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The winter phytoplankton of the Russian part of the hyper-trophic Curonian La-
goon (Baltic Sea) was studied in 2010. Diatoms, cyanobacteria and cryptomonads 
prevailed in phytoplankton. Diatom Aulacoseira islandica was dominant and espe-
cially prevailing in the southern area of the lagoon, i. e. the area influenced by the 
Deyma River. Cyanobacteria Planktothrix agardhii was also a dominant species. 
The composition of the complex of dominant species and vertical distribution of 
phytoplankton differed compared to the results obtained 30 years ago in the same 
area. The study revealed the increase of the abundance of winter phytoplankton 
compared to the formerly recorded data.
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INTRODUCTION

The hyper-trophic Curonian Lagoon located in 
the south-eastern part of the Baltic Sea is a se-
mi-enclosed shallow lagoon separated from the 
sea by a narrow sand spit and having the surface 
area of 1  584  km2 (the Russian part constituting 
1 171 km2) and average depth of 3.8 m (Chervins-
kas, 1959).

The greatest part of the lagoon is a freshwater 
because of the Nemunas River runoff. On the ave-
rage, 21.8 km3 of river water flows into the Baltic 
Sea through the Curonian Lagoon yearly (Gailiu-
šis et al., 2011).

The lowest water temperature of 0.1–0.2  °С is 
registered in January–February and the highest 
of 23–27  °С in July–August. The ice-cover forms 
annually during winter and lasts about 90  days 
from December till early March; the maximum 
thickness of ice is up to 80  cm (Gidrometeoro-
logicheskie…, 1985; Krylova, 1985; Žaromskis, 
1996).

Usually, most of hydrobiological studies are li-
mited by the vegetation season. However, reliable 
predictions of ecosystem parameters, ecological 

modelling and aquatic system sustainable use must 
be based on the year-round data sets. The level of 
phytoplankton development during the vegetation 
season is sufficiently defined by its winter charac-
teristics. In the Curonian Lagoon phytoplankton 
succession is studied mainly during the iceless 
period, from March to November (Uselite, 1959; 
Krylova, 1985; Olenina, 1991, 1998, 2001; Pilkai-
tytė, 2003; Semenova, Smyslov, 2005; Dmitrieva, 
2007; Lange, 2007, etc.), whereas phytoplankton 
data from the winter seasons are limited.

The aim of the present paper is to describe the 
structure and spatial distribution of the winter 
phytoplankton communities in the Curonian La-
goon.

MATERIALS AND METHODS

Material was taken during the multidisciplinary 
winter field cruise of AB IO RAS in the second 
half of February 2010.

Ten phytoplankton samples were collected at 6 
stations (st.) of the Russian part of the Curonian 
Lagoon: st. 13, 15 (central area), and st. 1, 24, 25, 
28 (southern area) (Fig.  1). Depth varied from 
3.6 to 5.3  m. Surface water temperature was not 
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higher than 0.1–0.6  °С, and bottom temperature 
was below 2.3–4.0  °С. Ice thickness came up to 
60 cm. The water samples for phytoplankton ana-
lyses (0.5  l  volume) were collected in the surface 
and near-bottom layers, using a 1  l Frantsev bat-
hometer. Phytoplankton was fixed in a modified 
Lugol’s solution (Kuz’min, 1975) and concentrated 
to 5 ml volume.

The organisms were counted in the Nageotte 
chamber (0.02  ml volume) under the light mi-
croscope (Ergaval Karl Zeiss, Jena), magnification 
х256 and х640. Wet weight biomass of phyto-
plankton was assessed from cell geometry (HEL-
COM, 1988; Rukovodstvo…, 1992) and using a 
cell biovolume table (HELCOM, 2006). The algal 
species and groups that comprised more than 10% 
of phytoplankton biomass in a sample were consi-
dered dominant.

The Bray-Curtis index of similarity was used 
to evaluate the level of similarity between phyto-
plankton communities of sampling sites. Calcu-

lations were made with the use of mathematically 
transformed biomass values (taking the fourth 
root). The results of cluster analysis based on the 
weighted pair-group method were presented as a 
dendrogram. Cluster analysis was carried out in 
software PRIMER v.5.2.3.

RESULTS

Winter phytoplankton was represented by 58 taxa 
including the largest variety of different cyano-
bacteria (22  taxa). The following species were ar-
ranged in the descending order: green algae (15), 
diatoms (11), cryptophytes (6), dinophytes (3), eu-
glenophytes (1), as well as unidentified flagellates 
forms ascribed as the Flagellata group.

The number of taxa ranged from 8 to 18 in 
different samples. Taxonomic diversity was lo-
wer in the surface layer than in the bottom layer 
(12 ± 3 to 16 ± 3 taxa, respectively). Cryptophy-
tes were most diverse at the surface, while the 
diversity of other groups of phytoplankton incre-
ased in the layer close to the bottom (Fig. 2).

The widespread species with the frequency of 
occurrence of more than 50% were diatom Au-
lacoseira islandica (O. Müll.) Sim., cyanobacteria 
Planktothrix agardhii (Gom.) Anagn.  et  Kom., 
dinophytes Gymnodinium spp., small-size cryp-
tomonads (smaller than 20 μm) and group Flagel-
lata.

The total biomass of phytoplankton at an ave-
rage of 43% was determined by A.  islandica, the 
spatial distribution of which was uneven. This 
species reached the greatest development in the 
southern area, where its contribution to the total 
biomass was 40–99%. Abundance reached 262–
1000  thous.  cell · l–1 and biomass reached 0.45–
1.59 g · m–3 in the upper layer, and 76 thous. cell · l–1 
and 0.145 g · m–3 in the bottom layer, respectively. 
In the rest of the area of the Curonian Lagoon the 
amount of A. islandica was considerably lower and 
counted from 0 to 0.03 g  · m–3, although it conti-
nued to dominate. 

The diatom Actinocyclus normanii (Greg.) 
Hust dominated in the surface layer, amounting 
to 12% of the total biomass. Stephanodiscus ro-
tula (Kuitz.) Hendey (to 42%) was found in both  
layers. The abundance of these species did not 
exceed 1  thous. cell  ·  l–1. Different size cryptomo-
nads played a definite role only in the surface layer 

Fig. 1. Location of the sampling sites in the 
Curonian Lagoon, February 2010 (central area of the 
lagoon – st. 13, 15; southern area – st. 1, 24, 25, 28)
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(32% of total biomass on average): their abundan-
ce ranged from 70 to 139  thous.  cell  ·  l–1and bio-
mass from 0.01 to 0.02 g · m–3. In the bottom layer 
their amount was reduced to 0–6  thous.  cell  ·  l–1 
and biomass to 0–0.003  g  ·  m–3, respectively. In 
the south-eastern area (st.  24) cyanobacteria 
Planktothrix agardhii predominated with a maxi-
mum of 0.01  g  ·  m–3 in the surface layer (st.  25). 
In general, the quantitative parameters of winter 
phytoplankton were determined by diatoms (66% 
of total biomass on average), cryptophytes (32% in 
the surface layer) and cyanobacteria (17% in the 
bottom layer) in both layers (Fig. 3).

The Bray-Curtis coefficient was used to assess 
the similarity of the phytoplankton communities 
of stations and the results are presented in Fig. 4. 
Phytoplankton communities with a low level of si-
milarity (~20%) were divided into two clusters with 
pooled surface and bottom phytoplankton commu-
nities. Inside the cluster, the level of similarity was 
also low, especially comparing the assemblages ta-
ken from the layer near the bottom (similarity not 
higher than 45%). The structure of phytoplankton 
of the surface layer was also characterized by spa-
tial heterogeneity, i.  e. the stations merged into 
two subgroups: one included the data from the 

Fig. 2. Phytoplankton taxonomic composition in the Curonian Lagoon in 
February 2010 (s – surface layer, b – bottom layer)

Fig. 3. Relative biomass of the main systematic groups of phytoplankton in the 
Curonian Lagoon in February 2010 (s – surface layer, b – bottom layer) 
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southern part of the lagoon, the other from the 
central part. The specific structure of phytoplank-
ton differed in st. 24 located in the southern part. 

The average quantitative parameters of win-
ter phytoplankton in the upper layer were 
512  thous.  cell  ·  l–1 and 0.43  g  ·  m–3 on average 
(Table 1). The total abundance in the bottom lay-
er varied from 324 to 607  thous.  cell  ·  l–1 (447 
thous.  cell · l–1 on average), biomass from 0.03 to 
0.16 g · m–3 (0.07 g · m–3 on average). Phytoplank-
ton productivity was higher in the southern part 
of the lagoon.

DISCUSSION

The seasonal dynamics of phytoplankton commu-
nities typical of eutrophic freshwater of the tempe-
rate zone was observed in the Curonian Lagoon. 
Diatoms dominated in spring time, when water 
temperature reached 15–16  °C; cyanobacteria 
started dominating and occupied the second po-
sition in taxon diversity after green algae (Pilkai-
tytė, 2003; Dmitrieva, 2007). Water blooms were 
regularly observed in summer and autumn in the 
lagoon. It was caused by the development of po-
tentially toxic phytoplankton species in this group: 
Aphanizomenon flos-aquae (L.) Ralfs ex Born. 
et  Flah., species of the genus Microcystis (M.  ae-
ruginosa (Kütz.) Kütz., M.  wesenbergii Kom., 
M.  viridis (A.  Br.) Lemm.), Planktothrix agardhii, 

Woronichinia compacta (Lemm.) Kom. et  Hind. 
Toxic cyanobacteria blooms were observed, for 
example, in the summer–autumn period in 2010, 
when phytoplankton in water and microcystins 
were detected (Ezhova, Lange, 2011). Phytoplank-
ton biomass in the lagoon can exceed 100 g  · m–3 
(Olenina, 1998; Semenova, Smyslov, 2005).

In 2010, cyanobacteria prevailed in the under-
ice phytoplankton amounting to 38% of the total 
number of taxa. The highest diversity was recor-
ded in the near-bottom layer (Fig. 2), where water 
temperature (2.3–4.0  °C) was higher than that in 
the surface layer (0.1–0.6 °C). Cyanobacteria beca-
me subdominant at the bottom, forming an avera-
ge of 17% of the total biomass of phytoplankton. 
Cyanobacteria are characterized by the lowest de-
mand to the light condition (solar radiation) com-
pared with diatoms and green algae. Light condi-
tions are not a limiting factor for cyanobacteria 
(Kuzmenko, 1981).

Cyanobacteria Aph.  flos-aquae was massively 
growing in the Curonian Lagoon in the summer–
autumn season, but in winter it was found in only 
two samples and did not have any significance in 
plankton, although in 1975–1976 it was one of the 
dominant species with the frequency of occurren-
ce year-round reaching over 70% (Krylova, 1985). 
In contrast, another summer dominant in recent 
years, non-N2-fixing cyanobacteria P. agardhii, was 
widespread in the lagoon in February and prevai-
led in one of the southern stations. Earlier, these 
species had not been found in plankton (Krylova, 
1985). P.  agardhii can grow in mass over a wide 
temperature range from 6 to more than 20 °C, i. e. 
it refers to eurythermic organisms. As to anot-
her Oscillatoriales species, P. agardhii, it is with a 
low light-energy requirement for growth and is a 
‘turbulent’ species (Stefaniak, 2005). This species 
was shown to occur in plankton in a hypertrophic 
fishpond (Central Moravia, Czech Republic) 
throughout the year; its winter population was 
concentrated at the bottom of the form hormogo-
niae and filaments, which begin to grow in March 
and reached the maximum length filaments in Ap-
ril and the greatest abundance in August (Poulic-
kova  et  al., 2004). Such a scenario of the annual 
development of P. agardhii can be assumed for the 
lagoon.

Quantitative parameters of phytoplankton in 
February 2010 were mainly provided by diatom 

Fig. 4. Dendrogram of species similarity in winter phy-
toplankton communities based on the data of stations in 
the Russian part of the Curonian Lagoon in 2010, using 
the coefficient of Bray-Curtis similarity (%) (areas: cen-
tre – st. 13, 15, southern part – st. 1, 24, 25, 28)
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Aulacoseira islandica, a freshwater species with 
cold temperature optimum between 5 and 10  °C. 
The turbulence of water masses plays an important 
role in its development and promotes an entry of 
resting fibers in the photic zone of diatoms and 
prevents their sedimentation (Trifonova, 1979). 
The highest development of this species observed 
in the southern part of the lagoon was subject to 
the influence of the Deyme River outflow. In the 
mid-1970s A.  islandica also had a high priority 
in the winter plankton of the Curonian Lagoon 
(Krylova, 1985). In 2002–2004 this species toget-
her with the species of genus Stephanodiscus for-
med a spring dominant complex in the study area 
(Dmitrieva, 2007).

In the winter phytoplankton collected in the 
surface layer, our investigations revealed the domi-
nant position of different size cryptomonads that 
had not been previously noted (Krylova, 1985). 
The representatives of cryptophytes may occur in 
plankton all year round and form a typical cold-
water phytoplankton complex of ice-cover and 
early-spring periods in the temperate zone lakes 
(Trifonova, 1979), including a hypertrophic water 
body (Lepistö, 1999).

In the same season in the mid 1970s and early 
1980s the average monthly biomass of phytoplank-
ton lagoon consisted mainly of diatoms (60%), 
especially A.  islandica, green algae and cyano-
bacteria (10–15%) (Krylova, 1985). In 2010, the 
amount of green algae decreased to an average of 
3% and cryptophytes appeared as subdominants.

A cluster analysis revealed the spatial hetero-
geneity of phytoplankton distribution during the 
winter of 2010. The structure of taxonomic com-
position of phytoplankton in the study area high-
lighted the central and southern parts in the aspect 

of horizontal distribution, and surface and bottom 
horizons in the vertical distribution (Fig.  3). In 
the surface layer, the extreme values of the total 
abundance of winter phytoplankton differed by an 
order, while in the bottom layer only ca.  2 times. 
The total biomass varied in a wide range: up to 
53 times in the surface layer, and up to 6 times 
at the bottom. Phytoplankton abundance varied at 
a lesser extent as largely determined by the bio-
mass of the species of cyanobacteria and small-si-
ze cryptophytes (with the exception of st. 1, whe-
re A.  islandica predominated); however, it mainly 
depended on the vegetation species with a great 
individual biovolume and the average was higher 
in the surface layer up to 6 times.

As in 2010, in the second half of 1970 the 
amount of phytoplankton in the southern part of 
the lagoon was higher than in the central deep 
zone: 1–5  ·  103 thous. cell  ·  l–1 (0.05–1.0  g  ·  m–3) 
and up to 0.1 · 103 thous. cell · l–1 (0.1 g · m–3), res-
pectively (Table). However, phytoplankton, diffe-
rent from the present situation, was concentrated 
in the bottom layers (Krylova, 1985).

CONCLUSIONS

The dominant species, vertical distribution in the 
water column and quantitative development of the 
winter phytoplankton community have undergo-
ne some changes in the Curonian Lagoon in 2010 
compared with the situation 30  years ago. In the 
earlier period phytoplankton was mainly concen-
trated in the bottom layer, whereas in the present 
time the development level of phytoplankton both 
in the surface and bottom layers in the southern 
part of the lagoon was of the same order. Along 
with cyanobacteria, diatoms and cryptophytes 

Table .  Quantitative parameters of winter phytoplankton in the Russian part of the Curonian Lagoon in different 
years (surface layer)

Parameter
Lagoon Central area Southern area

1975, 1976, 
19821) 2010 1975, 1976, 

1982 2010 1975, 1976, 
1982 2010

Abundance, 
thous. cell · l–1 40 512 (106–

1240)2) – (up to 100) 191 (106–
275)

– (1000–
5000)

739 (143–
1240)

Biomass, 
g · m–3 0.10 0.43 (0.02–

1.76) – (up to 0.10) 0,03 (0.02–
0.03)

– (0.05–
1.00)

0.81 (0.12–
1.76)

1 Krylova, 1985; 2 average (range)



Evgenia K. Lange126

(cryptomonads) became prevalent, and green al-
gae have almost completely dropped out of the 
dominants. Cyanobacteria Aph.  flos-aquae mas-
sively growing in the Curonian Lagoon in the 
summer season were found only twice in winter, 
thus were not really important. In contrast, anot-
her summer dominant cyanobacterium P. agard-
hii was found everywhere and prevailed in one 
of the stations. An increase of the quantitative 
development of phytoplankton was observed in 
the southern part and in all stations of the stu-
dy area in general. At the same time, the diatom 
A.  islandica remains the main dominant of win-
ter phytoplankton, and the pattern of the hori-
zontal distribution of the quantitative parameters 
of phytoplankton is also the same. The zone of 
influence of the Deyma River outflow is the most 
productive part of the southern part of the la-
goon.
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KURŠIŲ MARIŲ (BALTIJOS JŪRA) ŽIEMOS 
FITOPLANKTONO STRUKTŪRA IR ERDVINIS 
PASISKIRSTYMAS

S a n t r a u k a
Straipsnyje pateikiami hipertrofinės Kuršių marių 
dalies (Rusijos) 2010  m. žiemos laikotarpio fito-
planktono tyrimų rezultatai. Fitoplanktone vyravo 
titnagdumbliai, melsvabakterės ir kriptofitainiai. Dau-
giausia rasta Aulacoseria islandica titnagdumblių, 
ypač pietinėje Kuršių marių dalyje, esančioje Dei-
mos upės įtakos zonoje, taip pat Planktothrix agar-
dhii melsvabakterių. Vyraujančių rūšių kompleksas ir 
vertikalus fitoplanktono pasiskirstymas, palyginti su 
pastarųjų trijų dešimtmečių fitoplanktono tyrimų re-
zultatais, skyrėsi, o žiemos fitoplanktono kiekybiniai 
rodikliai didėjo.

Raktažodžiai: žiemos fitoplanktonas, Aulacoseira is-
landica, Planktothrix agardhii, sekli įlanka




