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Abstract: The early sedimentological and ecological developmental stages of a late Vistulian lake in 
the Żabieniec swamp near Łódź (central Poland) were analysed by radiometric dating, changes in the 
frequency of specimens and species composition of Cladocera and multivariate statistical analysis 
(DCA). The longevity of the lake resulted in a fairly complete sedimentary record from approximate-
ly 22 ka to 11 ka cal BP. Species composition and the variability in the frequency of Cladocera spec-
imens has made it possible to distinguish eleven zones of their development, which are well correlat-
ed with radiocarbon data. The results were compared to those from other sites of north and central Eu-
rope. The initial Cladocera development comprises the richest and oldest late Vistulian Cladocera 
record in Europe. These cladoceran assemblages show that a deep, oligotrophic, moderately cold-
water lake was present at the beginning. It appears that the cladoceran development was mainly due 
to climate change, but also to changes in locally prevailing conditions in the water body. The high 
frequency of cladocerans, as well as the presence of cladoceran taxa preferring warmer water, was 
noted before approximately 16 ka BP. The biota suggests that the Oldest Dryas cooling was not se-
vere and fairly variable in terms of humidity and temperature. The changes in Cladocera composition 
give evidence of what is described as the Intra-Bølling Cold Oscillation. It is also concluded that the 
Bølling is represented by two phases in the Żabieniec lake sediments. 
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1. INTRODUCTION 

Peatlands are archives of the past and investigations 
of their characteristics can consequently serve as a basis 
for reconstructing the conditions under which they were 
formed. Cladocerans – small crustaceans commonly 
known as water fleas – are the most abundant crustaceans 
preserved in lake sediments (Birks and Birks, 1980). The 
ecological preferences of Cladocera are relatively well 
understood, so that cladoceran species are good for re-

constructing palaeoenvironmental conditions (including 
trophic status, fluctuations in water level and pH levels in 
lakes) and they have been widely used as proxy data for 
reconstructions of palaeoclimates (Korhola and Rautio, 
2001; Kamenik et al., 2007). For many years, and with 
great success, researchers have used the remains of this 
fauna in the reconstruction of palaeoenvironmental condi-
tions (Harmsworth, 1968; Szeroczyńska, 1998a; Duigan 
and Birks, 2000; Hofmann, 2000; Sarmaja-Korjonen et 
al., 2006). In addition, the response of Cladocera to 
changes in temperature and humidity is significantly 
faster than with other proxies (e.g., pollen). Therefore 
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some researchers have even stated that climate is the most 
important factor in the development of the zooplankton to 
which the Cladocera belong (Patalas, 1990). Correlations 
between Cladocera frequency and climatic conditions 
(water temperature and cladoceran temperature prefer-
ences) have been studied for many years (De Costa, 
1964; Meijering, 1983; Hofmann, 1993; Lotter et al., 
1997; Korhola, 1999; Sarmaja-Korjonen et al., 2003; 
Szeroczyńska, 2006).  

A most suitable period for studying these relations is 
the late Vistulian (i.e., late Weichselian), because many 
meltwater lakes began to form at that time, and because 
humans were not yet affecting sedimentary develop-
ments. A second reason why the late Vistulian is a suita-
ble period for such studies is the presence of changes that 
occurred  in the composition of  the cladoceran species in 
that time, which indicate frequent fluctuations in tem-
perature (Szeroczyńska, 2006). This period, especially the 
Late Glacial (i.e., latest Weichselian) is characterized by 
a series of rapid climatic changes that are recognizable in 
the oxygen isotope records from Greenland and the Alps 
(Lotter et al., 1992; Rasmussen et al., 2006; Lowe et al., 
2008). Thirdly, this period (between ca. 21 and 11.5 cal 
ka BP) is known as a transition from the full glacial mode 
of the Last Glaciation to the interglacial state (Björck et 
al., 1998).  

A phase of the initial development (based on cladoc-
eran data) has been reported from many lakes in central 
and northern Europe (Szeroczyńska, 1985, 1998a; Duigan 
and Birks, 2000; Sarmaja-Korjonen et al., 2006). The 
early developmental stages are difficult to recognize, 
because they are hardly represented in the sedimentary 
record due to their short duration: the initial phase is 
commonly a result of the rapid melting of buried dead-
ice, so most reconstructions focus on the main stage of 
lake development. Yet the early stages may be helpful in 
defining the then prevailing palaeoecological conditions. 
The commonly short-lived initial phase is typically char-
acterized by low biodiversity and by the domination of 
pioneer species that are tolerant to cold water (so-called 
arctic species) (Harmsworth, 1968; Whiteside, 1970). 
This initial cladoceran community is quickly replaced by 
a more varied and more abundant assemblage of Cladoc-
era, particularly of species requiring warmer water; these 
species indicate improved edaphic conditions and, indi-
rectly, improved climatic conditions. This development 
has been reported from many lakes. The lakes of central 
and northern Europe began to form only exceptionally 
during the Oldest Dryas, with the Bølling and Allerød 
being more common starting points (Goulden, 1964; 
Harmsworth, 1968; Hoffman, 1978, 1993, 2000; Schmidt 
et al., 1998; Szeroczyńska, 1998a, 2003; Lotter et al., 
2000; Gąsiorowski and Kupryjanowicz, 2009).  

Previous studies have mainly concentrated on lake 
and peat sediments deposited during the last 13,000 14C 

years BP, and studies of older sediments are rare 
(Szeroczyńska, 2006). Few works dealing with Cladocera 
assemblages from the late Weichselian initial lake devel-
opmental stage (older than 13,000 14C years BP) have 
been published so far (Ammann et al., 1985; 
Szeroczyńska, 1998a; Bennike et al., 2004; Kulesza et 
al., 2011). However, less is known about the period pre-
ceding the retreat of the glaciers.  

The late Plenivistulian (i.e., late Weichselian) poses 
difficulties in terms of interpretation because its duration 
depends on local conditions. Palaeoecological studies 
based on lacustrine sediments from Europe predating the 
Late Glacial are scarce despite the fact that this period 
has been a research topic of interest for several decades. 
Most studies provide data from the palaeobotanical rec-
ord (Kolstrup, 1980; Huijzer and Vandenberghe, 1998; 
Bos et al., 2001; Bohncke et al., 2008). A few present 
data on the basis provided by other proxies: diatoms 
(Huber et al., 2010), macrofossils, and coleopterans (Bos 
et al., 2004), and also chironomids (Engels et al., 2008, 
Płóciennik et al., 2011). This is connected with the fact 
that the number of lacustrine records covering parts of the 
late Weichselian in Europe are limited. Therefore, every 
study that provides data for the late Plenivistulian is very 
useful.  

The present contribution discusses the results of an 
analysis of subfossil Cladocera from lacustrine sediments 
that accumulated during the late Vistulian (approximately 
20,000–10,000 BP) in the Żabieniec lake. This is one of 
the rare sites in central Poland that is well suited to palae-
oclimate studies, and particularly to the analysis of sub-
fossil cladocerans, because of (1) evidence of the late 
Plenivistulian cladoceran communities and the relatively 
long persistence of the water body at the site of thickest 
succession (over 16 m, of which 7 m is from the late 
Vistulian), (2) evidence for short-lived oscillations in the 
biological (cladoceran) records.  

This study provides the first cladoceran data estimates 
for the late Plenivistulian from Poland:  the early stage of 
the Żabieniec lake comprises the richest and oldest 
Plenivistulian Cladocera record in Poland, and indeed in 
Europe. The analysis of core samples from the Żabieniec 
lake provides data on the lake’s early environmental 
evolution under changing conditions and helps to recon-
struct the palaeoenvironmental changes which have oc-
curred since approximately 20 ka ago in central Poland 
and Europe. The conclusions are based on radiometric 
dating, changes in the frequency of specimens and spe-
cies of Cladocera and on statistical analysis (Detrended 
Correspondence Analysis – DCA). The results are com-
pared with those obtained from other lakes from Poland 
and Europe which have developed since the late Vistu-
lian. The present contribution also provides an answer to 
the question of what local and global signals can be de-
rived from the analysis of subfossil Cladocera.  
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2. STUDY AREA 

The Żabieniec swamp is located in central Poland 
(Fig. 1A, B) in the morainic uplands near Łódź (Fig. 1C), 
between the rivers Mrożyca and Mroga, to the east of the 
villages of Bielanki and Syberia (Fig. 1D). It is a small 
peatland (surface area of approximately 25,000 m2) situ-
ated in an oval depression surrounded by morainic hills. 
This kettle hole was probably formed during the Late 
Saalian (Wartanian) and has a very irregular bottom con-
figuration (Lamentowicz et al., 2009). On the lateral part 
of this kettle hole (in another part of the peatland), 
Eemian/Early Vistulian deposits have also been found, 
but the Żabieniec basin is situated in the central part of 
this depression where periglacial clastic material has 
filled the basin since the Weichselian. The main infilling 
is, however, biogenic, consisting of gyttja and various 
types of peat, which formed between the Late Glacial and 
the Holocene. The biogenic deposits only occur in the 
deepest part of the depression and the 16.15 metre deep 
profile analysed in this study was taken from this loca-
tion. Detailed lithological and geomorphological descrip-
tions of the Żabieniec site are presented elsewhere (Bal-
wierz et al., 2009; Twardy et al., 2010). 

The lowermost sediments in the depression are sands. 
Above, at a depth of 16.15–14.50 m, mineral silts have 
been documented. They are overlain to a depth of about 
12.40 m by mineral and organic silts (Fig. 2). Then come 
the biogenic sediments studied here: gyttja with silt and 
detritus-clay gyttja (12.40–8.80 m). The radiocarbon data 
(Lamentowicz et al., 2009) indicate that the deposition of 
the above sediments (depth 16.15–8.80 m) took place 
during the late Vistulian.  

The climate in the study area is transitional (Woś, 
1999) with more continental than oceanic influences; it is 
drier than the northern part of the Poland, which is more 
influenced by wet air masses from the Baltic and the 
northern Atlantic. The mean annual rainfall ranges from 
500 to 600 mm. The growth period lasts for 210 days. 
The mean monthly air temperature varies from -3°C in 
January to 17.9°C in July, while the mean annual temper-
ature is 7.6–8.0°C (Kłysik, 2001). Snow cover is present 
for an average of 50 to 70 days annually.  

3. MATERIALS AND METHODS  

The investigation concerned 148 samples taken from 
the Z-2 core (depth 16.15–8.80 m) at 0.05 m intervals. 
Samples of 1 cm3 were processed according to the stand-
ard procedure (Frey, 1986). Each sample was treated with 
HCl to eliminate carbonates and boiled for half an hour in 
a 10% solution of KOH with a magnetic stirrer to defloc-
culate the material, so as to remove humic matter. Subse-
quently, the residue was washed and sieved using a  
50 μm sieve. The final residue was brought up to 10 ml 
with distilled water and coloured with safranine dye be-
fore counting. A solution of 0.1 ml was used for every 
microscope slide. All Cladocera remains were counted: 
headshields, shells, postabdomens, postabdominal claws 
and ephippia. For each taxon, the most abundant body 
part was taken to represent the number of individuals, and 
percentages were calculated from the sum of individuals. 
The taxonomy of cladoceran remains used in the present 
contribution follows Szeroczyńska and Sarmaja-Korjonen 
(2007). Three to five slides (each 0.1 ml) were examined 
for each level and the total concentration per cm3 was 
calculated. 

 
Fig. 1. Location of the Żabieniec site in Europe (A), and in Poland (B, C, D). 1 = Extent of Polish glaciations: a = Elsterian, b = Saalian, c = Vistulian 
(Weichselian); 2 = rivers; 3 = towns, villages; 4 = roads; 5 = forests; 6 = Żabieniec peatland. 
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Fig. 2. Absolute num
ber of Cladocera individuals, radiocarbon dates, proposed Cladocera zones (LCAZ), and chronostratigraphy of the sedim

ents of the Żabieniec peatland. Lithological features:  
1 = m

ineral silts, 2 = m
ineral and organic silt, 3 = gyttja with silt, 4 = detritus-clay gyttja; 5 = proposed Cladocera zones; 6 = proposed Vistulian/Holocene boundary based on the num

ber of Cladocera; 
* num

ber of specim
ens in 1 cm

3 of fresh sedim
ent; LCAZ = Local Cladocera Assem

blages Zones. 

 
 



D. Pawłowski 

201 

 Both the presence and the frequency of Cladocera 
species were used to reconstruct the development of the 
Żabieniec lake. Based on the composition and abundanc-
es of species, Cladocera developmental zones were dis-
tinguished (Fig. 2). CONISS program (Grimm, 1987) 
confirmed that the assigned Cladocera zones (Local Cla-
docera Assemblage Zones: LCAZ) are correct. The clus-
ter analysis applied for the purpose was based on the 
constrained incremental sum of squares clustering. Only 
species with at least 5% abundance at each level were 
included in the statistical calculations. The results were 
plotted in a relative abundance diagram using POLPAL 
software (Walanus and Nalepka, 1999). The ecological 
preferences of the various cladoceran taxa are based on 
Whiteside (1970) and Szeroczyńska (1998b).  

The first stratigraphic framework for the Żabieniec 
site was presented by Lamentowicz et al. (2009), but here 
a new stratigraphic framework was established through 
new age-depth model for the whole profile; it was con-
structed on the basis of the radiocarbon dates of the or-
ganic material (Fig. 3). Material for radiocarbon dating 
was obtained on the basis of macroscopic plant remains 
(i.e. Sphagnum stems), avoiding any rootlets and other 
contamination (Lamentowicz et al., 2009). Some of the 
samples were dated using accelerator mass spectrometry 
(AMS); all other samples were dated using radiometric 

methods (Lamentowicz et al., 2009). A newly construct-
ed age-depth model, based on all 11 radiocarbon dates, 
and spread over the time period since 22,000 cal BP (Fig. 
3), is presented here. Conventional radiocarbon dates 
were calibrated using OxCal 4.1 (Bronk Ramsey, 2009) 
and the IntCal09 calibration curve (Reimer et al., 2009); 
the model was also constructed using the P_Sequence 
procedure from OxCal 4.1 programme – the same method 
used in the article of Lamentowicz et al. (2009) and using 
the same value of the parameter k = 0.1. Remaining pro-
cedure (interpolation by the Akima spline algorithm 
(Akima, 1970)) was also used to give the date for each 
centimetre of depth. Dates are given in calibration years 
BP (Table 1).  

Detrended Correspondence Analysis (DCA) is a mul-
tivariate statistical technique widely used to discover the 
main factors in species-rich data matrices (Hill and 
Gauch 1980). This technique, with detrending by seg-
ments and down-weighting of rare species, was per-
formed on the square-root transformed abundance data to 
compare the amount and timing of the changes in Cla-
docera composition. The analysis was performed for the 
late Vistulian with the objective of discovering the main 
factors and gradients driving assemblage successions. 
The DCA was performed using the software CANOCO 
4.5 (Ter Braak and Smilauer, 2002). 

 
Fig. 3. Age-depth model: entire profile. 
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4. RESULTS 

The late Vistulian sediments of the Żabieniec peatland 
contain 25 Cladocera species (Fig. 2) belonging to 4 
families. The most numerous are the littoral species of the 
Chydoridae family. The number of pelagic forms (from 
the Bosminidae, Daphnidae and Sididae families) ex-
ceeded in places 50% of the total number of Cladocera 
individuals.  

The vertical changes in the species composition of 
Cladocera in the sediments from the Żabieniec lake allow 
us to distinguish 11 zones (Z 1 through Z 11; Figs. 2, 4). 
The main criterion for distinguishing zones was the re-
sults of cluster analysis (application of CONISS). The 
Żabieniec basin started to develop in the late Vistulian 
(Table 1; Figs. 2, 3). Zones Z 1 through Z 6 date from 
the end of the Vistulian glaciation (late Plenivistulian), 
and zones Z 7 through Z 11 date from the Late Glacial 
(from the Oldest Dryas to the Younger Dryas). No Cla-
docera have been found at depths of 16.15–16.05 m. 

Zone Z 1 (16.05–15.45 m) dates from approximately 
22,000 cal. BP and is characterized by the dominance of 
species belonging to the littoral zone (Chydorus sphaeri-
cus (which occur very rarely in the pelagic zone, see 
Szeroczyńska (1998b)), Alona rectangula, Alona affinis, 
and Acroperus harpae). Planktonic species are also either 
common (Bosmina (Eubosmina) coregoni) or occur in 
smaller numbers (Bosmina (Eubosmina) longispina and 
Bosmina longirostris). Taxa of the Daphnia pulex group 
have been identified. The number of individuals initially 
exceeds 1000/cm3, and 8 species of Cladocera occur in 
the lower part of this zone (Fig. 4). Only 100 individuals 
per cm3 and 4 species occur in the upper part. 

Zone Z 2 (15.45–15.00 m) dates approximately 
22,000 BP (to approx. 21,150 cal. BP), and is character-
ized by littoral species (Chydorus sphaericus, Alona 
rectangula, Alona affinis, and Acroperus harpae). Plank-
tonic species (in relation to the previous zone) are present 
only in the upper part. Except for one sample, the number 
of individuals does not exceed 300 per cm3.  

Zone Z 3 (15.00–14.30 m) dates from approximately 
21,150 to 19,850 cal. BP, and is characterized by an in-
crease of planktonic species, in particular Bosmina longi-
rostris. Among the littoral forms, Chydorus sphaericus, 
Alonella nana, Alona affinis, Alona rectangula, and 
Acroperus harpae dominate. The Cladocera increase in 
both frequency and diversity (more than 500 specimens 
and 11 species per cm3 of deposit). 

Zone Z 4 (14.30–13.30 m) dates from approximately 
19,850 to 17,980 cal. BP and is characterized by a con-
sistent decrease in both the frequency and diversity of the 
Cladocera. Chydorus sphaericus, Alonella nana, Alona 
rectangula, and Alona affinis dominate. Species from the 
Daphnia pulex group and, in small numbers, Camptocer-
cus rectirostis and Graptoleberis testudinaria, also ap-
pear. At the end of the zone, Pleuroxus uncinatus, and 
Monospilus dispar appear, while planktonic forms dimin-
ish. 

Zone Z 5 (13.30–12.55 m) dates from approximately 
17,980 to 16,750 cal. BP. It is characterized by a signifi-
cant drop in the number of Cladocera. The frequency and 
diversity of cladoceran fauna rapidly decrease (with 400 
specimens and 5 species per cm3 of deposit). Planktonic 
forms are almost absent. Only a few littoral forms occur, 
viz. Chydorus sphaericus, Alona rectangula, Alona affin-
is, Acroperus harpae, Alonella excisa and Alonella nana. 

Zone Z 6 (12.55–12.25 m), which dates from approx-
imately 16,750 to 16,330 cal. BP, is characterized by the 
rapid development of the Cladocera fauna, as shown by a 
sudden increase in the frequency and diversity of Cladoc-
era (with over 2,000 specimens and 16 species per cm3 of 
deposit). Planktonic species from the Bosminidae and 
Daphnidae families are present. Among the littoral forms, 
Chydorus sphaericus, Alonella nana, Alona affinis, 
Acroperus harpae, and Alonella excisa dominate. Species 
from the genus Pleuroxus as well as Monospilus dispar 
appear in small numbers. 

Zone Z 7 (12.25–11.35 m), dating from approximate-
ly 16,330 to 15,070 cal. BP, is characterized by a rapid 
increase in planktonic forms. Species belonging to the 
Bosminidae family (Bosmina (E.) coregoni and B. longi-
rostris) dominate. Among the littoral forms, Chydorus 
sphaericus, Alonella nana, Alona affinis, Acroperus 
harpae, Alona rectangula, and Alonella excisa appear. 
Monospilus dispar and Leydigia leydigii appear in small 
quantities. The number of species remains more or less 
constant (at 9), but the frequency of cladoceran speci-
mens increases (with over 3,000 specimens per cm3 of 
deposit).  

Table 1. Results of radiocarbon dating 

Sample  
name 

Depth  
(cm) 

14C age  
(BP) 

Calibrated age (cal BP) 
95.40%conf. intervals 

Poz-19019 45 645±50 674 - 545 (95.4%) 
Poz-17117 60 1085±30 1056 - 935 (95.4%) 
Poz-17116 120 1475±35 1415 - 1298 (95.4%) 
Lod-1391 305 3010±50 3359 - 3063 (95.4%) 

Lod-1390 375 3690±50 4220 - 4208 (0.8%) 
4155 - 3886 (94.6%) 

Poz-23658 436 4580±35 

5448 - 5385 (18.2%) 
5328 - 5267 (42.8%) 
5241 - 5239 (0.2%) 
5223 - 5217 (0.5%) 
5186 - 5057 (33.8%) 

Poz-23638 531 6270±40 7274 - 7154 (86.4%) 
7117 - 7025 (9,0%) 

Poz-23639 826 9130±50 10479 - 10468 (1.2%) 
10423 - 10204 (94.2%) 

Poz-23640 1 036 11 860±60 13858 - 13479 (95.4%) 
Poz-23659 1 290 14 120±70 17521 - 16901 (95.4%) 
Poz-29713 1 535 18 330±90 22236 - 21511 (95.4%) 
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Fig. 4. Values for the first and second DCA axes for Cladocera, and total num
ber of Cladocera specim

ens and taxa in the sedim
ents of the Żabieniec peatland. For lithology and 

other details, see Fig. 2. 
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 Zone Z 8 (11.35–10.60 m), which dates from approx-
imately 15,070 to 14,020 cal. BP, is characterized by the 
disappearance of the Bosminidae family and the appear-
ance of the Daphnidae family (Fig. 2). Chydorus sphaeri-
cus, Acroperus harpae, Alona affinis and Alonella excisa 
dominate. Species such as Alona rectangula, Alona gut-
tata, Pleuroxus uncinatus, Leydigia leydigii, Monospilus 
dispar and Eurycercus lamellatus appear. In the middle 
part of the zone, the frequency and diversity of the cla-
doceran fauna decreases rapidly (from 2,000 to 100 spec-
imens, and from 10 to 3 species per cm3 of deposit, re-
spectively). At the end of the zone, the frequency and 
diversity of the cladoceran fauna again increases (to al-
most 3,000 specimens and 11 species per cm3 of deposit, 
respectively). 

Zone Z 9 (10.60–10.15 m), dating from approximate-
ly 14,020 to 13,350 cal. BP, is characterized by a slow 
decrease in frequency of the Cladocera (to 1,300 speci-
mens per cm3 of deposit). From among the planktonic 
forms, only the ephippia of the Daphnia pulex and of 
Daphnia longispina groups occur. The Chydoridae in-
crease sharply; Chydorus sphaericus, Alonella nana, 
Acroperus harpae and Alona affinis dominate. At the end 
of the zone, Pleuroxus uncinatus, Pleuroxus truncatus 
(Peracantha truncata) and Alona quadrangularis appear. 
The frequency of Chydorus sphaericus decreases consist-
ently at the end. 

Zone Z 10 (10.15– 9.70 m), dating from approximate-
ly 13,350 to 12,630 cal. BP, is characterized by the ap-
pearance of the Bosminidae family, in particular Bosmina 
longirostris. The largest development in Cladocera fauna 
occurred in the beginning of this zone, with an increase in 
frequency and diversity (with as many as 4,000 speci-
mens and 16 species per cm3 of deposit). Among the 
littoral forms, Chydorus sphaericus and Alonella nana 
dominate. Species such as Pleuroxus truncatus, Pleurox-
us uncinatus and Pleuroxus trigonellus appear. 

Zone Z 11 (9.70–9.00 m), dating from approximately 
12,630 to 11,500 cal. BP, is characterized by a continuous 
decrease in frequency and diversity of Cladocera, to  
4 species and 300 specimens per cm3 (at depth 9.20 m). 
Alonella nana dominates. Planktonic forms occur sporad-
ically. At the end of the zone, the frequency of species 
increases rapidly to 12 and the number of specimens to 
2,500 per cm3 (at the depth of 9.10 m). 

Numerical analysis 
The main trends in the succession are shown by the 

DCA results (Fig. 4). The position of the samples and 
species on DCA axis 1 reflect the water-level gradient 
(based on planktonic and littoral frequency). The samples 
reflect deeper water (increase in frequency of planktonic 
forms). The positions of the samples and species along 
DCA axis 2 represent a signal similar to the tempera-
ture/climate change. The shifts mainly reflect gradual 
changes in the frequency of Cladocera species and spec-
imens.  

For the late Plenivistulian, the values on DCA axis 1 
vary (especially from 16.00 to 14.50 m). From Z 1 to  
Z 4, the values decrease and increase rapidly. From Z 5, 
where the lowest values exist, an increase follows to Z 7. 
Then again, from Z 8 on, the DCA axis 1 values show a 
gradually decreasing trend.  

The pattern of Cladocera values on DCA axis 2 (Fig. 
4) for the late Plenivistulian shows many variations (high 
and low values) which occurred after the lake had 
formed. Some of them are related to the pattern of Cla-
docera DCA axis 1 values, and might reflect lake-level 
oscillations. The Late Glacial samples and species from 
the Oldest Dryas to the Younger Dryas/Preboreal (early 
Holocene) are mostly related to variations of the DCA 
axis 2 values, which show a decreasing trend in the Older 
Dryas and Younger Dryas and in parts of the Bølling. The 
values sharply increase in the Allerød and somewhat in 
the Bølling. Worth mentioning is the increase in the Old-
est Dryas and late Plenivisulian (where the highest values 
are reached). 

5. DISCUSSION 

The Late Vistulian history of the Żabieniec Lake 
Cladocera and radiocarbon data are consistent: the 

boundaries of the cladoceran zones correspond to the 
stratigraphic boundaries found by radiocarbon dating. 
Cool phases are, as a rule, reflected by a rapid decrease in 
the number of Cladocera individuals and by diversity, as 
well as by the presence of ‘arctic species’ in the lake 
(Figs. 2, 4); warm phases show a higher cladoceran di-
versity, a higher number of specimens and a greater pres-
ence of warm-water species (Figs. 2, 4). Both situations 
are also reflected in changes of the values of the DCA 
axes, particularly DCA axis 2. Generally, the climatic 
periods distinguished here correlate with the well-dated 
varve chronology from Lake Gościąż, Poland (Goslar et 
al., 1998) and from other European sites (Litt et al., 
2001). Additionally and in general, the changes in Cla-
docera species composition and the frequency of speci-
mens in the Żabieniec basin closely resemble those de-
scribed in other Polish and European lakes (Goulden, 
1964; Harmsworth, 1968; Hoffman, 1978, 2000; Am-
mann et al., 1985; Szeroczyńska, 1985, 1998a, 2003; 
Lotter et al., 2000; Schmidt et al., 1998; Bennike et al., 
2004). There are, however, some differences. These 
mainly concern the beginning of lake development, and 
the conditions obtaining during the Oldest Dryas and the 
Bølling. 

Zones Z 1-Z 6 show the early stages of the lake histo-
ry, probably at the end of the Vistulian glaciations. The 
lowermost radiocarbon data of the investigated profile, at 
a depth of 15.35 m, was dated as approximately 22,000 
cal. BP (Table 1), which suggests the late Plenivistulian 
(Last Glacial Maximum). The material was carefully 
selected for radiocarbon dating, and thus partially elimi-
nated, or at least restricted the 'reservoir effect', but with-
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out the ability to better clarify the age of adjacent layers 
of the core (which requires further dating), it is still diffi-
cult to exactly indicate its stratigraphic position.  
This was, however, a time of colonization of the lake by 
Cladocera (Fig. 2), characterized by a still low frequency 
of Cladocera specimens. Compared to the rest of the 
profile, the number of individuals is small, but eight spe-
cies of Cladocera already appear in Z 1 (Fig. 4). These 
species are those tolerant to cold water (so-called arctic 
species), such as Acroperus harpae, Alona affinis and 
Chydorus sphaericus (Harmsworth, 1968; Whiteside, 
1970). This pioneer Cladocera community indicates a 
cold climate. The frequency of Cladocera increased 
quickly (Fig. 4), reaching 11 species in Z 3, which sug-
gests favourable conditions. The values of DCA axis 2 
(temperature/climate change) also increased during this 
period.  

Initially the lake was shallow, but with time it deep-
ened, as indicated by the increasing dominance of plank-
tonic species (Fig. 2) and the diversity of the cladocerans. 
This may have resulted from the increase of the water 
volume in the basin (and perhaps from slight warming). 
The greater diversity (the permanent presence of 8–10 
species), and the presence of more demanding species 
such as Bosmina longirostris, Alona rectangula and later 
Monospilus dispar (Whiteside, 1970; Hofmann, 1986) 
suggest slightly better edaphic conditions (higher produc-
tivity and perhaps more food for the cladocerans), but the 
lake remained oligotrophic (as shown by the presence of 
the Bosmina (Eubosmina) taxa, which prefers oligo-
trophic conditions (Flössner, 1972; Korhola, 1999)). The 
presence of species such as Alona affinis and Acroperus 
harpae which live directly on the mineral bottom, but 
also among plants (Whiteside, 1970), suggests that the 
basin became very slowly inhabited by plants. The water 
level of the lake probably rose, as is reflected by the 
abundance of Bosminidae and Daphnidae, particularly the 
Bosmina longispina and Daphnia pulex group, species 
typical of the open-water zone. The Cladocera communi-
ty indicates slightly colder climate conditions, but the 
temporary appearance (in Z 4) of species preferring warm 
waters (Poulsen, 1928), such as Graptoleberis testudinar-
ia, Camptocercus rectirostris, Pleuroxus uncinatus and 
Monospilus dispar, suggests favourable overall climate 
conditions. Their number is small and their appearance is 
related to improved edaphic conditions (the summer 
temperature perhaps became higher). In zone Z 5, the 
overall conditions of the lake changed. The frequency and 
diversity of Cladocera, and especially of planktonic 
forms, decreased. These changes are related to the pres-
ence of cold-tolerant forms, and they show deterioration 
in living conditions in the basin. The values of DCA axis 
1 (a water-level gradient) and DCA axis 2 (tempera-
ture/climate change) also decreased. The water volume of 
the lake may have diminished (shown by the disappear-
ance of planktonic forms and the exclusive presence of 
Cladocera species associated with silty sediments and 

vegetation), but the Cladocera changes may also be due 
to cooling. A sample from 12.90 m was dated at approx-
imately 17,000 cal. BP, thus indicating that this change 
could have taken place in the late Plenivistulian. In zone 
Z 6, the water level of the lake probably rose again, as 
reflected by the appearance and increase of planktonic 
forms (Figs. 2, 3), particularly from the Bosminidae fami-
ly and the Daphnia pulex group. The increase in the total 
number of both species (to 16) and individuals suggests 
more favourable hydrological conditions and slightly 
higher productivity in the lake. This was possibly due to a 
slight amelioration of the climate, as suggested by the 
presence of Cladocera species preferring warm water 
(Poulsen, 1928), such as Pleuroxus truncatus and Pleu-
roxus uncinatus. Also the values of DCA axis 1 and DCA 
axis 2 increased, possibly due to a change in humidity. 

Zone Z 7 dates from the Oldest Dryas. This zone is 
characterized by a gradually increasing frequency of 
Cladocera (Fig. 4), especially of planktonic forms from 
the Bosminidae family (Fig. 2); this suggests stepwise 
changing conditions in the lake. These changes suggest 
initially favourable conditions (rising water level) and 
later also a slightly higher productivity (and perhaps a 
slightly higher temperature) in the lake. This is confirmed 
by the presence of Bosmina longirostris, Leydigia leydigii 
and Monospilus dispar (which does not live in cold wa-
ter), but the presence of Bosmina (E.) longispina and B. 
(E.) coregoni (Hofmann, 1986) indicates oligo- to meso-
trophic conditions in the lake. The results of the DCA 
analysis also partly confirm better conditions in the basin: 
the values of the DCA axis 2 increased, while those of the 
DCA axis 1 also show a gradual increase.  

Zone Z 8 dates from the Bølling. The cladoceran 
community indicates an overall mild climate and favour-
able conditions (a large number of both species and indi-
viduals). Also, the frequency of species such as Bosmina 
longirostris, Chydorus sphaericus, Monospilus dispar, 
Leydigia leydigii and Alona rectangula as well as species 
of the genus Pleuroxus, which are considered to indicate 
more trophic water, suggests higher edaphic conditions 
(Monospilus dispar was suggested by Røen (1995) to 
indicate a change to meso-/eutrophic conditions). During 
the middle part of the Bølling, however, a rapid decrease 
in the number of individuals and in the diversity of the 
cladoceran fauna indicates changing conditions (Fig. 4). 
The lake probably had the same, or only slightly lower, 
water level, as indicated by the disappearance of Bosmin-
idea which was connected with the appearance of the 
Daphnidae and especially with the presence of the Daph-
nia longispina group (Fig. 2). These are species typical of 
open water. This is also confirmed by the results of the 
DCA analysis, i.e. by the values of the DCA axis 1 that 
show a very slow decrease.  

It is thus possible that these changes resulted from a 
temporary cooling (the values of DCA axis 2 rapidly 
decreased; see Fig. 4). For the Bølling, favourable condi-
tions for zooplankton have been described (Ammann et 
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al., 1985; Szeroczyńska, 1998a, 2006; Bennike et al., 
2004), but the Cladocera compositions from the Żabie-
niec sediments are represented by two phases (Figs. 2, 4). 
The first phase is indeed characterized by good edaphic 
conditions, the presence of planktonic forms, and species 
preferring warm water living in association with aquatic 
plants. The second phase, however, represents worse 
conditions in the lake, with an increase in the frequency 
of ‘arctic’ species (especially Chydorus sphaericus). A 
comparable situation has not been reported for cladoceran 
compositions from other sites in Poland or from the chi-
ronomid data-set (Płóciennik et al., 2011), but is con-
sistent with palynological data from other Polish lakes 
(Ralska-Jasiewiczowa et al., 1998). Regarding climatic 
conditions, the first phase of the Bølling was warmer, 
whereas the second was a bit cooler, with less humidity 
(Goslar et al., 1998). It cannot be fully excluded, howev-
er, that the second phase represents the Intra-Bølling Cold 
Oscillation (Koç Karpuz and Jansen, 1992), which is also 
known to be characterized by a strong decrease in the 
number of species and specimens of Cladocera (Fig. 4). 
At the present stage of research, this is a hypothesis, 
because such situations might be also connected to local 
conditions. For example, in a warm climate the growth of 
algae could result in an increase in Chydorus sphaericus 
and a decrease in the zooplankton in reservoir 
(Szeroczyńska, 1998b). 

Zone Z 9 dates from the Older Dryas (as confirmed 
by radiometric dating). The specimens of Cladocera spe-
cies that are resistant to changing ecological conditions 
(Chydorus sphaericus, Acroperus harpae, Alonella nana 
and Alona affinis), including those that can live in cold 
water, increased. The species composition indicates a 
decrease in water temperature and a general cooling. This 
is supported by the smaller number of species and indi-
viduals (compared to the Bölling), and also by the rapid 
decrease in the values of DCA axis 2 (Fig. 4). The gen-
eral trend of cooling described above in the Older Dryas 
period is widely known from lakes in Poland 
(Szeroczyńska, 1985, 1998a, 2003, 2006; Kulesza et al., 
2011) and in Europe (Hofmann, 1978; Ammann et al., 
1985; Bennike et al., 2004). The presence at the end of 
this zone of a stenothermal species (i.e. Pleuroxus sp.) 
suggests improving conditions, probably connected with 
following warmer period (Allerød). 

Zone Z 10 dates from the Allerød (Fig. 2), as con-
firmed by radiocarbon dating. The environmental condi-
tions were improved. Water temperature increased, which 
is confirmed by the presence of Pleuroxus truncatus, 
Pleuroxus trigonellus and Pleuroxus uncinatus, all spe-
cies being stenothermal and requiring warm water 
(Whiteside, 1970). The dominance of planktonic species 
suggests a higher water level in the lake. At the same 
time, the frequency of cold-tolerant species (Acroperus 
harpae and Chydorus sphaericus) decreased. The im-
proved edaphic conditions in the basin are supported by 
the highest number of species and individuals in the en-

tire profile (Fig. 4). The values of DCA axis 2 show an 
increasing trend (warming) and the values of DCA axis 1 
also show a slight increase (Fig. 4). The relatively warm 
Allerød is a very recognizable period in the lake’s devel-
opment. Productivity was highest at the beginning of the 
Allerød, as evidenced by higher Cladocera concentra-
tions, which decreased again towards the end of the Al-
lerød. The species composition from the Żabieniec site 
suggests that the Allerød was warmer than the preceding 
period (as indicated by a large number of species and 
individuals) and that the second part of the Allerød was 
probably as warm as the Holocene (as indicated by the 
presence of “warm” cladoceran taxa, such as Pleuroxus 
trigonellus, which colonized the lake before the Holo-
cene). Favourable conditions for the development of 
zooplankton during the Allerød have been described from 
all lakes in Poland with sediments from this stage 
(Szeroczyńska, 1985, 2003, 2006; Kulesza et al., 2011); 
the same holds for Europe (Goulden, 1964; Harmsworth, 
1968; Hofmann, 1986, 1993; Bennike et al., 2004).  

Zone Z 11 dates from the Younger Dryas. This part 
of the Żabieniec profile indicates a change in environ-
mental conditions in the basin. Among the littoral forms, 
Alonella nana (a species living in clean water between 
plants, but also in colder waters: Hofmann, 2000) and 
Chydorus sphaericus dominated at the end of the zone. 
The decrease in the number of planktonic forms and the 
presence of cold-tolerant species (Alonella nana, Chydo-
rus sphaericus, and Alona affinis) indicate a cooling, 
which is attributed to the Younger Dryas. The values of 
DCA axis 2 also show a decreasing (cooling) trend (Fig. 
4). The clear decline in the number of species to as few as 
4 at a depth of 9.20 m (Fig. 4), and the decline in the total 
number of individuals to below 300 per cm3 is likely to 
reflect a change in environmental conditions in the basin 
in the form of a lower water temperature. This part of 
Younger Dryas was one of the colder phase duration the 
developments of the Żabieniec lake. The changes in the 
Cladocera fauna from Żabieniec show however, that the 
Younger Dryas cannot be identified as a truly very cold 
stage, because the cladoceran concentrations increased 
towards the end. Additionally, planktonic forms prefer-
ring more favourable environmental conditions occur, as 
do littoral forms which live in warmer water (genus Pleu-
roxus). Perhaps this part corresponds to a warmer phase 
of the Younger Dryas. The appearance of species belong-
ing to the genus Pleuroxus indicates the influence of a 
mild climate, so that it seems that the Younger Dryas 
cooling was not severe. These changes are similar to 
others found in lakes from Poland (Szeroczyńska, 1998a, 
2006) and other European countries (Hoffman, 2000; 
Lotter et al., 2000; Bennike et al., 2004). The boundary 
between the Younger Dryas and the Preboreal is indicat-
ed at the Żabieniec site by a rapid increase in the diversity 
of taxa and the number of individuals and by the appear-
ance of species preferring warm water and living in open 
water (Figs. 2, 4). This suggests better edaphic conditions 
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in the basin as a result of an increase in temperature. 
Similar situations have been described in other lakes 
(Duigan and Birks, 2000). 

Early stages of the Żabieniec Lake 
The changes described in the Cladocera frequency in 

the early stage of the Żabieniec lake are among the oldest 
cladoceran records from Europe during the late Plenivis-
tulian. On the other hand, the environmental conditions 
are difficult to compare with other cladoceran data. In 
addition, due to the small number of radiocarbon dates of 
Plenivistulian sites from Poland, debate continues on the 
precise location of these events in time (Rotnicki and 
Borówka, 1995; Mojski, 2005), especially in models of 
chronological age.  

Temperature plays a direct role on the productivity, 
life history, and reproduction of cladocerans (Keller et 
al., 1999). It is one of the most important factors in influ-
encing the abundance and richness of Cladocera, but this 
group are influenced by a wide variety of factors apart 
from temperature. For example, cladocerans are also 
dependent on primary production, and are frequently 
regulated by fish predation (Gliwicz et al., 2001). How-
ever, in the Żabieniec lake there is a no evidence of fish 
predation in these times. Since we have noted evidence 
for rapid climate change in the northern hemisphere in the 
period between 21 and 11.5 cal ka BP, temperature can-
not be ignored as one of the more important drivers of 
cladoceran assemblages. It is postulated that the highest 
variation in the cladoceran fauna recorded might be a 
consequence of sensitivity to temperature, but locally 
prevailing conditions cannot be excluded. For the above 
reasons, the Żabieniec lake can help in the reconstruction 
of late Plenivistulian palaeoenvironment events.  

In the Żabieniec lake, the Cladocera record from the 
late Plenivistulian suggests unstable conditions. This is 
confirmed by the results of the curves of the DCA (Fig. 
4), indicating fluctuating conditions. The cladoceran 
community probably reflects periglacial conditions dur-
ing the first phase of melting of dead-ice blocks and the 
formation of the basin. The species composition and 
specimen frequency initially show a picture which re-
sembles those of the pioneer species that initially domi-
nated many lakes of central and northern Europe 
(Szeroczyńska, 1985, 1998a, 2006; Duigan and Birks, 
2000; Lotter et al., 2000; Hofmann, 2000; Bennike et al., 
2004; Sarmaja-Korjonen et al., 2006), but the Żabieniec 
lake is older (approximately 22 ka cal BP). Similar results 
were obtained based on the chironomid data-set (Płócien-
nik et al., 2011) which suggests cool conditions in the 
late Pleniglacial, which may correspond to the cold oscil-
lation recorded at Żabieniec at a core depth 14.50 m, 
before the Bølling period.  

The quick increase in the frequency of Cladocera, and 
especially the growth and dominance of planktonic spe-
cies, suggest favourable conditions. This may have re-
sulted from an increase in the water volume of the basin 

(and perhaps a slight warming). The fluctuating but over-
all rising water-level in the Żabieniec basin results proba-
bly from the summer drainage of meltwater from the 
active permafrost zone (shallow groundwater) and/or the 
slow(?) melting of dead-ice, which may have resulted in 
the continuous presence of water at the bottom of the 
basin. Mineral material may have been supplied by winds 
blowing occasionally over the frozen lake carrying mate-
rial from the sedimentary cover of dead-ice blocks. This 
is suggested by the presence of mineral particles in the 
sediment (e.g., more sandy layers at a depth of 13.50–
13.65 m). It is possible that the formation of the lake 
resulted from changes in the hydrological situation, more 
specifically from increased precipitation or a reduction in 
evaporation and disappearance of permafrost, as suggest-
ed by Marks (1996), for lakes that formed in the Late 
Glacial. If so, the deepening of the basin resulted from a 
rising water level, not from subsidence of the bottom due 
to melting of underlying dead-ice blocks. It is, however, 
still difficult to reconstruct with certainty the conditions 
and nature of the process which caused this effect. The 
second most probable explanation of this situation is that 
the Żabieniec lake was a kind of thermokarst lake (a so-
called thaw lake). An abrupt climate warming following a 
prolonged cold (stadial) period could lead to permafrost 
degradation and the formation of thermokarst lakes. This 
suggests that the response to a sudden and relatively short 
climate warming could be documented in the infill of 
such a thaw lake (Bohncke et al., 2008). The temperature 
reconstruction described for chironomid assemblages also 
begin to rise at about 13.55 m (Płóciennik et al., 2011). 
This situation is very similar to the changes described 
here and the cladoceran data presented here, but the ex-
planation of most changes described here must be consid-
ered as tentative; part can probably be attributed to local 
conditions that were related to the initial stage of lake 
formation (the early stage had very unstable conditions).  

The later improved habitat conditions can be attribut-
ed to an increase in the lake’s water level. This is con-
sistent with the results of DCA analyses: the pattern of 
Cladocera DCA axis 1 values (Fig. 4) correspond with 
those of DCA axis 2, and show oscillations in lake level 
due to an unstable climate. The question remains of 
whether this record illustrates the decline of the late 
Plenivistulian, which may correlate with the warmer 
climate oscillation called the ‘Epe (Kamion) Interphase’ 
(Kolstrup, 1980; Manikowska, 1995). It is possible that 
some of changes described above also correspond to the 
short-term amelioration of the climate that has been doc-
umented during the period 17.0–16.2 ka BP (Lowe et al., 
2008), but at the current stage, this is only a hypothesis, 
because problems in the identification of short-term cli-
matic events during this cold period are still frequently 
encountered (correlation between the ice-core record and 
the terrestrial botanical record still remains unclear).  

The Oldest Dryas is also very interesting with respect 
to the development of the Żabieniec lake because there 
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were cold-tolerant forms which were, however, very 
quickly replaced by taxa that prefer better edaphic condi-
tions and that live in open water (species from the Bos-
minidae family). The increase in the total number of 
individuals suggests, like the results of DCA, a higher 
productivity in the lake during more favourable condi-
tions. This is very surprising and difficult to explain, 
because (1) the changes suggest mild climatic conditions, 
a rising water level and conditions favourable to Cladoc-
era development during this cold interval; (2) the cladoc-
eran assemblages differ from those at other sites in Eu-
rope; and (3) it is also possible that this time-span was 
divided into two parts. If the changes date from the Old-
est Dryas, then this indeed would constitute the richest 
record of Cladocera in Poland, and probably in Europe, 
because the Oldest Dryas contains only ‘arctic’ taxa at 
other sites in Poland (Szeroczyńska, 1998a, 2006) and 
Europe (Ammann et al., 1985). On the other hand, 
changes in the aquatic ecosystem (an increase in the 
number of individuals, especially Bosminidae) show 
evidence of a rising water table and probably also of 
continued slight warming. This situation can be attributed 
to the increased intensity of permafrost melting. It thus 
seems that the Oldest Dryas was divided into two parts, 
an older part characterized by cooling, and a younger part 
that was slightly warmer and more humid (rising water 
level). The presence of these two parts is consistent with 
the patterns (lower values) of DCA axis 2 and DCA axis 
1 (Fig. 4; see zone Z 7), and also separates the branches 
of the dendrogram (CONISS; Fig. 2; see the dendrogram 
in zone Z 7), which suggests that there is little similarity 
between the two parts. Probably the Oldest Dryas cooling 
was not so severe as commonly thought, but rather varia-
ble in terms of humidity and temperature. The high bio-
diversity of the Cladocera fauna in the lake may be relat-
ed to its location in a warmer region of Poland, where the 
climate was influenced by warmer, wetter oceanic air 
masses, diminishing the overall severity of the weather. 
There is, however, no evidence as yet to support this 
hypothesis. The chiromomid data set from Żabieniec 
suggests that the temperature during the Oldest Dryas 
was generally considered to have been lower than in the 
Bølling-Allerød Interstadial (Płóciennik et al., 2011). Yet 
the small discrepancies between the Cladocera and chi-
ronomid data (which also occur in the second part of the 
Bølling) might be result of the fact that the chironomid 
data-set perhaps does not provide reliable estimates of the 
temperature optima of species. The reason for this might 
be that one of the calibration functions (e.g., Norwegian 
data) may underestimate of the highest temperatures, or 
that the temperature optimum of a particular taxon may 
be different in different calibration sets (Płóciennik et al., 
2011). The local parameters (e.g., water level, acidity, 
lake size, or larval growth of chironomids–which depends 
on cumulative degree-days), might also be crucial factors 
determining chironomid assemblages (Płóciennik et al., 
2011). 

Despite this, cladoceran and chironomid reconstruc-
tions, give broadly similar results. And ultimately, it is 
also possible that the Oldest Dryas was shorter than sug-
gested by the age-depth models which were constructed 
on the basis of the few radiocarbon dates from this time-
span, and which show only approximate ages. If more 
radiocarbon dates were to become available, the age 
range of the Older Dryas could be established with more 
precision.  

7. CONCLUSIONS 

The Żabieniec profile shows significant changes in 
the Cladocera assemblages, including intense colonisa-
tion during the late Plenivistulian and Late Glacial. The 
cladocerans appear to be very useful in reconstructing the 
climate changes for the Older Dryas, Allerød, and 
Younger Dryas, and particularly for the time-span be-
tween the Younger Dryas and Preboreal (Holocene). 
Short-term climate oscillations are also recognized. A 
multivariate statistical technique (DCA) confirms the 
interpretations. In some cases, however, the Cladocera 
record shows slight discrepancies regarding the age that 
is established on the basis of an age-depth model. Some 
of these discrepancies may result from the lack of precise 
age determinations for samples from specific depths (the 
age-depth model is only a stratigraphic scheme). 

Most interesting is the frequency of Cladocera at the 
early stage of the lake, during the late Plenivistulian. The 
changes that then took place leave some room for discus-
sion; some of them might be correlated with locally pre-
vailing conditions related to the initial stage of lake for-
mation. The high frequency of cladocerans and the pres-
ence of cladoceran taxa preferring warmer water before 
approximately 16 ka BP suggest favourable conditions 
(probably as a response to locally prevailing conditions). 
In the Oldest Dryas, the lake contained the highest fre-
quency of cladocerans known in Poland. This phenome-
non requires further study, as the period is little known. 
However, the results presented here represent the first 
attempt to construct a Plenivistulian record based on the 
analysis of Cladocera remains in Central Europe. 

The composition during the Bølling is very interest-
ing, since it indicates a mild, warm climate, whereas later 
taxa indicate shallower water or a slightly cooler or less 
humid climate. It is possible that this second phase repre-
sents the Intra-Bølling Cold Oscillation, but the Cladoc-
era record shows some slight discrepancies. The cladoc-
eran compositions of the youngest part of the Żabieniec 
profile, from the Older Dryas to the Younger Dryas, are 
similar to those reported from other sites in Europe. It is 
possible that the high cladoceran biodiversity found in 
Żabieniec was a consequence of its location in a warmer 
region of Poland, where the climate was characterized by 
the influence of warmer, wetter oceanic air masses, di-
minishing the effect of the overall unfavourable weather.  
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