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Abstract

Phytoplankton composition and biomass were studied in a small suburban lake within the city of

Poznan (western Poland) on the basis of water samples taken in epilimnion. Results obtained in 1999 were
compared with the first study period, of 1978. In the first period, 100 phytoplankton taxa were found and
diatoms were the largest group of species (29% of all taxa), while in the second period 117 phytoplankton

taxa were recorded and green algae dominated (50%). The mean phytoplankton biomass increased nearly
2-fold over the two decades and the trophic state index was higher in 1999. Picophytoplankton, whose
seasonal fluctuations were analyzed only in 1999, accounted for 0.6% to 31.5% (mean 12.8%) of total

phytoplankton biomass.
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Introduction

The state of lake ecosystems and its changes can be as-
sessed on the basis of biotic and abiotic elements. Phyto-
plankton are the main primary producers in open waters,
so they condition the structure and density of consumers
as well as physico-chemical properties of water. Moreover,
phytoplanktonic organisms are sensitive indicators, as
phytoplankton structure and metabolism changes quickly
in response to environmental changes. Growth rate and
variability of phytoplankton are subject to cyclic changes:
fluctuation and succession [1, 2, 3]. The term succession
in phycology is often considered equivalent to seasonal
changes, which is reflected in the terms annual succession
and seasonal succession. Within phytoplankton, several
dozen generations of organisms appear during each grow-
ing season [4, 5]. The community varies widely in respect
to taxonomic composition and cell size. Most recent studies
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focus on cells smaller than 2 pm, i.e. picophytoplankton.

General findings suggest that lacustrine picophytoplankton

may be the most numerous size fraction of phytoplankton,

with abundance varying between 10* and 10° cells per 1 ml

and their biomass increases with increasing trophic state,

whereas the contribution of picoplankton to total phyto-

plankton biomass declines [6, 7, 8].

The present paper describes the composition and bio-
mass of the phytoplankton community and its dynamics
in epilimnion in 1999 and two decades earlier, in 1978.
The aims of this study were:

1. to assess the trophic level on the basis of phytoplank-
ton biomass and indicator species;

2. to compare phytoplankton composition in both study
periods;

3. to assess the contribution of picoplankton to total phy-
toplankton biomass, as this size fraction was not stud-
ied in the first study period.

The study initiated the monitoring of this lake, which
is subject to a strong human impact.
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Table 1. Some physical and chemical variables in Lake
Strzeszynskie in 1978. Total phosphorus (TP) and total nitrogrn
(TN) refer to depth of 1 m, other variables to the water column
from surface to 5 m depth (0.2 m; 1 m; 3 m; 5 m).

Variable (unit) Range Mean
Temperature (°C) 6.5-23.0 16.6
Secchi depth (m) 2.2-6.2 3.47

pH — value 7.5-8.5 7.9
Conductivity (uS ecm™) 460-540 518
Dissolved oxygen (mg 1™!) 7.6-12.8 9.8
Oxygen saturation (%) 66-140 104

PO,-P (ug1™) 0-33 7

TP (ng1™) 16-49 33
NO,-N+NO,-N+NH-N (ug I™") 60-560 237
TN (mg ™) 1.48-1.93 1.13
Chlorophyll-a (ug 1" 0.4-7.5 3.6

Description of the Studied Lake

Lake Strzeszynskie is of glacial origin, located in the
headwaters of a small river within the city boundaries of
Poznan (52°28’N, 16°49°E). Its area is 34.9 ha, volume
2.8x10° m*, maximum depth 17.8 m, and mean depth 8.2
m [9]. Lake Strzeszynskie is characterized by neutral-
-to-slightly-alkaline water, good oxygenation of surface
waters, oxygen deficits below a depth of 10 m as early
as in May, and anoxic conditions in July-October [9,
10, 11, 12]. Other physical and chemical variables are
given in Table 1. For decades the lake has been used for
recreational purposes and swimming, water sports and
fishing.

Materials and Methods

Water samples were collected from one station in the
pelagic zone, 0.5—1 m below the water surface, every 2—4
weeks between May and November, 1999, on exactly the
same dates as in 1978. The samples were preserved im-
mediately at the site with Lugol’s solution and in 1999
also for picophytoplankton study with buffered glutaral-
dehyde to a final concentration of 1%.

In the laboratory, phytoplanktonic organisms were
identified to the species level or — if this was impossible
— they were only assigned to a genus. Organisms were
concentrated by settling in 14-ml and 24-ml chambers
and analyzed under an inverted microscope according to
the method by Utermohl [13] at a magnification of 40,
150 and 600x%. In both study periods I counted the cells
with the use of the same microscope and chambers. Pi-
cophytoplankton (0.2—2.0 um) were determined by epi-

fluorescence microscopy, using instrumentation and pro-
tocols similar to those previously reported [14, 15]. The
biovolume of each species was calculated on the basis of
cell shape, size, and number, while their biomass was ex-
pressed as wet weight. Biomass was estimated assuming
that the volume of 10° um?® is equivalent to 1 pg.

The trophic state was assessed on the basis of indi-
cator taxa listed by Jarnefelt (according to Kawecka and
Eloranta [5], Hutchinson [16], Hornstrom [17], Rosén [ 18]
and was calculated according to the Hornstrom formula
[17]. The trophic index of the community was calculated
on the basis of the biomass of trophic state indicators. The
index values ranged from 1 to 3 (1 = oligotrophic, 2 =
mesotrophic, 3 = eutrophic).

Results
Phytoplankton Composition

Within phytoplankton, 100 taxa were found in 1978
and 117 in 1999 (but 111 excluding picoplankton). In
terms of species number, the largest group were diatoms
in the first year and green algae in the second year. In
1999, the number of taxa increased by 34 for green algae
(including 2 taxa assigned to picoplankton), but decreased
by 16 for diatoms and by 4 for chrysophytes (Table 2). The
total number of taxa in individual samples varied from 12
to 42 in 1978 and from 30 to 49 in 1999. The species that

100% 7
80% 1
60% 1
40% A

20% A

0% T T T T T T

05 06 07 08 09 10 11
O Cyanobacteria O Cryptophyceae @ Dinophyceae
O Chrysophyceac M Bacillariophyceae B Chlorophyta
B Others

100%

80%

60%

40% A

20% A

0% T T T T T T
05 06 07 08 09 10 11

Months

Fig. 1. Changes in the relative biomass of taxonomic groups of phy-
toplankton in Lake Strzeszynskie in 1978 (A) and in 1999 (B).
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Table 2. Floristic spectrum of pelagic plankton in Lake Strzeszynskie in both investigated periods.

1978 1999
faxonomic group Number of taxa Share (%) I:I)tfu:;l;');r Share (%)
Cyanobacteria 14 14 14(18%) 15.4
Cryptophyceae 8 8 6 5.1
Dinophyceae 5 5 6 5.1
Chrysophyceae 17 17 13 1.1
Bacillariophyceae 29 29 13 11.1
Chlorophyta 25 25 57(59%) 50.4
Others 2 2 2 1.8
Total 100 100 111(117%) 100

*Number of taxa including picoplankton

occurred in more than 50% of all samples were consid-
ered common. This category included 13 species in 1978
and 29 species (including 3 taxa belonging to picoplank-
ton) in 1999. Only 10 taxa were common in both years:
1 chrysophyte (Dinobryon divergens), 2 cryptophytes
(Cryptomonas marssonii, Rhodomonas lacustris), 2 dino-
phytes (Ceratium hirundinella, Peridinium cinctum) and
5 green algae (Closterium acutum var. variabile, OQocys-
tis lacustris, Phacotus lenticularis, Tetraedron minimum,
Willea irregularis).

Phytoplankton Biomass

Phytoplankton taxa with the highest biomass on suc-
cessive sampling occasions in both analyzed periods are
presented in Table 3. Few of them were dominants, i.e.
exceeding 50% of the total phytoplankton biomass. More
numerous were subdominants, accounting for 25—50% of
total biomass. Usually the biomass of the main 2—3 taxa
jointly accounted for at least 50%. The periodically domi-
nant species were green algae or chrysophytes, while sub-
dominants also included cyanobacteria, dinophytes and
diatoms. However, only five taxa were dominants and/or
subdominants more than once: Ceratium hirundinella (7
times), Peridinium spp. (3 times), and Phacotus lenticu-
laris, Closterium acutum var. variabile, Dinobryon diver-
gens and Carteria sp. (2 times each).

In 1999 the mean contribution of cyanobacteria to total
phytoplankton biomass was about twice as high as in 1978.
Mean contributions of green algae and chrysophytes only
slightly increased, while mean contributions of cryptophytes
and diatoms decreased. In both periods the dinophytes and
green algae constituted a substantially larger fraction of phy-
toplankton biomass than other taxonomic groups. Their joint
contribution to the total phytoplankton biomass reached 54%
in 1978 and 59% in 1999. (Table 4, Fig. 1).

The phytoplankton community shows a wide sea-
sonal variation in biomass. In the first year, we ob-

served frequent fluctuations of biomass, with peaks in
June, July, September and November. By contrast, 20
years later only two conspicuous peaks were recorded:
in June and August (Fig. 2). The total phytoplankton
biomass ranged between 0.157 and 1.743 mg 17! (mean
0.839 mg ") in 1978 and from 0.071 to 2.688 mg I”!
(mean 1.316 mg ") in 1999. Cells of <2 um in size,
whose seasonal variation was first analyzed in this lake
in 1999, formed small peaks in June and August. Their
biomass ranged from 0.01 mg I"! in November to 0.438
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Fig. 2. Changes in phytoplankton biomass in Lake Strzeszynskie
in 1978 (A) and in 1999 (B). The black area shows the pico-
plancton biomass.
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Table 3. Relative biomass (%) of the major phytoplanktonic species in Lake Strzeszynskie in 1978 and 1999. Dominants are boldfaced,

while subdominants are underlined.

Sampling 1978 1999

date Takson % Takson %
Synedra acus var. angustissima Grunow 45.4 | Ceratium hirundinella (O.F. Miill.) Bergh 36.4
17.05. Cyclotella comta (Ehr.) Kiitz. 16.9 | Peridinium spp. 28.8
Ceratium hirundinella (O.F. Miill.) Bergh 8.9 | Rhodomonas lacustris Pascher et Ruttner 7.8
Rhodomonas lacustris Pascher et Ruttner 36.1 | Dinobryon divergens Imhof 64.3
31.05. Ceratium hirundinella (O.F. Miill.) Bergh 29.6 | Ceratium hirundinella (O. F. Miill.) Bergh 15.1
Phacotus lenticularis (Ehr.) Stein 26.9 | Cryptomonas ovata Ehr. 4.7
Dinobryon divergens Imhof 36.9 | Ceratium hirundinella (O. F. Miill.) Bergh 34.7
15.06. Ceratium hirundinella (O.F. Miill.) Bergh 23.5 | Dinobryon divergens Imhof 16.4
Closterium acutum var. variabile (Lemm.) W. Krieg. | 13.9 | Aphanothece spp. 12.1
Phacotus lenticularis (Ehr.) Stein 36.5 | Ceratium hirundinella (O. F. Miill.) Bergh 20.3
29.06. | Fragilaria crotonensis Kitton 19.6 | Ochromonas ornata Skuja 17.1
Ceratium hirundinella (O. F. Miill.) Bergh 14.2 | Aphanothece spp. 13.1
Fragilaria crotonensis Kitton 43.8 | Ceratium hirundinella (O. F. Miill.) Bergh 20.3
12.07. | Keratococcus braunii (Nédg.) Kom. 17.2 | Eutetramorus fottii Hindadk 14.8
Anabaena flos aquae Bréb. ex Born. et Flah. 10.7 | Aphanocapsa spp. 12.5
Ceratium hirundinella (O.F. Miill.) Bergh 34.6 | Aphanocapsa sp. 28.7
31.07. | Peridinium cinctum (O.F. Miil.) Ehr. 21.9 | Carteria sp. 15.7
Chlamydomonas sp. 11.9 | Ceratium hirundinella (O. F. Miill.) Bergh 12.3
Peridinium cinctum (O.F. Miill.) Ehr. 24.4 | Carteria sp. 68.9
14.08. | Synechocystis aquatilis Sauvageau 12.6 | Aphanocapsa spp. 13.5
Ceratium hirundinella (O.F. Miill.) Bergh 11.9 | Ceratium hirundinella (O. F. Miill.) Bergh 8.3
Ceratium hirundinella (O.F. Miill.) Bergh 36.6 | Carteria sp. 74.3
24.08. | Peridinium cinctum (O.F. Miill.) Ehr. 18.8 | Aphanocapsa spp. 8.8
Cryptomonas ovata Ehr. 16.1 | Ceratium hirundinella (O. F. Miill.) Bergh 8.0
Peridinium cinctum (O.F. Miill.) Ehr. 35.3 | Chrysochromulina parva Lackey 16.6
18.09. Ceratium hirundinella (O. F. Miill.) Bergh 28.7 | Ceratium hirundinella (O. F. Miill.) Bergh 14.6
Cryptomonas ovata Ehr. 7.8 | Aphanocapsa spp. 13.6
Cryptomonas ovata Ehr. 24.8 | Ceratium hirundinella (O.F. Miill.) Bergh 30.4
5.10. Ceratium hirundinella (O. F. Miill.) Bergh 14.5 | Peridinium spp. 26.7
Peridinium cinctum (O.F. Miill.) Ehr. 13.1 | Cryptomonas spp. 10.0
Closterium acutum var. variabile (Lemm.) 77.9 | Closterium acutum var. variabile (Lemm.) 37.2

2711 W. Krieg. W. Krieg.
T Cryptomonas ovata Ehr. 14.1 | Planktothrix agardhii (Gom.) Anagn. et Kom. 24.8
Cyclotella comta (Ehr.) Kiitz. 2.9 | Synechocystis sp. 11.1

mg 17" in mid-August (mean 0.181 mg 1™"), whereas Discussion

its contribution to total phytoplankton biomass var-
ied from 0.6 to 31.5%. It is noteworthy that with pi-
coplankton, phytoplankton biomass would be on aver-
age 12.8% higher, ranging from 0.081 and 3.125 mg I”!
(mean 1.497 mg 17).

Indicator Species

Among indicator taxa in 1978, 43% were oligotrophic,
21% were mesotrophic, and 36% were eutrophic, whereas
in 1999 the corresponding values were: 31%, 19% and
51%. Trophic index values in 1999 were slightly higher
and the range of variation was narrower (1.56—2.69, mean
2.02) than in 1978 (1.48-2.92, mean 1.9, Fig. 3). The
mean value shows that the lake is mesotrophic, although
in some periods it could be classified as eutrophic.

The number of species recorded in Lake Strzeszynskie
increased by about 20% between the late 1970s and the
late 1990s. On the one hand, this was due to the inclusion
of picoplanktonic organisms, which enriched the phyto-
plankton community composition of the lake with 6 taxa.
On the other hand, the rise may result from the higher tro-
phic level. As shown by Heinonen (acc. to Kawecka and
Eloranta [5]) in Finnish lakes, species number increased
with increasing trophic state and was the highest when
phytoplankton biomass exceeded 3.5 mg I"!. The total
number of phytoplankton species in Lake Strzeszynskie
in 1978 was in the middle and in 1999 was near the upper
limit of values regarded as the most usual number of spe-
cies for lake phytoplankton, i.e. 50—150 [19].

Substantial differences in numbers of taxa between
the two study years occurred in some taxonomic groups.
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Table 4. Mean contribution (%) of the major taxonomic groups
to total phytoplankton biomass in Lake Strzeszynskie in both
investigated periods.

Taxonomic group 1978 1999
Cyanobacteria 6.7 15.9
Cryptophyceae 16.1 5.7
Dinophyceae 30.8 30.6
Chrysophyceae 7.2 12.3
Bacillariophyceae 16.0 3.0
Chlorophyta 232 279
Others 0 4.6

Firstly, many new taxa of the group Chlorococcales ap-
peared, especially Scenedesmus spp. This genus, as re-
ported by Rosén [18], is a sign of strong eutrophication.
However, in terms of biomass, other species prevailed, so
the latter affected the functioning of the ecosystem more
strongly. It must be emphasized that dominance was ob-
served more often in 1999 and that dominants did not
include any euglenophytes and filamentous cyanobac-
teria, such as Aphanizomenon flos-aquae (indicators of
high trophic levels). Most often, the main contributor to
phytoplankton biomass was the dinophyte Ceratium hi-
rundinella, the chrysophyte Dinobryon divergens, and the
green alga Closterium acutum var. variabile, which are
regarded as indicators of meso-eutrophic, oligo-mesotro-
phic and eutrophic waters, respectively, by Rosén [18].
Hence it can be concluded that Lake Strzeszynskie is in
transition between the meso- and eutrophic states or is
only slightly eutrophic.

On the basis of the maximal summer phytoplankton
biomass, according to Heinonen’s (acc. to Kawecka and
Eloranta [5]) criteria, in the first period Lake Strzeszynskie
may be classified as mesotrophic and in the second period
as meso-eutrophic. The mean biomass in both periods was
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Fig. 3. Phytoplankton trophic index of Lake Strzeszynskie in
both investigated periods.

ca. half as high as the maximum value but increased nearly
2-fold over 20 years: from 0.8 to 1.3 mg I"!, but from 0.8
to 1.5 mg I"! if picoplankton was also considered. In the
first period the total phytoplankton biomass was underes-
timated in 1978 because picoplankton were not taken into
account then. As shown with the use of fluorescence mi-
croscopy in 1999 picophytoplankton were quite numer-
ous there [15]. Its contribution to phytoplankton biomass
was similar to that recorded by Weisse and Kenter [20] in
the mesotrophic Lake Constance.

As reported earlier the size of the pelagic phytoplank-
ton community in Lake Strzeszynskie, expressed as bio-
mass or chlorophyll a concentration, was not correlated
at the significance level 0<0.05 with concentrations of
mineral forms of nitrogen, soluble phosphates and some
other limnological parameters [21, 11], so those param-
eters were not measured in 1999. On the basis of total
phosphorus concentration, this lake may be classified as
slightly eutrophic, but the anoxic hypolimnion attests to a
much higher trophic level [10].

Conclusions

The assessment of this aquatic ecosystem after two de-
cades reveals only slight changes in the pool of dominants
within phytoplankton. The analyses made in the 1990s, in
comparison with those made in the 1970s, showed that the
same dominants or subdominants appeared in both peri-
ods, often in the same seasons or even months. However,
phytoplankton biomass doubled and its seasonal fluctua-
tions changed towards higher values in summer. Besides,
the contribution of cyanobacteria to total biomass mark-
edly increased. Currently it is difficult to say if this in-
crease is a symptom of water quality deterioration as a
result of the growing human impact or a phase in a cyclic
course, or — perhaps — it is somehow related to more fa-
vourable weather conditions. If the process of eutrophica-
tion is allowed to continue, and phytoplankton biomass
is going to double again after some time, water quality
may soon become unsuitable for recreation. In order to
explain the increase in phytoplankton biomass (especially
the increase in cyanobacteria) and the modification of the
structure and composition of the phytoplankton commu-
nity, it is necessary to undertake further studies, including
other elements of the pelagic biocoenoses.
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