
POLISH JOURNAL OF ECOLOGY 46 1 89-99 1998 
(Pol. J. Ecol.) 

Wladyslawa WOJCIECHOWSKA, Wojciech P~CZULA, 
Andrzej ZYKUBEK 

Catholic University of Lublin, Department of Botany and Hydrobiology, 
ul. C.K. Norwida 4, 20--061 Lublin, Poland 

EUTROPHICATION AND WINTER-PERIOD STRUCTURE 
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ABSTRACT: Studies were done in winter 1996 in three ice-covered dimictic lakes of 
the L~czna-Wlodawa Lakeland, eastern Poland. They involved physico-chemical conditions 
(temperature, oxygen concentration, pH, conductivity and Secchi-disc transparency), as well 
as biological ones (abundance, chlorophyll a concentration and phytoplankton structure). The 
oxygenation of the near-bottom layers combined with the observed structure of the winter 

' 

phytoplankton confirm the rate of eutrophication of these bodies of water which had already 
been observed in the summer. 
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1. INTRODUCTION 

Seasonal changes in the biomass and Under winter ice, the development of 

structure of the phytoplankton of lakes of phytoplankton is clearly shaped by fac­

the northern temperate zone have been tors differing from those at work in the 

studied from many different points of growing season. In the temperate zone, 

view for many years (i.a. by S pod­ the amounts of light reaching a lake are 

n i e w s k a 1978, So m mer et al. 1986, reduced to a minimum in winter by ice 

T a I I i n g 1993 , L a m p e r t and S o m - and snow. While pure ice may allow 
mer 1993). However, the greater part of through as much as 70-95% of photosyn­
the work done has been concerned with thetically-active radiation, a thin layer of 
the growing season, with only more lim­ snow is all that is needed to reduce this to 
ited data being available in relation to 1 0% (B o I s e n g a and V a n d e r p I o e g 
winter phytoplankton. 1992). In turn, the layer of water receiv-

[89] 
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ing the greatest amount of light is also the 
coldest, while ice cover also prevents the 
mixing of water and gaseous exchange 
with the atmosphere (W r i g h t 1964, 
Spa u Id in g et al. 1993). The last factor 
is one of those leading to the phenome­
non of the winterkill of fish in shallow 
lakes (E 1 1 i s et al. 1991). 

In spite of the seemingly unfavour-
able conditions for the development of 
phytoplankton, it is sometimes in this 
very situation - under ice cover - that 
mass appearances of algae occur 
(Wright 1964, Vanderploeg et al. 
1992), or quite high values for biomass 
are recorded (Pennak 1968, Cloern et 
al. 1992). However, the period is more 
often associated with a low abundance of 
phytoplankton (J ones and I I m a vi rta 

1978, T a 11 i n g 1993, A g b et i and 
Smol 1995). 

The study presented traced the struc­
ture of winter phytoplankton in three 
deep, dimictic lakes. It took account of 
abundance, chlorophyll a concentration, 
and the structure of the phytoplankton as 
expressed by the percentage occurrence 
of taxonomic groups and the dominant 
species present. Also basic physico­
chemical conditions were studied as: tem­
perature, oxygen concentration, pH, 
electrolytic conductivity and Secchi-disc 
visibility. In order to indicate changes on­
going over time in one of the study lakes 
- lake Piaseczno, comparisons were made 
between the years 1971 and 1996 in rela­
tion to the physico-chemical parameters 
like oxygenation and visibility, as well as 
the structure of winter phytoplankton. 

2. THE STUDY AREA 

The L~czna-Wlodawa Lakeland is are given in Table 1. Two of the lakes 

situated in east-central Poland between studied (Piaseczno and Rog6zno) are 
latitudes 51 o 3 5' and 51 o 14' North and within the L~czna Lakeland Landscape 
longitudes 22° 51' and 23° 38' East. The Park (Fig 1.), while lake Zagl~bocze is in 
area has more than 60 lakes, of which the the buffer zone of Polesie National Park. 
majority are shallow. Lakes: Piaseczno, Lake Piaseczno is mesotrophic (R ad­
Rog6zno and Zagl~bocze, in which the wan et al. 1987). In the 1970s, lakes 
research described was done, are among Rog6zno and Zagl~bocze were also clas­
the few deeper bodies of water. Their ar­ sified as mesotrophic (R ad wan et al. 
eas, maximum depths and trophic statuses 1987), based on both physico-chemical 

Table 1. Morphometric (W i I gat et al. 1991) and trophic data for studied lakes 

' 
1970s 1990s 

Lake Area (ha) Depthmax. (m) SD (m) SD (m) 
trophic status trophic status 

summer summer 

Piaseczno 84.7 38.8 mesotrophic* 5,2* mesotrophic* * 4 , 75** 

Rog6zno 57.1 25.4 mesotrophic* 3,0* eutrophic** 2 5** ' 

Zagl~bocze 59.0 25.0 mesotrophic* 4,0* eutrophic*** 2 5**** ' 

* Ace. to R ad wan et al. 1973, * * Ace. to Bus z e w s k a- R y d z i k et al. 1994, * * * Ace. to R ad wan 
et al. 1987, ****Ace. toW oj c i echo w s k a (unpubl. data) 
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Fig. 1. The locations of the lakes studied 

features (visibility, conductivity and oxy­ bodies of water are now classified as eu­
genation), and biological ones (the com­ trophic (B u s z e w s k a- R y d z i k et al. 
position of zooplankton). However, these 1994). 

3. MATERIALS AND METHODS 

The physico-chemical and biological 
factors were studied in winter 1996. In 
the period January-March, the lakes were 
covered with a thick, 50-60 cm layer of 
ice over lain with a layer of snow of 5 cm. 
All the physico-chemical and biological 
variables were measured throughout the 
water column. Water sampling was done 
and measurements of physico-chemical 
variables made in stations where depth is 
up to 20 m (Fig. 2, Table 2). Measure­
ments of temperature and oxygenation 
were made at depth intervals of one metre 
with the aid of an WTW OXI 96 oxyme­
ter. Water for biological analyses was 
taken using a Ruttner-type water-sampler 
of 2 dm3 capacity - at depth intervals of 
2 m in the euphotic zone, and at intervals 
of 3 m below that. The pH and electro-

lytic conductivity of each sample were 
measured and mean values calculated for 
the euphotic and aphotic zones. Water for 
biological analyses consisted of com­
bined samples for the two zones sepa­
rately. 

Measurement of the concentration 
of chlorophyll involved the filtering 
of water through Whatman GF/C filter 
papers, followed by homogenization 
of the papers and extraction in boiling 
90% ethanol (Nu s c h 1980). Measure­
ments of absorption were made following 
12-hour extraction with the aid of an 
EMCO spectrophotometer at wavelengths 
of 665 and 750 nm. 

The abundance of phytoplankton was 
detennined by way of the method de­
scribed by V o 11 e n we i d er ( 1969), us-
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Fig. 2. Differences in temperature (°C) and oxygen contents (mg en . dm-3), as well as 
Secchi-disc visibility (m), in lake Piaseczno in the winters of 1971 and 1996, and in lakes 

Rog6ino and Zagl~bocze in the later year 

ing an inverted microscope and express- Piaseczno in 1971 was presented on the 

ing the result per dm3. The abundance basis of the study by Le c e w i c z et al. 

and structure of phytop lankton in lake ( 1973). 
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Table 2. Electrolytic conductivity (EC, f.!S cn1 1) and pH in studied lakes in winter 1996 

January February March 
Lake Zone 

pH EC pH EC pH EC 

Piaseczno euphotic 7.0 75.3 6.6 73.5 6.6 61.0 

aphotic 7.4 74.0 6.5 74.0 6.8 63.0 

Rog6zno euphotic 7.9 171.0 7.6 220.0 7.4 182.5 

a photic 8.1 169.0 7.3 234.0 7.2 188.0 

Zagl~bocze euphotic 8.0 146.5 7.4 159.0 7.3 131.5 

a photic 7.8 149.0 7.1 164.0 7.2 138.0 

4. RESULTS 

Two of the three lakes studied 
(Rog6zno and Zagl~bocze) showed simi­
larities in terms of pH and electrolytic 
conductivity (Table 2). Throughout the 
winter period, mean values for pH for 
both the euphotic and aphotic layers var­
ied within the range 7 .2- 8.0, while con-
ductivity measured from 135 to 224 ~S 

1 · cm- . Lake Piaseczno was shown to be 
different in character, with pH values be­
tween 6.5 and 7 .2, and conductivites in 
the range 62- 75 ~S · cm- 1• Secchi-disc 
transparency varied in Lakes Rog6zno 
and Zagl~bocze from 2 to 4 m, with an 
upward trend in late winter (March). 
In contrast, lake Piaseczno was charac­
terized by the greatest transparency (8 m) 
in January, with values around 5 m in 
February and March (Fig. 2). 

The configuration of thermal/oxy­
genation conditions presented in Fig. 2 
shows the low values of oxygen content 
in the hypolimnion in lakes Rog6zno and 
Zagl~bocze , as well as an increasing oxy­
gen deficit as winter proceeds. In January 
an absence of, or declines in, the level of 
oxygenation were observed near the bot­
tom, but by March such conditions char­
acterized depths of more than 10 m. The 
greatest oxygen deficit was noted in the 

near-bottom water of lake Rog6zno, 
where saturation throughout the study pe­
riod was below 5% (0.2 mg 0 2 per dm3). 

A similar oxygen deficit occurred in lake 
Zagl~bocze in March. 

In lake Piaseczno, oxygenation 
throughout the water column varied be­
tween 7 and 13 mg 02 · dm-3 - corre­
sponding to 60- 90o/o saturation. Only in 
March at the very bottom the concentra­
tion of oxygen was minimal, at about 
1 mg per dm3 (Fig. 2). In March, all lakes 
had either anoxia (Rog6zno and 
Zagl~bocze) or a decline in oxygenation 
in relation to previous months (Pia­
seczno) (Fig. 2). In the case of the latter 
lake, it was also possible to compare the 
situation regarding oxygenation with that 
of winter 1971 (Fig. 2), and it was found 
that concentration of dissolved oxygen 
was clearly lower in winter 1996 (at 7.8 
mg · dm-3 on average, as compared with 
12.0 mg · dm-3 in 1971 ). 

Analyses of the phytoplankton took 
account of its abundance and chlorophyll 
concentration, as well as of its structure 
expressed in terms of the percentages of 
taxonomic groups and the dominant spe-

• c1es. 
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• Phytoplankton abundance was great­ 260 individuals · dm-3 in the 

est in lake Zagl~bocze, with 500-840 in­ euphotic zone, and there was a clear de­
3 dividuals · 103 · dm- in the euphotic cline through the winter (Fig. 3). Low val­

zone (Fig. 3). In lake Rog6zno, phyto­ ues for abundance and a downward trend 

plankton was much less abundant, at 12- through the winter were also characteristic 
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Fig. 3. Abundance of phytoplankton (103 individuals -dm--3) and concentrations of chlorophyll 
a and phaeopigments (J..Lg · dm-3) in the euphotic and aphotic zones of lakes Piaseczno, 

Rog6ino and Zagl~bocze in winter 1996 



95 Eutrophication and winter structure of phytoplankton 

of the phytoplankton of lake Piaseczno 
(60--230 individuals ·l<P · dm-3). 

The concentrations of chlorophyll a 
calculated for the euphotic and aphotic 
zones of lakes Rog6ino and Zagl~bocze 
were similar, being higher in the euphotic 

zones ( 11.6-13.3 J.lg · dm-3 in January and 
February, 1.5- 3.6 J.lg · dm-3 in March; 
Fig. 3). The amounts of chlorophyll a were 

lowest in lake Piaseczno (at 2.3-6.0 J.lg · 
dm-3

), with a clear downward trend being 
noted through the winter (Fig. 3). 

The studied lakes manifested a cer­
tain similarity of phytoplankton structure. 
Blue-greens and diatoms were clearly 
dominant, with the remaining taxonomic 
groups usually not accounting for more 
than 15% of the total abundance. An ex­
ception here was the cryptophyte group, 
of which the contribution to the phyto­
plankton in lake Piaseczno in January 
was above 20o/o (Fig. 4). 

Throughout the winter, the phyto­
plankton of lake Zagl~bocze was charac-

lake Piaseczno 

80% 

00% 

JAN FEB MAR JAN FEB MAR 
1971 1996 

lake Zagl~bocze lake Rog6ino 

20% 

JAN FEB MAR JAN FEB MAR 

1996 1996 

l CYANOPHYTA 
•• CRYPTOPHYCEAE 

BACILLARIOPHYCEAE 
CHLOROPHYTA 
OTHERS 

Fig. 4. Percentage shares of taxonomic groups in the overall abundance of phytoplankton 
in lake Piaseczno in the winters of 1971 and 1996, and in lakes Rog6ino and Zagl~bocze 

in winter 1996 (means for the whole water column) 
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terized by abundance of blue-green algae 
of over 60%. The dominants were Oscil­
latoria agardhii Gom. and 0. redekei Van 
Goor. Among the diatoms (accounting for 
about 20o/o of total abundance), the domi­
nant species were Asterionella formosa 
Hass. In lake Rog6zno, diatoms were 
dominant in the first two months (55-
98%), with abundance detern1ined by Aste­
rionella formosa. Blue-green algae 
were predominant in March, with the most 
abundant species being Oscillatoria agard­
hii (Fig. 4 ). 

Filamentous blue-green algae ( 0. 
agardhii) also determined the structure of 
the phytoplankton in lake Piaseczno, with 
a tendency to account for an ever greater 

percentage of abundance as the months 
passed (Fig. 4). Within this grouping, 
a high proportion of the total numbers 
present in January was taken by small 
nanoplanktonic species of cryptomonad, 
most notably Cryptomonas sp., as well as 
by euglenids, predominantly Trachelo­
monas volvocina Ehr. 

The winter periods of 1971 and 1996 
were compared in tenns of the structure 
of the phytoplankton in lake Piaseczno 
(Fig. 4). In the earlier periods, the main 
detertninants were small nanoplanktonic 
species of the Cryptophyceae and Chlo­
rophyta, such as Cryptomonas sp., 
Chlorella sp. and Monoraphidium minu­
tum (Nag.) Kom.-Legn. 

5. DISCUSSION 

On account of their dry, sandy-forest 
shorelines, depth and bottom types, the 
lakes under study are attractive for rec­
reation and quite densely-developed with 
summer centres, camping sites and pri­
vate holiday cottages. On the basis of the 
method from Bajkiewicz-Grabowska 
( 1987), they may be included in the 
group of lakes most resistant to degrada­
tion where the L~czna-Wlodawa 
Lakeland is concerned. 

Nevertheless, long-terrn (mainly grow­
ing-season) studies in these lakes point to 
their rapid eutrophication (W o j c i e­
c h o w s k a and K r u p a 1992, K o r n i -
j 6 w 1996). In successive growing sea­
sons more and more frequent oxygen 
deficits were noted (W oj c i echo w ski 
et al 1995), as well as changes in phyto­
plankton composition indicating the eu­
troph ication (W o j c i echo w s k a and 

K r up a 1992). In winter too, these bod­

ies of water have low saturation, or a 
complete absence of oxygen in their 
aphotic layers. Comparisons of amounts 

of oxygen in lake Piaseczno in the win­
ters of 1971 and 1996 confirm the in­
creasing of trophism. 

Throughout the winter period, abun­
dances and concentration of chlorophy 11 
in all three lakes take on low values, 

which tend to decrease from January to 
March. 

The winter phytoplankton of the 
lakes studied was dominated by three 

taxonomic groups: blue-greens, diatoms 
and cryptomonads. The dominance under 

ice of such species as Cryptomonas sp. 
and Asterionella formosa has been ob­

served by many authors in lakes of differ­
ent trophic status (Spa u Id in g et al. 
1993, A gbet i and S m o I 1995), while 
the abundant occurrence of filamentous 
blue-green algae of the genus Oscillatoria 

has been found in the winter phytoplank­
ton of fertile lakes (V a r is 1993, Se i p 

and R e y n o I d s 1 99 5). In the lakes 

studied, 0. agardhii and 0. redekei oc­
curred either throughout the winter period 

(Zagl~bocze and Piaseczno ), or in shorter 
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period (Rog6zno in March). However, structure of winter phytoplankton have 
filamentous blue-greens were not noted also been observed by other authors 
in the phytoplankton of lake Piaseczno at (S p! u Id in g et al. 1993). , 

the beginning of the 1970s. The domi­ The winter studies in lake Piaseczno 
nance of such species in 1996 thus attests do nevertheless confirm the increasing 
to an increase in the fertility of this body fertility of this body of water as sug­
of water. gested previously by other authors (W o j -

Also the differences in the popula­ ciechowski et al. 1995, Radwan 
tion dynamics of the winter phytoplank­

and Sender 1996). The trophic differ­
ton were observed in lake Piaseczno: 

ences between the lakes are shown on the increase of abundance in winter 1971 
basis of indicators for the summer period and a decrease in winter 1996. However, 
(Table 1), with lakes Rog6ino and this mainly resulted from good light con­
Zagl~bocze have been shown as eutrophic ditions under the ice in the early 1970s as 

a result of the lack of overlying snow and lake Piaseczno as mesotrophic. This 

cover (Le c e w i c z et al. 1973), as op­ is also maintained in winter, as it is docu­
posed to light attenuation through the mented by the chlorophyll concentration 
overlying snow present in 1996. Light-re­ and the oxygenation of the layers over ly­
lated differences in the abundance and ing the bottom. 

6. SUMMARY 

Three dimictic lakes (Piaseczno, at 60-80%. Nevertheless, oxygen conditions 
Rog6ino and Zagl~bocze) I ocated in the were clearly worse than in 1971 (Fig. 2). 
L~czna-Wlodawa Lake land of east -central The greatest abundances of phytoplank­
Poland (Fig. 1) were studied during three ton were noted in L. Zagl~bocze (500-
winter months at the beginning of 1996. 840 individuals · 103 · dm-3). The other two 

lakes had values in the range 12- 260 indi­These lakes are among the deepest in the 
viduals · 103 · dm- 3 (Fig. 3). Concentrations area (Table 1 ), and were described as mesot­
of chlorophy 11 a were always higher in the rophic in the 1970s. However, all have been 
euphotic zone, with the highest being the proved to be attractive to tourists and have 
11.6-13.3 J.lg · dm- 3 noted in January and thus come under anthropopressure. 
February in lakes Zagl~bocze and Rog6ino. Studies were concerned with physico­

Filamentous blue-green algae (especially chemical features (oxygenation, pH, conduc­
Oscillatoria agardhii) predominated in the tivity and Secchi-disc visibility), as well as 
structure of the phytoplankton of all the biological ones (the abundance and structure 
lakes, along with diatoms (with the dominant of phytoplankton and the concentration 
being Asterionella formosa). The remain­of chlorophyll a). 
ing taxonomic groups did not usually account 

Lakes Zagl~bocze and Rog6ino were for more than 15% of overall abundance, al­
found to have similar values for pH, electro­ though one exception concerned crypto­
lytic conductivity (Table 2) and oxygenation phytes, for which the value in January in 
(Fig. 2). Both had oxygen deficits in winter lake Piaseczno was higher than 20% (Fig. 4). 
(below 10 m depth in March), while transpar­ The latter lake had manifested clear differ­
ency as measured by Secchi disc was in the ences in phytoplankton structure in compari­
range 2- 3 m. son with 1971. 

Lake Piaseczno was found to be some­ The results presented (especially those 
what distinct in character, having lower pH relating to oxygen deficits and phytoplankton 
and conductivity (Table 2), as well as oxy­ structure) point to the eutrophic nature of the 
gen saturation throughout the water column lake studied. In the case of the lake Pi-
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aseczno, the studies in the winter period fur- this lake indicated previously by other 
ther confirm the increase in productivity of authors. 
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