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Abstract

This paper presents development of the paleolake Starowlany existing in the Eemian Interglacial (MIS 5e) in north-
eastern Poland. The lake history is based on Cladocera analysis. The paleolake Starowlany is located in the central part
of the Sokoétka Hills, approximately 9 km north of the town of Sokoétka in the North Podlasie Lowland. The sediments
studied filled a southern part of a tunnel valley formed during the Warta Glaciation. The coring was carried out with a
geological drilling and constituted a part of the framework aimed at preparing the Sokotka sheet for the Detailed Geo-
logical Map of Poland in scale 1:50 000. The core was 7 m long. Peaty silt, peats and organic silt were present at the
depth of 4.0-6.6 m, under deluvial sands, tills and silt. Organic series was overlain by a clayey silt with no glacial
cover. Cladocera analysis was conducted with 20 samples from a depth interval 6.6-4.1 m. Remains of 17 species of
Cladocera were found, representing the families: Chydoridae, Sididae and Bosminidae. A vast majority of them were
the littoral species. In the paleolake Starowlany four development zones were distinguished that reflected changes as
regards temperature, trophic levels and changes of water level in the lake. The paleolake existed from the early until
the middle Eemian. The highest water level and the most favorable conditions for zooplankton development occurred
in zones SCZ I and II. The highest trophic level took place in SCZ III (middle Eemian). In the late Eemian the water
level dropped and the paleolake was transformed into a wetland. At certain points, the higher water level enabled exis-
tence of a few Cladocera species. The reasons for disappearance of the paleolake Starowlany included a local decrease

in groundwater levels as well as morphometric and geological characteristics of the lake.
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INTRODUCTION

Functioning of lakes is a short-term phenomenon in a
geological time scale. Emerging of lakes in a temperate zone
was connected in the Pleistocene with climate change, with-
drawal of glaciers and arising of numerous land depressions
where water could collect. From the beginning of their exis-
tence, lakes gradually transformed: they were gradually
filled with sediments and overgrown with plants; trophic
conditions, water chemistry and organisms inhabiting the
lakes were also a subject to change. These processes could
result in a complete disappearance of a lake (Zhang et al.,
2012). In natural circumstances, such processes take place
very slowly, but human activity makes them hundreds or
even thousands of times quicker (Kajak, 2001).

Lakes constitute an excellent archive, accumulating re-
mains of a changing environment and recording successive
stages of the natural history. Thanks to paleolimnological re-
search, it is possible to trace back the environmental changes
that accompanied an evolution of lakes. Biological remains

are preserved in lake sediments and can be used as a “proxy”
to determine environmental conditions.

Remains of Cladocerans are an important paleolimnolo-
gical proxy. Cladocera (Crustacea) are small aquatic organ-
isms belonging to zooplankton and zoobenthos (Rybak and
Btedzki, 2010). They are an important part of a lake bioceno-
sis as a whole. Their diversity and sensitivity to environmen-
tal changes, as well as a contemporary knowledge on ecolo-
gical requirements of individual species, make Cladocera a
very good indicator of changes that have occurred in a lake
environment and its surroundings (Szeroczynska, 1985).
A number of research centers in Poland and all over the world
have examined remains of fossil Cladocera for over 90 years.

Sediments from before the Holocene have been studied
since the sixties of the twentieth century. Frey (1962) was the
pioneer in research of the Eemian Cladocera in Danish lakes.
Over the years, fossil Cladocera were analyzed in other re-
search sites of the Eemian Interglacial, namely in Japan
(Tsukada, 1972; Kadota, 1975) and Canada (Hann and Kar-
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Fig. 1. Location of the Eemian section Starowlany in northeast-
ern Poland.

Fig. 2.

Location of the Starowlany site. 1 — studied profile, 2 —
roads, 3 — stream (Kupryjanowicz, 2008).

row, 1984, 1993). In Poland, the first studied sediments of the
Eemian were those of the Konin profile (Tobolski, 1991).

The Eemian Interglacial was the last warm period before
the Vistulian Glaciation Weichselian). As reported by Hearty
et al. (2007), it began 130 000 years ago and lasted until
119000 years ago. It is believed to be related with MIS Se, the
period of global sea-level rise determined based on analysis
of oxygen isotopes from deep-sea sediments (Hearty et al.,
2007).

In Poland, a development of lake environments was sub-
ject to ice sheet retreat of the Warta Glaciation. In the Pod-
lasie region, there are traces of a lake district with numerous
water bodies in many land depressions (Boratyn, 20006).

In the contemporary interglacial (Holocene), an increas-
ing human inmpact upon the environment has caused a dis-
ruption of natural ecosystem processes. The analysis of the

environmental variability during the present interglacial pe-
riod unaffected by human activity enables learning about nat-
ural paleoenvironmental changes modeled by global and
regional climatic factors (Cheddadi, et al., 1998).

The aim of the present study is a reconstruction of evolu-
tion of the Lake Starowlany, as well as establishing reasons
of its terrestrialization in the light of climatic and environ-
mental changes during the Eemian Interglacial, based on the
Cladocera analysis.

The results obtained enabled to determine changes of
water level, temperature and lake fertility, which had been
taking place under the influence of natural processes.

MATERIALS AND METHODS

Study site

Sokotka Hills are located within North Podlasie Low-
land in the north-eastern part of Poland (Fig. 1). In the central
part of Sokotka Hills, approximately 9 km north of the town
Sokotka, the Lake Starowlany site is located (53°30'N,
23°23'E; 172 ma.s.l.). The palaeolake in which the study was
carried out is located about 50 m to the west of the Staro-
wlany-Poptawce road (Fig. 2). The sediments studied fill a
southern part of the glacial tunnel that was formed during the
Warta Glaciation. The paleolake basin extends over an area
of 700 m x 400 m (Kupryjanowicz, 2008).

Lithology

The coring was carried out with a geological drill and
constituted a part of the framework during elaboration of the
Sokétka sheet for the Detailed Geological Map of Poland in
scale 1:50 000 (Boratyn, 2003, 2006). The sequence obtai-
ned was 7 m long (Tab. 1). Peaty silts, peats and organic silts
were present at the depth of 4.0-6.6 m, under deluvial sands,
tills and silts. Organic series were covered by clayey silts.
A characteristic feature of such setting of the Eemian depos-
its (as well as in other sites in the area) is a lack of glacial cover.
It supports a view of a lack of covering of the Biatystok Upland
and Sokotka Hills by the last Scandinavian ice sheet (Krzy-
wicki, 2006). The Cladocera samples were collected at depth of
6.70—4.10 m. The material was dried and strongly compacted,
which made it impossible to collect volume samples.

Methods

The Cladocera analysis was performed using 20 samples
collected in irregular intervals (10-20 cm) from the depth
4.0-6.6 m. The samples of 1g, were prepared according to a
slightly modified standard procedure (Frey, 1986, Korhola
and Rautio, 2001). After removal of carbonates using HCI,
each sample was boiled in 10% KOH for 20 minutes. After
washing the residue with distilled water, it was sieved
through a 40-um mesh sieve. A fine material was transferred
into a polycarbon test tube. Prior to counting, the remains
were colored with safranine T. The analysis with microscope
was performed using a Nikon model ECLIPSE Ci-L. The
preparations were analyzed using magnifications x10, x40
and x60 (Fig. 3). Nikon microscope cameras were used to
take photographs. A minimum of 200 remains of Cladocera
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(3-8 slides) were examined in each sample. Firstly, all re-
mains from each slide were counted (headshield, shell,
postabdomen, postabdominal claws, and antennules) and
then converted to a single Cladocera specimen. The identifi-
cation and ecological interpretation of the Cladocera remains
were conducted on the basis of studies of Duigan (1992),
Frey (1958, 1962), Goulden (1964), Hofmann (1986, 2000),
Korhola (1990), Flossner (2000) Szeroczynska (1985,
1998b), and Szeroczynska and Sarmaja-Korjonen (2007).

Results of Cladocera analyses are presented as a concen-
tration diagram (Fig. 4), a percentage diagram (Fig. 5), a total
number of Cladocera individuals and a number of species in-
cluding their biodiversity (Fig. 6). The numerical analysis
was determined by constrained single link cluster analysis
(ConSlink — square-root transformation of % data) using the
POLPAL computer program (Nalepka and Walanus, 2003).

The Cladocera species were divided into three habitat
preference groups: bottom-dweller species, species associ-
ated with vegetation, species restricted to vegetation (Kor-
hola, 1990; Flossner, 1964; Whiteside, 1970; Hofmann,
1987; Whiteside and Swindoll 1988). They were also di-
vided into planktonic (offshore) and littoral (meiobenthic)
groups (Mueller, 1964).

Pollen analysis was conducted by Daniluk (2005) and
Kupryjanowicz (2008). Basing on this analysis, seven local
pollen assemblages zones (L PAZ) were determined for the
Starowlany section, correlated with regional pollen assem-
blages zone (R PAZ) (Mamakowa, 1989) (Fig. 6). The stra-
tigraphy of the Starowlany section used in the Cladocera
analysis was based on results of a palynological analysis.

RESULTS

In the sediments of the Starowlany profile, remains of 17
species of Cladocera were found. They belonged to three
families: Chydoridae, Sididae and Bosminidae. Among the
species, a vast majority were the ones from a littoral zone
(16) and Eubosmina coregoni only could be counted as a pe-
lagic species.

The Eemian remains in the Starowlany section were
poorly preserved, largely damaged, torn, with a poorly
marked characteristic structure of dorsal carapaces and head
shield. The impact on the condition of the remains had their
age and a significant dry sludge during storage (Fig. 3). Re-
mains of Cladocera determined in sediments are similar to
the contemporary species in Poland (Szeroczynska, 1998a).

On the basis of changes in frequency and number of spe-
cies and specimens of Cladocera as well as indicator species,
four main zones of the Cladocera succession were deter-
mined.

Zone I (SCZT) (6.70—6.30 m): seven Cladocera species
were determined. A total frequency amounted to 200-500 in-
dividuals per 1g of sediment (Fig. 6) and it was characterized
by a downward trend. At first, Chydorus sphaericus domi-
nated, with 90% contribution (Fig. 5). At the beginning of
first zone, remains of the Acroperus harpae, small Alona and
Alonella nana were also preserved (Fig. 4). However, their
contribution was scarce. Next, the frequency of the following
species increased: Alona affinis (up to 50%), Eurycercus
lamellatus (up to 20%) and Sida crystallina (up to 15%) ex-

Table 1
Lithology of the Starowlany section
(Boratyn, 2006; Kupryjanowicz, 2008)

Depth (m) | Sediment description

0.00-0.80 | fine sand, rust

0.80-2.80 till-s?ndy sediment yvith gravel, deluvial, horizontally
stratified, brown-olive

2.80-3.60 | fine and medium sand, dark grey

3.60—4.00 | clayey silt, dark grey

4.00-4.50 tc)lre:)}\/:z silt with high content of organic matter, dark

4.50-4.85 | clayey silt, dark brown

4.85-5.30 | peaty silt, very dark brown

5.30-5.50 | peat, weakly decomposed, brown

4.85-5.30 | peaty silt, very dark brown

5.30-5.50 | peat, weakly decomposed, brown

5.50-6.10 | peat, highly decomposed, dark brown

6.10-6.45 | peaty silt, very dark grey

6.45-6.60 | organic silt, clayey, plastic, grey-black

6.60-7.00 | clayey silt, dark grey

7.00-8.50 | clayey silt, grey

isting among the aquatic vegetation of clear and calm waters
(Flossner, 1972).

Zone II (SCZ 1I) (6.30-5.95 m) — a number of deter-
mined species increased up to 10. A general frequency of in-
dividuals decreased in comparison with the zone I and was
equal from 200 to 300 individuals per 1g of sediment (Fig. 6).
At the beginning of this zone, remains of the following spe-
cies were determined: Chydorus sphaericus (45%), Euryce-
rcus lamellatus (25%) and a few remains of transiently oc-
curring Eubosmina coregoni associated with a pelagic zone.
Aswell as this, presence of Acroperus harpae, Alona affinis,
Camptocercus rectirostris and Sida crystallina was noted. In
the final subzone, remains of Alonella exigua, small Alona
and Leydigia acanthocercoides occurred (Fig. 4).

Zone III (SCZ III) (5.95-5.00 m): the largest frequency
of remains and the largest number of species was noted. Due
to the differences in frequency of Cladocera individuals,
three subzones were distinguished:

Subzone a (5.95-5.55 m) — the largest total frequency of
individuals was noted, with 1100 indviduals per 1g of sedi-
ment (Fig. 6). A number of preserved species decreased to
seven. The largest frequency was noted of Chydorus sphaeri-
cus (approx. 40%), Acroperus harpae (approx. 50%), Alona
affinis (approx. 10-30%) and small Alona (approx. 15%)
(Fig. 5). At the beginning of the subzone a, Acroperus
elongatus occurred with a species dwelling in the bottom and
in a final part of the subzone a, the species Alonella excisa
and Pleuroxus trigonellus were noted, however their contri-
bution was scarce (Fig. 4).

Subzone b (5.55-5.40 m) — a significant decrease in a
number of preserved species was noted (to 5) and a decrease
of'total frequency of Cladocera individuals to 300/1g of sedi-
ments (Fig. 6). A frequency of individuals of all species de-
creased. The dominant species were Acroperus harpae (up to
45%) and Alona affinis (up to 30%). Alonella excisa, Euryce-
rcus lamellatus and small Alona were those of smaller contri-
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Fig. 3. Subfossils Cladocera remains from the Starowlany section.

bution (Fig. 4). The species of Pleuroxus trigonellus and  of the subzone a and emergence of new Cladocera species.
Chydorus sphaericus withdrew. The subzone c indicates a maximum number of species in the

Subzone ¢ (5.40-5.00 m) — a renewed increase in fre-  section, bearing evidence of high biodiversity with 14 Clado-
quency of individuals was noted, as well as return of species ~ cera species. A general frequency increased up to 1100 indi-
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viduals per 1g of sediment (Fig. 6). The dominant species in
the subzone were: Acroperus harpae (approx. 520 ind/1g),
Alona affinis (approx. 170 ind/1g) and Graptoleberis testudi-
naria (approx. 120 ind/1g), achieving maximum frequency.
At the beginning of the subzone the following species were
preserved in the sediments: Acroperus elongatus, Pleuroxus
trigonellus, Alonella excisa, Eurycercus lamellatus and
small Alona. After their withdrawal, Pleuroxus laevis, Alo-
nella nana, Camptocercus rectirostris, Alona rustica and
Alona exigua appeared. The final period of the subzone was
characterized by a return of small 4lona, Alonella excisa and
Chydorus sphaericus. The subzone c terminated with a with-
drawal of all species (Fig. 4).

Zone IV (SCZ 1V) (5.00-4.10 m) — a number of pre-
served species decreased to four. A total frequency was very
low, up to 115 individuals per 1g of sediment (Fig. 6). In this

The absolute number of Cladocera specimens in 1g of sediments

Diagram of the absolute number of Cladocera individuals in sediments of the Starowlany section.

zone, remains of the species Alona affinis, small Alona,
Chydorus sphaericus and Acroperus harpae were preserved.
The zone is characterized by a discontinuous record of
Cladocera. At the depth of 500485 cm, 435425 cm and
460—445 cm no remains of Cladocera were preserved.

DISCUSSION

Reconstruction of development of the palaeolake
Starowlany

Ecological preferences of Cladocera were used to recon-
struct changes in water level, temperature and trophic status
of the lake water. Faunal results were compared with palyno-
logical data of Kupryjanowicz (2008) and Daniluk (2005).



48

associated with macrophites

Starowlany
Cladocera
Zone

depth
[em]

Graptoleberis testudinaria

Camptocercus rectirostris
Pleuroxus laevis

Acroperus harpae
Alonella nana

R PAZ

M. NISKA & A. KOLODZIEJ

bottom pelagial

Leydigia acanthocercoides

Alonella excisa
Eurycercus lamellatus
Sida crystallina
Acroperus elongatus
Pleuroxus trigonellus
Eubosmina coregoni

Alonella exigua
Alona rustica

410~
420-
430-
440-
450~

“1Alona affinis

E7

LATE

470~
480~
490~

E6

' Chydorus sphaericus

“Alona small

c| 510-
520-
E5 530-
b| ss50-
560~
al s70-

MIDDLE

E4

590~

BO0=Eeasranes P
I 610~
520-? ........

EEMIAN INTERGLACIAL

E2+E3

E1

EARLY |

70 -
Niska ©
(2014)

Mamakowa Boraty
(1989) (2006

=3

Fig. 5. Percentage Cladocera diagram of the Starowlany section

Early Eemian (St-1, St-2 L. PAZ, Kupryjanowicz
2008)

Basing on palynological studies, the age of sediments in
the lowest, bottom part of the Starowlany profile, was estab-
lished as early Eemian (L PAZ St-1, R PAZ - E1; Kupryjano-
wicz 2008). The sediments from this period contain remains
of pioneer species of Cladocera (SCZ 1), belonging to the
so-called “arctic species”: Chydorus sphaericus, Alona affi-
nis, as well as three other species enduring low temperatures:
Acroperus harpae, Alonella nana and Eurycercus lamellatus
(Hofmann, 2000). It indicates low water temperature of the
lake Starowlany in the earliest studied period. Afterwards, a
water temperature increased, enabling settlement of the lake
by species more demandant in terms of temperature: Sida
crystallina (Rybak and Bledzki, 2010). High frequency of
Chydorus sphaericus may indicate a higher trophic level of
the lake water. Deficiency of bottom-dwelling species can be

associated with a higher water level of the lake. Palynolo-
gical studies of water and rushes in the section indicate a
depth of the then lake (maximum 6 m). Pollen analysis of for-
est communities indicates a boreal nature of the climate in
this phase (Daniluk, 2005).

The next phase of lake development (SCZ II, L PAZ
St-2, R PAZ E2/E3) falls on interglacial transition from its
early to middle phase, but a transition point is difficult to de-
termine. Initially, in this phase there was a change in species
composition. Some species withdrew and were replaced by
the only species found that represented deep-water dwellers:
Eubosmina coregoni (Korhola, 1990). This change of spe-
cies composition could indicate deepening of the lake, which
appears consistent with a general trend of development of
reservoirs in the northern Podlasie. The trend was that lakes
in the northern Podlasie gradually deepened, because of con-
tinuous supply with water from melting glaciers, higher rain-
fall and possibly, a higher groundwater level (Kupryjano-
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wicz, 2008). Nevertheless, in sediments at the depth of 6.15 m
there was a mixing of material. There was a layer of peaty silt
and sand inserts and probably no sediments from E3 (Kupryja-
nowicz, 2008). Such situation does not allow to state a clear
conclusion on a depth of the lake.

Middle Eemian (SCZ II, III; L PAZ St-3, St-4,
St-5, R PAZ E3-E5, Kupryjanowicz 2008)

A beginning of the middle Eemian (L PAZ St-4) was as-
sociated with definite improvement in living conditions of a
zooplankton in the reservoir (SCZ I1 - the second half) as evi-
denced by increased species diversity. The Camptocercus
rectirostris species with higher thermal requirements appea-
red (Hofmann, 2000). Its co-existence with the species of
Sida crystallina, as well as occurrence of Pleuroxus trigonel-
lus and Acroperus elongatus (SCZ 111a) suggest a rising wa-

ter temperature and climate warming. There was also an in-
crease in fertility of the lake as evidenced by presence of
Leydigia acanthocercoides species (Frey, 1986) and Alo-
nella exigua, which is the indicator of B-mesotrophy in a lake
(Adamska and Mikulski, 1968 ). The subsequent zone (SCZ
[I1a) brought further improvements of living conditions and
increase of a trophic level in the lake. In this phase there was
the highest frequency of individuals of Cladocera. Probably,
there could have been a decrease of a water level, as evidenced
by increase in a frequency of bottom-dwelling species (4.
elongatus, P. trigonellus) and a layer of peat preserved in the
sediments. The section contain Typha latifolia and Nympha
alba (St-4 L PAZ) that present shallow coastal habitats conve-
nient for these plants, while abundance of algae Pediastrum
duplex, Pediastrum boryanum and Botryococcus is character-
istic of eutrophic reservoirs (Daniluk, 2005). All this indicates
the lake tendency to overgrow and shallowness.
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The next phase (SCZ IIIb, L PAZ St-5) brought a dete-
rioration of living conditions in the lake. Both a frequency of
individuals and a number of Cladocera species decreased. No
species of Cladocera demanding a higher water temperature
were found; but this fact does not give direct information
whether the deterioration was caused by further lowering of
water level (which could be also indicated by peat layer de-
position) or perhaps was a result of a middle-interglacial
cooling (Cheddadi et al., 1998). In this zone (St-5) there was
virtually no aquatic plant pollen in the sediments (Kupryja-
nowicz, 2008). After deterioration, a renewed improvement of
living conditions in the reservoir occurred (SCZ Illc). A water
temperature was high enough to be suitable for development
of Cladocera species of higher thermal requirements: Campto-
cercus rectirostris, Pleuroxus laevis Pleuroxus trigonellus,
Grabtoleberis testudinaria (Poulsen, 1944). Moreover, pres-
ence of G. testudinaria indicates a higher content of insoluble
organic matter in the water. This species is also frequently
found in peatlands (Duigan, 1992). A trophic status reached a
eutrophic level, as evidenced by composition of the Clado-
cera species. The lake enabled development of the largest
group of species, as evidenced by highest levels of biodiver-
sity of Cladocera. Gradually, the conditions changed. Further
species withdrew from the lake. The end of the middle
Eemian was associated with a total lack of remains of Clado-
cera in the sediments. At the depth of 5 m, remains of Cla-
docera were only sporadically identified. The second half of
the palynological level ES was associated with a strong de-
crease in the water level in the reservoirs of the northern
Podlasie (Kupryjanowicz, 2008). It was a possible reason for
temporary disappearance of the lake and its transformation
into wetland.

Late Eemian (SCZ IV; L PAZ St-6, St-7)

Preserved remains were species resistant to environmen-
tal stress, such as Acroperus harpae, Alona affinis, small
Alona and Chydorus sphaericus, which was the last to with-
draw. Periodic presence of Cladocera and a break in its suc-
cession may indicate a temporary, short-term increase of a
water level, which enabled existence of most resistant spe-
cies. Remains of Cladocera occurred to the depth of 4.15 min
peat and peaty silts as well as organic silts. Above this depth,
there were no Cladocera remains noted, which may indicate
the termination of the lake. A disappearance of the lake was
probably associated with its overgrowing with plants and
filling with organic sediments, as well as with a supply of ma-
terial derived from the hills surrounding the lake.

The development reconstruction presented above refers
to the part of Starowlany from which the core was selected for
the analysis. Unfortunately, there is no information whether it
was the deepest part of the lake or a shallow bay which had
undergone terrestrialization. The highest water level proba-
bly prevailed in the early Eemian. The increased temperature
in the middle Eemian and local conditions of the position and
supply led to the gradual shallowing of the lake and its trans-
formation into a wetland with temporary increases of the wa-
ter level.

Starowlany paleolake development as compared
with the Eemian and Holocene paleolakes
in Poland

The development of Starowlany reconstructed based on
the Cladocera succession, bears resemblance to evolution of
other Polish Eemian lakes. The end of the Warta Glaciation
and the early Eemian were connected with formation and
gradual deepening of lakes; their waters were cool and with
low trophic levels (Niska, 2005). In the Lake Starowlany,
just as in Stawoszewek in the Konin region (Pawlowski,
2011), Imbramowice in the Sudeten Foothills (Mirostaw-
Grabowska and Gasiorowski, 2010), Lake Kubtowo (Niska
and Roman, 2014), as well as at Besiekierz, (Mirostaw-Gra-
bowska and Niska, 2005), Studzieniec and the closely lo-
cated Lake Solniki (Niska, 2008,) the pioneer species domi-
nated, inhabiting littoral zones, associated with aquatic vege-
tation and characterized by high tolerance to low tempera-
tures. Gradually, towards the end of the early Eemian, the
species with higher thermal and trophic levels requirements
appeared. Improved conditions first occurred in central Po-
land in lakes Kubtowo, Studzieniec (Mirostaw-Grabowska
and Niska, 2007), Kucow Ilc and Besiekierz. In the lakes lo-
cated in the south (Imbramowice) and in north (Rzecino:
Niska and Mirostaw-Grabowska, 2014), as well as in eastern
Poland (Starowlany and Solniki), improved climate condi-
tions did not occur until the middle Eemian. With climate
change, water level changed as well. The initially cool and
humid climate of the early Eemian, constant supply of melt-
waters and high groundwater level, provided a high level of
water in the reservoirs (Kupryjanowicz, 2008). Gradual war-
ming until a climax in the optimum (middle Eemian) (Zag-
wijn, 1996), alack of meltwater supply and lowering ground-
water level caused significant decrease of water levels in the
Eemian lakes.

Initially, there was a significant improvement in edaphic
conditions, a diversity of species increased and the appearing
species were more demanding. In some reservoirs, however,
these changes, beneficial at first, proved to be critical.

In most of the analyzed Eemian lakes (Kucow Ilc, Stu-
dzieniec, Solniki, Stawoszewek) there was a drop in water
level of which can be noted in changing composition of the
remains of Cladocera species and peat layer deposits in lake
sediments. Lowering of water level, however, was temporary
only and was probably influenced by reservoir depths (Niska,
2008; Pawtowski, 2011). In lakes Starowlany, Besiekierz and
Imbramowice the water level dropped so significantly that
these lakes terrestrialized permanently.

A development of the Lake Starowlany in the Eemian is
also related to the first lake development model in the Late
Glacial and Holocene, presented by Szeroczynska and Ga-
siorowski (2002). In lakes Woryty and Niechorze, a similar
Cladocera succession was observed, which terminated with a
rather sudden transformation of lakes into peatlands and in a
significant reduction of Cladocera succession to a few spe-
cies occurring sporadically during climate moistening exclu-
sively. A reason for a drop of water level in the Lake
Starowlany during the middle Eemian was a climate change,
including increased mean air temperature in cold and warm
seasons, decreased annual rainfall to about 200-300 mm
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(Cheddadi et al., 1998) and increased evaporation (Kupryja-
nowicz, 2008). The terrestrialization was directly caused by
hydrological, geological and morphometric properties of
lake basins, with particular regard to size and depth of a lake
and a watershed.

CONCLUSIONS

1. Lake Starowlany existed from the early until the mid-
dle Eemian Interglacial. In the late Eemian, terrestrialization
of the lake occurred and water level rose periodically only,
enabling existence of a few Cladocera species.

2. The Cladocera species preserved in the Starowlany
section are similar to the species occurring in other Eemian
lakes, as well as to the species common in Poland at present.

3. The species composition was dominated by taxa in-
habiting a littoral zone, which suggests that most of the time
of a single zone was a shallow one.

4. Inthe Lake Starowlany four development zones were
distinguished, which reflected climate, trophic and water
levels changes in the lake.

5. The highest water level occurred in zones SCZ I and
I, while the most favorable conditions for zooplankton de-
velopment and the highest trophic level occurred in SCZ 111
(middle Eemian).

6. A temporary deterioration of environmental condi-
tions in the lake clearly marked itself in the middle Eemian
(SCZ 1IIb). It was probably associated with a local drop of
water levels.

7. The reasons for disappearance of the Lake Staro-
wlany were a climate change as well as morphometric and
geological characteristics of a lake basin and a watershed.

8. The evolution zones of the Lake Starowlany are re-
lated to evolution of other Eemian and Holocene lakes in Po-
land and reflect local and global climate changes that took
place in interglacial periods.

9. A reconstruction of the Lake Starowlany develop-
ment zones distinguished on the basis of Cladocera popula-
tion corresponds to results of palynological analysis of this
section.
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