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ABSTRACT: The changes in total biomass of phytoplankton and nannoplankton are 
presented. The study was conducted in two lakes of the Lublin region: in a-mesotrophic, 
holomictic Lake Piaseczno and in eutrophic, polimictic Lake Bikcze. The biomasses were the 
highest in spring and in summer, and the lowest in winter. Nannoplankton contribution was the 
greatest from autumn till early spring. The changes in the percentage of systematic groups 
depended on the season of the year and on the lake. 
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1. INTRODUCTION 

In the hydrobiological literature there are several papers on the relations between the 
trophic character of lakes and the biomass of. their phytoplankton. Many authors 
(M i c h e e v a 1970, H i 11 b r i c h t • I I k o w s k a, P i e c z y ri s k a and P i e c z y ri s k i 
1971, Winberg, Babickij and Gavrilov 1971, Willen 1972, Kyvask 1973, 

*Praca wykonana cz~ciowo w ramach problemu w«;zlowego nr 09. 1.7. (grupa tematyczna ,,Procesy 
decyduj1ce o czystosci powierzchniowych wod sr6dl\dowych"). 

[237) 
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L a v re n t e v a 1973) say that the biomass (and numbers) of phytoplanktbn increases to
gether with the degree of lake eutrophy. The relation between biomass and productivity of 
phytoplankton is also connected with the character of lake trophy, F i n d e n e g g (1965) has 
observed that the size of phytoplanktonic organisms is an important factor having an influence 
upon this cprrelation. Nannoplanktonic species dominated in the not very abundant hut highly 
productive phytoplankton of oligotrophic lakes whereas microplanktonic species dominated· 
in fertile lakes. High productivity of nannoplanktonic species at a simultaneously low biomass 
and a low microplankton productivity at high biomass, are confirmed also by the studies of 
Ma c Arthur and Conn e II (1971), Kaja k, Hi 11 bric h t - I I k ow s k a and Pie
c z y n s k a (1972). Also several authors (H i 11 b r i C h t - I I k Ow s k 'a, pie C z y risk a 
and Pieczynski 1971, Pechlaner 1971, Kyvask 1973)confirmthefactof 
more abundant occurrence of nannoplanktonic forms in lakes having a lower degree of trophy. 

Another important algological problem, frequently discussed, is the problem of seasonal 
dynamics of phytoplankton which is mentioned, amongst other things, in this paper. 
Many authors (Go Id man et al. 1968, Winberg 1971, Nik o I a e'v 1972, Hickman 
1974) .confirm the seasonal character of occurrence of particular systematic groups. 
According to R o u n d (1971) in the so-called pure lak~s characteristic are the spring 
and autumn maxima of . phytoplankton growth which are mainly influenced by .light, 
temperature and nutrients. In the winter, low temperature and unfavourable light conditions 
limit the phytoplankton grbwth, whereas in the summer the defficiency of mineral ·salts. 
Lecewicz, Soko!owska and Wojciechowski (1973)haveobservedthatinthe 
winter the increasing amount of light penetrating through the ice cover increases the abundance 
of phytoplankton even at typical winter temperatures. 

The aim of this study was to present comprehensively the changes in phytoplankton and its 
components in an annual cycle during 'two consecutiv~ years as depending on the season of the 

.. year and on the character of-the lake. The biomas,s _was used as an index of quantitative changes 
, of phytoplankton. · 

2. CHARACTERISTIC OF LAKES 

The study was conducted in two lakes of the Ll,lczynsko-Wfodawskie Lakel,and (Pojezferze 
L~czynsko-Wfodawskie) (Lublin province): lakes Piaseczno and Bikcze. 

Lake Piaseczno has a surface area of 85 ha· and a maximum depth of 38.8 m 
(W i lg at 1953). It is an a-mesotrophic, holomictic lake with distinct thermal stratification.' 
At the· beginning of April in 1971 and at the beginning of March in 1972 when the ice 1:over 
was . thawing the lake began its spring. circulation and the summer thermal, stratification was 
already observed .in May 1971 and in April i 972. Epilimnion was usually 7 m thick, whereas 
the metalimnion reached the depth of 12 m. The greatest difference in temperatures between · 
the epi- and hypolimnion was recorded in August 1971 and in July 1972 . The highe,st content 
of oxygen d 

0 

i$solved in water was usually ·found on the border of meta- and hypolimnion, and 
the saturation of water with oxygen . in the hypolimnion did not decrease below .40% in the 
period investigated. The water in Lake Piaseczno had a green colour. Transparency and 
transmission of water ·were always high and the visibility measured by, Secchi's disc,fluctuated 
within a year from 5.2 to 8. 7 m. The reaction of surface water layers changed within the pH 
limits of 6.2-7 .8. The autumn circulation in Lake Piaseczno began in the first days of October 
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in both years. As soon as the ice cover appeared at the turn of December the lake underwent 
the winter stagnation which lasted about 3 months. 

Lake Bikcze is a shallow, strongly overgrown water body of a surface area 85_ ha and of a 
maximum depth 3.3 m (W i I g at 1953). Fi j al k ow ski (1959) has d!ltermined this lake 
as an eutrophic one. According to the criteria of Stange n berg (1936) this is a pond lake. 
Here, it has been assumed that Lake Bikcze is a pond lake of an eutrophic character. The water 
in Lake Bikcze had usually a yellow colour, sometimes yellow-green. The visibility in the 
winters of 1971 and 1972 reached the bottom, during the warm seasons of the year it decreased 
to 0.5 m. Lake Bikcze i~ a polimictic water body. The highest thermal gradient was observed in 
the winter e.g. in February 1972 the temperature of water directly under the ice was l.0°C, 
and at the bottom "f 9°C. The oxygen content in l\_'.1ter was always high af a small quantitative 
differentiation due to the depth. The reaction of water was always basic within the pH limits of 
7.3- 8.L The dates at which Lake Bikcze became froten were 5 days earlier than those for Lake 
Piaseczno. 

The snow cover on both lakes was slight. It appeared only at the beginning and at the end of 
the winter in 1971; whereas it did not occur at all in 1972 thus allowing the light to penetrate 
the water in both lakes (L e c e w i c z, S o k o lo w s k a and W o j c i e c h o w s k i 1973). 

The -changes of physical and chemical factors in 1971 for both lakes are described in a paper 
· by B r z " k et al. (1975), and for Lake Bikcze in both years of investigations in a paper by 

W o j c i echo w ski (1976). 

3. METHODS 

The study was conducted i~ two consecutive years, in 1971 and 1972. Field work was 
carried out in .al) seasons of the year, once ·a week usually in three successive weeks with 
intervals of 3-6 weeks (exceptionally 12 weeks) between the 3-week serie1:1 of investigations, 
according to the season of the year. On the whole, at 29 dates in Lake Piaseczno and at 
32 dates in Lake Bikcze, during the 2 years of investigations. At each date, study of abiotic 
environmental factors was made simultaneously with plankton sampling, 

In both lakes, the study was conducted in the pelagial, on sites close to the maximum .depth 
points. In Lake Piaseczno Bern at ow i c z's(l953) sampler, 0.5 m in' height and of 51 
capacity, was used . for sampling from successive water layers every one metre down to the 
depth of. 20 m, ~hereas at greater depths every 5 metres. The samples were -poured together. In 
Lake Bikcze, Pat alas (1954) sampler, 30 cm in height and of 2 l capacity, was used for 
sampling from three evenly distributed water layers, which were afterwards constituting· one 
sample. For each joint sample a representative sample of a capacity 250 ml was taken, then · 
fixed in Lugo) liquid and preserved in 3% formalin with glycerin. · · 

Microscopic analyses of samples allowed to determine the species composition of 
phytoplankton. The numbers 9f phytoplankton ww,,.determined using Utermohl's "inverted" 
microscope (after Volle n we i cl er 1969) in chambers of a capacity from 5 to 100 ml 
depending on plankton concentration. · 

In order to calculate the biomass 10 specimens of each species were measured separately for 
each lake and for each season of the year, in samples from Lake Piaseczno specimens from each 
thermal layer were measured. In one season of the year abo?t 80 species were recorded on 
average. Then for each species the mean dimensions of cells or colonies (depending on the form 
in which they occurred and on the counted forms) were calculated separately for a given se'ason 
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of the year and a given lake. The algal volume was calculated by comparing each species to an 
appropriate geometrical figure. 

In the calculations of algal volume into mass it was assumed after several authors 
(P a v o n i 1963, G o I d m a n et al. 1968) that the weight density of planktonic algae is 1.0. 
The numbers and biomass were calculated per water volume unit (litre) and per surface area 
unit of the lake (m2 ). The concentration of phytoplankton biomass unit in a water volume unit 
was expressed in µg/1, and the biomass values in the entire water column in mg/m

2 
• 

4. RESULTS 

4.1. C o m p a r i s o n o f p h y t o p l a n k t o n b i o m a s s 
i n different s ea so n s of t h e y e a r, i n d if fer e n t y ears a n d I a k e s 

In both lakes the lowest values of phytoplanktolJ biomass were recorded in winter and the 
highest in summer (Fig. 1). In Lake Piaseczno in each season of 1971 the biomass was lower 
than at analogous periods in 1972, the extreme values, indicated by horizontal lines in the 

Lake Bikcze 
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Fig. 1. Mean and extreme phytoplankton biomass for particular seasons of the year 
1 - mean values for two years, 2 - mean values for 1971, 3 - mean values for 1972, 4 - range of extreme 

values 



Table I. Phytoplankton biomass (µg/1) in limnetic layers of lakes Piaseczno and Bikcze in successive seasons in 1971 and 1972 

t:I 1971 1972 
Limnetic ] 

Lake Values 
zones 3 

;;· winter spring summer autumn winter spring summer autumn .. 
0 -

mean 599 721 9,179 858 983 1,633 10,475 3,589 
epilimnion 

extreme 244-1,350 416-1,027 3,238-16,310 858 650-1,600 1,000-2,200 5,332-14,604 3,478-3,700 

mean 206 839 12,141 909 2,050 1,600 7,923 :1,547 
Pia- metalimnio .. 

seczno extreme 151-269 285-1,826 6,839-19,542 909 1,150-3,200 1,300-1,800 4,577-12,923 3,545-3,683 

mean 250 360 1,679 978 773 1,016 3,478 3,990 
hypolimnio 

extreme 80-417 200-509 901-2,585 978 650-900 950-1,100 2,006-4,706 3,800-4,180 

mean 260 6,256 25,118 3,914 1,100 2,799 28,721 3,053 
Bikcze 

extreme 38-515 1,862-11,956 4,260-40,609 2,748-5,081 1,053-1,148 1,752-4,353 2,698-77,797 2,500-3,360 
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figure, were also lower in 1971. In Lake Bikcze the biomass of winter phytoplankton was 
higher in 1972, of spring phytoplankton in 1971, and in summer and autumn of both years the 
biomass was similar. The range of biomass changes within a year, calculated as a ratio of the 
lowest biomass value to the highest one, was for both lakes higher in the first year than in the 
second one. In Lake Piaseczno it was l: 59 in 1971 and 1 :7 in 1972, arid in Lake Bikcze 1: 
1, 057 and 1:74,respectively. 

The above comparison points to a greater variability of phytoplankton biom_ass in Lake 
Bikcze than in Lake Piaseczno, at higher ~bsolute values of biomass in Lake Piaseczno (Fig. 1 ). 
The biomass for Lake Piaseczno was higher only when comparing the values from the entire 
water column (under 1 m2

) of both lakes. This is due to the greater depth of Lake Piaseczno 
and the considerable transparency of water there, because the phytoplankton concentration in 
a water volume unit was usually greater than in Lake Bikcze (Table I). In the deep Lake 
Piaseczno the biomass concentration. in one litre varied in particular thermal layers. In the first 
year of investigations, from January to May, the biomass concentration was the highest in the 
epilimnion, and later on (from May to November) in the metalimnion. And it remained thus in · 
the latter during the whole winter of 1_972 (no snow on the ice cov.er) and in early spring (up to 
May 3, 1972). Afterwards up to October 17 the maximum biomass was observed in the 
epilimnion contrariwise to analogous seasons of the previous year. During the periods of water 
circulation the vertical distribution of total phytoplankton biomass was more or less even, e.g. 
on November !0, 1971 at complete homothenny there were 858 µg/1 in the epilimnion, 
909 µg/1 in the metalimnion and 978 µg/1 in the hypolimnion. 

4.2. Nan no p Ian k to n e on t r i hut ion to total p h y top Ian k ton 
biomass 

When dividing the phytoplankton into micro- and nannoplankton the size limit of body 
length was assumed as 60 µm after .Star mac h (1955). Because of the small size of 
nannoplanktonic _species in comparison to microplankton their contribution to numbers 
(W o j c i echo w s k a 1976) was much greater than to the biomass. For example, on June 9, 
1971 Chlorella vulgar is Beijer. was 15% of the total phytoplankton number in Lake Bikcze, but 
only 0.3% of its biomass. The changes in total biomass of phytoplankton and in the 
contribution of micro: and naunoplankton during· the period examined are presented for both 
lakes in Figures 2 and 3. 

In Lake Piaseczno-, i11 all seasons of the year, the main species of the nannoplanktonic frac
tion (Fig. 2) was Cryptomonas pusilla Bachm., and apart from it there were smaller numbers of 
Monoraphidium minutum (Nag) Kom.-Legn., Chlorella vulgaris, Mallomonas caudata lwanoff 
and less numerous species of the genera Ankistrodesmus, Oocystis and others. The 
nannoplankton biomass ·was the greatest in Lake Piaseczno in the winter-autumn periods and in 
late autumn. Only at the beginning of the 'winter (January 18) of 197-1 in the epilimnion the 
nannoplanklon did not contribute much to the total phytoplankton biomass. This was caused 
by microplanktonic colonies of blue-green algae of the genera Microcystis and Aphanothece 
which probably survived since autumn. At the same year, on March 1, in the hypolimnion large 
colonies of Aphanothece clathrata W. et G. S. West appeared decreasing in 'thi~ water layer the 
contribution of nannoplankton. In summer periods nannoplankton contribution decreased 
below 20% due to the development of microplanktonic forms, mainly of the groups 
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Fig. 2. Changes in percentage of micro- and narinoplankton in total phytoplankton biomass and changes in total phytoplankton biomass in Lake 
Piaseczno 

1 - microplankton, 2 - nannoplankton, 3 - total phytoplankton biomass 

t 



244 Wladysl'awa Wojciechowska 

Cyanophyta and Chlorococcales. Simultaneously _ the absolute values of biomass of 
Cryptomonas pusilla and nannoplanktonic species of the order Chlorococcales decreased. In 
autumn of both years the biomass of all species forming the nannoplankton increased again. 

The main nannoplankton components (Fig. 3) in Lake Bikcze were Cryptomonas pusilla and 
other species of the genus Cryptomonas, and less numerously represented species of the genera 

Trachelomonas, Chlorella and Scenedesmus. 
In summer Koliella longiseta (Visch.) Hind, 
and Elakatothrix lacustris Korsch. appeared 
also. The nannoplankton contribution was 
the highest in winter of both years. In the 
winter of 1971 it almost attained 100%. In 
1972 it remained on a high level (above 
50%) up to the beginning of the summer, 
whereas in the spring the nannoplankton 
biomass was much higher than at an 
analogous period of the previous year. The 
smallest nannoplankton contribution was 
observed in late spring of 1971 and at the 
end of summer in 1971 and 1972. In both 
years, in autumn, the nannoplankton 

.?J ~ ... ~, contribution increased again. In periods in 
which microplankton biomass prevailed over 

~ 
.._S!i 

~~ 

nannoplankton this 
algae Aphanothece 

was clue to blue-green 
clathrata, Microcystis 

~p~ .... ~ 
""l!::s 

aeruginosa Kiitz. and M. incerta Lemm. and 
sometimes diatoms Melosira granulata (Ehr.) 
Ralfs and Fragilaria crotonensis Kitt. 

~§1;: 
~~ 
~~ 

g 
.5:l 
s 4.3. C o n t r i b u t i o n o f s y s t e m a t i c 

""!i.:: "-s.:: 0 groups to total 
~:... phytoplankton biomass 

The percentage of systematic groups in 
the total phytoplankton biomass is 
presented in Figures 4-6. These relations are 
presented only in the trophogenic layer, i.e. 
in the epi- and metalimnion. Systematic 
groups distinguished here are of various 
taxonomic significance because their 
ecological value and not the taxonomic one 

~ was taken into consideration. 
The varying contribution of systematic 

groups to total biomass was to some extent due to the varying numbers of organisms belonging 
to particular groups, but mainly depended on the size of organisms. Thef efore, systematic 
groups, mainly consisting of large species, highly contributed to total phytoplankton biomass. 
This observation can be illustrated by the contribution of Cyanophyta to phytoplankton 

~~111111 
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· Fig. 4. Changes in -percentage of systematic groups in total phytoplankton biomass in Lake Piaseczno in 1971 
l - Cyanophyta, 2 - Dinophyceae, 3 - Cryptophyceae, 4 - Chrysophyceae, 5 - Baci//ariophyceae, 6 -

Chlorococcales, 7 - Conjugatae + Vo/vocales 

mainly represented in both lakes by species forming large colonies, such as Aphanothece 

clathrata, Microcystis aeruginosa, M. incerta and others. For instance, in the epilimnion of Lake 

Piaseczno, on January 18, 1971, Cyanophyta were only 7.4% of total phytoplankton numbers 
(W o j c i echo w s k a 1976), but 77.6% of total biomass (Fig. 4). Later on in the winter of 
1971 (February, March) the contribution of Cryptophyceae in the epi- and metalimnion of 
Lake Piaseczno considerably increased at a simultaneous disappearance of Cyanophyta. In the 

winter of the following year (1972) the Chlorococcales highly contributed to both thermal 

layers of Lake Piaseczno (Fig. 5) and Botryococcus braunii Kiitz was the dominant species. An 

important phytoplankton component in shallower water layers in the winter of 1972 was the 

group Dinophyceae and species Ceratium hirundinella (0. F. Miill. )Bergh and Peridinium bipes 

Stein contributed mainly to its biomass. In the spring of the first year the contribution of 
Cryptophyceae was high. Rapidly, but for a short time, increased the contribution of 

Chlorococcales in the epilimnion (April 26) due to the "explosive" development of 
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Fig. 5. Changes in percentage of systematic groups in total phytoplankton biomass in Lake Piaseczno in 1972 
For explanations see Figure 4 

Botryococcus braunii. But in 1972, at the first dates of spring investigations in Lake Piaseczno, 
the contribution of Cyanophyta increased rapidly. Only the contribution of Dinophyceae 
increased similarly as in the previous year which-was especially visible i~ the epilimnion. 

In summer periods the phytoplankton biomass in Lake Piaseczno had a similar structure in 
both years. Cyanophyta dominated in all thermal layers of the lake and attamed this 
domination much quicker in 1972 than in 1971. A relatively high contribution in summer 
periods was also shown by Chlorococca·les (with the main species Botryococcus braunii). 

In both years, in autumn, in Lake Piaseczno the biomass of Cyanophyta decrcas~d. While it 
decreased the contribution of other systematic groups increased. In 1971 the contribution of 
Bacillariophyceae and Chrysophycae increased most and in 1972 that of Chlorococcales. 

The dynamics of superior systematic groups in the phytopla~kton of Lake Bikcze also 
varied in both years of investigations. 

l!1 winter periods of 1971 the Cryptophyceae with dominant species Cryptomonas pusilla 
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Fig. 6. Changes in percentage of systematic groups in total phytoplankton biomass in Lake Bikcze 
For explanations see Figure 4. 

dominated in total phytoplankton biomass of Lake Bikcze (Fig. 6). Whereas in winter of 1972 
(Fig. 6) the Cyanophyta distinctly dominated in total phytoplankton biomass and the 
contribution of other systematic groups was very small. In both years, in &pring, the 
Cyanophyta also considerably contributed to total phytoplankton biomass. Species Microcystis 
aeruginosa and Aphanotli,ece clathrata decided mainly about this biomass. 

In SP.ring periods of both years a considerable percentage of total phytoplankton bio~ass of 
Lake Bikcze were the Bacillarioph yceae .. In both years, their contribution was much higher than 
in the plankton of Lake Piaseczno, but each year different species decided about the biomass of 
this group. In 197.J, thei:e was a considerable contribution of Cyclotella comta Ehr. (maximum 
on May 4), .and in the next year Fragilaria crotonensis and Asterionella formosa HC;ias were the 
main cQIDponents of diatom bi9mass. In . the spri_ng of 1972, apart from b1ue-green algae the 
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biomass of which gradually decreased, there was a considerable contribution of Cryptophyceae 
with two species Cryptomonas pusilla and vaguely identified Cryptomohas sp., Chrysophyceae, 
mainly Dinobryon divergens lmh. and Volvocales (primarily small species of the family 
Chlamydomonadaceae and zoospores of other Volvocales). The appearances of Chrysophyceae 
and Volvocales interchanged; the maximum of Chrysophyceae was recorded early in spring, 
whereas the most abundant growth of Volvocales took place at the end of the spring. 

The biomass of Cyariophyta was very high in summer periods. This group distinctly 
dominated in the summer aspect of phytoplankton in 1971, whereas in 1972 an equally high 
biomass of Bacillariophyceae was observed, and mainly of Melosira granulata and Fragilaria 
crotonensis. 

The autumn aspect of phytoplankton in both years, in Lake B1kcze, was characterised by a 
decrr..asing biomass of Cyanophyta as compared to the summer period and the increase of 
biomass of Bacillariophyceae. In 1971, the autumn maximum of diatoms was the highest in the 
annual scale. In autumn of 1972, Melosira grariulata, dominant in summer phytoplankton, was 
substituted by Asterionella formosa. 

5. DISCUSSION 

Total phytoplankton biomass and biomass of its specific and supra-specific components 
shows two kinds of variability in time: (a) seasonal variability shown by fluctuations in the 
annual cycle, (b) variability from year to year. 

The qualitative seasonal phytoplankton variability in both J.akes is first of all expressed by 
changes _in taxonomic structure. The most similar taxonomic structure is observed in autumn 
and winter periods which varied from that in spring and summer. The contribution of 
Cyanophyta, or species of the group Bacillariophyceae connected with eutrophic water, 
increased in both years in spring, and especially in summer. In other seasons of the year the 
Cryptophyceae, Bacillariophyceae, Chrysophyceae and other characteristic groups for less 
fertile water prevailed in the total biomass. 

The changes in the fraction structure in phytoplankton had a similar course also. The 
highest nannoplankton biomass in both lakes was observed in periods from late autumn till 
early spring. Similar seasonal changes in nannoplankton were observed in the eutrophic 
Mikolajskie Lake by S p o d n i e w s k a, H i 11 b r i c h t-11 k o w s k a and W " g I e n s k a 
(1973). According to Hi 11 bric h t-11 k ow s k a, Pie c z y risk a and Pieczynski 
(1971) the contribution of nannoplankton to total phytoplankton biomass increases as the 
extent of water body eutrophication decreases. Similar conclusions may be drawn from the 
observations of Find en egg (1965): (a) nannoplankton has a much higher photosynthetic 
activity than micro plankton, (b) phytoplankton of oligotrophic lakes, largely formed of 
nannoplankton, is more productive than the phytoplankton of eutrophic lakes which consists 
mainly of microplankton. 

As regards the annual cycles of changes in total phytoplankton biomass of both lakes the 
highest values were recorded in summer periods, and the lowest in winter periods. 
S pod n i e w s k a, Hi 11 bric h t-11 k ow s k a and W ~ g I en s k a (1973) have observed 
a similar seasonal variability of total phytoplankton biomass in Mikolajskie Lake in consecutive 
years and came to the conclusion that the increase of phytoplankton biomass in summer is a 
symptom of eutrophication. 
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The above biocenotic criteria for estimating the trophic character of both lakes point to 
their seasonal fluctuations. The biocenotic factors of lakes examined are also differentiated. 

The general taxonomic structure of phytoplankton of Lake Piaseczno which is mainly 
consisting of Dinophyceae, Chrysophyceae, Bacillariophyceae and Chlorococcales is according 
to S t a r m a c h (1969) characteristic of oligotrophic lakes. Whereas the phytoplankton of 
this lake in summer periods of both years and of autumn 1972, mainly composed of 
Cyanophyta and to a lesser extent of Chlorococcales, is characteristic of eu trophic lakes 
(S t a r m a c h 1969). 

In the characteristic of Lake Piaseczno the Conjugatae cannot be omitted although they 
slightly contributed to the total biomass, but the quantitative analyses showed the presence of 
26 species of the family Desmidiaceae. Such a great specific variety of Desmidinceae may point 
to a dystrophic (S t a r m a c h 1969) or oligotrophic (J ii r n e f e I t 1952, F o t t 1967) 
character of the lake. 

The pond character of Lake Bikcze is also confirmed by (after S ta r m a c h 1969) a high 
contribution of the genera Microcystis, Melosira, Fragilaria aml of the order Volvocales, as well 
as the presence of the genera Aphanizomenon and Anabaena, although only al the adomination 
level. Also, the succession of•systematic groups, especially in 1971, was typical for ponds 
(S t a r m a c h 1969). 

In both lakes examined the biocenotic factors differed in the years of investigations. This 
differentiation was visible in the varying percentage of particular systematic groups (e.g. 
Cyanophyta and lryptophyceae) in total phytoplankton biomass and in the varying percentage 
of phytoplankton fractions. 

In Lake Piaseczno the vertical distribution of total phytoplankton biomass varied in 
consecutive years. After the summer period, assumed as char.acleristic for the lake, the biomass 
concentration in a water volume unit was the highest in the melalimnion in 1971, which may 
point to the oligotrophic (Lit y n ski 1952, F o t t 1967) or close to oligotrophy character 
of the lake. But in 1972 the biomass maximum wai- re<:ordeJ in the epilimnion, which is 
characteristic of more fertile lakes. It is a matter for discussion whether the differences 
observed in these two lakes in 1971 and 1972 can be con ·idered as fluctuations taking place 
from year to year or as fluctuations which change the lake trophy. Two years are not a 
sufficiently long period to draw conclusions on the evolution of lakes. Changes in the lake 
trophy have been shown by: S pod n i e w s k a, ll i 11 b r i r h t-11 k ow s k a and 
Wi.glenska (1973), Spodniewska (1974), Edmonrlson (J961, 1966, 1968) 

on the basis of several years of investigations. 

6. SUMMARY 

The aim of this paper was to present the changes in phytoplankton liiomass in relation to the seasons of 
the year and the limnological character of lakes. The study was carri ed out in th«' pelagial of two lakes: 
a-mesotrophic, holomictic Lake Piaseczno of a maximum depth 38.8 m; eutrophic, polimi<"tic Lake Bikcze of 
a depth of 3 m. Firstly the phytoplankton numbers were determined using Utermohl's method (after 
Vo 11 e n w e id e r 1969), then the specimens of each species were measured and their volume was 

calculated liy comparing them to appropriate geometrical figures. In calculations of the volume of species 
into mass it was assumed that the specific density of planktonic algae is 1.0. 

In both lakr.s the values of phytoplankton biomass were tke lowest in winter and the highest in -summer 
(Fig. 1 ). The qualitative seasonal phytoplankton variability in both lakes was primarily expressed by changes 
in the taxonomic structure of this community (.Figs. 4, 5, 6 ). In both lakes, in spring and summer, the 
Cyanophyta and species of the group Bacillariophyceae connected with eutrophic water contributed highly 
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to total phytoplankton biomass. In other seasons of the year Cryptophyceae, Bacillariophyceae, 
Chrysophyceoe and other groups characteristic for less fertile water prevailed. 

The changes in the structure of dimension fractions in phytoplankton were also similar. In both lakes, the 
nannoplankton biomass and its contribution to total biomass were. the highest from late autumn till early 
spring (Figs. 2, 3). The differentiated trophic character of lakes was .reflected in the differentiated 
phytoplankton biomass. Biomass concentration in · a water volume unit was usually higher in Lake Bikcze 
(Table I). The frequlmtly observed biomass concentration in the metalimnion of Lake Piaseczno is 
characteristic for oligotrophic Jakes or those close to oligotrophy. The species divel'3ity and nannoplankton 
contribution were higher in Lake Piaseczno thus pointing to its lower fertility as compared to Lake Bikcze. 

The biocenotic factors were also different in these lakes in 1971 and 1972. As these differences are only 
for two consecutive years it is quite possible that these are fluctuations taking place from year to year. 

7. POLISH SUMMARY (STRESZCZENIE) 

Celem pracy bylo przedstarienie zmian biomasy fitoplanktonu w zaleimosci od pory roku i charakteru 
limnologic-.inego jezior. Badania prowadzono w pelagialu dwochjezior: a-mezotroficznego, holomiktycznego 
jcziora Piaseczno o gh;bokos'ci maksymalnej 38,8 m i jeziora Bikcze - eutroficznego, polimiktycznego, o 
glc;bokosci 3 m. Najpierw okrdlono liczebno~ fitoplanktonu metodit Utermi>hla (wg Vo 11 en we id er a 
1969), nastt;pnie mierzono okazy kazdego gatunku, a ich objt;toki obliczano przyrownuj<1,c je do odpowied
nich bryl geometrycznych. Przy przeliczaniu obj~tosci gaturikow Ill! m~ przyjmowano, ie ci~zar wlasciwy 
(wzgl~riy) planktonowych glonow = 1,0. 

W obydwu jeziorach najniisze wartosci biomasy fitoplanktonu stwierdzono w zimie, a najwyzsze latem 
(fig. 1). Jakosciowa zmiennosc sezonowa fitoplanktonu w obydwu jeziorach wyratala sit przede wszystkim 
z·mianami taksonomicznej struktury tcgo zbiorowiska (fig. 4, 5, 6 ). W obydwu jezioq1ch wiosn:i i latem duzy 
udziat w ogolnej biomasi~ fitoplanktond rnialy Cyanophyta i gatunki z gromady Bacillariophyceae, zwi-i.zane 
z wodami eutroficznymi. W pozostalych porach roku przewazaly Cryptophyceae, Bacillariophyceoe, 
Chry,ophyceoe i inne grupy charakterystyczne dla wod mniej tymych. 

Rowniez zmiany struktury &akcji wielkokiowych w fitoplanktonie przebiegaly podobnie. W obydwu 
jeziorach najwi~ksz-i. biomasc. nannoplanktonu i najwi~kszy jcgo udziat w ogolnej biomasie stwierdzono w 
okresach od pozncj jesieni 'do wczesnej wiosny (fig. 2, 3). Zroznicowanie charakteru troficznego jezior mialo 
odbicie w zro:imicowaniu biomasy 'ich fitoplanktonu. Koncentracja biomasy w jednostce obj1otosci wody byh 
zwykle wic;ksza w jeziorze Bikcze (tab. I). Skupienie biomasy w metalimnionie, CZlo'>tO obserwowane w . 
jeziorze Piaseczno, bylo charakterystyczne dla jezior oligotroficznych lub zh1izonych do tego typu. 
Roznorodnosc gatunkowa i udzial nannoplanktonu::: wii.ksze w jeziorze Piaseczno~tez wskazywaly na mniej 
zyzny charakter tego zbiornika w porownaniu z jeziorem Bikcze: . 

VJ obydwu jeziorach stwierdzono tez trotnicowanie czyrmikow biocenotycznych pomi~dzy latami badan. 
P9niewaz ro:inice d9tyczyly dwoch kolejnych lat, bye moz~. te 8ll to tylko cz-.sto opisywane fluktuacje 

.zachodztce z roku na _rok. · 
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