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INTRODUCTON

More or less rich as sem blages of mol luscs oc cur in dif -
fer ent de pos its of the last in ter gla cial in Po land, mainly in
la cus trine chalk, cal care ous gyttja and marls. They were
noted as early as in the sec ond half of the 19th cen tury in
few out crops from Pom era nia and Lower Sile sia, at first in
pub li ca tions by Ger man ge olo gists (W. Bau, G. Ber endt, E.
Bey rich, Gis evius, R. Gop pert, G. Gürich, A. Jentzsch, K.
Keil hack, G. Maas), listed by G³odek and Wardêska (1952). 
Dur ing the inter- war pe riod and par ticu larly af ter the Sec -
ond World War, these de pos its con tain ing sub fos sil fauna
were found at sev eral lo cali ties in north ern and cen tral Po -
land as well as in west ern Be lo rus and south ern Lithua nia.
Mol lusc com mu ni ties have been iden ti fied, re ported or even 
de scribed by Ur bañski (1951, 1954), Makowska (1970,
1971, 1979), Skomp ski (1980, 1983, 1996), S.W. Alexan-
drowicz (1987, 1994, 1997), Ciszewska (1989, 1996) and
other authors. Fresh wa ter snails and bi valves oc cur fre -
quently as most nu mer ous com po nents of as sem blages in
ques tion whereas shells of land snails are found only lo cally 
and rarely. Ma rine mol luscs re ported from Eemian de pos its
close to the coast of the Bal tic Sea, par ticu larly along the
lower course of the Vis tula River, stud ied in de tail by Brod -
niewicz (1960, 1969) and Makowska (1979, 1986), were
not re garded here.

All sec tions of the Eemian mollusc- bearing de pos its
known and re ported un til now in Po land (33 lo cali ties) were 
taken into con sid era tion (Fig. 1). These are both sec tions
de scribed by pres ent authors and char ac ter ised or men -
tioned by other ones. The range of in for ma tion en closed in
par ticu lar pub li ca tions is very un even. Only in a lim ited part 
of pa pers there are tabu lated lists of taxa iden ti fied from se -
quences of sedi ments, which oc cur in suc ceed ing lay ers or
in sam ples col lected in stra tigraphic or der. Many oth ers
con tain solely more or less com plete data about spe cies
found at par ticu lar sites of in ter gla cial de pos its treated as a
whole. The number of speci mens form ing each com mu nity
or even sym bols in di cat ing their ap proxi mate quan tity is
most of ten com pletely omit ted. Ad di tion ally, dif fer ent
authors in nu mer ous other places noted ex clu sively the oc -
cur rence of sin gle spe cies of not iden ti fied mol lusc shells
and even only of shell de tri tus. Dia grams il lus trat ing the
com po si tion of mol lusc as sem blages and their suc ces sions
were pre sented a few times only: the dia gram – in one sec -
tion (W.P. Al ex androwicz, 2008), and spec tra of spe cies
and speci mens – in four sec tions (S.W. Al ex androwicz,
1994, 1997).

Our main pur pose was to com plete all de tails con cern -
ing the as sem blages of mol luscs of the last in ter gla cial in



Po land and to il lus trate their dif fer en tia tion, con nected with
par ticu lar phases of an cient cli mate. Graphi cal pres en ta -
tions used here sig nifi cantly fa cili tate the ver sa tile in ter pre -
ta tion of data, as it hap pened a few dozen years ago in pol -
len analy ses. Pol len dia grams, show ing clearly changes of
plant com mu ni ties cor re spond ing with suc ces sive cli matic
phases, ap plied since that time and gen er ally re plac ing tabu -
lated data used and pub lished for merly, con trib uted to con -
sid er able prog ress in the knowl edge and in ter pre ta tion of
Qua ter nary stra tigra phy.

Pre limi nary re sults of our study were re ported in 2004
dur ing the sci en tific ses sion or gan ised by the Com mis sion
for Qua ter nary Palaeo geog ra phy of the Pol ish Acad emy of
Arts and Sci ences in Kraków (S.W. Al ex androwicz & W.P.
Al ex androwicz, 2005). Bas ing on our own in ves ti ga tions,
newly re vised, and on data pub lished pre vi ously by other
authors, nine mala co logi cal dia grams were drawn us ing the
com puter pro gramme COREL-DRAW X3. They can be

pre sented as ba sic sec tions to gether with other ones, char ac -
ter ised by spec tra of spe cies (MSS) and speci mens (MSI),
pre pared ac cord ing to a method pro posed by Ložek (1964)
and later by S.W. Al ex androwicz (1987, 1999a). In ad di -
tion, all lo cali ties of the Eemian mollusc- bearing sedi ments
de scribed or men tioned by dif fer ent authors, in which the
oc cur rence of par ticu lar spe cies was noted, are en closed as
sup ple men tary sec tions.

SPE CIES OF MOLLUSCS

The hitherto- identified mol lus can fauna of the Eemian
In ter gla cial in Po land con sists of 118 taxa: 58 spe cies of
land snails, 41 spe cies of fresh wa ter snails, and 19 spe cies
of bi valves (mol luscs found in sedi ments of the late gla cial
pre ced ing the in ter gla cial and of the fol low ing early gla cial
are in cluded). Names of taxa de ter mined by dif fer ent
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Fig. 1. Dis tri bu tion of Eemian mol lusc-bear ing de pos its in Po land



authors are re vised ac cord ing to the CLECOM- PROJECT
(Falk ner et al., 2001). Fresh wa ter mol luscs listed in Ta ble 1
clearly domi nate and rep re sent sub fos sil tha na to coe noses
char ac ter is ing dif fer ent types of lakes or small wa ter bod ies. 
One spe cies (Val vata pi scina lis) oc curs in nearly all lo cali -
ties and three oth ers (Val vata cris tata, Bithynia ten tacu lata,
Ar mi ger crista) in most of the lo cali ties stud ied. Shells of
land snails ac cu mu lated in la cus trine sedi ments by streams
and riv ers have been found in some lo cali ties as an ad mix -
ture form ing al lo coe noses com posed of nu mer ous spe cies
(Ta ble 2). These are mainly spe cies typi cal of hu mid habi -
tats, mead ows, meso phile spe cies, as well as taxa of wood -
land snails.

The in di ces of con stancy (C) and domi na tion (D) as
well as the syn thetic in dex Q (geo met ric mean of C and D,

known as “eco logi cal mean ing”) of each spe cies were cal -
cu lated to dis tin guish most im por tant, char ac ter is tic and ac -
ces sory com po nents of the de scribed fau nal com mu ni ties.
Both stan dard method (S.W. Al ex androwicz, 1987, 1999a)
and the tech nique in di cated by Strze lec (1993), tak ing into
con sid era tion only most nu mer ous and im por tant spe cies,
were used. Ac cord ing to the first men tioned method, val ues
of con stancy and domi na tion are clas si fied in five sec tions
(C-1 – C-5, D-1 – D-5). Sev eral wa ter mol luscs as domi nat -
ing ele ments fall in higher classes (C-3 – C-5, D-2 – D-4),
while the ma jor ity of land snails be long to low est ones (C-1
– D-1) as ac ces sory com po nents (Ta ble 3). The nor mal ised
in di ces of con stancy and domi na tion at tain rela tively low
val ues (Ci = 9.0 – Di = 4.5) in di cat ing a con sid er able dif fer -
en tia tion of the fauna. These in di ces, cal cu lated sepa rately
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Ta ble 1

Wa ter molluscs of the Eemian Inter gla cial
(in clud ing Late Wartanian and Early Vistulian) in Po land

Species Species

Theodoxus fluviatilis (Linnaeus) Anisus contortus (Linnaeus)

Viviparus contectus (Millet) Gyraulus albus (Müller)

Bithynia tentaculata (Linnaeus) Gyraulus laevis (Alder)

Bithynia leachii (Sheppard) Gyraulus acronicus (Férussac)

Belgrandia marginata (Michaud)
Gyraulus rossmaessleri
(Auerswald)

Marstoniopsis scholtzi (Schmidt) Gyraulus riparius (Westerlund)

Valvata cristata Müller Armiger crista (Linnaeus)

Valvata macrostoma Mörch Hippeutis complanatus (Linnaeus)

Valvata piscinalis (Müller) Segmentina nitida (Müller)

Valvata piscinalis antiqua
Sowerby

Acroloxuxs lacustris (Linnaeus)

Valvata piscinalis alpestris Küster Unio pictorum (Linnaeus)

Borysthenia naticina Menke Unio tumidus Philipsson

Galba truncatula (Müller) Unio crassus Philipsson

Stagnicola palustris (Müller) Anodonta cygnea (Linnaeus)

Stagnicola occulta (Jackiewicz) Sphaerium corneum (Linnaeus)

Stagnicola corvus (Gmelin) Sphaerium rivicola (Lamarck)

Radix auricularia (Linnaeus) Musculium lacustre (Müller)

Radix balthica (Linnaeus) Pisidium amnicum (Müller)

Myxas glutinosa (Müller) Pisidium henslowanum (Sheppard)

Lymnaea stagnalis (Linnaeus) Pisidium supinum Schmidt

Aplexa hypnorum (Linnaeus) Pisidium milium Held

Physa fontinalis (Linnaeus) Pisidium subtruncatum Malm

Planorbarius corneus (Linnaeus) Pisidium nitidum Jenyns

Planorbis planorbis (Linnaeus) Pisidium obtusale (Lamarck)

Planorbis carinatus Müller Pisidium casertanum (Poli)

Anisus spirorbis (Linnaeus) Pisidium ponderosum (Stelfox)

Anisus leucostomus (Millet) Pisidium convectus (Clessin)

Anisus vortex (Linnaeus)
Pisidium moitessierianum
(Paladilhe)

Anisus vorticulus (Troschel) Dreissena polymorpha (Pallas)

Ta ble 2

Land snails of the Eemian Inter gla cial (in clud ing Late
Wartanian and Early Vistulian) in Po land

Species Species

Acicula polita (Hartmann) Punctum pygmaeum (Draparnaud)

Carychium minimum Müller Discus rotundatus (Müller)

Carychium tridentatum (Risso) Vitrea contracta (Westerlund)

Succinea oblonga Draparnaud Aegopis verticillus (Lamarck)

Succinea putris (Linnaeus) Aegopinella pura (Alder)

Succinea elegans Risso Aegopinella nitidula (Draparnaud)

Cochlicopa lubrica (Müller) Aegopinella nitens (Michaud)

Columella columella (Martens) Nesovitrea hammonis (Ström)

Truncatellina cylindrica (Ferussac) Zonitoides nitidus (Müller)

Vertigo antivertigo (Draparnaud) Limacidae

Vertigo pusilla Müller Euconulus fulvus (Müller)

Vertigo substriata (Jeffreys) Cochlodina laminata (Montagu)

Vertigo pygmaea (Draparnaud)
Ruthenica filograna
(Rossmaessler)

Vertigo moulinsiana (Dupuy)
Macrogastra ventricosa
(Draparnaud)

Vertigo lilljeborgi (Westerlund) Clausilia parvula Férussac

Vertigo genesii (Gredler) Clausilia bidentata (Ström)

Vertigo geyeri Lindholm Clausilia dubia Draparnaud

Vertigo parcedentata (Braun) Clausilia pumila Pfeiffer

Vertigo alpestris Alder Bulgarica cana (Held)

Vertigo angustior Jeffreys Bradybaena fruticum (Müller)

Orcula doliolum (Bruguiere) Perforatella incarnata (Müller)

Pagodulina pagodula (Moulins)
(??)

Tricha hispida (Linnaeus)

Pupilla muscorum (Linnaeus) Helicodonta obvoluta (Müller)

Pupilla muscorum loessica Ložek Arianta arbustorum (Linnaeus)

Vallonia pulchella (Müller)
Chilostoma banaticum
(Rossmaessler)

Vallonia costata (Müller) Cepaea hortensis (Müller) 

Vallonia tenuilabris (Sandberger) Cepaea vindobonensis (Férussac)

Vallonia enniensis (Gredler) Helix pomatia Linnaeus

Acanthinula aculeata (Müller)



for wa ter mol luscs and land snails, dis tinctly dif fer from one 
an other. Val ues char ac ter iz ing the former fauna (CiW = 19.5 
– DiW = 9.25) are sig nifi cantly higher than other ones (CiL = 
2.5 – DiL = 0). This re flects dif fer ences be tween the par tici -
pa tion of both groups of spe cies in as sem blages found in
sedi ments of the Eemian In ter gla cial.

The sec ond method en abled us to di vide all mol lusc
species into three classes, ac cord ing to the fol low ing fea -
tures of con stancy and domi na tion: class C-D with C> 50%, 
D>5%, class C-d – C>50%, D<5%, and class c-d – C<50%, 
D< 5%. No one spe cies be longs to the fourth class c-D
(C<5%, D>50%). The syn thetic in dex – geo met ric mean of
C and D known as “eco logi cal mean ing”, cal cu lated as Q = 

C D× , was used to at tain the or der of spe cies ac cord ing to
their con stancy and domi na tion. Most im por tant ele ments of 
as sem blages, char ac ter ised by val ues Q>20, in clud ing the
domi nat ing fresh wa ter snail – Val vata pi scina lis, fall into
the class C-D. To gether with spe cies of the C-d class
(Q>10) they are ex clu sively wa ter mol luscs. All oth ers, as
ac ces sory com po nents, be long to the class c-d (Ta ble 4).
Ad di tion ally, the quan ti ta tive re la tions be tween the number
of shells and oper cula of Bithynia ten tacu lata were cal cu -
lated as the Bithynia- index, il lus trat ing the over grow ing of
lakes and other wa ter bod ies (S.W. Al ex androwicz, 1999b).

BA SIC SEC TIONS

Sec tions docu mented by mala co logi cal dia grams are
most im por tant for stra tigraphic in ter pre ta tions. These are
six sites noted by pres ent authors and seven other sites
known from pub li ca tions. Other sec tions (seven sites) il lus -
trated by mala co logi cal spec tra can be pointed out as in -
struc tive in di ca tors of the an cient en vi ron ment (Fig. 1 –
1-20). All these sec tions will be taken into ac count. Be sides
most im por tant spe cies dis tin guished on dia grams, three
groups of fresh wa ter mol luscs are pre sented: TW – spe cies
of tem po rary wa ter res er voirs, SW – spe cies of stag nant wa -
ter bod ies, and RS – reo phile spe cies.

The Eemian In ter gla cial sedi ments have been found
and char ac ter ised by Do bosz et al. (2008) from the bore hole 
lo cal ised in the west ern part of the town Pi³a (Fig. 1 – 1).
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Ta ble 3

Struc ture of mol lus can as sem blages of the Eemian
Inter gla cial in Po land

D-1 D-2 D-3 D-4 D-5

C-5  2/-  1/- 

C-4  1/-  2/-  1/-

C-3  2/-  2/-

C-2 12/6  2/-

C-1 35/52

C-1 – C-5 classes of con stancy, D-1 – D-5 classes of dom i na tion; 12/6 –
spe cies of wa ter molluscs / spe cies of land snails

Ta ble 4

Dom i nant and most im por tant spe cies of mol luscs of the Eemian Inter gla cial in Po land

C-D – c-d: classes of con stancy and dom i na tion ex plained in the text. C – in dex of con stancy >50, c – in dex of con stancy <50; D – in dex of dom i na tion >5,
d – in dex of dom i na tion <5; val ues of the syn thetic in dex Q = C D×  – in square brack ets



These are silts, sandy silts and clayey silts reach ing about
10 m of  thick ness, con tain ing rich and dif fer en ti ated as sem -
blages of mol luscs com posed of 21 spe cies (land snails – 4,
fresh wa ter snails – 13, bi valves – 4). Snails liv ing in dif fer -
ent types of wa ter bod ies are main com po nents of each com -
mu nity (W.P. Al ex androwicz, 2008). Only in the low er most 
part of this sec tion, cold- tolerant land snails typi cal of open
habi tats do oc cur (Pu pilla mus co rum lo es sica, Val lo nia
tenuilabris). This as sem blage be gins the suc ces sion and
cor re sponds with the late gla cial (Late War ta nian) pre ced -
ing the fol low ing in ter gla cial. Two spe cies of wa ter snails:
Val vata pi scina lis and Bithynia ten tacu lata are domi nat ing
com po nents of the in ter gla cial fauna. The lower part of the
se quence is char ac ter ised by the first men tioned spe cies,
while the up per part – by the other one. Be tween them, the
zone with Bel gran dia mar gi nata ac com pa nied by Gy rau lus
al bus has been dis tin guished (W.P. Al ex androwicz, 2008).
It in di cates the cli matic op ti mum of the in ter gla cial (Fig. 2).
A re sult of pol len analy sis pre sented by Kuszell (2008) con -
firms this con clu sion.

The Eemian la cus trine de pos its de vel oped as gyttja and
peat, de scribed by Skomp ski (1994) as the Z³ot kowo For -
ma tion, oc cur at Bog danowo about 15 km to the north of
Poznañ (Fig. 1 – 2). The fauna com prises 28 spe cies: land
snails – 3, fresh wa ter snails – 17, and bi valves – 8. In the
lower part of the sec tion, the as sem blage is rela tively poor

and sig nifi cantly domi nated by Val vata pi scina lis. The next
as sem blage is en riched in Ar mi ger crista, Gy rau lus lae vis
and Val vata cris tata, while in the up per part ad di tional, nu -
mer ous shells of Gy rau lus al bus and Bithynia ten tacu lata
were found. The oc cur rence of Bel gran dia mar gi nata in the 
up per most part of the sec tion is also note wor thy (Fig. 3).
The se quence points to the early stage of the in ter gla cial up
to the be gin ning of its op ti mal phase. This is con firmed by
re sults of pol len analy sis pre sented by Win ter (1994).

The out crop of Eemian de pos its at Poznañ-Szel¹g, ac -
ces si ble eighty years ago, was de scribed it in de tail by mem -
bers of the Physiographical Com mis sion of the Pol ish Aca-
demy of Arts and Sci ences (Paw³owski et al., 1929). Now
the out crop is com pletely cov ered (Fig. 1 – 3). The rich as -
sem blage of fresh wa ter molluscs (14 taxa of snails and 3
taxa of bi valves) en riched in two spe cies of land snails was
found there by E. Lubicz-Niezabitowski (Paw³owski et al.,
1929) in cal car e ous sed i ments de scribed as lac us trine marls. 
Shells of Gyraulus albus, Valvata piscinalis, Acroloxus
lacustris and Bithynia tentaculata, as well as opercula of
Bithynia are the main com po nents of the fauna (Fig. 4). Be -
side them, nu mer ous small spec i mens of Belgrandia margi-
nata, dis tin guished and de fined firstly by the quoted au thor
as B. marginata polonica, were noted here. Both mol lusc
and plant re mains in di cate that the warm phase of the inter-
gla cial is represented at this site.
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Fig. 2. Malacological di a gram of the sec tion at Pi³a (Fig. 1 – 1)



Quite dif fer ent fauna of molluscs iden ti fied by J.
Urbañski (Go³¹b & Urbañski, 1938) was found at the out -
crop Poznañ-Winiary (Fig. 1 – 4), not ac ces si ble now a -
days. Fresh wa ter molluscs, such as: Valvata cristata, Armi-
ger crista, Hippeutis complanatus, Ra dix balthica (orig i nal
Ra dix ovata) and Galba truncatula dom i nate in the num ber
of spec i mens, but be side them nu mer ous spe cies of land
snails are also com po nents of the as sem blage. These are:
Cochlicopa lubrica, Ver tigo angustior, V. pusilla,  Acicula
polita, Dis cus rotundatus, Cochlodina laminata, Punctum

pygmaeum and many oth ers (Fig. 4). The fauna rep re sents
an allocoenose com posed of spe cies liv ing in a small lake or 
pond and of shells de rived from dif fer ent sur round ing hab i -
tats, ac cu mu lated dur ing floods by the cross ing stream or
river (S.W. Alexandrowicz & W.P. Alexandrowicz, 2005).
Sev eral spe cies sug gest the mod er ate cli mate of the mid dle
part of the inter gla cial, but no one indicates undoubtedly the 
climatic optimum.

Three sec tions of the Eemian mol lusc-bear ing sed i -
ments were found and de scribed by Krzyszkowski and
Winnicki (1994) and Chachraj and Krzyszkowski (1994)
from the area lo cated close to Leszno. At the site Roga-
czewo three as sem blages of molluscs have been dis tin -
guished in silts and peaty mud (Fig. 1 – 6). In all these as -
sem blages Valvata piscinalis is the main com po nent. In the
first com mu nity, be side the men tioned spe cies, shells of
Gyraulus laevis, Armiger crista, Bithynia tentaculata, Ra -
dix balthica and Pisidium nitidum oc cur. The sec ond com -
mu nity is rel a tively rich and dif fer en ti ated, char ac ter ised
par tic u larly by Gyraulus albus, while in the up per part of
the se quence Bithynia-opercula clearly dom i nate, in di cat -
ing the over grow ing of the wa ter body (Fig. 5). The sec tion
rep re sents the pre-op ti mal zone of the inter gla cial and prob -
a bly also the be gin ning of the cli ma tic optimum (S.W. Ale-
xandrowicz, 1994; Kuszell, 1994b).

The se quence from the site Kopaszewko (Fig. 1 – 6)
be gins with a very poor as sem blage with Ra dix balthica and 
Valvata piscinalis, pass ing up ward into the rich est as sem -
blage dom i nated by Valvata piscinalis, V. cristata, Bithynia
tentaculata and Gyraulus laevis. At the top, the fauna is
poor again, be ing mainly com posed of Ra dix balthica and
Valvata cristata (Fig. 6). A con sid er able num ber of Bitynia- 
opercula was noted, par tic u larly in the mid dle part of the
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Fig. 3. Malacological di a gram of the sec tion at Bogdanowo (Fig. 1 – 2) (ac cord ing to data pub lished by Skompski, 1994). Ex pla na tions 
as in Fig. 2

Fig. 4. Malacological spec tra of de pos its from sites Poznañ-
Szel¹g (Fig. 1 – 3) and Poznañ-Winiary (Fig. 1 – 4) (ac cord ing to
data pub lished by Paw³owski et al., 1929 and Go³¹b & Urbañski,
1938). MSS – spec tra of spe cies, MSI – spec tra of spec i mens,
other ex pla na tions as in Fig. 2
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Fig. 5. Malacological di a gram of the sec tion at Rogaczewo (Fig. 1 – 5). Ex pla na tions as in Fig. 2

Fig. 6. Malacological di a gram of the sec tion at Kopaszewko (Fig. 1 – 6). Ex pla na tions as in Fig. 2



sec tion. It sug gests that the an cient wa ter body at Kopa-
szewko should be in ter preted as a small and shal low lake
over grown by reeds. It had been formed at the ear li est phase 
of the inter gla cial or even just be fore and de vel oped dur ing
suc ces sive phases of the Lower Eemian since the early part
of the cli ma tic op ti mum (S.W. Alexandrowicz, 1994;
Kuszell, 1994b).

At the site Zbytki, the fauna oc curs in silts and sandy
silts re cog nised in two bore holes (Fig. 1 – 7). The as sem -
blage dom i nated by Gyraulus laevis and Armiger crista
with an ad mix ture of Valvata piscinalis and Bithynia tenta-
culata oc curs in the lower and mid dle parts of the se quence,
while in its up per part the fauna con tains also shells of
Gyraulus albus and nu mer ous spec i mens of Ra dix balthica
(Fig. 7). These two as sem blages char ac ter ise the lower part
of the inter gla cial, namely strati graphic zones pre ced ing the
cli ma tic op ti mum (S.W. Alexandrowicz, 1994; Kuszell,
1994a).

The fauna of Eemian sed i ments at ¯migród (Lower
Silesia, Fig. 1 – 8), de ter mined by Schmierer, were noted by 
Schwarzbach (1942). The com mu nity found at that time
was com posed of land snails (4 spe cies), fresh wa ter snails
(6 spe cies) and bi valves (7 taxa). The se quence of mol lusc
as sem blages was later de scribed by Skompski (1983) from
three bore holes. In its lower part, be sides land snails (Cary-
chium, Vallonia, Succinea) and nu mer ous spec i mens of or -
di nary spe cies (Valvata piscinalis, Bithynia tentaculata,
Pisidium sp.), sin gle shells of Gyraulus albus and Belgran-
dia marginata were found. In the up per part, Valvata
piscinalis clearly pre vails (Fig. 8). The po si tion of two
termophilous spe cies in di cates that the most part of this sec -

tion cor re sponds with the post-op ti mal zone of the inter gla -
cial, while the op ti mal phase is rep re sented within the
lowermost segment the sequence.

Nu mer ous sec tions of Eemian sed i ments were re ported
from the vi cin ity of Konin (Stankowski, 1991). In sev eral of 
them, a rel a tively rich fauna of molluscs liv ing in dif fer ent
types of wa ter bod ies oc cur. The se quence of as sem blages
from the large out crop of the brown-coal mine in W³adys³a- 
wów (Fig. 1 – 9) was ana lysed first by S.W. Alexandrowicz
and later by Ciszewska (1989). It be gins with the fauna of
wa ter snails with Valvata piscinalis, Gyraulus laevis and
two spe cies of Pisidium, pass ing up ward into the fauna with 
Gyraulus albus and land snails (Acanthinula aculeata,
Aegopinella nitidula). Both men tioned spe cies of Gyraulus
ac com pa nied by Valvata piscinalis, V. cristata and other
fresh wa ter molluscs con sti tute the com mu nity in the up per
part of the sec tion. The fauna can be re lated to the pre-op ti -
mal zones of the inter gla cial. Sin gle shells of Belgrandia
marginata found by one of us (S.W. Alexandrowicz) in the
up per most part of this se quence indicate the climatic opti-
mum (Fig. 9).

A rel a tively rich as sem blage of molluscs was found by
Sza³amacha and Skompski (1999) in bore holes sit u ated at
Krzy¿ówki near Ko³o (Fig. 1 – 10). It oc curs in green-grey
gyttja and is com posed of 17 spe cies of fresh wa ter snails, 3
taxa of land snails and 7 taxa of bi valves. Shells of Valvata
piscinalis clearly dom i nate reach ing more than 60% of all
spec i mens, while shells of Armiger crista, Gyraulus laevis,
Valvata cristata and Bithynia tentaculata are also nu mer ous 
(more than 70 pieces). The pres ence of Belgrandia margi-
nata and Gyraulus albus in di cate the phase of cli ma tic op ti -
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Fig. 7. Malacological di a gram of the sec tion at Zbytki (Fig. 1 – 7). Ex pla na tions as in Fig. 2



mum of the inter gla cial. Malacological spec tra MSS and
MSI sug gest a grad u ally growing shallow lake (Fig. 10).

Eemian sed i ments were de scribed from the brown-coal
mine Mikorzyn sit u ated 15 km north ward of Konin (Fig. 1
– 11). The se quence of mol lusc as sem blages pre sented by

Kozydra and Skompski (1996) is char ac ter ised by nu mer -
ous land snails (22 taxa), such as: Monachoides incarnata,
Dis cus rotundatus, Ver tigo angustior, V. pusilla, and Vallo- 
nia pulchella. In its lower part, shells of Valvata piscinalis
dom i nate while in the up per part ad di tional, nu mer ous spec -
i mens of Valvata cristata and Armiger crista oc cur. More -
over, spec i mens of a warm-de mand ing snail – Gyraulus
albus were found (Fig. 11). Par tic u lar zones of the inter gla -
cial were dis tin guished ac cord ing to the re sults of pol len di -
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Fig. 8. Malacological di a gram of the sec tion at ¯migród (Fig. 1 – 8) (ac cord ing to data pub lished by Skompski, 1983). Ex pla na tions as
in Fig. 2

Fig. 9. Malacological spec tra of de pos its from the sec tion at
W³adys³awów (Fig. 1 – 9) (partly ac cord ing to data pub lished by
Ciszewska, 1989). Ex pla na tions as in Figs 2 and 4

Fig. 10. Malacological spec tra of de pos its from sec tions in the
Konin re gion (Fig. 1 – 10, 13) (ac cord ing to data pub lished by
Sza³amacha & Skompski, 1999 and Kozydra & Skompski. 1995).
Ex pla na tions as in Figs 2 and 4



a gram by M. Nita (Stankowski et al., 1999) in this out crop,
but un for tu nately this palynological section has not been not 
correlated with the malacological diagram.

Sed i ments con tain ing rich as sem blages of molluscs oc -
cur in brown-coal mine at JóŸwin, sit u ated close to the last
men tioned one (Fig. 1 – 12). These con tain 24 spe cies of
fresh wa ter snails, 18 spe cies of land snails and 6 spe cies of
bi valves, and also 7 taxa de ter mined to the higher sys tem -
atic level (Ciszewska, 1996). In the whole se quence spec i -
mens of Valvata cristata, V. piscinalis, Armiger crista and
Bithynia tentaculata are nu mer ous. The oc cur rence of
Gyraulus laevis in its lower part and Gyraulus albus in the
up per part is note wor thy in par tic u lar (Fig. 12). Land snails
rep re sent dif fer ent eco log i cal groups as spe cies liv ing in
shady and partly shady hab i tats (Cochlodina laminata, Dis -
cus rotundatus), open coun try spe cies (Pupilla muscorum,
Vallonia pulchella), mesophile spe cies (Nesovitrea hammo- 
nis, Euconulus fulvus), and hygrophile spe cies (Succinea
putris, Zonitoides nitidus). The fauna in di cate the pre-op ti -
mal phase of the inter gla cial up to the cli ma tic op ti mum,
and a shal low ba sin pass ing up ward into a tem po rary wa ter
body char ac ter ised by nu mer ous shells of Planorbis pla-
norbis.

Mol lusc-bear ing cal car e ous gyttja was dis tin guished by 
Kozydra and Skompski (1995) be tween tills of the Mid dle
Pol ish (Warta) Gla ci ation and the Vistulian (Weichselian)
Gla ci ation at Ruszkówek (Fig. 1 – 13). The fauna dis tin -
guished in the inter gla cial layer, pre sented with out quan ti ta -
tive data, is com posed of 12 spe cies of fresh wa ter snails, 4
spe cies of land snails and 7 spe cies of bi valves, all of them
fall ing in the same sam ple. The termophilous snail – Bel-
grandia marginata oc curs be sides two spe cies of Planor-

bidae tol er at ing the cold cli mate: Gyraulus laevis and G.
rossmaessleri. Shells of Valvata piscinalis, V. cristata,
Armiger crista, and Bithynia tentaculata are other com po -
nents of this com pre hen sive com mu nity, in clud ing molluscs 
from sev eral cli ma tic phases of the Eemian. The con tent of
spe cies rep re sent ing par tic u lar eco log i cal groups of species
is nearly the same (Fig. 10).

The se quence of mol lus can as sem blages from inter gla -
cial sed i ments of Leœna Niwa (Fig. 1 – 14) was de scribed
by Makowska (1971). The num ber of spec i mens pointed
out with sym bols of fre quency en ables one to pres ent the di -
a gram (Fig. 13). The main com po nents of par tic u lar com -
mu ni ties: Valvata piscinalis, V. cristata and Armiger crista
reach the sim i lar con tent through out the sec tion. The num -
ber of spec i mens of Gyraulus laevis and Gyraulus albus dif -
fers from the bot tom up ward. In the lower part of the sec -
tion, the first men tioned spe cies dom i nates while in the mid -
dle and up per parts the con tent of spec i mens rep re sent ing
both spe cies is nearly the same. The se quence char ac ter izes
pre-optimal phases of the interglacial.

Eemian sed i ments abound ing in shells of molluscs have 
been re ported from two sec tions from the vi cin ity of £ódŸ.
The first one is sit u ated at Œwi¹tniki, about 30 km south-
east of the town (Fig. 1 – 15). A rich fauna of molluscs oc -
curs in silts and sandy silts re cog nised in three bore holes
(S.W. Alexandrowicz, 1988). In the low er most part of the
sec tion, the as sem blage is rel a tively poor, con tain ing
mainly nu mer ous spec i mens of Valvata piscinalis, the spe -
cies dom i nat ing in the whole of the se quence. It passes up -
ward into a more dif fer en ti ated as sem blage en riched in
Bithynia tentaculata, Gyraulus laevis, Valvata cristata and
few spe cies of Pisidium, cor re spond ing with the lower part
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Fig. 11. Malacological di a gram of the sec tion at Mikorzyn (Fig. 1 – 11) (ac cord ing to data pub lished by Skompski, 1996). Ex pla na tions
as in Fig. 2
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Fig. 12. Malacological di a gram of the sec tion at JóŸwin (Fig. 1 – 12) (ac cord ing to data pub lished by Ciszewska, 1996). Ex pla na tions as
in Fig. 2

Fig. 13. Malacological di a gram of the sec tion at Leœna Niwa (Fig. 1 – 14) (ac cord ing to data pub lished by Makowska, 1971). Ex pla na -
tions as in Fig. 2



of the inter gla cial. In the next few sam ples Gyraulus laevis
is grad u ally be ing re placed by Gyraulus albus. The fol low -
ing strati graphic zone is char ac ter ised by Belgrandia margi- 
nata, in di cat ing the op ti mal phase of the inter gla cial. The

youn gest as sem blage is again de void of this spe cies and
corresponds with the post-op ti mal phase. Valvata pisci-
nalis, V. cristata, Bithynia tentaculata and Planorbis pla-
norbis are the main com po nents of this fauna (Fig. 14). A
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Fig. 14. Malacological di a gram of the sec tion at Œwi¹tniki (Fig. 1 – 15). Ex pla na tions as in Fig. 2

Fig. 15. Malacological di a gram of the sec tion at Kochanów (Fig. 1 – 16). Ex pla na tions as in Fig. 2



sub stan tial num ber of Bithynia-opercula suggests the
gradually over grow ing wa ter body.

An other sec tion is rep re sented by lac us trine chalk ex -
posed at Kochanów, about 35 km east ward of £ódŸ (Fig. 1
– 16). The se quence be gins with the fauna of fresh wa ter
snails ac com pa nied by few spe cies of Pisidium, and in the
low er most part of the sec tion also with the land snail –
Pupilla muscorum. The as sem blage is dom i nated by four
spe cies of wa ter snails: Gyraulus laevis, Valvata piscinalis,
V. cristata, and Armiger crista; the first one should be in di -
cated as the con spic u ous, most char ac ter is tic com po nent of
the as sem blage. In the sec ond as sem blage nu mer ous spec i -
mens of Bithynia tentaculata oc cur, while in the third one
Gyraulus albus grad u ally re places Gyraulus laevis. The
num ber of fresh wa ter snails in creases up wards and the
fauna char ac ter ises warm ing of the cli mate dur ing the older
part of the inter gla cial. The fourth as sem blage dis tin guished 
in the up per most part of the sec tion con tains a dozen spe cies 
of wa ter molluscs and two spe cies of land snails (Dis cus
rotundatus, Zonitoides nitidus). The oc cur rence of a warm
de mand ing spe cies – Belgrandia marginata ac com pa nied
by nu mer ous spec i mens of Gyraulus albus is par tic u larly
note wor thy (Fig. 15). It indicates the phase of climatic
optimum of the interglacial (S.W. Alexandrowicz, 1997).

The next sec tion de rives from cores of two bore holes
drilled in the Lake Okrêt sit u ated within the Bobrówka
River val ley near £owicz (Fig. 1 – 17). It was stud ied in de -
tail by Klajnert and Piechocki (1972). The whole se quence
of mol lusc as sem blages is dom i nated by Valvata piscinalis
ac com pa nied by Bithynia tentaculata and spec i mens of Ra -
dix. In its lower part, shells of Gyraulus laevis oc cur in a
con sid er able num ber, mark edly de creas ing up wards. At the

top, be sides these, rel a tively nu mer ous shells of Gyraulus
albus were noted (Fig. 16). It sug gests that the men tioned
mol lusc-bear ing sed i ments rep re sented by cal car e ous silt
cor re spond with early phases of the inter gla cial, prob a bly
in clud ing the cli ma tic op ti mum, dis tin guished ac cord ing to
the re sults of pol len anal y sis indicating zones E1 – E4
(Klajnert & Piechocki, 1972).

Mol lusc fauna of the Eemian inter gla cial from ̄ oliborz
(north ern part of War saw, Fig. 1 – 18) was de scribed from
two dif fer ent out crops, first by Poliñski (1927) and later by
Skompski and S³owiañski (1961). Re sults pub lished and
pre sented in a ta ble by the last quoted au thors are il lus trated
now in the di a gram (Fig. 17). Land snails (i.e.: Vallonia
pulchella, Nesovitrea hammonis, Zonitoides nitidus) oc cur
in the lower part of the se quence to gether with nu mer ous
spec i mens of Planorbis planorbis and Bithynia tentaculata.
In the up per part, the num ber of shells of Valvata cristata,
Bithynia tentaculata and Anisus vorticulus in creases. The
se quence cor re sponds with the pre-op ti mal zone of the
inter gla cial. As sem blages de scribed by Poliñski (1927), in -
di cat ing changes and over grow ing of the wa ter ba sin, may
be cor re lated with op ti mal and post-op ti mal zones. The first
of them is com posed mainly of Valvata piscinalis antiqua,
Valvata piscinalis and Gyraulus albus while nu mer ous spe -
cies of land snails oc cur in the next one. These are, i.a.:
Clausilia pumila, Macrogastra ventricosa, Ver tigo mou lin-
siana, and Cepaea vindobonensis.

Sed i ments of the Eemian Inter gla cial doc u mented by
pol len anal y sis and molluscs were de scribed by Krupiñski
et al. (2006) from Leszczyno, a site sit u ated about 15 km
NE of P³ock (Fig. 1 – 19). There oc cur sandy and peaty silts
and clays with a layer of cal car e ous gyttja. The last ones
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Fig. 16. Malacological di a gram of the sec tion in Lake Okrêt (Fig. 1 – 17) (ac cord ing to data pub lished by Klajnert & Piechocki, 1972).
Ex pla na tions as in Fig. 2



con tains an as sem blage of wa ter spe cies with Valvata pisci-
nalis, V. cristata, Bithynia tentaculata, Gyraulus albus and
Pisidium nitidum as well as with nu mer ous Ostracoda (Fig.
18). This fauna is con nected mainly with lakes and char ac -
ter ises the op ti mal phase of the inter gla cial cor re spond ing
with the pol len zone L PAZ-LE-5 – Corylus, dis tin guished
by quoted au thors (Krupiñski et al., 2006).

Sec tions of inter gla cial cal car e ous sed i ments: gyttja
and lac us trine chalk, con tain ing as sem blages of molluscs
are known from bore holes sit u ated at Ludomirowo near
Sidra, about 50 km north ward of Bia³ystok (Fig. 1 – 20).
The fauna of wa ter spe cies with Valvata piscinalis, Bithynia 
tentaculata, Armiger crista, Pisidium amnicum and two
spe cies of Gyraulus was de ter mined by Makowski (Bitner,
1957). In the lower part of the sec tions he found shells of

Gyraulus gredleri (rossmaessleri) while in the mid dle and
up per part – shells of Gyraulus albus (Fig. 18). It in di cates
the pre-op ti mal and op ti mal phases of the Eemian, what is
con firmed by the re sults of pollen analysis (Bitner, 1957).

SUP PLE MEN TARY SITES

Mol lusc-bear ing sed i ments of the last inter gla cial were
noted in Po land in many sec tions, be sides those pre sented
here as ba sic ones. In most of them, only few spe cies of
fresh wa ter snails or bi valves were men tioned with out data
per tain ing to the com po si tion of en tire as sem blages and the
num ber of spec i mens. The list of such sec tions named by
dif fer ent au thors in cludes 15 sites (Ta ble 5).

In the area spread ing along the lower course of the
Vistula River, Eemian sed i ments con tain ing both fresh wa -
ter and ma rine molluscs have been found and de scribed in
nu mer ous sec tions by Brodniewicz (1960, 1969) and Ma-
kowska (1970, 1979, 1986, 1999). These are con cen trated
in five places dis trib uted along the right side of the river val -
ley (Fig. 1 – 21-25). The two first of them are sit u ated
within the ax ial part of an an cient gulf formed dur ing the
Eemian trans gres sion of the so-called Tychnowy Sea (Ma-
kowska, 1979, 1986). In the south-west ern part of the
Elbl¹g  El e va tion, near the vil lage Pêklewo (Fig. 1 – 21),
the fauna with: Valvata piscinalis, Gyraulus albus, Planor-
barius corneus, and Pisidium moitessierianum oc curs in
lac us trine and fluviatile sed i ments cov ered by clays and
silts con tain ing ma rine molluscs. About 30 km to the south,
in the vi cin ity of Dzierzgoñ (Fig. 1 – 22), just be low ma rine
sed i ments de vel oped as sands with Corbula, Nassa, Car-
dium and Tapes, peaty clays with Theodoxus fluviatilis,
Valvata cristata and Bithynia tentaculata were noted by
Makowska (1979, 1986).
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Fig. 17. Malacological di a gram of the sec tion at War saw-¯oliborz (Fig. 1 – 18) (ac cord ing to data pub lished by Skompski &
S³owiañski, 1961). Ex pla na tions as in Fig. 2

Fig. 18. Malacological spec tra of de pos its from sites Leszczyno
(Fig. 1 – 19) and  Ludomirowo (Fig. 1 – 20) (ac cord ing to data
pub lished by Krupiñski et al., 2006 and Bitner, 1957). Ex pla na -
tions as in Figs 2 and 4



In sec tions sit u ated near Kwidzyñ, close to the south-
west ern bor der zone of the Tychnowy Sea (Fig. 1 – 23),
shells of fresh wa ter molluscs oc cur in de pos its which un -
der lay and cover fine-grained sands and silts with a rich ma -
rine fauna (Abra, Nassa, Bittium, Ostrea, Cardium, Myti-
lus). In the first men tioned ones, the fauna with Valvata
piscinalis, V. cristata, Bithynia tentaculata, Planorbis
planorbis and Gyraulus albus were found in bore hole cores
from Nicponie and Bia³ki (Makowska, 1979) and, ad di tion -
ally, spec i mens of Belgrandia marginata – in Brachlewo
(Brodniewicz, 1960, 1965). Silts rep re sent ing the up per part 
of the inter gla cial, over ly ing ma rine de pos its known from
Nicponie and Obrzynowo, con tain the fauna of fresh wa ter
molluscs with Valvata piscinalis, Bithynia tentaculata,
Anisus spirorbis, and Pisidium sp. (Makowska, 2001).

The Eemian mol lusc-bear ing sed i ments from the area
ex tend ing out side the range of ma rine trans gres sion south -
ward from the last de scribed, oc cur in the vi cin ity of towns
Grudzi¹dz and Solec Kujawski (Fig. 1 – 24, 25). Rel a -
tively dif fer en ti ated as sem blages of molluscs with: Valvata
piscinalis, V. cristata, Bithynia tentaculata, Pisidium moite- 
ssierianum and Succinea sp. were found there by Makow-
ska (1979). Nearly the same spe cies of fresh-wa ter snails
iden ti fied by Dmoch were noted in the sec tion at Nak³o
(Fig. 1 – 26), de scribed in de tail by Noryœkiewicz (1978).
Most of them are con nected with post-op ti mal phases and
oc cur in pol len assemblage zones E5 and E6.

In west ern Po land, fauna of the last inter gla cial oc curs
at Laski, about 15 km NE of S³ubice-Frank furt (Fig. 1 –
27). Shells of Valvata piscinalis antiqua, Bithynia tenta-
culata and Gyraulus albus were found by Skompski (1980)
in cal car e ous gyttja char ac ter ised by the pol len as sem blage
with Quercus and Corylus. Spec i mens of Valvata piscinalis

antiqua were also noted by Buksiñski (1964) in Eemian
sed i ments at Szklary Dolne, about 5 km west ward of Lubin 
(Fig. 1 – 28).

The two next sites had al ready been known many years
ago. One of them, sit u ated be tween Wroclaw and Œwidnica
at Imbramowice (Ingramsdorf), was de scribed first by
Gürich (1908). This out crop is not ac ces si ble now a days.
Wa ter snails: Gyraulus (Planorbis) albus, Bithynia tenta-
culata, Valvata piscinalis and Lymnaea sp. as well as a land
snail Succinea elegans (orig i nal pfeifferi) were men tioned
by this au thor. Sim i lar as sem blage iden ti fied by Dmoch
twenty years ago was found at the same lo cal ity (Fig. 1 –
29), in the bore hole log ana lysed and de scribed in de tail by
Mamakowa (1989) as a stan dard se quence of the Eemian
Inter gla cial doc u mented by pollen assemblage zones.

The other site – Strzeganowice near K¹ty Wroc³aw-
skie was de scribed by Gepperd (1854) and Beyrich (1854)
from a vil lage named at that time “Paschwitz neben Canth”
(Fig. 1 – 30). The as sem blage found in clays, silts and sand
ex ploited in a brickyard, was com posed of 23 spe cies of
land snails and 10 spe cies of fresh wa ter molluscs, i.a.:
Chilostoma banaticum (He lix canthensis), Aegopis (He lix)
verticillus, Helicodonta (He lix) obvoluta, Dis cus rotun-
datus (He lix rotundata), Vallonia (He lix) pulchella, as well
as 5 spe cies of Planorbis and 3 spe cies of Valvata. The oc -
cur rence of the first men tioned spe cies tes ti fies to the cli ma -
tic op ti mum of the interglacial.

Fresh wa ter molluscs: Bithynia tentaculata and Valvata
piscinalis as well as Pisidium were noted at three lo cal i ties
of Eemian sed i ments in the vi cin ity of Radomsko, and be -
tween £ódŸ and War saw. These are sec tions at Zabrzezie
(Makowska, 1971; Fig. 1 – 31), Rogów (S.W. Alexandro-
wicz, 1997; Fig. 1 – 32) and near Pruszków (Krupiñski,
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Ta ble 5

Sup ple men tary sites of the Eemian mol lusc-bear ing de pos its in Po land

No Locality References Selected species of molluscs

21 Pêklewo Makowska (1999) Valvata piscinalis, Gyraulus albus, Planorbarius corneus, Bithynia

22 Dzierzgoñ - Nowiny Makowska (1986, 1979) Theodoxus fluviatilis, Bithynia tentaculata

23 Kwidzyñ - Brachlewo
Makowska (1979, 2001),
Brodniewicz (1960)

Valvata piscinalis, V. cristata, Bithynia tentaculata, Belgrandia marginata,
Gyraulus albus, Planorbis planorbis

24 Grudzi¹dz - Mniszek Makowska (1979) Valvata piscinalis, Bithynia tentaculata, Physa cf. fontinalis, Pisidium sp.

25 Solec Kujawski Makowska (1979) Valvata piscinalis, V. cristata, Physa sp., Bithynia tentaculata, Succinea sp.

26 Nak³o Noryœkiewicz (1978)
Valvata piscinalis, V. cristata, Armiger crista, Bithynia tentaculata, B. cf.
leachii

27 Laski Skompski (1980) Valvata piscinalis, Bithynia tentaculata, Gyraulus albus

28 Szklary Dolne Buksiñski (1964) Valvata piscinalis antiqua

29 Strzeganowice (K¹ty Wroc.) Gepperd (1854)  Beyrich (1854) Chilostoma banaticum, Helicodonta obvoluta, Aegopis verticillus

30 Imbramowice Gürich (1908), Mamakowa (1989) 
Valvata cf. piscinalis, V. cf. cristata, Bithynia tentaculata, Succinea elegans
(orginal S. pfeifferi)

31 Zabrzezie Makowska (1971) Valvata piscinalis, Bithynia tentaculata

32 Rogów Alexandrowicz (1997) Bithynia tentaculata

33 Pruszków Krupiñski (1986) Valvata piscinalis antiqua

34 Warszawa-Wola Urbañski (1954) Valvata piscinalis, Bithynia tentaculata, Pisidium casertanum ponderosum

35 Warszawa - ul. Okopowa Domos³awska-Baraniecka (1965) Valvata piscinalis, V. piscinalis antiqua, V. piscinalis cf. alpestris, Bithynia



1986; Fig. 1 – 33). Sim i lar sec tions were also found within
the city of War saw at two sites: War saw-Wola and Oko-
powa Street, de scribed by Urbañski (1954) and Domo-
s³awska-Baraniecka and Gadomska (1965) (Fig. 1 – 34, 35). 
In the last men tioned sec tion, shells of molluscs ac com pany
bones of big mam mals (Elephas antiquus).

Three in ter est ing sec tions of Eemian mol lusc-bear ing
sed i ments sit u ated quite close to the north-east ern fron tier
of Po land are known in west ern Belorus and south ern Lith u -
a nia. The first of them was de scribed by Halicki (1951) and
Urbañski (1951) from ¯ukiewicze, about 15 km SE of
Grodno (Fig. 1 – I). The rel a tively rich and dif fer en ti ated
fauna oc curs there in silts, lac us trine chalk and gyttja rich in
plant re mains. The as sem blage of fresh wa ter molluscs (Val- 
vata piscinalis, Galba truncatula) con tain ing cold-tol er ant
land snails (Ver tigo parcedentata, Vallonia tenuilabris and
Pupilla muscorum) oc curs in the low er most part of the se -
quence. It passes up wards into the fauna dom i nated by Val-
vata piscinalis with Gyraulus rossmaessleri and Ver tigo
genesii, ac com pa nied later also by Bithynia tentaculata. In
the up per part of the sec tion, the warm-de mand ing snail –
Gyraulus albus was noted. The se quence of as sem blages
char ac ter ises a shal low wa ter ba sin and cor re sponds with
few cli ma tic phases dateding from the late gla cial (Late
Wartanian) up to the middle part of the interglacial.

The sec tion at Rumlówka is sit u ated close to the pre vi -
ous one (Fig. 1 – II). It is char ac ter ised in de tail by pol len
and di a toms di a grams re lated to the se quence of beds (Mar-
ciniak et al., 2007). The mol lusc fauna de ter mined by
San’ko was sam pled in clu sive from the whole layer of lac -
us trine sed i ments. It con tains 10 spe cies of land snails and
26 spe cies of fresh wa ter snails and bi valves. As sem blages
char ac ter iz ing par tic u lar zones of the inter gla cial were not
dis tin guished there, but like in ¯ukiewicze, both cold-tol er -
ant spe cies (Vallonia tenuilabris, Ver tigo genesii, V. geyeri) 
and warm-de mand ing ones (Gyraulus albus, Clausillidae)
were found. The oc cur rence of Belgrandia marginata in di -
cates that the zone of climatic optimum is represented in this 
section.

Mol lusc-bear ing sed i ments are known from the sec tion
Nieciosy (Netiesos), sit u ated in south ern Lith u a nia on the
right bank of the Nemunas River, about 20 km from the fa -
mous health re sort – Druskienniki (Fig. 1 – III). The site
was de scribed first by Bremówna and Sobolewska (1950),
and the fauna iden ti fied by Urbañski en closed shells iden ti -
fied jointly from the en tire inter gla cial. These were spec i -
mens of Limacidae and 8 spe cies of fresh wa ter molluscs,
mainly Valvata piscinalis, Gyraulus laevis and G. albus.
The se quence of as sem blages iden ti fied and il lus trated
much later in the malacological di a gram by San’ko and Gai- 
ga las (2007) en ables one to dis tin guish par tic u lar cli ma tic
phases doc u mented by the fol low ing spe cies (from the bot -
tom up ward): Gyraulus laevis - Bithynia tentaculata - Pisi-
dium casertanum (pre-op ti mal phase); Bithynia tentaculata
- Belgrandia marginata (cli ma tic op ti mum), and fi nally
Bithynia tentaculata - Gyraulus albus (post-optimal phase).

CON CLU SIONS

Se lected spe cies and as sem blages of molluscs found in
sed i ments of the Eemian Inter gla cial in Po land are use ful
for strati graphic in ter pre ta tions and re con struc tions of sed i -
men tary en vi ron ments, con sid er ably sup ple ment ing the re -
sults of stud ies of plant macrofossils and par tic u larly of pol -
len anal y ses. In these in ter pre ta tions, fresh wa ter snails and
bi valves are much more sig nif i cant than land snails be cause
they oc cur in all ana lysed sites, usu ally reach ing a con sid er -
able num ber of spec i mens. On the other hand, land snails
were found in few sec tions only and in gen eral as a small
num ber of shells.

Re sults of malacological anal y sis de pend mainly on the
method of sam pling, on the num ber and size of sam ples and
on sed i ment type. Cal car e ous sed i ments, like lac us trine
chalk, gyttja or marls as well as sed i ments with an ad mix -
ture of car bon ates and some fine-grained terrigeneous sed i -
ments are most im por tant mol lusc-bear ing de pos its. In
organogenic sed i ments abound ing in plant re mains and par -
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Ta ble 6

Spe cies of molluscs of the Eemian Inter gla cial in Po land as strati graphic in di ca tors in re la tion
to re gional pol len as sem blage zones

Regional pollen assemblage zones
(Mamakowa 1989)

Water molluscs Land snails

V(E) Graminae-Artemisia-Betula nana Valvata piscinalis-Armiger crista Vallonia tenuilabris-Pupilla muscorum loessica

E7 Pinus
Valvata piscinalis-Bithynia tentaculata

(?)

E6 Picea-Abies-Alnus

E5 Carpinus Corylus Alnus Gyraulus albus-Armiger crista- Bithynia tentaculata Vallonia pulchella-Succinea oblonga

E4 Corylus-Quercus-Tilia
Belgrandia marginata-Gyraulus albus-Bithynia
tentaculata

Chilostoma banaticum-Aegopis verticillus-
Helicodonta obvoluta

E3 Quercus-Fraxinus-Ulmus
Gyraulus albus-Gyraulus laevis-Bithynia
tantaculata

Discus rotundatus-Acicula polita-Monachoides
incarnata

E2 Pinus-Betula-Ulmus Gyraulus laevis- Bithynia tentaculata-Valvata
piscinalis-

Cochlicopa lubrica-Vallonia pulchella-Vertigo
geyeriE1 Pinus-Betula

W(L) Cyperaceae-Artemisia-Betula nana
Valvata piscinalis-Gyraulus rossmaessleri-Armiger
crista

Vertigo genesii-Pupilla muscorum-Vallonia
tenuilabris-Columella columella



tic u larly suit able to pol len anal y sis (peat, peaty silt, peaty
mud, some types of gyttja), shells of molluscs are found
only ex cep tion ally. These cir cum stances ap pear to be re -
spon si ble for the dif fer en ti a tion and va lid ity of data pub -
lished by sev eral au thors and used to construct malacolo-
gical diagrams presented here.

An at tempt at cor re lat ing cli ma tic phases iden ti fied by
molluscs with the pat tern of pol len stra tig ra phy pre sented
by Mamakowa (1989) was the lead ing in ten tion of pres ent
au thors. In the stan dard sec tion at Imbramowice, pol len as -
sem blage zones of the Eemian Inter gla cial were de fined and 
de scribed in de tail by Mamakowa (1989). There oc cur lo cal
zones: IP-1 – IP-14 (inter gla cial ones, in clud ing also the
Late Wartanian and Early Vistulian sym bol ised as LW and
EV) as well as the most im por tant re gional zones: E-1 – E-7
(only inter gla cial ones), sup ple mented by the pre ced ing and 
suc ceed ing zones. The last mentioned are from the bottom
up ward: LW – Cyperaceae-Ar te mi sia-Betula nana, E-1 –
Pinus-Betula, E-2 – Pinus-Betula-Ulmus, E-3 – Quercus-
Fraxinys-Ulmus, E-4 – Corylus-Quercus-Tilia (cli ma tic op -
ti mum), E-5 – Carpinus-Corulus-Alnus, E-6 – Pinus-Abies- 
Alnus, E-7 – Pinus, EV – Gramineae-Ar te mi sia-Betula
nana.

Cli ma tic tol er ance of par tic u lar mol lusc spe cies is the
main at trib ute de cid ing on their strati graphic value. Tak ing
into con sid er ation the de scribed ba sic and sup ple men tary
sec tions, with spe cial at ten tion paid to the most im por tant
and re li able ones (Pi³a and Kochanów – Figs 2, 15), spe cies
of wa ter and land snails re lated to the men tioned re gional
pol len as sem blage zones E-1 – E-5 can by listed (Ta ble 6).
Land snails typ i cal of loess and other sed i ments of cold
Pleistocene pe ri ods: Vallonia tenuilabris, Pupilla musco-
rum loessica, Columella columella, Ver tigo parcedentata
and few oth ers, are typ i cal of the late gla cial pre ced ing the
Eemian Inter gla cial (LW) as well as of the next early gla cial 
(EV). Few spe cies of wa ter snails be long to the same group
(Gyraulus rossmaessleri) and oc cur to gether with spe cies
tol er at ing both cold and mod er ate cli mate. The lat ter ones
are also to be found in the en tire inter gla cial and par tic u larly 
or in its lower part: E-1 and E-2 (Gyraulus laevis, Valvata
piscinalis, Armiger crista, Trichia hispida, Vallonia
pulchella), while two spe cies of Ver tigo (V. genesii and V.
geyeri) are con nected par tic u larly with tran si tional phases
of cli ma tic changes. Nu mer ous spe cies are re stricted only to 
phases of mod er ate cli mate char ac ter iz ing the inter gla cial
(Bithynia tentaculata, Pisidium casertanum and sev eral
land snails). Sev eral of them have a lim ited cli ma tic tol er -
ance and in di cate phases E-3 – E-5, marked by the de vel op -
ment of de cid u ous for ests. These are: Gyraulus albus, Dis -
cus rotundatus, Monachoides incarnata, Acicu la polita)
and few oth ers. The most im por tant of them is a termo-
philous wa ter snail Belgrandia marginata that in di cates the
cli ma tic op ti mum of the Eemian Inter gla cial (E-4). Land
snails sug gest ing the op ti mal phase (Chilostoma banaticum, 
Aegopis verticillus, Helicodonta obvoluta) were found at
one site only, and are therefore of limited importance.

Re spec tive data con cern ing the zones of the up per
Eemian (E-6, E-7) and the suc ceed ing Early Vistulian (EV)
are very poor and de fi cient. Malacofauna bear ing fresh wa -
ter snails: Valvata piscinalis and Bithynia tentaculata was

noted at few sites (¯migród, Nak³o, Solec Kujawski) only.
Cold-tol er ant snails as so ci ated with fresh wa ter molluscs,
i.e. bear ing the above-men tioned spe cies, oc cur in youn ger
sed i ments at trib uted to the Early Vistulian interstadials
(Brodniewicz, 1966; Skompski, 1996).
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