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Malacological stud ies of two pro files of the Holsteinian (Mazovian) Inter gla cial from east ern Po land – Roskosz and Wilczyn
1/12 – are pre sented. They are con nected with the north ern part of the Wilczyn palaeolake and seems to doc u ment palaeo -
eco logi cal changes in the part of the cli ma tic op ti mum and the post-op ti mal pe riod. Mol lusc com mu ni ties are typ i cal of lake
en vi rons. The lat ter is sup ported by biometry of Pisidium moitessierianum. Higher en ergy con di tions are ev i denced by
rheophile spe cies P. henslowanum and P. nitidum in the low er most part of the Roskosz sec tion. Mol lusc as sem blages with
Lithoglyphus jahni, with Valvata piscinalis and Bithynia tentaculata as well as with Valvata piscinalis are dis tin guished at
Roskosz. They re cord changes in aquatic veg e ta tion and depth con di tions. Malacofauna from Wilczyn 1/12 is dom i nated by
V. piscinalis, V. piscinalis f. antiqua and B. tentaculata. Lim ited con tri bu tion of tem per ate gas tro pods Viviparus diluvianus
and L. jahni as well as the oc cur rence of some cold-lov ing forms in di cate a de te ri o ra tion of ther mal con di tions. Shal low-wa ter 
hab i tats and ex pan sion of reed zones are in ferred from pro por tions of Bithynia shells and opercula.
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INTRODUCTION

The study area is lo cated in east ern Po land in the South
Podlasie re gion, ca. 6 km NE of Bia³a Podlaska (Fig. 1). It is a
part of a vast palaeolake dis trict of the Holsteinian (Mazovian)
Inter gla cial (MIS 11) de scribed among oth ers by Nitychoruk
(1994, 2000), Albrycht et al. (1997) as well as Lindner and
Marciniak (1997, 1998). Lake de pos its of the Holsteinian age
are known from over thirty lo ca tions in the re gion. In some of
them, for ex am ple Ossówka (Nitychoruk, 1994, 2000; Szy -
manek, 2007, 2008, 2011), Hrud (Lindner et al., 1991; Nity -
choruk, 1994; Szymanek, 2007, 2011, 2012), Ortel Królewski,
Szymanowo (Albrycht et al., 1995; Szymanek, 2007, 2008,
2011) and Roskosz (Albrycht et al., 1995), an abun dant mol lusc 
fauna is pres ent.

Two new pro files un der in ves ti ga tion are con nected with the 
north ern part of a vast trough palaeolake stretched from
Wilczyn to Woskrzenice or even to Lachówka Ma³a (Nitychoruk
and Ga³¹zka, 2006; Fig. 1). It ex isted since the end of the
Elsterian Gla ci ation (MIS 12) and its or i gin is con nected with the 
tec tonic pre dis po si tion to sub si dence due to ice-sheet load ing,
fa vour ing the sur vival of dead-ice blocks of the Elsterian age
(Nitychoruk, 1994, 2000; Biñka et al., 1997). The ac cu mu la tion
of lake de pos its took place in the end of the Elsterian, through

the whole Holsteinian, to the early stage of the Saalian Gla ci -
ation (MIS 10) (Biñka et al., 1997; Krupiñski, 2000; Nitychoruk,
2000). The lake his tory is re corded in thick lac us trine chalk and
cal car e ous gyttja, multidisciplinary in ves ti gated at many pro files 
(e.g., Biñka and Nitychoruk, 1995, 1996; Biñka et al., 1997;
Nitychoruk, 2000; Nitychoruk et al., 2005). The late gla cial of the 
Elsterian and the ini tial part of the Holsteinian Inter gla cial were
doc u mented at Woskrzenice (Biñka and Nitychoruk, 1995).
Pol len spec tra from Wilczyn – WL-1 (Biñka, 1994; Biñka et al.,
1997) cov ers the cli ma tic op ti mum and post-inter gla cial pe riod,
whereas the most com plete pol len di a gram from Kali³ów pres -
ents pre-inter gla cial tun dra and the en tire inter gla cial suc ces -
sion (Biñka and Nitychoruk, 1996). A sim i lar in ter val was also
yielded by a few bore holes from the vi cin ity of Grabanów in the
south ern part of the ba sin (Krupiñski, 1995, 2000). In all of the
men tioned pro files, lake de pos its of the Holsteinian age lie on till 
and glaciofluvial sands of the Elsterian Gla ci ation. Be neath,
glaciogenic se ries of the Cromerian Com plex and Menapian
Gla ci ation were doc u mented (Nitychoruk, 1994; Biñka et al.,
1997; Nitychoruk and Ga³¹zka, 2006).

The ac cu mu la tion of mol lusc-bear ing de pos its was con -
nected with the near shore zone of the lake. Notes on sed i -
ments with malacofauna were firstly made in the south ern part
of the Grabanów vil lage (GR st. 1), where they oc cur “in situ”
(Krupiñski and Skompski, 1995) and in the west ern part of the
vil lage, in the gravel pit, where they are glaciotectonically dis -
turbed (Fig. 1). They rep re sent frag ments of the coastal berm
pushed out in the Saalian Gla ci ation (Lindner and Wyrwicki,
1996; Biñka et al., 1997). In the north ern part of the lake they
were found in the 1960s and were doc u mented on the De tailed
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(Nitychoruk and Ga³¹zka, 2006). No signs of dis tur bance were
noted; how ever, they were not sub jected to a de tailed malaco -
logical anal y sis. Only bio met ric stud ies on Viviparus diluvianus
shells were con ducted at the Roskosz site, with a brief de scrip -
tion of the ac com pa ny ing snails (Szymanek, 2007, 2011). The
pres ent pa per pro vides a de tailed de scrip tion and anal y sis of
the struc ture of the mol lusc as sem blage from Roskosz. The
new pro file, bored in spring 2012 and de scribed as Wilczyn
1/12, is also in ves ti gated (Fig. 1). The prin ci pal aim of the study
was to re con struct en vi ron men tal con di tions in the Wilczyn
palaeolake on the ba sis of malacological data of both sites.
Stud ies on changes in aquatic veg e ta tion and wa ter depth were 
also con ducted.

GEOLOGICAL SETTING

Both pro files un der in ves ti ga tion are lo cated be tween the
small vil lages of Roskosz and Wilczyn (Fig. 1), in the north ern
part of the vast de pres sion doc u mented as a palaeolake ba sin
of the Holsteinian age (Biñka and Nitychoruk, 1996; Biñka et al., 
1997; Nitychoruk, 2000). The Roskosz site (GPS: 52°4’25” N;
23°8’24” E) is sit u ated ca. 1 km, whereas the Wilczyn pro file
(GPS: 52°4’23” N; 23°9’20” E) is lo cated ca. 155 m NW of route
Bia³a Podlaska–Wilczyn (Fig. 1). Mol lusc shells are con cen -
trated along the shores of the palaeolake in belts up to 500 m
long and 100 m wide. They ap pear on the sur face or un der a
thin cover of slope de pos its. The cen tral part of the ba sin is filled 
with cal car e ous gyttja and lac us trine chalk with a to tal thick ness 
of over 35 m, which are cov ered by silts and clays ac cu mu lated
in the ini tial part of the Saalian Gla ci ation (Biñka and
Nitychoruk, 1996; Biñka et al., 1997; Nitychoruk, 2000).

The geo log i cal pro file at Roskosz be gins at the depth of ca.
2.4 m with a ho ri zon of clayey silt, which is green ish-gray in col -
our. At 1.6 m a 10 cm layer of a blue sandy silt oc curs, which is
cov ered by de pos its with abun dant mol lusc shells – a sand of
mixed grain size, green ish-gray in col our (depth of 1.35–1.5 m); 
a me dium-grained sand, brown ish in col our (1.2–1.35 m); a
grey sandy silt (0.8–1.2 m) and a yel low clayey sand
(0.6–0.8 m). Above a 30 cm thick lay ers of col lu vial sand and

soil are dis tin guished. Malacofauna make up ca. 60% of the de -
posit vol ume and are very well pre served. Both the oc cur rence
of ex tinct gas tro pods Viviparus diluvianus and Lithoglyphus
jahni shells and the pol len spec tra points to the Holsteinian age
of the sed i ments (Szymanek, 2011). Both spe cies are un known 
af ter the Holsteinian Inter gla cial and in Po land V. diluvianus
was found only in de pos its of that age. Higher fre quency of
Quercus and Carpinus pol len at in ter val of 0.8–1.05 m may
sug gest the op ti mal, Carpinus-Abies zone of the Holsteinian
Inter gla cial (K. Biñka, pers. comm., 2011); how ever, the low
con tent and poor pres er va tion of sporomorphs hin der the in ter -
pre ta tion (Szymanek, 2011).

The mol lusc-bear ing de pos its at Wilczyn are 0.9 m thick.
The geo log i cal pro file starts at the depth of 2.1 m. A to tal of nine
lay ers can be dis tin guished from the bot tom: gyttja with or ganic
re mains, green ish-gray in col our (up to depth of 1.8 m); sandy
silt with malacofauna and or ganic re mains, grey in col our
(1.7–1.8 m); grey ish-yel low clay with malacofauna and or ganic
re mains (1.6–1.7 m); clayey silt, sandy in its up per part, with
abun dant mol lusc shells and sin gle or ganic re mains, grey
(1.2–1.6 m); sandy silt with sin gle molluscs, grey ish-yel low in
col our (0.9–1.2 m); clayey silt, grey ish-yel low in col our
(0.7–0.9 m) and dark grey mud (0.5–0.7 m). The lat ter is cov -
ered by the or ganic soil, dark brown in col our. Sim i larly as in the
Roskosz pro file, V. diluvianus and L. jahni shells are pres ent in
de pos its, which may sup port their Holsteinian age. A de scrip -
tion of the pol len spec tra is given be low. 

MATERIAL AND METHODS

At Roskosz a to tal of 6 sam ples at 10 cm in ter vals were col -
lected from a small ex ca va tion ca. 0.8 m wide, 2 m long and
1.6 m deep. They were taken from the top of the pro file down -
wards from ev ery dis tin guished layer of de pos its with molluscs,
i.e. in the depth in ter val of 0.6–1.5 m. Each of the sand lay ers
was rep re sented by one sam ple, whereas from silty de pos its
(0.8–1.2 m) three sam ples were col lected. At Wilczyn 1/12 the
ma te rial orig i nates from a bore hole with di am e ter of 10 cm.
Seven malacological sam ples were taken at the depth of
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Fig. 1. Lo ca tion sketch of study area
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1.1–1.8 m from 10 cm in ter vals. Eight sam ples (depth of
1.1–1.9 m) were paly no logi cal ly in ves ti gated by K. Biñka, Fac -
ulty of Ge ol ogy, Uni ver sity of War saw.   

The mol lusc anal y sis was car ried out in ac cor dance with
meth od ol ogy es tab lished by Ložek (1964), Alexandrowicz
(1987) and Alexandrowicz and Alexandrowicz (2011). Sam ples 
of vol ume of ca. 3 litres (Roskosz) and of 0.5–1.1 litres
(Wilczyn) were mac er ated and washed on a 0.5 mm mesh. All
mol lusc shells and their frag ments were picked from dried re -
sid uum, iden ti fied and counted un der low power bin oc u lar mi -
cro scope. Some dam aged spec i mens were de ter mined only to
the ge nus level. Ac cord ing to eco log i cal pref er ences of iden ti -
fied molluscs, they were grouped into open coun try snails (5),
spe cies of very damp, swampy, pe ri od i cally flooded sites (9),
spe cies of tem po rary wa ter bod ies (10), spe cies of per ma nent
wa ter bod ies of stag nant wa ters (11) and spe cies of flow ing wa -
ters (12). In ad di tion eight sup ple men tary classes were dis tin -
guished af ter Ložek (1964, 1976, 1982), Körnig, (1966), Pie -
chocki (1979), Skompski and Makowska (1989) (see Ta bles 1
and 3). The mol lusc com po si tion and its changes in the pro files
were il lus trated by malacological spec tra of spe cies (MSS) and
spec i mens (MSI) (see Figs. 2 and 5) as well as by
malacological di a grams (see Figs. 3 and 6). The Bithynia-in dex
(BIN) (Steenberg, 1917; Alexandrowicz W.P., 1987, 1999,
2004, 2007; Alexandrowicz S.W., 1987, 1999)  was counted to
char ac ter ize evo lu tion of veg e ta tion and depo sitional en vi ron -
ments. This shows re la tions be tween shells and opercula of
Bithynia tentaculata, which are sorted in the lit to ral of wa ter
bod ies and ac cu mu late in well-veg e tated zones with reeds and
bullrushes (opercula; BIN close to +1) or along the shores
(shells; BIN close to –1) (Steenberg, 1917; Alexan drowicz
S.W., 1999).   

Ba sic bio met ric stud ies were con ducted on the bi valve
Pisidium moitessierianum. Due to the low fre quency of this spe -
cies in the Wilczyn pro file, bio met ric meth ods were ap plied only
at Roskosz. Bi valves were mea sured un der the bin oc u lar with a 
use of mi crom e ter eye piece. Length (L) and height (H) of the
shell, as well as the ra tio of these pa ram e ters (L/H) were mea -
sured for each spec i men. The lat ter was used to de ter mine the
lac us trine or flu vial eco type of P. moitessierianum (Brod -
niewicz, 1960).

RESULTS

ROSKOSZ SITE

MOLLUSC COMPOSITION

The mol lusc as sem blage at Roskosz is com posed of 36
taxa (19 of snails and 17 of bi valves) rep re sented by 32,218
spec i mens. The num ber of taxa var ies from 22 to 30, whereas
num ber of spec i mens fluc tu ates be tween 2,686 and 7,274 with
the great est abun dance in the mid dle part of the sec tion (sam -
ple 3; depth of 0.95–1.05 m; Fig. 2). Spe cies of 4 eco log i cal
groups and 7 sup ple men tary classes were dis tin guished in the
com mu nity (Ta ble 1).

Spe cies of damp and swampy hab i tat (9). Group rep re -
sented by one spe cies – Succinea putris. Hab i tats of this land
snail are usu ally con nected with wet en vi rons and shores of wa -
ter bod ies (Kerney et al., 1983; Wiktor, 2004). Only sin gle in di -
vid u als are noted in sam ples 2 and 3 (Ta ble 1).

Spe cies of tem po rary wa ter bod ies (10). Three snail spe -
cies – Valvata cristata, Galba truncatula, Segmentina nitida and 
one bi valve – Pisidium milium, rep re sented by sin gle spec i -

mens, are pres ent in this group. Only V. cristata typ i cal of shal -
low, in ten sively over grown wa ter bod ies has slightly higher fre -
quency (Ta ble 1). 

Spe cies of per ma nent wa ter bod ies of stag nant wa ters
(11). The most abun dant group in the mol lusc com mu nity, com -
posed of 11 spe cies of snails and 8 spe cies of bi valves. The
most nu mer ous are snails noted both in stag nant and flow ing
wa ters – Lithoglyphus jahni, Valvata piscinalis, Viviparus
diluvianus and Bithynia tentaculata as well as V. piscinalis f.
antiqua, which is a typ i cal lake spec i men (Piechocki, 1979). V.
diluvianus and L. jahni have strati graphi cal sig nif i cance. The
eco log i cal tol er ance of L. jahni can be dis put able. It may be
treated as a river spe cies (Gittenberger et al., 2004; Kondra -
shov, 2007), how ever, Urbañski (1975) as well as Skompski
and Makowska (1989) join it with both lake and flu vial sed i -
ments. Note wor thy is also a pres ence of Acroloxus lacu stris,
Gyraulus albus and Lymnaea stagnalis, which in habit zones
with rich aquatic veg e ta tion (Piechocki, 1979; Glöer, 2002).

Among bi valves the most fre quent is Pisidium henslo -
wanum. This eurytopic spe cies of ten in hab its wa ter bod ies with
over flow (Piechocki and Dyduch-Falniowska, 1993). P. lillje -
borgi and P. hibernicum are lake spec i mens (Piechocki and
Dyduch-Falniowska, 1993), whereas P. moitessierianum in hab -
its both rivers and lakes cre at ing dif fer ent conchological forms
(Brodniewicz, 1960).

Spe cies of flow ing wa ters (12). All rep re sen ta tives of the
group are bi valves. Flow ing wa ters are pre ferred by Unio
pictorum, Pisidium supinum and P. amnicum. The lat ter is of ten
pres ent in the shore zone of lakes with strong wave ac tion
(Piechocki and Dyduch-Falniowska, 1993). The most abun dant 
are eurytopic P. nitidum and P. subtruncatum usu ally con -
nected with flu vial hab i tats (Ta ble 1; Piechocki and Dyduch-
 Falniowska, 1993; Alexandrowicz and Alexandrowicz, 2011).

MOLLUSC ASSEMBLAGE AND THE ENVIRONMENT

Mol lusc com mu nity from Roskosz is con nected with the lac -
us trine en vi ron ment, which is sup ported by Valvata piscinalis f.
antiqua, Acroloxus lacustris and Pisidium lilljeborgii. The
Holsteinian age of the malacocenoses is con firmed by the pres -
ence of Viviparus diluvianus, Lithoglyphus jahni as well as by
the pol len spec tra en riched in Quercus and Carpinus (Szy -
manek, 2011). Due to the bad state of pres er va tion of pol len
grains it is hard to es ti mate the ex act time of ac cu mu la tion of
mol lusc-bear ing de pos its. How ever, higher fre quen cies of oak
and horn beam may point to the op ti mal part of the inter gla cial
(the Carpinus-Abies zone) (Szymanek, 2011). 

En vi ron men tal con di tions were fa vour able for molluscs and
rather sta ble as is shown by the quan tity of molluscs and small
fluc tu a tions in the num ber of spe cies and spec i mens (Fig. 2).
Eco log i cal changes in the wa ter body may be drawn on the ba -
sis of the re la tion be tween dif fer ent groups of molluscs. Land
spe cies of damp and swampy hab i tat (eco log i cal group 9) and
spe cies of tem po rary wa ter bod ies (group 10) has sec ond ary
sig nif i cance at Roskosz, be ing an ac ces sory el e ment of the
fauna. The mol lusc com mu nity is char ac ter ized by the pre dom i -
na tion of snails and bi valves of stag nant wa ters (group 11) over
rheophile spe cies (group 12). They reach up to 85% of all spe -
cies and 99% of spec i mens pres ent in the sed i ments. Spe cies
of flu vial en vi rons makes be tween 9 and 25% of malaco -
cenoses. The num ber of the spec i mens is low (1–5% of the as -
sem blage), which sug gests rather re stricted wa ter move ments
(Fig. 2). An oc ca sional over flow in the low er most part of the sec -
tion can be in ferred from higher fre quen cies of Pisidium
henslowanum and P. nitidum (Piechocki, 1979; Skompski,
1983, 1989). 

Palaeoecology of the Holsteinian lake in vicinity of Wilczyn (Eastern Poland) based on molluscan studies 639

https://gq.pgi.gov.pl/article/view/9027/pdf_1053
https://gq.pgi.gov.pl/article/view/9027/pdf_1053
https://gq.pgi.gov.pl/article/view/8715/pdf_758


Three mol lusc as sem blages cor re spond ing with the suc -
ceed ing phases of lake de vel op ment can be dis tin guished at
Roskosz. The first one (sam ples 5 and 6; the depth of
1.25–1.50 m) is dom i nated by Lithoglyphus jahni. It makes up
over 40% of the as sem blage. Among the ac com pa ny ing spe -
cies Valvata piscinalis, V. piscinalis f. antiqua and Viviparus

diluvianus should be men tioned. Quite abun dant shells of
Pisidium henslowanum, P. moitessieria num and P. nitidum are
also noted (Fig. 3). The river flow ing through the lake is pos si ble 
at that time.  

The sec ond as sem blage (sam ples 2–4, the depth of
0.8–1.2 m) is dom i nated by Val vata piscinalis and Bithynia
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T a  b l e  1

Malacofauna of the Roskosz pro file

I II Taxon
Sam ples

   1    2      3     4 5 6

9 WD Succinea putris (Linnaeus)    7      4

10 Wp Valvata cristata Müller    5   14     4

10 Wd Galba truncatula (Müller)    3    2     2

10 WP Segmentina nitida (Müller)     1

10 We Pisidium milium Held      1

11 We Viviparus diluvianus (Kunth) 422   521 498 474 249 161

11 We Bithynia tentaculata (Linnaeus) 
(+ operculum)

  84

286

  207

  595

183

589

205

846

  26

134

   18

   18

11 We Lithoglyphus jahni Urbañski 1197 1275 1687 1911 1960 1099

11 We Valvata piscinalis Müller 2832 1828 3582 2917 1586 746

11 WL Valvata piscinalis f. antiqua
Sowerby 276   265 364 390 308 288

11 WL Acroloxus lacustris (Linnaeus)     15      9      9      1

Ra dix sp.   3      2      2      2

11 WL Lymnaea stagnalis (Linnaeus) 30    34    35 30     2     3

11 WL Planorbarius corneus (Linnaeus)   1      1      1    1

11 WL Planorbis carinatus Müller      3      5

Anisus sp.   1       1      1

11 We Gyraulus albus (Müller) 48   145 155 140   14     3

11 WL Gyraulus crista (Linnaeus)       2

Gyraulus sp. 67   111    65    49    6     6

11 We Sphaerium corneum (Linnaeus)   4      5     5     5    10    8

Sphaerium sp.   3      4     2     2     4     2

11 We Pisidium casertanum (Poli)   3      6     2     2    35    29

11 We Pisidium casertanum f. pon der osa
Stelfox   4      2     1      1    12     9

11 We Pisidium henslowanum (Sheppard)   5     15    15    27    81   50

11 WL Pisidium lilljeborgii Clessin      3     2      4     7    4

11 WL Pisidium hibernicum Westerlund      1      1

11 We Pisidium moitessierianum Paladilhe   5      1     2   52    11

11 We Pisidium crassum Stelfox    6     8   33    36

12 Wc Unio pictorum (Linnaeus)     6     2

12 We Unio tumidus Philipsson   1     1    10     1

12 Unio sp.   3       1     1     2

12 Wc Pisidium amnicum (Müller)   2     1

12 Wc Pisidium supinum A. Schmidt   1      1

12 We Pisidium nitidum Jenyns 16     24    27    32 106 104

12 We Pisidium subtruncatum Malm   5      4     7    12   20   20

Pisidium sp. 15     23    20    21    61   66

I – eco log i cal groups (af ter Ložek, 1964; Alexandrowicz S.W., 1987): 9 – spe cies of damp and swampy hab i -
tat, 10 – spe cies of tem po rary wa ter bod ies, 11 – spe cies of per ma nent wa ter bod ies of stag nant wa ters, 12 –
spe cies of flow ing wa ters; II – sup ple men tary eco log i cal sym bols (af ter Ložek, 1964, 1976, 1982; Körnig,
1966; Piechocki, 1979; Skompski and Makowska, 1989): WD – snails of swamps, flooded mead ows and
shores of wa ter bod ies, Wd – am phi bi otic spe cies of marshy and wa ter en vi rons, WP – molluscs of ep i sodic,
pe ri od i cally dry ing out wa ter bod ies, Wp – molluscs of shal low, in ten sively over grown wa ter bod ies, WL – spe -
cies of per ma nent wa ter bod ies of var i ous size, We – spe cies pres ent both in rivers and lakes, in stag nant and
flow ing wa ters, Wc – spe cies pre fer ring flow ing wa ters with weak cur rent; 14 – num ber of spec i mens



tenta culata (Fig. 3). Fluc tu a tions in the abun dance of these
spe cies may sug gest some changes of the wa ter level. B.
tentaculata oc cu pies more shal low zones of wa ter bod ies
(0.7–1.8 m), while V. piscinalis is usu ally con nected with depths 

of 8–10 m (Piechocki, 1979; Alexan drowicz, 1987; Alexan -
drowicz, 2007, 2008). Dom i nance of Bithynia opercula (BIN 
0.48–0.68) points to the growth of bullrushes and reeds
(Alexan drowicz and Sanko, 1997; Alexan drowicz W.P.,
1999, 2004, 2008). The over grow ing of the near shore zone 
fa voured an ex pan sion of pul mo nates. The fre quency of
plant as so ci ated spe cies – Lymnaea stagnalis, Gyra ulus
albus, Acroloxus lacustris, Planorbis carinatus in creases
dis tinctly in the up per part of the suc ces sion. V. diluvianus
and V. pisci nalis f. antiqua are con stant el e ment of the
fauna, the num ber of L. jahni is re duced to ca. 25% (Fig. 3).

The third as sem blage (sam ple 1, the depth of
0.65–0.75 m) is char ac ter ized by the dom i nance of  Valvata
piscinalis (Fig. 3). Ac cord ing to Alexandrowicz (2009) this
as so ci a tion is typ i cal of lit to ral zone, usu ally free of plants.
At Roskosz drop in the num ber of B. tentaculata is noted. Its 
opercula are still more nu mer ous than shells, but con tri bu -
tion of forms of rich veg e ta tion (e.g., Gyraulus albus,
Acroloxus lacustris, V. cris tata) di min ishes dis tinctly. Prob a -
bly the plant cover was lim ited due to deep en ing of the lake.
V. diluvianus, V. piscinalis f. antiqua and L. jahni oc cur in
abun dance sim i lar to the lower parts of the pro file (Fig. 3).

CLUSTER ANALYSIS

A dendrogram pro duced by clus ter anal y sis re flects the
mol lusc as sem blages de scribed at Roskosz (Fig. 4). Horn’s 
over lap in dex for abun dance data was used in clus ter ing
rou tine in the PAST programme (Horn, 1966; Ham mer et
al., 2001). Two main clus ters can be dis tin guished in the
dendrogram. The first one in cludes sam ples 5 and 6, i.e. the 
mol lusc as sem blage with Lithoglyphus jahni and with the
higher en ergy con di tions. The sec ond clus ter can be sub di -
vided into two parts. One is slightly di verse and con tains
sam ples 2, 3 and 4, which rep re sent the as sem blage with
Valvata piscinalis and Bithynia tentaculata. Gen er ally it is
con nected with ex pan sion of aquatic plants and some os cil -
la tions of wa ter level. The sec ond rep re sents sam ple 1 and
the as sem blage with Valvata piscinalis con nected with the
phase of a deeper lake (Fig. 4).

BIOMETRY OF PISIDIUM MOITESSIERIANUM

Ac cord ing to Brodniewicz (1960) two eco log i cal forms
of Pisidium moitessierianum can be dis tin guished, which
was ob served in two sites of the Eemian Inter gla cial and six
re cent. In rivers it reaches the length of 2.1 mm, in lakes
only 1.7 mm. Flu vial forms are char ac ter ized by sim i lar di -
men sions of the shell length and height, with the ra tio of
1.02, whereas ju ve nile spec i mens are rel a tively lon ger –
L/H = 1.17. In lac us trine forms, in ev ery stage of growth, the
length of shell is greater than its height. The length to height
ra tio (L/H) dif fers be tween young and ma ture in di vid u als
from 1.14 to 1.11 (Brodniewicz, 1960).

A to tal of 129 shells of P. moitessierianum were mea -
sured at Roskosz. Be cause it is ab sent in the sam ple 2 and
has low num bers in sam ples 3 and 4, re sults from sam ples
1, 5 and 6 are only pre sented (Ta ble 2). The length of shell
var ies from 1.1 to 1.8 mm, whereas the shell height ranges
from 1.0 to 1.72 mm. In all sam ples the great est num ber of
shells ap pears in the length in ter val of 1.4–1.6 mm and the

height in ter val of 1.2–1.4 mm (Ta ble 2). Sim i lar data are pre -
sented by Brodniewicz (1960) for re cent lac us trine form. Dis tri -
bu tion of shells with the most abun dant L/H classes of
1.05–1.10 and 1.10–1.15 also re sem bles re sults given for lake
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T a  b l e  2

Biometry of Pisidium moitessierianum from se lected sam ples
of the Roskosz site

Sam ple 1 Height (H) To tal

Length (L) 0.8–1.0 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8

1.4–1.6 1 5 1 7

1.6–1.8 2 2

To tal 1 5 3 9

Lmin = 1.4; Lmax = 1.67; Hmin = 1.3; Hmax = 1.52

Length (L) To tal

L/H 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8 1.8–2.0

1.0–1.05 1 1   2

1.05–1.10 1 1   1     3

1.10–1.15 3   3

1.15–1.20 1     1

To tal 2     5   2    9

Mean L/H 1.06 1.1 1.13   1.1

Sam ple 5 Height (H) To tal

Length (L) 0.8–1.0 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8

1.0–1.2 1   1

1.2–1.4 6   4 10

1.4–1.6 1 54 15 70

1.6–1.8   2 10 1 13

To tal 1 7 60 25 1 94

Lmin = 1.1; Lmax = 1.8; Hmin = 1.0; Hmax = 1.72

 Length (L) To tal

L/H 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8 1.8–2.0

1.0–1.05 2 1 3   

1.05–1.10 1 2 32 8 43   

1.10–1.15 8 30 2 40   

1.15–1.20 4 2 1 7  

1.20–1.25 1 1  

To tal 1 14 66 13 94    

Mean L/H     1.1      1.14       1.1      1.1  1.11

Sam ple 6 Height (H) To tal

Length (L) 0.8–1.0 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8

1.2–1.4 2   1   3  

1.4–1.6 15 2 17  

1.6–1.8 1   1  

To tal 2 16 2 21  

Lmin = 1.35; Lmax = 1.69; Hmin = 1.15; Hmax = 1.62

 Length (L) To tal

L/H 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8 1.8–2.0

1.0–1.05 1 1 2  

1.05–1.10 1 9 10   

1.10–1.15 1 6 7  

1.15–1.20 1 1 2  

To tal 3 17 1 21    

Mean L/H      1.13      1.1      1.04  1.09



hab i tats. The av er age length/height ra tios, which at tain 1.09,
1.11 and 1.10 in sam ples 6, 5 and 1 re spec tively, are typ i cal of
ma ture lake in di vid u als (cf. Brodniewicz, 1960). Thus the bio -
metry of P. moitessierianum seems to con firm the lac us trine or -
i gin of sed i ments.

WILCZYN 1/12 SITE

MOLLUSC COMPOSITION 

A to tal of 20 taxa were iden ti fied in the Wilczyn 1/12 pro file. 
The mol lusc com mu nity com prises 8 spe cies of snails and 12
taxa of bi valves with a to tal amount of 1500 spec i mens. The
num ber of spe cies and spec i mens per sam ple changes from 8 
to 15, and from 185 to 269 re spec tively. The most nu mer ous
pop u la tion was noted in sam ple 4 (the depth of 1.4–1.5 m),
whereas the poor est one is rep re sented by sam ple 5 (the
depth of 1.5–1.6 m; Fig. 5). Molluscs from Wilczyn 1/12 were
clas si fied in 5 eco log i cal groups and 7 sup ple men tary classes
(Ta ble 3).

Open coun try snails (5). Only one spec i men of Vallonia
pulchella be longs to this group (sam ple 2) (Ta ble 3). It in hab its
open en vi rons, mead ows, some times wet places (Kerney et al., 
1983; Wiktor, 2004). Prob a bly ac ci den tally de liv ered to the
com mu nity from an ad ja cent area.

Spe cies of damp and swampy hab i tat (9). Sim i larly to the 
Roskosz site, sin gle in di vid ual of Succinea putris was noted in
Wilczyn 1/12 in sam ple 4. Its ap pear ance is not es sen tial for the 
in ter pre ta tion (Ta ble 3).

Spe cies of tem po rary wa ter bod ies (10). One snail spe -
cies – Valvata macrostoma, rep re sented by only one spec i men
com poses this group (Ta ble 3). Its ap pear ance is usu ally con -
nected with ep i sodic, pe ri od i cally dry ing out wa ter bod ies, some -
times oc curs in the lit to ral of lakes (Piechocki, 1979; Glöer,
2002). It is not sig nif i cant for the in ter pre ta tion at Wilczyn.

Spe cies of per ma nent wa ter bod ies of stag nant wa -
ters (11). The group con tains 5 spe cies of snails and 7 of bi -
valves. Molluscs pres ent both in stag nant and flow ing wa ters
pre vail. The most fre quent are V. piscinalis and B. tentaculata,
pres ence of V. diluvianus and L. jahni is also worth not ing. P.
moitessierianum is less nu mer ous than at Roskosz and is rep -
re sented only by sin gle spec i mens. V. piscinalis f. antiqua and
P. hibernicum, typ i cal of lac us trine en vi rons, as well as
cold-lov ing P. obtusale lapponicum com plete the as sem blage
(Ta ble 3).

Spe cies of flow ing wa ters (12). Three spe cies of bi valves
be long to this group: P. amnicum, P. nitidum and P. sub -
truncatum. They are the ac ces sory com po nent of the fauna
(Ta ble 3). 

MOLLUSC ASSEMBLAGE AND THE ENVIRONMENT

The mol lusc as sem blage from Wilczyn 1/12 is typ i cal of
fresh wa ter en vi ron ments. Land snails Vallonia pulchella and 
Succinea putris are in sig nif i cant com po nents of the fauna. In
the com mu nity rep re sen ta tives of stag nant wa ters pre vails over 
the fluviatile molluscs. De spite a sin gle shell of Valvata
macrostoma they rep re sent a per ma nent wa ter body (eco log i -
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T a  b l e  3

Malacofauna of the Wilczyn 1/12 pro file

I II Taxon
Sam ples

1 2 3 4 5 6 7

5 So Vallonia pulchella (Müller) 1?

9 WD Succinea putris (Linnaeus) 1

10 WP Valvata macrostoma (Müller) 1?

11 We Viviparus diluvianus (Kunth) 1 + d 4 + d 3 + d 2 + d 3 + d 2 + d 2 + d

11 We Bithynia tentaculata (Linnaeus)
(+operculum)

4

43
35 37

5

64
54

3

85

3

36

11 We Lithoglyphus jahni Urbañski 2 2 4 9 6 7 8 + k

11 We Valvata piscinalis Müller 111 104 111 150 106 133 121

11 WL Valvata piscinalis f. antiqua
Sowerby 37 31 15 19 14 10 19

11 We Pisidium casertanum (Poli) 1 1 1 1 1 1

11 We Pisidium casertanum f. 
pon der osa Stelfox 1

11 We Pisidium henslowanum (Sheppard) 1

11 Wp Pisidium obtusale lapponicum 1 1

11 WL Pisidium hibernicum Westerlund 1

11 We Pisidium moitessierianum Paladilhe 1 1 1 1

11 We Pisidium crassum Stelfox 1

12 Wc Pisidium amnicum (Müller) 1 + d k k 1 + k 1 + k k

12 We Pisidium nitidum Jenyns 1 2 1 2 1

12 We Pisidium subtruncatum Malm 2 1 1

Sphaerium sp. 1 k 1 + k 1 + k k k

Pisidium sp. 1 + k 1 + k 1 + k 1 + k 1 + k 2 3 + k

5 – open coun try snails, So – spe cies of open en vi rons of di verse hu mid ity, k – few frag ments of shells, ? – iden ti fi ca tion
un cer tain, d – shell de tri tus; for other ex pla na tions see Ta ble 1



cal group 11). It was a lake with the abun dant form  V. piscinalis
f. antiqua. Spe cies of flow ing wa ters (group 12) are less com -
mon, with the great est fre quency in the low er most part of the
sec tion (sam ples 7 and 6). They con sti tute up to 33% of all taxa, 
but only a few per cent if re gard ing the to tal amount of in di vid u -
als. This ten dency oc curs in the whole pro file (Fig. 5). It may
sug gest weak wave ac tion, which was to tally re stricted in sam -
ple 5, where rheophile spe cies are ab sent. 

Three snail spe cies dom i nate in the Wilczyn malaco -
cenoses – V. piscinalis, B. tentaculata and V. piscinalis f. 
antiqua. The first makes up be tween 52 and 60% of all spe cies
and is the most nu mer ous in sam ples 7 and 3. Some fluc tu a -
tions in its num ber cor re spond with the higher abun dance of  B.
tentaculata. The lat ter is most fre quent in sam ples 6, 5 and 4
(be tween 34 and 25% of the as sem blage) and drops grad u ally
to ca. 18% in sam ple 2 (Fig. 6). These changes may be re lated
to slight os cil la tions of wa ter level, but it is not cer tain. In sed i -
ments mainly opercula of B. tentaculata are pres ent, which doc -
u ments the reed zone of the lake (BIN be tween 0.83 and 1).
Thus rather a shal low lit to ral en vi ron ment is in ferred. How ever,
a lack of pulmonate snails in di cates ac cu mu la tion be low the
depth of 2–3 m (Alexandrowicz, 1987). V. piscinalis f.  antiqua is 
also com mon. It par tic i pates in 4–9% in the com mu nity from the 
lower part of the pro file and at tains 16–18% in sam ples 2 and 1
(Fig. 6). V.  diluvianus and L. jahni are of sec ond ary im por tance. 
They con sti tute no more than 5% of the fauna and V. diluvianus
is rep re sented mostly be shell de tri tus (Ta ble 3). Bi valves are
rather rare. P. obtusale lapponicum noted in sam ples 3 and 4
may point to some what cooler con di tions (Piechocki and
Dyduch-Falniowska, 1993; Skompski, 1996). De te ri o ra tion of

the cli mate may be also sug gested by a sig nif i cant drop in the
num ber of taxa in the up per most part of the sec tion (Fig. 5).

CLUSTER ANALYSIS 

Clus ter ing at Wilczyn pro vided a dendrogram with two dis -
tinct groups of sam ples (Fig. 7). Firstly sam ples from the up -
per most part of the sec tion (1 and 2; depth of 1.1–1.3 m) were
joined to gether. They are char ac ter ized by the com mu nity with 
abun dant V. piscinalis, V. piscinalis f. antiqua and B. tenta -
culata. The sec ond clus ter is com posed of two units. The first
one with sam ples 4, 5 and 6 (depth of 1.4–1.7 m) is con nected
with the higher pro por tion of B. tentaculata and a zone of
reeds. The sec ond cov ers sam ples 3 and 7 (1.3–1.4 m and
1.6–1.7 m) and cor re sponds to the high est num bers of V.
piscinalis in the as sem blage and prob a bly deeper hab i tats
(Fig. 7).  

POLLEN ANALYSIS 

The pol len spec tra of lac us trine sed i ments from Wilczyn
1/12 are rather poor. In the up per most part of the suc ces sion, at 
the depth of 1.1–1.2 m no pol len grains were found. The ma te -
rial was prob a bly strongly pro cessed in a dry, con ti nen tal cli -
mate. In most sam ples (the depth of 1.2–1.3 m and 1.4–1.9 m)
the pol len is abun dant but pre served in bad con di tion. Sporo -
morphs of var i ous ages with both Paleogene and Neo gene el e -
ments and dinocysts are pres ent. The strati graphi cal range of
the sam ples is hard to es ti mate (K. Biñka, pers. comm., 2013).
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Fig. 2. Malacological spec tra and Bithynia-in dex (BIN) of the Roskosz pro file



Only the pol len spec trum from the depth of 1.3–1.4 m (sam ple
3) can be in ter preted (Ta ble 4). Dinocysts as well as Paleogene
and Neo gene pol len are less nu mer ous. The pol len of Pinus
and Betula pre vails in the sed i ment with some ad mix ture of
other trees and bushes, e.g. Carpinus. Her ba ceous plants are
quite abun dant with a high fre quency of Poaceae and Ar te mi -
sia. Also note wor thy is the oc cur rence of Sal vin ia, but only sin -
gle spores are pres ent (Ta ble 4). It is typ i cal of quiet, shal low

and over grown wa ter bod ies and reaches high fre quen cies in
the op ti mal and post-op ti mal part of the Holsteinian Inter gla cial.
How ever, the pol len spec trum in di cates rather cooler con di tions 
and is rem i nis cent of the fi nal stage of the inter gla cial with
sparse pine-birch for ests, noted in the nearby Wilczyn (WL-1)
and Kali³ów pro files (Biñka and Nitychoruk, 1996; Biñka et al.,
1997). It seems that the pres ence of some warm-de mand ing
pol len may be con nected with its redeposition. The ac cu mu la -
tion in the first interstadial pe riod of the Saalian Gla ci ation or
tran si tion inter gla cial/gla cial can not be ex cluded (K. Biñka,
pers. comm., 2013).

DISCUSSION

Mol lusc as sem blages from Roskosz and Wilczyn 1/12 were 
taken from dif fer ent parts of the same palaeolake of the
Holsteinian age. As ev i denced by the pol len spec tra of sed i -
ments, they are not syn chro nous. Sam ples from Roskosz are
older and prob a bly rep re sent some part of the inter gla cial op ti -
mum, whereas molluscs from Wilczyn 1/12 should be rather
con nected with the fi nal part of the Holsteinian (Mazovian) Inter -
gla cial (Fig. 8). The lat ter is sup ported by a higher abun dance of 
pine, birch and some her ba ceous plants. Un for tu nately, the ex -
act po si tion of other sam ples is hard to de fine due to very poor
pol len spec tra.

Mol lusc as sem blages un der in ves ti ga tion share some sim i -
lar i ties but they dif fer in many as pects. Both are typ i cal of lac us -
trine en vi ron ments. Flu vial spec i mens oc cur in rather in con sid -
er able amounts; how ever, cur rents are more ev i dent at Ros -
kosz, in the low er most part of the pro file. This is re corded by
greater num bers of Pisidium nitidum and P. henslowanum,
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Fig. 4. Clus ter anal y sis of molluscs from Roskosz

For ex pla na tions see Fig ure 3

Fig. 3. Malacological di a gram and mol lusc as sem blages of the Roskosz pro file

Lj – as sem blage with Lithoglyphus jahni; VpBt – as sem blage with Valvata piscinalis and Bithynia tentaculata;
Vp – as sem blage with Valvata piscinalis; for other ex pla na tions see Fig ure 2

https://gq.pgi.gov.pl/article/view/8240/pdf_332
https://gq.pgi.gov.pl/article/view/8240/pdf_332
https://gq.pgi.gov.pl/article/view/8246/pdf_338
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Fig. 6. Malacological di a gram of the Wilczyn 1/12 pro file

For ex pla na tions see Fig ures 2 and 5

Fig. 5. Malacological spec tra and Bithynia-in dex (BIN) of the Wilczyn 1/12 pro file

For other ex pla na tions see Fig ure 2



which sug gest some over flow through the lake. Signs of the
higher en ergy con di tions dis ap pear in the up per part of the sec -
tion and in the Wilczyn 1/12 pro file (Fig. 8). 

The main dif fer ences are vis i ble in the com po si tion of
molluscs. Malacocenoses from Roskosz is more di verse and
com prises more taxa. The lat ter may sug gest better con di tions
for fau nal de vel op ment than in the Wilczyn 1/12 pro file. How -
ever, they were not sta ble. Three dis tinct as sem blages, con -
nected with fol low ing phases of lake evo lu tion, can be dis tin -
guished. The as sem blage with Lithoglyphus jahni cov ers the
low est sam ples with doc u mented over flow. Hab i tats of this spe -
cies are still un cer tain, how ever, it is pos si ble that its oc cur -
rence is con nected with cur rents (cf. Gittenberger et al., 2004;
Kondrashov, 2007), depth con di tions (cf. Lindner et al., 1991;
Szymanek, 2012) or changes in the aquatic veg e ta tion. A sim i -
lar se quence was noted in the nearby Hrud pro files (Lindner et
al., 1991; Szymanek, 2012). How ever, the max i mum of L. jahni

co in cides there with the pre-op ti mal and op ti mal pe ri ods. De -
pos its en riched in L. jahni shells were also de scribed in other
Holsteinian sites e.g., Opole (Skompski, 1989) as well as in the
Augustovian Inter gla cial in Sucha Wieœ and Czarnucha
(Skompski, 2009). No de tailed com ments on the ecol ogy of this
spe cies were made but it was re lated to fa vour able ther mal con -
di tions (Skompski, 1989). The lat ter oc curs at Roskosz. The
sec ond mol lusc as sem blage with Valvata piscinalis and Bithy -
nia tentaculata re cords a drop of the wa ter level and over grow -
ing of the lake. Abun dant Bithynia opercula were ac cu mu lated
in the zone of reeds and bullrushes. Well-veg e tated hab i tats are 
sug gested by some pul mo nates (e.g., Lymnaea stagnalis,
Gyraulus albus, Acroloxus lacustris). Some os cil la tions of the
wa ter level can not be ex cluded at this pe riod. The up per most
as sem blage with V. piscinalis is joined with deep en ing of the
lake and lim ited veg e ta tion (Fig. 8). In all as sem blages Vivipa -
rus diluvianus ap pears in con sid er able amounts.

En vi ron men tal changes in the late Holsteinian Inter gla cial
are less dis tinct (Fig. 8). The lake was in hab ited mostly by V.
piscinalis, B. tentaculata and V. piscinalis f. antiqua. The num -
ber of L. jahni and V. diluvianus is sig nif i cantly lim ited. They are
usu ally re lated to warm pe ri ods, thus some de te ri o ra tion of the
ther mal con di tions may be in ferred at Wilczyn 1/12. Warm-de -
mand ing P. moitessierianum is also scarce and Gyraulus albus
com pletely dis ap pears. In ad di tion arc tic and sub-arc tic P.
obtusale lapponicum ap pears in the lake. How ever, B.
tentaculata, also re garded as a spe cies with higher cli ma tic de -
mands, is quite abun dant. Its num ber fluc tu ates, which co in -
cides with greater num bers of dom i nat ing in the sec tion Valvata
piscinalis. Some wa ter level changes oc curred at that time (Fig.
8), which is also ev i denced in pol len spec tra of nearby Kali³ów
and Wilczyn pro files (Biñka and Nitychoruk, 1996; Biñka et al.,
1997). In the shore zone, the reed beds were still pres ent, but
no plant-as so ci ated pulmonate snails oc cur. The lake still ex -
isted in the fi nal part of the inter gla cial; how ever, the mol lusc as -
sem blage was sparser than in its op ti mal part. For sure it sur -
vived un til be gin ning of the Saalian Gla ci ation, which is doc u -
mented in the pol len spec tra from Kali³ów and Wilczyn (WL-1),
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Fig. 7. Clus ter anal y sis of molluscs at Wilczyn 1/12

T a  b l e  4

Pol len spec trum of lake de pos its
of Wilczyn 1/12 pro file

Sam ple 3 (1.3–1.4 m)

Pinus – 115
Betula – 59
Larix – 1
Quercus – 2
Carpinus – 3
Corylus – 2
Alnus – 7
Picea – 2
Abies – 1
Juniperus – 1
Ericaceae – 1
Ar te mi sia – 6
Poaceae – 21
Polypodiaceae – 9
Pediastrum – 9
Nymphaea – 1
Typha latifolia – 1
Sal vin ia – 1
Pteridium aqulinum – 2

115 – num ber of pol len grains

Fig. 8. Scheme of eco log i cal changes in the Wilczyn
lake based on malacological stud ies

For ex pla na tions see Fig ure 3

https://gq.pgi.gov.pl/article/view/8579/pdf_636
https://gq.pgi.gov.pl/article/view/8579/pdf_636
https://gq.pgi.gov.pl/article/view/7747/pdf_25
https://gq.pgi.gov.pl/article/view/7747/pdf_25
https://gq.pgi.gov.pl/article/view/8240/pdf_332
https://gq.pgi.gov.pl/article/view/8240/pdf_332
https://gq.pgi.gov.pl/article/view/8246/pdf_338
https://gq.pgi.gov.pl/article/view/8715/pdf_758
https://gq.pgi.gov.pl/article/view/8715/pdf_758


how ever, no molluscs were found in the sed i ments of that age
(Biñka and Nitychoruk, 1996; Biñka et al., 1997).

Mol lusc com mu ni ties dom i nated by V. piscinalis and/or B.
tentaculata are com mon in lake de pos its of dif fer ent age. They
ap pear in the Bavelian (Augustovian) Inter gla cial (Skompski,
2009), in other sites of the Holsteinian Inter gla cial (Skompski,
1989, 1996; Albrycht et al., 1995; Szymanek et al., 2005;
Szymanek, 2011, 2012), in the Eemian Inter gla cial (Skompski,
1983; Alexandrowicz, 2008; Alexandrowicz and Alexandrowicz,
2010) as well as in the Late Gla cial and Ho lo cene (Alexan -
drowicz W.P., 1999, 2002, 2007, 2009; Wojciechowski, 2000;
Apolinarska and Ciszewska, 2006; Alexandrowicz and ¯urek,
2010; Sanko et al., 2010). Be cause some se quences of older
interglacials are not com plete, it is hard to con clude pre cisely on
the ecol ogy of the afore men tioned spe cies. In sec tions which
cover the en tire suc ces sion, re la tions be tween V. piscinalis and
B. tentaculata can be ob served in de tail. V. piscinalis usu ally ap -
pears ear lier in geo log i cal pro files. It is abun dant in pre-op ti mal
parts of the Eemian Inter gla cial as well as in the Late Gla cial sed -
i ments. The ex pan sion of B. tentaculata be gins in higher parts of
the Eemian suc ces sions and dur ing the Ho lo cene (Alexan -
drowicz W.P., 1999, 2002, 2007, 2008; Alexandrowicz and
Alexandrowicz, 2010; Sanko et al., 2010). Then they oc cur to -
gether in the wa ter bod ies but some fluc tu a tions in their abun -
dance are noted. Both spe cies are also nu mer ous in post-op ti -

mal pe riod of the Eemian, for ex am ple at ¯migród (Skompski,
1983; Alexandrowicz and Alexandrowicz, 2010) and Œwi¹tniki
(Alexandrowicz, 1988; Alexandrowicz and Alexandrowicz, 2010).

CONCLUSIONS

Mol lusc as sem blages from Roskosz and Wilczyn 1/12 doc -
u ment the evo lu tion of the Holsteinian palaeolake. They re cord
en vi ron men tal con di tions in the main phase of the lake’s ex is -
tence in the cli ma tic op ti mum as well as in the fi nal stage of the
inter gla cial. Di ver sity of mol lusc com mu ni ties en ables to dis tin -
guish the phase of a lake with over flow, pe ri ods of a fall in the
wa ter level and the ex pan sion of aquatic plants with reed zones
near the shore, as well as a rise in the wa ter level in the cli ma tic
op ti mum. The de te ri o ra tion of the cli mate is doc u mented at the
end of inter gla cial but molluscs still ex isted in quite con sid er able 
amounts. No ev i dence for post-inter gla cial fauna was found. 

Ac knowl edge ments. The pres ent study was fi nan cially
sup ported by sci en tific pro jects DSM-100600/4 and
DSM-102915, spon sored by Fac ulty of Ge ol ogy, Uni ver sity of
War saw. I am ex tremely grate ful to K. Biñka for palynological
ex per tise. The valu able com ments of three anon y mous re view -
ers on the manu script are highly ap pre ci ated.  
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