Sci.
34: 375-386.

LATALOWA M. 1988. A palaeobotanical study of the peat-bog
at Orle in the Reda-Leba ice-marginal valley. Folia
Quaternaria 58: 45-58.

LOZEK V. 1956. Kli¢ Ceskoslovenskych mékkysit. Vyd. Slov.
Akad. Ved, Bratislava.

LOZEK V. 1964. Quartirmollusken der Tschechoslowakei.
Rozpr. Ustr. Ust. Geol. 31: 6-374.

LOZEK V. 1970. Zur Grenze zwischen Pleistozin und Holo-
zan nach Konchylienstatistischen Untersuchungen. In:
Probleme der weichsel-spatglazialen Vegetationsen-
twicklung in Mittel- und Nordeuropa, pp. 155-166,
Frankfurt/Oder.

LUBICZ-NIEZABITOWSKI E. 1929. Interglacjat w Szelagu pod
Poznaniem. II — Fauna osadéw drugiego okresu miedzy-
lodowcowego w Szelagu. Spraw. Kom. Fizjogr. PAU 63:
57-62.

MAKOWSKA A. 1969. Mieczaki z plejstoceriskich osadéw w

Podgtebokim na LubelszczyZnie. Biul. Inst. Geol. 220:
73-79.

MAKOWSKA A. 1971. Fauna migczakéw w osadach intergla-
cjatu eemskiego Lesnej Niwy i Zabrzeza. Biul. Inst. Geol.
254: 89-108.

MAKOWSKA A. 1979. Interglacjal eemski w dolinie dolnej
Wisly. Studia Geol. Pol. 63: 3-90.

MAMAKOWA K. 1989. Late Middle Polish Glaciation, Eemian
and Early Vistulian vegetation at Imbramowice near
Wroctaw and the pollen stratigraphy of this part of the
Pleistocene in Poland. Acta Palacobotanica 29: 11-176.

MANIA D. 1978. Die Molluskenfauna aus den Travertinen

von Burgtona in Thiringen. Quartirpaliontologie 3:
69-85.

MENZEL H. 1910. Klimaianderungen und Binnenmollusken
im nordlichen Deutschland seit letzten Eiszeit. Zeitschr.
deutsch. geol. Ges. 62: 199-267.

MENZEL H. 1911. Die Binnemollusken als Leitfossilien der
deutschen Quartarbildungen. Naturwiss. Woch. NF 10:
1-14.

MENZEL H. 1915. Fossilfuhrende Glazial- und Interglazial-
ablagerungen und ihre Leitconchylien in Deutschland.
Zeitschr. f. Gletscherkunde 9: 161-187.

MoOTUZ V. M. 1975. Biostratigraphische Charakteristik der
Quartarablagerungen im Siiden der Bielorussischen SSR

nach Aussage der Mollusken. Quartarpaldontologie 1:
57-68.

PAWLIKOWSKI M., RALSKA-JASIEWICZOWA M., SCHONBORN
W., STUPNICKA E., SZEROCZYNSKA K. 1982. Woryty near
Gietrzwald, Olsztyn Lake District, NE Poland — Vegetatio-
nal history and lake development during the last 12000
years. Acta Palacobotanica 22: 85-116.

PIECHOCKI A. 1969. Migczaki rzeki Grabii i jej terenu zalewo-
wego. Fragm. Faun. 15: 11-197.

PIECHOCKI A. 1979. Mieczaki (Mollusca). Slimaki (Gastro-
poda). Fauna Stodkowodna Polski 7, PWN, Warszawa.

POLANSKI W. 1927. O faunie malakologicznej utworéw
czwartorzedowych na Zoliborzu w Warszawie. Pos. Nauk.
Panistw. Inst. Geol. 16: 6-8.

RYBICKI S., ZUREK-PYszZ U. 1989. Inzyniersko-geologiczna
charakterystyka kredy jeziornej i gytii ze 716z Srodkowe-
go Pomorza. Kwart. Geol. 33: 313-328.

SIVICKIS P. 1960. Lietuvos Moliuskai ir ju apibudinimas. Val-
styb. Pol. Mok. Liter. Leid. Vilnius, 350.

SKOMPSKI S. 1980. Nowe stanowiska mieczakéw z osadéw in-
terglacjalnych w Zachodniej Polsce. Biul. Inst. Geol. 322:
5-29.

SKOMPSKI S. 1983. Mieczaki z interglacjatu eemskiego w Zmi-
grodzie nad Barycza. Kwart. Geol. 27: 151-188.

SKOMPSKI S. 1991. Fauna czwartorzedowa Polski — bezkre-
gowce. Wyd. Uniwersytetu Warszawskiego, Warszawa,
239.



88 Alexandrowicz S. W.

SKOMPSKI S., SLOWANSKI W. 1961. Nowy przyczynek do zna-
jomosci osad6w interglacjalnych Zoliborza. Kwart. Geol.
5: 459-465.

STASIAK J. 1963. Historia jeziora Kruklin w swietle osadow
strefy litoralnej. Prace Geogr. Inst. Geogr. PAN 42: 3-94.

STEENBERG C. M. 1917. Furesoens molluskenfauna. Konigl.
Dansk. Viden. Selsk. Skrift. 8: 78-200.

STUPNICKA E. 1981. Warunki rozwoju osadnictwa kultury
huzyckiej w Worytach na tle budowy geologicznej terenu i
ewolugji jezior woryckich. In: Woryty, studium archeolo-
giczno-przyrodnicze zespotu osadniczego kultury tuzyc-
kiej (DABROWSKI J., ed.), pp. 43—-54. Wyd. Zak}l. Nar. im
Ossolinskich, Wroctaw.

URBANSKI J. 1954. Mieczaki z osadéw miedzylodowcowych
na Woli w Warszawie. Biul. Inst. Geol. 69: 141-145.
URBANSKI J. 1957a. Krajowe slimaki i matze. PZWS, Warsza-

wa.

URBANSKI ]. 1957b. Mieczaki osadéw holocenu w Zuchowie
kolo Karnkowa (Ziemi Dobrzynskiej). Biul. Inst. Geol.
118: 233-262.

WASMUND E. 1926. Biocoenose und Thanatocoenose. Arch.
Hydrobiol. 17: 1-116.

WASMUND E. 1929. Biostratonomisch-malakologische Be-
obachtungen zur Quartargeschichte der siidrussisch-
-pontischen Vortiefe. Geol. Rund. 20: 62-78.

WOJCIK A. 1987. Late-glacial lacustrine sediments from Roz-
toki and Tarnowiec near Jasto (Jasto—Sanok Depression).
Acta Palaeobotanica 27: 27-41.

ZEISSLER H. 1975. Konchylien aus gelegentlichen Auf-
schlissen im Ostteil des pleistocinen Travertins von
Weimar seit dem Jahre 1964. Quartirpalaontologie 1:
69-86.

ZEISSLER H. 1977. Konchylien aus dem Pleistozin von Tau-
bach, Grobbe Vollmar. Quartirpaliontologie 2:
139-160.

ZUREK S., DZIECZKOWSKI A. 1979. Préba rekonstrukcji roz-
woju jezior kopalnych na torfowisku ,Biebrza®. Przegl.
Geogr. 43: 403-425.

received: April 15th, 1999
accepted: June 15th, 1999

¥4




