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Ab stract
This pa per pres ents the re sults of fos sil Cladocera anal y sis us ing ma te rial ob tained from seven palaeolakes of the
Eemian inter gla cial lo cated in Po land. The main aim of this study was to in ves ti gate the state of pres er va tion and di -
ver sity of spe cies in the Eemian Cladocera. The stud ied Eemian lakes were formed at the end of the Wartanian Gla ci -
ation in tun nel and ket tle holes. They had pre served a con tin u ous re cord of en vi ron men tal changes through out the
Eemian inter gla cial, un til the Vistulian Gla ci ation. Cladocera fos sils found in Eemian sed i ments were thin ner and had
a more dam aged struc ture than fos sils from the Ho lo cene. Low de gree of fos sil pres er va tion forced to de velop an al ter -
na tive method for prep a ra tion of the fos sils for the mi cro scopic anal y sis. Cladocera spe cies found in the ex am ined
palaeolakes cor re sponded to the pres ent-day spe cies in hab it ing Po land and Cen tral and North ern Eu rope. The changes in
spe cies com po si tion re sult ing from cli mate changes cor re sponded to the cur rent geo graphic dis tri bu tion of Cladocera.
De spite the poor con di tion of the ob tained fos sil re mains, the re sults showed that cladoceran fos sils in sed i ments of
palaeolakes may be used in the re con struc tion of en vi ron men tal con di tions from the pe riod pre ced ing the last gla ci ation.
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IN TRO DUC TION

Fos sil Cladocera have been stud ied in mul ti ple in sti tutes
in the world for al most 90 years. In Po land, the first stud ies
cov er ing full pro files were con ducted in the 1980s and
1990s. The stud ies pre sented a full re con struc tion of lake de -
vel op ment based on the de vel op ment of Cladocera groups
from the for ma tion of the bas ins un til pres ent (Szeroczyñska
1985, 1991, 1998, Biñka et al. 1988, Polcyn 1994). Sev eral
of the stud ied lakes were deemed model sites and in cluded in
the stud ies con ducted un der the IGCP–158 and Global
Change programmes. Fur ther more, the con di tion of lakes in -
flu enced by hu man ac tiv ity both in the Mid dle Ages (Polcyn
1997) and now a days (Niewiadomski 1994) have at tracted
some at ten tion.

Cladocera, thanks to their char ac ter is tics (small size,
abil ity to pro duce ephippia which may be trans ported by
birds to col o nize new wa ter bod ies, and abil ity to re pro duce
by par the no gen e sis), are much more ex pan sive and mo bile
than the larger mem bers of aquatic fauna. There fore, their
response to cli ma tic and en vi ron men tal changes may be
quicker and more rad i cal than in larger or gan isms (Frey 1962).

High use ful ness of the anal y sis of Cladocera fos sils in
sed i ments for the re con struc tion of en vi ron men tal con di tions 
led to a con sid er able in ter est in the method for its po ten tial
ap pli ca bil ity also in the stud ies of older sed i ments from the
pe riod pre ced ing the last gla ci ation. Ana lys ing the Eemian
inter gla cial, a warm pe riod be fore the last gla ci ation, helps to
es ti mate hu man in flu ence on the en vi ron ment and es tab lish
sce nar ios of fu ture cli ma tic and en vi ron men tal changes
(Cheddadi et al. 1998).

Sed i ments from the Eemian inter gla cial have been cov -
ered mainly by palynological anal y ses (more than 100 pro -
files were es tab lished for in stance by Mamakowa 1989,
Granoszewski 2000, Dobracka, Win ter 2001, Kupryjano-
wicz 2008). The stud ied sed i ments oc cur in dif fer ent geo log -
i cal con di tions, ei ther cov ered with gla cial sed i ments of the
Vistula Gla ci ation periglacial lay ers, or aquatic ac cu mu la -
tion prod ucts. The pro file of B³onie (Karaszewski 1974) was
the first, in which the age of organogeneous Eemian sed i -
ments was de ter mined (by Prószyñski 1981) us ing the TL
(thermoluminescence) method. The es ti mated age was
125,000–108,000 years BP. In the light of the pre sented data, 
the Eemian inter gla cial pe riod should be cor re lated with the
last inter gla cial warm ing dis tin guished in deep sea cores as
stage 5e of the 18O to 16O ra tio, whose es ti mated age is
128,000–118,000 years BP (Shackle ton, Opdyke 1976).

In gen eral, the cli mate in Po land var ied from sub con ti -
nen tal in the early Eemian to suboceanic at the op ti mum
(Zagwijn 1996, Aalbersberg, Litt 1998). The oce anic in flu -
ences were caused by the open ing of the con nec tion be tween
the Bal tic Sea and the White Sea (Zagwijn 1996, Aalbers-
berg, Litt 1998; Funder et al. 2002). The mean sum mer tem -
per a ture in creased from 10°C (Warta/Late Saalian Gla ci -
ation) to 16°C in the early Eemian and to 19–20°C dur ing the
Corylus zone (op ti mum), then de creased slightly to 17°C and 
fi nally to 10–11°C at the end of the Eemian. The mean win ter
tem per a ture rose from –12°C at the be gin ning of the Eemian
to –2 or to 0°C in the early Eemian, in creased to 2–4°C dur ing 
the op ti mum, and dropped to be low 0°C (to –4°C) in the
post-op ti mum pe riod. Dur ing the Carpinus zone, a sud den



de crease to –5°C (Cheddadi et al. 1998) or a max i mum of
win ter tem per a ture of +2°C (Zagwijn 1996) has been sug -
gested. Dur ing the early Eemian, an nual pre cip i ta tion in -
creased to 700–800 mm yr–1, reached its max i mum of ca.
1000 mm yr–1 in the op ti mum, and then grad u ally dropped to
ca. 400 mm yr–1 (Cheddadi et al. 1998).

Anal y ses of Cladocera fos sils in Po land have re vealed
de tailed in for ma tion of cladoceran spe cies suc ces sion cov er -
ing the last 13,000 years (G¹siorowski 2002, Szeroczyñska,
G¹siorowski 2002, Szeroczyñska 2006). Cladocera fos sils
and ephippia have been spo rad i cally found in sed i ments
older than the last gla ci ation (Jessen, Milthers 1928, Dickin-
son 1959, and oth ers). The first full anal y sis of fos sil Clado-
cera from Eemian lakes in Eu rope was per formed in Den -
mark (Frey 1962). Lit er a ture on Cladocera suc ces sion dur ing 
the Eemian inter gla cial is scarce, as only a few Eemian lo ca -
tions in the world have been ex am ined for the con tent of
Cladocera fos sils to date, many of them only pre lim i nar ily
(Tsukada 1972, Kadota 1975, Hann, Karrow 1984, 1993).

The main aims of this study were to in tro duce a mod i fied
method for the sam ple prep a ra tion of the Eemian Cladocera
re mains de vel oped by the au thor, to pres ent the state of pres -
er va tion of the re mains of fos sil Cladocera from Eemian lac -
us trine sed i ments and to com pare them with the re mains from 
the re cent sed i ment (Ho lo cene). An im por tant part of this
study was the pre sen ta tion of the di ver sity and the dom i nant
spe cies of Cladocera in the Eemian inter gla cial, as well as the
com par i son of the re sults of Cladocera anal y sis in the Ee-
mian palaeolakes with other Eemian po si tions from Po land
and the world.

This pa per pres ents the re sults of prep a ra tion and anal y -
sis of Cladocera re mains from seven fos sil bod ies of fresh

wa ter of the Eemian inter gla cial. A de tailed de scrip tion of the 
suc ces sion of Cladocera spe cies and study area in each site
has pre vi ously been pub lished (Niska 2002, 2003, 2008,
Miros³aw-Grabowska, Niska 2005, 2007a b, Miros³aw-Gra-
bowska et al. 2009).

STUDY SITES AND LI THOL OGY

The study lakes were formed at the end of the Warta
Stadial (Late Saalian Gla ci ation), Mid dle Pol ish Gla ci ation
in the melt de pres sion and gla cial chan nel. Four of them are
lo cated to the south of the bound ary of the last gla ci ation
(Solniki, Besiekierz, KucówIIc, Horoszki Du¿e), and three
of them, Studzieniec, Kaliska and Ruszkówek, are lo cated to
the north of the bound ary (Fig. 1).

The palaeolake Ruszkówek is lo cated near Konin (Ku-
jawy Lakeland – cen tral Po land) (Fig. 1). The 15-m thick
sed i ments of Ruszkówek core has been paly no logi cal ly ana -
lysed by Janczyk-Kopikowa (1997). On the bot tom of the
core sandy silts oc cur. Then the bright brown and grey ish cal -
car e ous fine de tri tus gyttja ap pears (Fig. 2). The gyttja is
interbedded with white ho mog e nous lake marl. Next, dark
brown de tri tus-rich peaty sands and peat oc cur. In the up per
part of Ruszkówek core the light grey cal car e ous fine sands
and silts ap pear again.

The Kaliska palaeolake is lo cated near Lubieñ Kujawski
(Cen tral Po land) at 122 m a.s.l. (Fig. 1). The 5-m thick sed i -
ments of Kaliska core has been paly no logi cal ly ana lysed by
Janczyk-Kopikowa (1965). On the bot tom of the core bright
grey silty sands ap pear (Fig. 2). Sands are then re placed by
bright grey and brown ish gyttja, char ac ter ised by high CaCO3

con tent, which in crease up to above 80%. The gyttja is inter-
bed ded with lac us trine chalk. Next, or ganic silts and peat
containing car bon ate pre cip i ta tions oc cur. In the up per part
of Kaliska core car bon ate sed i ments (gyttja, silts) ap pear
again.

The palaeolake Besiekierz is lo cated about 30 km in
north from £ódŸ (Cen tral Po land) at 130 m a.s.l. The sed i -
ments 4-m thick from Besiekierz core has been paly no logi -
cal ly ana lysed by Z. Janczyk-Kopikowa (1991). The low est
part of the core is rep re sented by silty sand and clayey silt,
with low con cen tra tion of CaCO3. Then, cal car e ous gyttja in
bright brown and grey col our ap pears. The up per part of this
suc ces sion con tains or ganic silts and peat (Fig. 2).

KucówIIc cross-sec tion is lo cated in open-cost mine
Be³chatów. The thick ness of the de pos its fill ing the de pres -
sion at Kuców IIc is 12,5 m. At the bot tom there are al ter nat -
ing lay ers of slate and peat (2,5 m). It is over lain by 5-m thick
se ries of or ganic silt, or peat silt, over which in turn lies a 5-m
thick layer of or ganic silt (Fig. 3). The sed i ments from
Kuców IIc core has been paly no logi cal ly ana lysed by Bal-
wierz (1998).

The palaeolake Studzieniec is lo cated near Sierpc (cen -
tral Po land) at 112-m a.s.l. The sed i ments of over 19-m thick
Studzieniec core has been paly no logi cal ly ana lysed by Kru-
piñski (2005). On the bot tom of the core (be low 19.2 m) silty
sand and clayey silt oc cur. Then bright brown and grey ish
gyttja ap pears. The gyttja is char ac ter ised by in creas ing con -
tent of CaCO3 up to above 70%. The up per part of this suc -
ces sion con tains or ganic silts and peat (Fig. 3).
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Fig. 1. Eemian sites of lac us trine sed i ments, ana lysed for fos sil
Cladocera in Po land by the au thor: Besiekierz, Horoszki Du¿e,
Solniki, KucówIIc, Studzieniec (Niska 2008), Ruszkówek, (Miro-
s³aw-Grabowska et al. 2009), and Kaliska (Miros³aw-Grabowska,
Niska 2007); and by oth ers: Imbramowice (Miros³aw-Grabowska,
G¹siorowski 2010), S³awoszewem (Paw³owski 2011), and W³ady-
s³awów (Tobolski 1991).
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A 10-m thick lake se ries at Solniki (Fig. 3) was dis cov -
ered dur ing car to graphic works at Trzeœcianka sheet of De -
tailed Geo log i cal Map of Po land 1:50000 (Kurek, Preidl
2001). It is cov ered by 3-m layer of sands and sandy clays.
Till is not pres ent in the cov er ing layer. Lake de pos its fill a
rel a tively large melt de pres sion. The Eemian de pos its (ca. 5 m
thick) are rep re sented in the lower part by slightly clayey peat 
(ca. 0.40 m thick), fol lowed by or ganic silts. The Eemian part
of the sec tion is fol lowed by 3.3 m of Early Vistulian
(Weichselian) clayey and peaty silts.

The palaeolake Horoszki Du¿e is lo cated in south ern
Podlasie (Fig. 1). An at tempt to ana lyse the re mains of Clado- 
cera from the Horoszki pro file failed. They were too dam -
aged, pre vent ing the iden ti fi ca tion of spe cies.

The cores from the stud ied palaeolakes are only “paly no -
logi cal ly dated”. There are no ra dio met ric dates be cause the
en tire Eemian Inter gla cial falls out side the range of the ra dio -
car bon dat ing and the car bon ate lac us trine sed i ments are
very prob lem atic sub ject to other ab so lute chronometric dat -
ing meth ods e.g. the ura nium-tho rium dat ing. There fore,
only the re sults of palynological anal y sis con firm the Eemian 
age of the stud ied palaeolake de pos its. The sam ples were col -
lected at in ter vals of 5 to 10 cm, based on lithological
changes in the suc ces sion.

METH ODS – MOD I FIED SAM PLE
PREP A RA TION FOR CLADOCERA

ANAL Y SIS

Sed i ments for palaeolimnological stud ies col lected from 
ex ist ing and fos sil lakes of the Ho lo cene are usu ally poorly
con sol i dated, which sig nif i cantly fa cil i tates ob tain ing sed i -
ment sam ples of ap pro pri ate vol ume. The Eemian ma te rial
was highly con sol i dated, which im peded a pre cise col lec tion
of 1 cm3 of sed i ment for the anal y ses. With highly con sol i -
dated ma te rial, the sam ples were weighed. Sub se quently, the
sed i ment sam ple was im mersed in dis tilled wa ter (100 ml)
and left to dis in te grate (mac er ate) for 24 hours. The sam ples
of Cladocera were pre lim i nar ily pre pared ac cord ing to the
method re quired by IGCP pro ject 158 (Frey 1986). How ever,
that method was pro posed for sig nif i cantly youn ger sed i -
ments, in which chitinous re mains of Cladocera are far thicker
and harder, and thus much more re sis tant to the prep a ra tion
pro ce dures. Mod i fi ca tion was re quired in the use of a mag -
netic stir rer, due to the poor con di tion of the re mains. Stir ring
com bined with min eral par ti cles led to ex ces sive grind ing of
the sed i ments con tain ing the Cladocera re mains. The stir rer
was only used for sam ples com posed largely of or ganic mat -
ter, for which there was no risk of sam ple de struc tion.

Once 1 cm3 or 1.5 g sed i ment was pre pared, de pend ing
on the pro file, 100 ml of 10% po tas sium hy drox ide (KOH)
were added to the sam ple and then heated with gen tle stir ring
us ing a rod. The mix ture was main tained near the boil ing
point for approx. 20–30 min utes. Sub se quently, the sam ple
was cooled down and sup ple mented with 100 ml dis tilled
wa ter. Af ter 24 hours, the sam ple was fil tered on two sieves
of dif fer ent mesh size 0.05mm and 0.5 mm to sep a rate frac -
tions of con tain ing the Cladocera re mains. The sam ple was
pre pared for mi cro scopic anal y sis by stain ing with glyc er ine
so lu tion of safranin.

RE SULTS AND DIS CUS SION

State of pres er va tion

Cladocera fos sils de pos ited dur ing the Eemian inter gla -
cial, com pared to those from the Ho lo cene sed i ments, were
thin ner, had a more dam aged struc ture and of ten lacked char -
ac ter is tic fea tures en abling spe cies de ter mi na tion (Fig. 4).
Those fos sils were par tic u larly dif fi cult to han dle in qual i ta -
tive and quan ti ta tive anal y ses and did not stain ef fi ciently
with safranin, which ad di tion ally com pli cated their dif fer en -
ti a tion from the sur round ing mass of de com posed or ganic
mat ter.

Rel a tively well-con served were the re mains of spe cies
en dowed with the thick est ar mour. The “postabdomens”
(wa ter flea ap pend ages) were also nu mer ous. Once pre lim i -
nary mi cro scopic Cladocera as sess ment was car ried out, it
was clear that the re mains de rived from the gyttja sed i ments
were the most dif fi cult to ana lyse (Fig. 5), as the mass of
highly de com posed plant tis sues filled the Cladocera re mains 
com pletely and pre vented their ex am i na tion. A se ries of me -
thod i cal ex per i ments was con ducted to ob tain “pure” ma te -
rial for the stud ies. The sam ples were treated with cool and
hot KOH so lu tions at var i ous con cen tra tions. The sed i ments
were also boiled in H2O only, but no ef fect was ob served.
The prob lem was par tially solved by add ing sev eral drops of
a de ter gent (dish soap) to the last wash. The de ter gent sep a -
rated the res i dues, which made the re mains more vis i ble.

Sig nif i cantly better re sults were ob tained with peat sed i -
ments, rea son ably good re sults were ob tained with silt sed i -
ments, whereas slate usu ally lacked Cladocera fos sils. It was
ini tially thought that the main cause of poor ma te rial con di -
tion was its dry ing af ter the col lec tion (ar chi val sam ples ob -
tained for anal y sis were of ten highly des ic cated). Nonethe-
less, anal y ses per formed with fresh ma te rial did not bring
better re sults. The ma te rial for qual i ta tive anal y ses was col -
lected from the hu mid walls of fos sil wa ter bod ies in Be³cha-
tów Faustynów and Chabielice near po si tion KucówIIc. The
sam ples were pre pared for anal y sis im me di ately af ter de liv -
ery to the lab o ra tory, but the ob tained re mains were equally
dam aged. It may there fore be sus pected that the most dete-
riorative fac tors were time and chem i cal re ac tion in the sed i -
ment.

Num ber of spe cies and their fre quency

Fos sil Cladocera re mains ex am ined in the Eemian sed i -
ments did not ex hibit sub stan tial dif fer ences in ap pear ance
and size com pared to the pres ent-day re mains. Cladocera
spe cies ana lysed in the Eemian sed i ments in Po land and in
other parts of the world (Frey 1962, Hann, Karrow 1993) cor -
re spond to the spe cies cur rently found world wide. Some -
times dif fer ences in size and the thick ness of chitin ar mour
etc. are re ported, but they mainly stem from dif fer ent edaphic 
and chem i cal con di tions in wa ter bod ies, as well as the time
that has passed since the de po si tion of the re mains, which
marks the length of the ex po sure to dam ag ing fac tors (Niska
2002). Changes oc cur ring in Cladocera spe cies com po si tion, 
as an ef fect of cli ma tic changes in the stud ied wa ter bod ies in
the Eemian inter gla cial, cor re spond to the cur rent geo graphic 
dis tri bu tion of the spe cies (Frey 1962).
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In the Eemian palaeolakes of this study, the au thor found
26 Cladocera spe cies (Ta ble 1). These 26 spe cies of Clado-
cera has also been found in other Eemian palaeolakes in Po -
land. In com par i son, in the Late Gla cial sed i ments in Po land
the oc cur rence of a few to sev eral Cladocera spe cies has been 
re corded, and in the Ho lo cene lac us trine sed i ments about 30
spe cies (Szeroczyñska, Zawisza 2007).

The to tal num ber of Cladocera in di vid u als iden ti fied in
each sam ple (in 1 cm3 or 1.5 g) did not ex ceed 6000 (Figs 2, 3).
The to tal con cen tra tion of re mains was lower than in Ho lo -
cene sed i ments. The smaller num ber of re mains is prob a bly
due to the de struc tion of re mains as a re sult of chem i cal and
phys i cal pro cesses in sed i ments, i.e. “time ef fect”, as well as
the in abil ity to rec og nize some of the re mains.
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Fig. 5. Subfossil Cladocera re mains from the Eemian gyttja, peat, and silt sed i ments.



Dom i nant spe cies

The spe cies of Cladocera have not un der gone ma jor evo -
lu tion ary changes for hun dreds of thou sand years, there fore,
it is pre sumed that the knowl edge of eco log i cal and cli ma tic
re quire ments of the pres ent-day spe cies may be used to in ter -
pret the changes oc cur ring in lakes in the past (Szeroczyñska
in: Toboloski 1991). Iden ti fi ca tion and eco log i cal in ter pre ta -
tion of the stud ied Cladocera re mains from lake sed i ments
was con ducted fol low ing the stud ies by Duigan (1992), Frey
(1958, 1962), Goulden (1964), Hofmann (1986), Korhola
(1990) Szeroczyñska (1985) and Szeroczyñska, Sarmaja-
Korjonen (2007).

In the Eemian wa ter bod ies, the prev a lent and the most
var ied group of spe cies were the lit to ral forms of the Chydo-
ridae fam ily. Spe cies be long ing to this fam ily are the most in -
ter est ing study ma te rial, pro vid ing in for ma tion on the shore

line sta tus and the cli mate. Mem bers of this fam ily are the
best in di ca tors of ther mal and en vi ron men tal fac tors (Frey
1958, Goulden 1964, Poulsen 1928). The fam ily Bosminidae 
was rep re sented by Bosmina longirostris, Bosmina (Eubos-
mina) longispina, and Bosmina (Eubosmina) coregoni, while
the fam ily Daphniidae was rep re sented by Ceriodaphnia sp.,
the Daph nia pulex group, and the Daph nia longispina group.
The mem bers of those fam i lies live mainly in the open wa ter
zone and con sti tute an el e ment of the pe lagic en vi ron ment
(Lampert, Sommer 2001). Some of them, es pe cially the mem -
bers of the fam ily Daphniidae, are rarely en coun tered in sed i -
ment ma te rial due to the poor con ser va tion of their chitin
ar mour. What was found in sed i ments, were mainly their
ephippia and postabdominal claws. The spe cies (Bosminidae,
Daphniidae) are im por tant in di ca tors of wa ter level changes
and trophic sta tus of the wa ter body (Alhonen 1970). Sida
crystallina was the only found spe cies of the fam ily Sididae.

38 M. NISKA 

Ta ble 1
Iden ti fied spe cies of Cladocera in the sed i ments of the Eemian lakes

M. Niska
K.

Szeroczyñska
D.

Paw³owski
M.

G¹siorowski

Ruszkó-
wek

Kaliska
Biesie-
kierz

Kuców
IIc

Studzie-
niec

Solniki
W³adys³a-

wów
S³awosze-

wek
Imbramo-

wice

1. Acroperus harpae (Baird, 1835) + + + + + + + + +

2. Alona affinis (Leydig, 1860) + + + + + + + + +

3. Alona guttata (Sars, 1861) + + + + + + + +

4. Alona quadrangularis (Mul ler, 1785) + + + + + + + +

5. Alonella excisa (Fischer, 1854) + + +

6. Alonella exigua (Lillieborg, 1853) + + + + + +

7. Alonella nana (Baird, 1843) + + + + + + +

8. Anchistropus emarginatus (Sars, 1861) + + + +

9. Bosmina longirostris (O. F. Mul ler, 1776) + + + + + + + +

10. Bosmina longispina (Leydig, 1860) + +

11. Camptocercus rectirostris (Schodler, 1862) + + + + + + + + +

12. Ceriodaphnia sp. (Dana, 1853) + + + + + +

13. Chydorus sphaericus (O. F. Mul ler 1776) + + + + + + + + +

14. Disparalona rostrata (Koch, 1841) + + +

15. Eurycercus lamellatus (O. F. Mul ler, 1776) + + + + + + + + +

16. Graptoleberis testudinaria (Fischer, 1848) + + + + + + + +

17. Leydigia acanthocercoides (Fischer, 1854) + + +

18. Leydigia leydigi (Schodler, 1863) + + + + + +

19. Monospilus dispar (Sars, 1861) + + + + + + +

20. Oxyurella tenuicaudis (Sars, 1862) + + + +

21. Peracantha truncata (O. F. Mul ler, 1785) + + + +

22. Pleuroxus trigonellus (O. F. Mul ler, 1776) + + + + +

23. Pleuroxus uncinatus (Baird, 1850) + + + + + + +

24. Sida crystallina (O. F. Mul ler, 1785) + + + + + + + + +

25. Daph nia longispina group (O. F. Mul ler, 1776) + + +

26. Daph nia pulex group (Straus, 1820) + +

27. Leptodora kindti (Focke, 1844) + +

28. Bosmina coregoni (Aus tin, 1942) + + +

29. Chydorus globosus (Baird, 1850) + +



CLADOCERA RE MAINS IN THE EEMIAN SED I MENTS 39

Ta ble 2
The list of dom i nant spe cies of Cladocera oc cur ring at dif fer ent phases of  the stud ied Eemian sed i ments

Stra tig ra phy
(Mamakova 1089)

Solniki Besiekierz Studzieniec Kuców IIc Kaliska Ruszkówek

Early
Vistulian/
Weichselian

EV3
Chydorus sphaericus
Alona quadrangularis
Bosmina longirostris

- - - - -

EV2b

Chydorus sphaericus
Bosmina longispina
Camptocercus
rectirostris
Alona affinis

- - - - -

EV2a

Bosmina longispina
Sida cristallina
Alona affinis
Alona rectangula

-
Chydorus sphaericus
Acroperus harpae
Disparalona rostrata

- - -

EV1
Chydorus sphaericus
Alona guttata Bosmina 
longispina

-
Chydorus sphaericus
Pleuroxus uncinatus
Bosmina longirostris

-

Alona affinis
Chydorus
sphaericus
Eurycercus
lamellatus

Alona guttata

Eemian
Inter gla cial

E7
Bosmina longispina
Bosmina longirostris 
Acroperus harpae

-

Chydorus sphaericus
Alona quadrangularis
Alone guttata
Bosmina longirostris

-

Alona affinis
Chydorus
sphaericus
Eurycercus
lamellatus

Chydorus
sphaericus
Alona
quadrangularis
Alona guttata
Bosmina
longirostris
Pleuroxus
uncinatus

E6

Bosmina longispina
Bosmina longirostris
Alona affinis
Monispilus dispar

-

Alonella nana
Alona guttata
Alona affinis
Eurycercus lamellatus

Graptoleberis
testudinaria
Camptocercus
rectirostris
Acroperus harpae

Acroperus harpae
Graptoleberis
testudinaria
Camptocercus
rectirostris

Eurycercus
lamellatus Alona
quadrangularis
Alona guttata 

E5

Alona guttata
Alona affinis
Bosmina longispina
Camptocercus
rectirostris 

-

Acroperus harpae
Alona guttata
Bosmina longirostris
Eurycercus lamellatus 

Alona guttata
Alona affinis

Chydorus
sphaericus
Eurycercus
lamellatus
Alona affinis
Acroperus harpae

Alona
quadrangularis
Camptocercus
rectirostris Alona
guttata Pleuroxus
uncinatus

E4
Alona affinis Bosmina
longispina

-
Alona guttata
Alonella nana Bosmina 
longirostris

Eurycercus
lamellatus

Alona guttata
Alona affinis
Eurycercus
lamellatus

Alona
quadrangularis
Alona guttata
Camptocercus
rectirostris
Alona affinis

E3

Alona affinis
Bosmina longispina
Acroperus harpae
Chydorus sphaericus
Eurycercus lamellatus

Chydorus
sphaericus
Camptocercus
rectirostris

Alona guttata
Alonella nana Bosmina 
longirostris

Alona affinis -

Eurycercus
lamellatus
Acroperus harpae
Pleuroxus
uncinatus

E2
Alona affinis
Chydorus sphaericus
Eurycercus lamellatus

Camptocercus
rectirostris
Alona affinis
Sida cristallina

Alona guttata
Camptocercus
rectirostris
Eurycercus lamellatus

Acroperus harpae
Alona guttata
Alona affinis

-
Chydorus
sphaericus

E1 -
Camptocercus
rectirostris
Acroperus harpae

Eurycercus lamellatus
Camptocercus
rectirostris
Chydorus sphaericus

Alona
quadrangularis
Bosmina
longirostris

-

Eurycercus
lamellatus
Alona affinis
Sida cristallina

Wartanian/Late
Saalian

-

Alona affinis
Alona guttata
Chydorus
sphaericus

Alona affinis
Alona quadrangularis

- - -



The struc ture of the prev a lent Cladocera spe cies in the
sed i ments of the strata cor re lated with palynological lev els
de pended on age, de vel op men tal phase, the rate of change,
and the morphometry of the lake (Ta ble 2). Lake depth sig -
nif i cantly af fected the re sponse of Cladocera to changes in
the sed i men ta tion rate and cli mate. In the mid dle Eemian
inter gla cial, the tem per a ture was rel a tively high and the cli -
mate was drier (Kupryjanowicz 2003). This led to a de crease
in wa ter level in the large palaeolakes, whereas the shal low -
est palaeolake, Besiekierz, underwent terrestrialization.

Through out the ex is tence of the wa ter bod ies in the
Eemian inter gla cial, the prev a lent spe cies were those en -
dowed with broad ther mal and edaphic tol er ance: Acroperus
harpae, Alona affinis, Alona guttata, Alona quadrangularis,
Alonella nana, Bosmina longirostris, Bosmina (E.) longi-
spina, Chydorus sphaericus, Eurycercus lamellatus, Grap-
toleberis testudinaria, Monospilus dispar, Pleuroxus unci-
natus, Sida crystallina and termophilic Camptocercus recti-
rostris.

In the ini tial phase of the stud ied wa ter bod ies, i.e. at the
last stage of the Warta Gla ci ation (Saalian), mainly pi o neer
spe cies pre vailed: Alona affinis, Alona guttata, Chydorus
sphaericus and Alona quadrangularis. At the be gin ning of
the Eemian inter gla cial, apart from spe cies tol er ant of cool
wa ter (Eurycercus lamellatus, Chydorus sphaericus, Acro-
perus harpae), a spe cies pre fer ring warmer wa ter, Campto-
cercus rectirostris, was spo rad i cally pres ent (Poulsen 1944).
In the fol low ing pe riod, the fos sil pop u la tion was mainly rep -
re sented by spe cies re sid ing among aquatic plants: Acrope-
rus harpae, Alona guttata, Alona affinis, Chydorus sphaeri-
cus, Eurycercus lamellatus, Camptocercus rectirostris, and
Sida crystallina. At the end of the early Eemian inter gla cial,
the dom i nant spe cies were en riched by pe lagic spe cies Bos-
mina longirostris and Bosmina (E.) longispina.

In the mid dle phase of inter gla cial, a pu ta tive low er ing of 
wa ter level oc curred in the stud ied wa ter bod ies, which was
re flected as a de creas ing oc cur rence of Cladocera. This led to 
the fi nal terrestrialization of the Besiekierz lake, whereas
other wa ter bod ies were dom i nated by the fol low ing spe cies:
Alona affinis, Bosmina (E.) longispina, Alona guttata, Alo-
nella nana, Bosmina longirostris, and Eurycercus lamella-
tus. These spe cies are char ac ter ized by high ther mal tol er -
ance; they tol er ate well both cooler and warmer wa ter. Es pe -
cially in mesotrophic lakes (the Solniki lake), the pe riod
cor re spond ing to the on set of the late Eemian inter gla cial was 
marked by the ap pear ance of Monospilus dispar, a spe cies
in hab it ing sands. In the palaeolake Kuców IIc, Graptoleberis 
testudinaria ap peared, which is of ten found in wa ter con tain -
ing humic sub stances (this lake un der went tem po rary terre-
strialization). The end of the Eemian inter gla cial was the end -
ing point for most of the stud ied wa ter bod ies (Kuców IIc,
Ruszkówek, Kaliska). The other two lakes (Solniki, Stu-
dzieniec) were dom i nated mainly by spe cies tol er ant of low-
tem per a ture con di tions. In the for mer lakes, the spe cies were: 
Bosmina (E.) longispina, Bosmina longirostris, Alona affi-
nis, and Acroperus harpae, while in the lat ter: Bosmina
longirostris, Alona guttata, Alona quadrangularis, and Chy-
dorus sphaericus.

Lake Studzieniec was still pres ent at the be gin ning of the
Early Vistulian (Weichselian). In that pe riod, the most prev a -

lent spe cies were Acroperus harpae and Chydorus sphaeri-
cus, while other sig nif i cant spe cies were Bosmina longiro-
stris, Pleuroxus uncinatus, Alona quadrangularis, and Dis-
paralona rostrata. Lake Solniki ex isted through out the Early 
Vistulian and was dom i nated by Chydorus sphaericus and
Bosmina (E.) longispina.

Other stud ies of Eemian Cladocera

To date, the at tempts to re con struct the de vel op ment of
lakes in Po land based on Cladocera suc ces sion in the Eemian
inter gla cial sed i ments have been made for two lo ca tions in
the re gion of Konin, namely W³adys³awów, stud ied by K.
Szeroczyñska (in: Tobolski 1991), and S³awoszewek, stud -
ied by Paw³owski (2004, 2011), and one lo ca tion of Imbra-
mowice, stud ied by M. G¹siorowski (Miros³aw-Grabowska,
G¹siorowski 2010).

Upon the com par i son of the fos sil Cladocera re sults, it
was de duced that the stud ied Cladocera groups de ter mined
by the au thor are sim i lar to those found in other pro files es -
tab lished for other re gions of Poland.

In the W³adys³awów pro file, K. Szeroczyñska ex am ined
24 sam ples, in which 21 spe cies of Cladocera were de tected,
be long ing to four fam i lies: Bosminidae, Chydoridae, Sidi-
dae, and Leptodoridae (in: Tobolski 1991). The study en -
com passed Eemian and Early Vistulian (Weichselian) sed i -
ments. The con di tion of the fos sils was un sat is fac tory, which
made their proper anal y sis im pos si ble in sev eral at tempts.
The ini tial pe riod of wa ter body de vel op ment was re lated
mainly to the ap pear ance of such spe cies as: Chydorus spha-
ericus, Bosmina (Eubosmina) coregoni, Alona sp., Alona
quadrangularis, and Alona affinis. This list of spe cies from
the ini tial phase of wa ter body de vel op ment was sim i lar to
the lakes stud ied by the au thor, ex cept for Bosmina (E.)
coregoni.

In the Imbramowice pro file, M. G¹siorowski ana lysed
26 sed i ment sam ples and found 26 Cladocera spe cies from
four fam i lies. Four of the spe cies, Acroperus elongatus,
Alona intermedia, Chydorus piger and Ophyroxus gracillis,
have not been found in other palaeolakes (Ta ble 1). The high -
est re ported fre quency of in di vid u als reached 1700 per 1 g of
sed i ment. M. G¹siorowski de ter mined 7 Cladocera de vel op -
ment phases cov er ing the early and mid dle Eemian inter gla -
cial (Miros³aw-Grabowska, G¹siorowski 2010).

D. Paw³owski, in the S³awoszewek lo ca tion, ana lysed
fos sils of 30 Cladocera spe cies be long ing to 5 fam i lies:
Bosminidae, Chydoridae, Daphniidae, Leptodoridae, and
Sididae. Two of the iden ti fied spe cies has not been found in
the other palaeolakes: Simocephalus sp. and Ilyocryptus sp.
(Ta ble 1). The first de vel op ment stage of the lakes in the re -
gion of Konin pro posed by D. Paw³owski was re lated to the
be gin ning of the stud ied palaeolake S³awoszewek. En vi ron -
men tal con di tions in intial pe riod were ad verse, and Clado-
cera com mu nity con sisted of few in di vid u als. This stage may 
be no ticed in all wa ter bod ies stud ied by the au thor and in the
Imbramowice pro file, in which it is well marked by the
presence of pioneer Cladocera species.

The early Eemian inter gla cial in volved a grad ual cli mate 
warm ing. In the lake of the re gion of Konin (S³awoszewek),
Cladocera groups were joined by: Camptocercus rectiro-
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stris, Graptoleberis testudinaria, and Pleuroxus sp. The
num ber of in di vid u als and the vari abil ity of Cladocera spe -
cies in creased as well. Im proved con di tions and, es pe cially,
in creased wa ter tem per a ture were also marked in the wa ter
bod ies ex am ined by the au thor and in the Imbramowice pro -
file. How ever, due to rel a tively long dis tances be tween the
lakes, it may be no ticed that the pe riod of im prove ment in
each stud ied water body occurred at different times.

In the mid dle stage of the Eemian inter gla cial, the num -
ber of in di vid u als in the wa ter bod ies near Konin de creased
and the only sur vi vors were the spe cies tol er ant of low tem -
per a tures and en vi ron men tal stress: Chydorus sphaericus,
Alona rectangula, and Alona affinis. The rea son for this sit u -
a tion was the low er ing wa ter level. In the sed i ments of that
stage a peat layer may be found. A sim i lar stage with a de -
creas ing num ber of Cladocera spe cies and in di vid u als was
found in the palaeolakes of this study, Besiekierz, Kuców IIc, 
Solniki, and Studzieniec. At the end of the mid dle Eemian
inter gla cial, Cladocera in the Imbramowice pro file were
miss ing, which stemmed from terrestrialization of the water
body.

Ac cord ing to Paw³owski (2004, 2011), the late Eemian
inter gla cial in volved im prove ment in hab i tat con di tions. In
the S³awoszewek lake, spe cies struc ture was rich and di ver si -
fied. This was also noted in the palaeolakes of this study,
Solniki and Studzieniec, for which that pe riod was the most
ben e fi cial in the his tory of those wa ter bod ies. The end of the
inter gla cial ceased the ex is tence of the palaeolake S³awosze-
wek, sim i larly to Kuców IIc, Kaliska, and Ruszkówek. The
palaeolake W³adys³awów, as well as Solniki, and Studzie-
niec, were still pres ent at the be gin ning of the Early Vistula
glaciation.

The Dan ish lo ca tion, which was the first lo ca tion in the
world to re ceive a full pro file of Cladocera suc ces sion in
Eemian sed i ments, pres ents a good com par i son with the
stud ied Eemian lo ca tions in Po land. Frey (1962) ana lysed
fos sil Cladocera re mains in 13 Eemian sed i ment sam ples
from Herning. Palynological anal y sis was also per formed for 
those sediments (Andersen 1961).

Of the approx. 34 Cladocera spe cies of the Chydoridae
fam ily cur rently known in Den mark, 25 were found in the
Eemian sed i ments from Herning (Frey 1962). The prev a lent
spe cies were Chydorus sphaericus, Acroperus harpae, Eury- 
cercus lamellatus, and Peracantha truncata. The first three
spe cies are equally com mon in Pol ish lakes, both in the past
and cur rent days, whereas Peracantha truncata is rather rare. 
The re mains of Monospilus dispar and Chydorus piger were
more fre quent in the Dan ish Eemian sed i ments than they are
now a days, how ever, as was re ported by Frey, their ar mour is
quite thick, which may re sult in their better con ser va tion in
the sed i ments. Lower fre quency in the ex am ined Eemian
sed i ments than cur rently was ob served for Peracantha trun-
cata, whose ar mour is very thin and thus prone to dam age
(Frey 1962). The ana lysed re mains from Herning were char -
ac ter ized by a high de gree of dam age (crushed and ground),
which pre vented the iden ti fi ca tion of over 1000 corpus
armours in the sediment (Frey 1962).

Cladocera spe cies which oc curred in the ini tial phase of
the Dan ish Eemian wa ter body de vel op ment (Frey 1962) cor -
re sponded with those found in Po land. In the pre-Eemian pe -

riod, the prev a lent spe cies were Bosmina sp. and Chydorus
sphaericus, which were joined by the group of large Alona at
the be gin ning of the inter gla cial. Pe ri ods of de creased wa ter
level were also found in the phase of mid dle inter gla cial. In
that pe riod, a de crease in the per cent age of deep-wa ter forms
of Bosmina sp. was no ticed, while an in creased prev a lence
was re ported for shal low-wa ter spe cies, such as Chydorus
sphaericus, Monospilus dispar, Camptocercus rectirostris,
Alona sp. (small Alona), Pleuroxus sp., Alonella nana, and
Graptoleberis testudinaria. More over, the re ported spe cies
struc ture in di cates a rel a tively high wa ter tem per a ture, as
among the pre vail ing spe cies there were none which tol er ate
cool wa ter, ex cept Chydorus sphaericus. The wa ter body ex -
isted even in the post-Eemian pe riod, when lit to ral fauna
tolerant of cool water prevailed (Frey 1962).

In North Amer ica, the Eemian inter gla cial which oc -
curred in Eu rope, should be cor re lated with the Sangamon
inter gla cial. The re sults of Cladocera anal y sis from the San-
gamon inter gla cial (the Don For ma tion) have been pre sented
by Hann, Karrow (1984, 1993). They ana lysed Cladocera
fos sils from three wa ter bod ies in the re gion of To ronto, Can -
ada, and found thirty spe cies of Chydoridae, two spe cies of
Bosminidae, and one spe cies of both Daphniidae and Sidi-
dae. The pre vail ing spe cies was Bosmina (E.) longispina.
The spe cies found in the inter gla cial lakes of Can ada were
iden ti cal to those cur rently in hab it ing the lakes. The spe cies
of the Don For ma tion were typ i cal of pres ent-day lakes char -
ac ter ized by mod er ate wa ter tem per a ture, mesotrophy and a
vast lit to ral zone with macrophytes. Changes in the spe cies
com po si tion of Cladocera in the inter gla cial sed i ments also
brought in for ma tion on wa ter level changes, lake tro phy and
the types of macrophytes pres ent (Hann, Karrow 1984, 1993).

SUM MARY

The stud ied Eemian lakes in Po land arose at the end of
the Warta Gla ci ation (Saalian) in tun nel and ket tle holes.
They were rel a tively shal low, had a well-de vel oped lit to ral
zone and no proper pe lagic zone. The stud ied sed i ments con -
sti tuted an al most con tin u ous re cord of en vi ron men tal
changes since the end of the Warta Gla ci ation, through the
Eemian inter gla cial, un til the Vistula Gla ci ation. Cladocera
spe cies found in the stud ied Eemian sed i ments cor re sponded
to the pres ent-day spe cies in hab it ing Po land and other parts
of Eu rope, while the changes of spe cies struc ture cor re -
sponded to the cur rently ob served geo graphic dis tri bu tion of
Cladocera. In the Eemian sed i ments, the au thor de ter mined
26 Cladocera spe cies, which is com pa ra ble to the num ber of
spe cies oc cur ring in the Ho lo cene. The to tal num ber of in di -
vid u als iden ti fied in each Cladocera sam ple was up to 6,000
in di vid u als. The ex am ined re mains did not ex hibit sub stan -
tial dif fer ences in ap pear ance and size com pared to the pres -
ent-day re mains. Cladocera fos sils de pos ited dur ing the
Eemian inter gla cial, com pared to those from the Ho lo cene
sed i ments, were thin ner, had a more dam aged struc ture and
they of ten lacked char ac ter is tic fea tures en abling spe cies de -
ter mi na tion. Those fos sils were par tic u larly dif fi cult to han -
dle in qual i ta tive and quan ti ta tive anal y ses and did not stain
ef fi ciently with safranin, which forced the use of a mod i fied
sam ple prep a ra tion. The prev a lent spe cies in each of lake de -
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vel op ment stages, cor re lated with palynological phases,
were those char ac ter ized by very mod est hab i tat re quire -
ments and a high re sis tance to en vi ron men tal stress, re sid ing
in the wa ter bod ies through out the Eemian inter gla cial. In
each of the stud ied wa ter bod ies, sev eral de vel op men tal
stages were dis tin guished, which were re flected in the chan-
ges within Cladocera spe cies com po si tion. The na ture of de -
vel op ment was re lated to morphometric prop er ties of the wa -
ter bod ies, as well as lo cal and global cli ma tic con di tions
en coun tered in the Eemian inter gla cial. Despite a more labo-
rious method of sample preparation, the obtained results are
fully credible and may be used in the reconstruction of
environmental conditions from the period preceding the last
glaciation.
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