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Abstract

In the period 1993-1996, the Maltanski Reservoir was found to host 233 phytoplankton taxa, belong-
ing to 9 taxonomic classes. The most numerous were cyanobacteria. After regression of the Cyanobacte-
ria-induced water blooming in the spring, chrysophytes, cryptophytes, green algae or diatoms were domi-
nant. The remaining taxonomic groups were clearly less numerous. Changes in the number of a cells and
of individual organisms and changes in the phytoplankton biomass were monitored in seasonal cycles.
The shares of individual size fractions, i. e., of microplankton (>60 pm) and nanoplankton (2-60 pm) in
the total numerical force and biomass of phytoplankton were estimated. Considering the size structure of
phytoplankton organisms, nanoplankton comprised 50-100%, particularly in the period between Novem-
ber, 1994 and April, 1995, as well as in the early summer (May, June). Microplankton prevailed in total
numbers of organisms between April and October, in particular. High correlation were noted between the
number of organisms, number of cells and biomass of phytoplankton on one hand and the physico-che-
mical parameters of water such as transparency, temperature, pH, BOD, index, conductivity and total
phosphorus on the other. This pointed to the role played by these parameters in the development of algae.
On the other hand, dissolved phosphates, nitrite and ammonium nitrogen exerted no limiting effects on

the development of phytoplankton.
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Introduction

This paper reports results of a study on the phyto-
plankton structure and dynamics in the Maltanski Reser-
voir subjected to biomanipulation. Qualitative and quan-
titative structure of the phytoplankton was analyzed, as
affected by select physico-chemical parameters of water
in the reservoir. This paper is an integral part of the com-
prehensive series of biomanipulation studies conducted
on the reservoir in 1993-1996 [1-4]. Data from this re-
search has been published in part [2-4]. During the bio-
manipulation experiment the reservoir was stocked with
predatory fish (for more details see [5]). The develop-
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ment of phytoplankton was supposed to be controlled by
filter feeders (cladocerans). According to the biomanipu-
lation theory [6], a decreased consumption of macrofilter
feeders by planktivorous fish, due to increased predatory
fish populations, results in an enhanced potential of
cladocerans to control phytoplankton organisms. Because
of this, the so-called “clear-water state” should be ob-
tained.

Extensive stocking with predatory fish in order to re-
duce the pressure of planktivorous fish on zooplankton
proved to be insufficient [2-4]. The top-down effect was
visible only in the first season, when the number of plank-
tivorous fish was low. In the next years crustaceans and
rotifers stimulated the development of microphytoplank-
ton, especially colonial cyanobacteria. The development
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of nanophytoplankton was limited by zooplankton graz-
ing, but usually this did not cause a decrease in total phy-
toplankton abundance. It could even enhance the growth
of cyanobacteria because of nutrients released by zoo-
plankton from grazing nanophytoplankton.

In the Maltanski Reservoir, the functioning of the PEG
model (Plankton Ecology Group) [7,8] has been largely
confirmed. The model explains mechanisms of springtime
peaks of small algae biomass and of summertime peaks of
large phytoplankton forms. The peaks are separated by the
clear water phase appearing as a result of large plankton
filtrators pressure [1,2]. The most significant factors that
affect phytoplankton dynamics are light and temperature.

The Maltanski Reservoir is situated within the limits
of the city of Poznan, Poland. The reservoir is a small,
shallow water body of 64 ha area, mean depth of 3.1 m,
which accumulates water of the lower Cybina river (right
tributary of the Warta river) [9]. The catchment area of
the Cybina is a typical agricultural region with a definite
prevalence of farm fields.

Material and Methods

Phytoplankton samples were collected in the years
1993-1996 every two weeks in spring and summer and
once a month in autumn and winter, from a stand situat-
ed in the centre of the reservoir, at the surface and at
depths of one, two and three meters. Separately, the num-
ber of cells and specimens (sum of filaments, coenobia,
one-cell organisms, etc.) was counted. The samples were
analyzed for the presence of nano- (2-60 pm) and mi-
croplankton (60-600 pm). The phytoplankton samples
were fixed in Lugol solution, in Utermohl's modification.
They were examined under a light microscope, at x400
magnification. The biomass was calculated by approxi-
mating the organisms to geometric figures and calculat-
ing the respective volumes [10]. The taxonomic nomen-
clature follows that proposed by Hindak, Komarek and
Anagnostidis, Sieminska, Starmach, and Uherkovich [11-
21]. Within the four-year period the total number of 242
phytoplankton samples were collected and analyzed.

The physico-chemical and biological parameters of
water such as: temperature, Secchi disk depth, concentra-
tion of chlorophyll @, dry mass of seston, primary produc-
tion, concentration of water-dissolved oxygen (by Win-
kler's technique), biochemical oxygen demand (BOD,),
water oxygenation, pH, conductivity, the concentrations
of ammonium, nitrate, nitrite, organic and total nitrogen
levels, dissolved and total phosphorus were analysed.

Results

The main physico-chemical parameters of water in
the Maltanski Reservoir were examined (Table 1).

In 1993-1996, the nano- and microplankton of Mal-
tanski Reservoir exhibited extensive variability, both in

Table 1. Main physico-chemical data in Maltanski Reservoir.

Range
Temperature (°C) 0-27.7
pH 7.1-9.8
Conductivity (uS ecm™) 540-1180
Secchi depth (m) 0.3-2.85
chlorophyll a (mg dm ) 0.35-242
seston (mg dm™) 0.3-54.2
BOD, (mg O, dm?) 0.3-22.4
Oxygen (mg dm™) 0-25
Total P (mg dm™) 0.02-18.62
Nitrate (mg N dm) 0-18.6
Nitrite (mg N dm™) 0-0.06
Ammonia (mg dm™) 0.18-2.58
N/P ratio 3.8-462.8

Table 2. Number of taxa in Maltanski Reservoir in the course
of investigations (1993-1996).

Class Taxon | Genus | Species | Variety | Form
Cyanobacteria 27 15 18 1
Euglenophyceae 10 3 6 1
Cryptohyceae 11 2 9

Chrysophyceae 27 10 20 1
Bacillariophyceae 35 16 22 3
Chlorophyceae 102 40 77 6 1
Dinophyceae 4 3 2

Xantophyceae 5 4 5
Conjugatophyceae 12 3 9

Summ 233 96 168 11 2

respect to the number of taxa and phytoplankton abun-
dance. In total, 233 phytoplankton taxa were identified,
belonging to 9 classes, 96 genera, 168 species, 11 vari-
eties and 2 forms (Table 2). The numbers of taxa found
in the Maltanski Reservoir in the four subsequent years
of studies within individual phytoplankton classes were
similar. The most numerous group of algae, in respect
to the number of taxa, were green algae (Table 3). They
comprised 44% of the taxa present. The class included
42% genera and 46% species inhabiting the Maltanski
Reservoir. The Scenedesmus and Monoraphidium gen-
era were particularly vastly represented. The other
groups, represented by a somewhat lower number of
taxa, were diatoms (15%), chrysophytes and cyanobac-
teria (12% each). The remaining classes were much less
variable.
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Table 3. Abundance and taxonomic structure of phytoplankton in Maltanski Reservoir in 1993-1996;
abundance [org. x cm?]: #1-100, *#101-1,000, ¢*+1,001-10,000, **+=10,001-1,000,000, + noted only in qualitative tests.

Taxonomic Name | 1993 | 1994 | 1995 | 1996

CYANOBACTERIA
Anabaena affinis Lemmermann (Incl. A. Viguieri Denis et Fremy) eee | oo
Anabaena flos-aquae Brebisson, ex Bornet et Flahault eee | eo0 | oo
Anabaena solitaria Klebahn ° oo
Anabaena spiroides Klebahn oo | eeo | 000 | oo
Anabaena spiroides f. minima Nygaard oo (1) oo
Anabaena sp. oo oo oo
Aphanizomenon flos-aquae (L.) Ralfs eo0e | oo oo
Aphanizomenon gracile Lemmermann ° oo | eoo | oo
Aphanizomenon issatschenkoi (Ussaczew) Proschkina-Lavrenko [ 1) (1) (1)
Aphanizomenon sp. ° oo oo
Aphanotece clatrata W.et G.S.West oo
Aphanotece sp. oo
Chroococcus turgidus (Kutzing) Nageli eoe
Gomphospheria fusca Skuja oo
Gomphospheria sp. °
Limnothrix redeckei (Van Goor) Meffert o0 | o0 | 000 | oo
Lyngbya sp. °
Microcystis aeruginosa Kutzing (X 1) (1} ° [ 1)
Phornidium sp. oo oo
Planktothrix agardhii ( Gom.) Anagnostidis & Komarek oo |oeee 0000 | cooe
Pseudanabaena limnetica after Lemmermann from Geitler (1] YT TARYYY)
Pseudanabaena sp. °
Synechocystis aquatilis Sauvageau oo
Synechocystis sp. (Y}
Tetrachloris merismopedioides Skuja °
Tetrapedia gothica Reinsch °
Trichodesmium iwanoffianum Nygaard ° ° oo °
EUGLENOPHYCEAE

Euglena sp. (X ° ° oo
Phacus sp. oo
Trachelomonas dybowski Drezepolski °
Trachelomonas hispida (Perty) Stein (1
Trachelomonas hispida var. crenulatocollis (Maskell) Lemmermann °
Trachelomonas intermedia Dangeard °
Trachelomonas omphalon Drezepolski °
Trachelomonas pulchella Drezepolski (1)
Trachelomonas volvocina Ehrenberg ° () oo | oo
Trachelomonas sp. ° (1) oo
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CRYPTOPHYCEAE
Cryptomonas gracilis Skuja (Y1} °
Cryptomonas marssoni Skuja (1] oo | oo | oo
Cryptomonas obovata Skuja (] [ oo
Cryptomonas ovata Ehrenberg ° oo | oeo | oo
Cryptomonas refleksa Skuja ° oo | eee | oo
Cryptomonas rostrata Troitzkaja emend. I. Kiselev ° ° oo
Cryptomonas rostratiformis Skuja ° (1) oo oo
Cryptomonas sp. ° oo oo | eee
Rhodomonas lacustris Pascher et Ruttner e0e | e0ee [0coe | ooo
Rhodomonas lens Pascher et Ruttner oo | eee |ecee | ooo
Rhodomonas sp. °

CHRYSOPHYCEAE
Bicoeca planktonica Kisselev (] [ oo
Bicoeca sp. ° oo | oeoo
Chromulina sp. (1 (1 oo
Chrysococcus granulatus Hortobagyi °
Chrysococcus minutus (Fritsch) Nygaard o |ecee | 000 | ooo
Chrysococcus rufescens Klebs ° eee | 000 | ooo
Chrysococcus skujae Lackey eeee
Chrysococcus triporus Matvienko ° eeo | c00 | coo
Chrysococcus sp. oo | ecee | 000 | ooo
Chrysolycos planctonicus Mack +
Dinobryon divergens Imhof eee | oo °
Dinobryon sertularia Ehrenberg oo
Dinobryon sociale Ehrenberg °
Dinobryon sociale var. americanum (Brunthaler) Bachmann (L
Erkenia subaequiciliata Skuja ° oo [ecee | ooo
Kephyrion globosum (Czosnowski) Bourrelly (1 oo
Kephyrion moniliferum (Schmid) Bourrelly oo | eoe | 000 | oo
Kephyrion rubri-claustri Conrad oo °
Kephyrion starmachii (Czosnowski) Bourrelly °
Kephyrion sp. (1) oo
Ochromonas basivacuolata Skuja ° ° oo
Ochromonas globosa Skuja oo
Ochromonas polychrysis Skuja oo
Ochromonas sp. o |ecee | o0e | ooo
Pseudokephyrion pseudospirale Bourrelly (1) oo
Pseudokephyrion sp. ()
Synura uvella Ehrenberg oo | eo0 | ooo
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BACILLARIOPHYCEAE

Amphora ovalis Kutzing Rys. °

Anomoeoneis exilis (Kutzing) Cl. °

Asterionella formosa Hass. eoe | oo

Asterionella zasuminensis (Cabejsz.) Lundh-Alm. eoo

Asterionella sp. °

Cyclotella commensis Grun. oo

Cyclotella sp. (1] o0

Cymbella cistula (Hemp.) Grun. °

Cymbella sp. ° °

Diatoma elongatum (Lyngb.) Ag. (T ° oo

Fragilaria crotonensis Kitt. ° ooo

Fragilaria sp. ° () oo

Gomphonema angustatum (Kutzing) Rabh. °

Gomphonema olivaceum (Lyngb.) Kutzing oo °

Gomphonema sp. °

Gyrosigma acuminatum (Kutzing) Rabh. °

Melosira granulata (Ehrenberg) Ralfs oo

Melosira varians Ag. °

Melosira sp. (X oo

Navicula hungarica Grun. o

Navicula hungarica var. capitata (Ehr.) ° ° °

Navicula lanceolata (Ag.) Kutzing °

Navicula oblonga Kutzing °

Navicula sp. ° oo ° '

Nitzchia acicularis W.Sm. oo | eo0 | ooo

Nitzchia acicularis var. closterioides Grun. ee | oo

Nitzchia sp. oo

Rhoicosphenia curvata (Kutzing) Grun. °

Stephanodiscus hantzschii Grun. o0 | oo | 000 | 0000

Stephanodiscus sp. °

Synedra acus Kutzing ° eee |ocee | ccoe

Synedra acus var. angustissima Grun. Yy

Synedra ulna (Nitzsch) Ehr. oo | e00 | oo

Synedra sp. oo

Tabellaria flocculosa (Roth) Kutzing (1)

CHLOROPHYCEAE

Actinastrum hantzschii Lagerheim ° () oo oo

Ankistrodesmus gracilis (Reinsch) Kors. °

Ankistrodesmus setigerus (Schroeder) G.S.West °

Ankistrodesmus sp. °
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Capsochloris sp. oo

Chlamydomonas incerta Pascher oo
Chlamydomonas sp. o0 | e00 | o0 | oo
Chloromonas sp. [ '
Chlorella minutissima Fott et Novakova () oo
Chlorella vulgaris Beij. oo

Chlorella sp. ° oo | ooo
Chlorobion sp. °

Closteriopsis acicularis (G. M. Smith) Belcher et Swale ° ° [ [
Closteriopsis longissima (Lemmermann) Lemmermann °

Coelastrum astroideum De Notaris eee | oo oo
Coelastrum microporum Nageli in A. Braun. ° (1 ° oo
Coenocystis planctonica Kors. oo

Coenocystis sp. (]
Crucigenia quadrata Morren 1830 (1] () ° oo
Crucigenia tetrapedia (Kirchner) W et G.S.West °

Crucigeniella quadrata Morren [ oo
Crucigeniella rectangularis (Nag.) Komarek ° °
Diacanthos bellenophorus Kors. °

Dictiosphaerium sp. oo oo
Didymocystis bicellularis (Chodat) Komarek oo

Didymocystis planctonica Kors. oo

Didymocystis sp. ° [ oo
Diplostauron pentagonium (Hazen) Pasher °

Elakatothrix biplex (Nygaard) Hindak () [ oo
Elakatothrix sp. [ oo
Franceja elongata Kors. °

Gleotila pelagica (Nygaard) Skuja oo
Granulocystis sp. ° oo
Keratococcus suecicus Hindak (Y1} °
Keratococcus sp. °

Keriochlamys sp. °

Kirchneriella contorta (Schmidle) Bohlin ° (1 ° oo
Kirchneriella irregularis var. spiralis Kors. ° oo
Kirchneriella sp. °

Koliella longiseta (Vischer) Hindak eee | oo oo
Koliella spiculiformis (Vischer) Hindak ° oo | ee0 | oo
Koliella sp. [
Lagerheimia ciliata (Lagerheim) Chodat (1
Lagerheimia genevensis (Chodat) Chodat (1) (1) oo oo
Lagerheimia subsalsa Lemmermann °
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Mikraktinium pusillum Fresenius °
Monoraphidium arquatum (Kors) Hindak ° (1) oo
Monoraphidium circinale (Nyg.) Nygaard oo oo
Monoraphidium contortum (Thur.) Kom.-Legn. ° oo | eoo | ooo
Monoraphidium irregulare ( G. M.Smith) Kom.-Legn. oo
Monoraphidium komarkovae Nygaard ° oo
Monoraphidium minutum (Nag.) Kom.-Legn. oo | eoo | oo
Monoraphidium pusillum (Printz) Kom.-Legn. (1) °
Monoraphidium sp. oo oo °
Mychonastes sp. oo

QOocystis lacustris Chodat ' oo 'Y '
Qocystis marssoni Lemmermann oo

Pediastrum duplex Meyen ° ° °
Pediastrum boryanum (Turp.) Menegh. ° ° oo oo
Pediastrum tetras (Ehrenberg) Ralfs ° °
Phacotus lenticularis (Ehrenberg) Srein ° eoe | oo (X
Planktonema lauterbornii Schmidle °

Pteromonas angulosa (Carter) Lemmermann () (1) oo
Pteromonas aculeata Lemmermann oo
Pteromonas cordiformis Lemmermann ° oo
Scenedesmus abundans (Kirchn.) Chodat °

Scenedesmus acuminatus (Lagerh.) Chodat ° ° oo oo
Scenedesmus acuminatus var. minor G.M.Smith (Skuja) oo ° oo
Scenedesmus acuminatus var. tetradesmoides G.M.Smith (Chodat) (1)
Scenedesmus acutus Meyen ° ° °
Scenedesmus antennatus Breb.in Ralfs °
Scenedesmus bicaudatus Dedusenko ° oo ° oo
Scenedesmus biccelularis Chodat °

Scenedesmus dimorphus (Turp.) Kutzing ° ° oo
Scenedesmus disciformis (Chodat) Fott et Komarek o

Scenedesmus ecornis (Echrenb.) Chodat ° ° ' '
Scenedesmus helveticus Chodat °
Scenedesmus obtusus Meyen 1829 °

Scenedesmus opolensis P.Richter 1896 °
Scenedesmus opolensis var. bicaudatus Hortobagyi °

Scenedesmus opolensis var. mononensis Chodat °
Scenedesmus opolensis var. opolensis Richter & Hortobagyi °
Scenedesmus ovalternus Chodat °
Scenedesmus protuberans Fritsch ° '
Scenedesmus quadricauda (Turpin) Breb.sensu Chodat ° () oo | ooo
Scenedesmus quadricauda f. granulatus Hortob °
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Scenedesmus regularis Swirenko °
Scenedesmus sempervirens Chodat ° '
Scenedesmus spinosus Chodat °
Scenedesmus sp. (L
Schroederia planctonica (Skuja) Philipose °
Schroederia setigera (Schroeder) Lemmermann °
Siderocelis irregularis Hind. °
Siderocelis kolkwitzii (Naumann) Fott o0 (1) oo
Tetraedron caudatum (Corda) Hansgirg oo ° oo
Tetraedron minimum (A. Braun) Hansgirg ° oo o0 oo
Tetraedron regulare Kutzing oo °
Tetrastrum glabrum (Roll) Ahlstr.et Tiff. o0 oo
Tetrastrum komarekii Hindak ° (1 o0 o0
Tetrastrum staurogeniaeformae (Schroeder) Lemmermann °
Tetrastrum triangulare (Chodat) Komarek oo | eo0 | oo
Treubaria planctonica (G.M.Smith) Kors. ° ° oo
DINOPHYCEAE
Ceratium hirundinella (F.B. Muller) Bergh °
Peridinium aciculiferum Lemmermann (1) o0 oo
Peridinium sp. ° ° oo oo
Gymnodinium sp. ° (1} (1} (1)
XANTOPHYCEAE
Goniochyloris mutica (A.Braun) Fott ° ° ° '
Ophiocytium capitatum Wolle oo
Pseudostaurastrum hastatum (Reinsch.) Chodat °
Pseudostaurastrum limneticum (Borge) Chodat ° °
Tetraedriella spinigera Skuja ° °
CONJUGATOPHYCEAE
Closterium ceratium Perty °
Closterium gracile Brebisson ex Ralfs ° + +
Closterium incurvum Brebisson o
Closterium limneticum Lemmermann °
Closterium sp. ° oo oo °
Cosmarium bioculatum Brebisson in Ralfs o
Cosmarium humile (Gay) Nordst. °
Cosmarium sp. °
Staurastrum gracile Ralfs ° °
Staurastrum pachyrhynchum Nordstedt °
Staurastrum tetracerum Ralfs + +
Staurastrum sp. °
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Phytoplankton abundance changed in a dynamic way
over 4 years. Within the entire study period, the nano- and
microplankton were least numerous in November, 1993 (290
organisms -cm?). On the other hand, the maximum concen-
tration of organisms was noted in December, 1995 in the
subsuperficial layer (72.1 -10° organisms -cm?).

Similarly to the abundance, the biomass of the phyto-
plankton exhibited variations with the season and the depth
of the reservoir at which the water sample was collected. The
highest densities were noted in July, 1994 on the surface
(207 pg -cm?) (Fig. 1) and the value was fivefold higher than
that obtained in 1993 (40 pug -cm” at a depth of 2 m),

3
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Fig. 1. Changes in phytoplankton biomass in the studied period within individual taxonomic groups (example: water surface layer).
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Fig. 2. Shares of nanoplankton and microplankton in total numbers of phytoplankton (example: water surface layer).
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twofold higher than that observed in August, 1995 at the sur-
face, slightly higher than that noted , in June, 1996 (170 pg
-cm?, at the depth of 1 m).

Upon analysis of algal size structure, a clear domina-
tion of nanoplankton (2-60 um) was noted in the total
abundance in the cool months, i.e. between November
(1993-1995) to April (1994-1996). In these periods,
nanoplankton made between 50% and 100% of phyto-
plankton. In the remaining periods, microplankton
(>60 pum, Fig. 2) had the highest share in the numerical
force of phytoplankton. Microplankton dominated in par-

O Cyanobacteria

B Bacillariophyceae

100%

80%

60%

40%

20%

O Cryptophyceae

B Chlorophyceae

3

ticular between July and September, 1993 and in the pe-
riods between April, 1994-1996 and October, 1994-1996.

The Maltanski Reservoir phytoplankton was found to
include species of 9 classes. Not all of them were equal-
ly important in determining general numerical force and
biomass of phytoplankton. The most significant group in
this respect was cyanobacteria, present in vast numbers
between spring and autumn (Fig. 3). The other groups,
the participation of which grew in phytoplankton after re-
gression of blooming of cyanobacteria, included crypto-
phytes, chrysophytes, green algae and diatoms. Repre-
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Fig. 3. Shares of principal taxonomic groups in the total abundance of phytoplankton (example: water surface layer).
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Fig. 4. Shares of most numerous cyanobacteria in total abundance of organisms in the taxonomic group (example: at a depth of 1 m).
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sentatives of the remaining taxonomic groups of phyto-
plankton appeared sporadically.

The most important species of cyanobacteria, which
caused or participated in induction of water blooming, in-
cluded Aphanizomenon flos-aquae in 1993 and Planktothrix
agardhi and Pseudanabaena limnetica in the subsequent
years (1994-1996; Fig. 4). The numerical force of 4. flos-
aquae was pronounced particularly in July and August,
reaching the value of 14.6 -10° organisms -cm”. At that time
the species was the main component of phytoplankton but
in subsequent years its presence was only sporadic. Apart
from the above-mentioned species, in 1993 relatively numer-
ous also were Microcystis aeruginosa, Anabaena affinis, An-
abaena flos-aquae, Anabaena spiroides, A. spiroides f. min-
ima, Chroococcus turgidus and Synechocystis sp.

Chrysophyceae was another vastly represented
group. The most frequent were the species of
Ochromonas sp., Chrysococcus minutus, Kephyrion
moniliferum, Dinobryon divergens, Synura uvella,
Chrysococcus rufescens and Ch. minutus. Within the
studied period, the highest abundance was noted at the
surface in December, 1995, for the nanoplankton species
of Erkenia subaequiciliata. In April, 1996, a high densi-
ty of chrysophytes was noted, particularly in the surface
water layer, Chrysococcus skujae, Ch. triporus, Ch. min-
utus and Chrysococcus sp.

Among Cryptophyceae the prevailing species in-
volved Rhodomonas lacustris and R. lens. The two
species reached the maximum numerical force in Decem-
ber, 1995. Apart from the above-mentioned species, the
cryptophytes were represented by Cryptomonas marssoni
and Cryptomonas ovata.

Diatoms were particularly numerous between March
(1993) or April (1995, 1996) and May (1995) or June

(1994, 1996). In the remaining months, the species of this
group were encountered less frequently. Both in respect
of the numerical force of organisms and their biomass,
Stephanodiscus hantzchii and Synedra acus prevailed
among diatoms. Apart from the two species, high numer-
ical forces and high biomass values were found of the
taxa such as: Fragilaria sp., Synedra ulna, Fragilaria
crotonensis, Nitzschia acicularis var. closterioides (par-
ticularly in 1996) and Diatoma elongatum.

Abundance of green algae increased in particular in
the spring months. The most numerous were: Mono-
raphidium contortum, M. minutum, Koliella spiculi-
formis, K. longiseta, Actinastrum hantzchii, Phacotus
lenticularis, Tetrastrun triangulare, Coelastrum as-
troideum and Scenedesmus quadricauda.

Small abundance of Euglenophyceae, Dinophyceae,
Xantophyceae and Conjugatophyceae was noted and
their presence showed no evident seasonal variation.

A correlation was found between the number of or-
ganisms (individuals), number of cells and biomass of
phytoplankton on one hand and physico-chemical data
on the other (Table 4).

Discussion

In 1993-1996, an evident seasonal variation was ob-
served in the manifestation of individual groups of algae in
phytoplankton of Maltanski Reservoir. In summer, in con-
ditions of a reduced alimentary pression of zooplankton, in-
tense development of cyanobacteria took place, similarly
as at one of stages of the annual course of plankton succes-
sion (PEG model, [7]). In August, 1993, the short-term
water blooming was caused by Aphanizomenon flos-aquae.

Table 4. Correlation between number of organisms and biomass of phytoplankton on one hand and physico-chemical variables on the
other. Only the relations significant at p<0.05 have been presented.

Variables Number of organisms Number of cells Biomass

N r (p) r (p) r (p)
Secchi depth 61 -0.88 (0.001) -0.83 (0.001) -0.88 (0.001)
Chlorophyll a 242 0.83 (0.001) 0.73 (0.001) 0.77 (0.001)
Seston 242 0.70 (0.001) 0.77 (0.001) 0.79 (0.001)
pH 235 0.27 (0.001) 0.57 (0.001) 0.53 (0.001)
BOD | 235 0.61 (0.001) 0.51 (0.001) 0.59 (0.001)
Conductivity 235 -0.38 (0.001) -0.54 (0.001) -0.53 (0.001)
Temperature 235 0.38 (0.001) 0.77 (0.001) 0.66 (0.001)
Ammonia 38 * -0.41 (0.001) -0.48 (0.001)
Organic nitrogen 38 * 0.41 (0.011) 0.62 (0.002)

Total N 38 * -0.33 (0.045) *

Total P 38 * 0.34 (0.036) 0.51 (0.001)

N — number of data, r — correlation coefficient, p — significance level, * — p>0.05




462

Kozak A.

The species has frequently been inducing water blooming
in eutrophic water reservoirs, e. g., in Jelonek lake and
Swietokrzyskie lake (Poland) [22,23]. The species also
was, noted in numerous polymictic Mazurian lakes [24].
Along with Microcystis aeruginosa, it was the dominant
species in the Goczatkowicki reservoir (Poland) [25]. Aph-
anizomenon flos-aquae also was, noted in high concentra-
tions in small, subjected to biomanipulation reservoirs in
Finland [26], Denmark [27,28] and in Holland [29].

In subsequent years (1994-1996) the phytoplankton
was dominated by large, colony-forming species of
cyanobacteria, not decreasing in numbers until an evident
decrease in temperature took place in the autumn. The
most numerous species were Planktothrix agardhi,
Pseudanabaena limnetica, Anabaena spiroides and An-
abaena flos-aquae. P. agardhi is supposed to poorly tol-
erate light deficiency conditions [24]. The species was
found to dominate in eutrophic Mazurian lakes and its
maximum abundance was noted in summer, although the
species may be present in reservoirs all year [24]. The
species was also one of co-dominating taxa in the eu-
trophic reservoir of Arancio [30].

The taxonomic identity also depends on whether N or
P is the limiting nutrient. Aphanizomenon flos-aquae re-
ported in 1993 was replaced by Planktothrix agardhii re-
ported in 1994-1996. The Sommer's [31] hypothesis re-
ports that if N rather than P is in short supply, heterocys-
tous Nostocaceae e.g. Mougeotia thylespora or Aphani-
zomenon flos-aquae should be the dominant species. If P
is more limiting the potential candidate for domination is
Planktothrix agardhii. However, this hypothesis cannot be
fully applied to Maltanski Reservoir. Although in the
spring (i.e. from March to May of 1994 , and from April
to May 1995), phosphorus was not detectable in the water
of the reservoir, the species P. agardhii was abundant in
the periods from May to October in the same years.

Only in the first year of the biomanipulation experi-
ment (1993), phytoplankton numbers were low and its
development was controlled by zooplankton. Neverthe-
less, in July a rapid decrease in macrofiltrators and an in-
crease in colonial cyanobacteria were recorded. This was
a typical feedback effect, considered one of the most im-
portant reasons of the low effectiveness of biomanipula-
tion experiments [32,33].

In the next years (1994-1996) the effect of zooplank-
ton on phytoplankton development was evidently less im-
portant. The disappearance of the largest daphnids (con-
nected with an increasing pressure of fish) brought to the
ineffectively controlled development of cyanobacteria
[34, 35].

Alimentary pression of cladocerans, which prefer fine
phytoplankton, leads to an increasing share of forms
which are non-edible for zooplankton (microplankton)
[36,37]. In reservoirs subjected to biomanipulation, the
so-called feedback effect frequently takes place [34,38-
41], which involves the development of diatoms of long
cells in the spring or of cyanobacterial colonies in sum-
mer. In the Maltanski Reservoir, such phenomena have

been observed a few times, e. g., at the end of March,
1994 diatoms of long cells have appeared, including
Synedra acus, Asterionella formosa, as well as Diatoma
elongatum and Fragilaria crotonensis at the verge of
May and June. Apart from these species, in 1996 Syne-
dra acus var. angustissima and Nitzschia acicularis var.
closterioides also manifested in high numbers. Species
of the Nitzschia genus dominated immediately after re-
gression of the vernal water blooming in the biomanipu-
lation-subjected lake of Zwemlust [42].

Phytoplankton rapidly reacts to alteration of environ-
mental conditions. Its quantitative and qualitative alter-
ations provide examples of organism adaptation to the
changing habitat. An analysis of statistical relations be-
tween water temperature and the parameters describing
phytoplankton have demonstrated that temperature sig-
nificantly affects increases in the number and biomass of
phytoplankton. A positive correlation between the para-
meters (r=0.77; p<0.001) has confirmed the dependance
of the photosynthetic functions and, thus, the abundance
and biomass of algae on temperature. This fact has been
explained by a hypothesis of Shapiro [43] who has indi-
cated that cyanobacteria, which dominate among phyto-
plankton cells, prefer high temperatures (>20°C). Water
blooming in the warm periods has been induced almost
exclusively by representatives of this class.

At lower temperatures, phytoplankton has not been
numerous in general and has been dominated by
nanoplankton algae, such as fine diatoms, chrysophytes
and cryptophytes: Stephanodiscus hantzschii, Erkenia
subaequiciliata, Rhodomonas lacustris and R. lens.
Stephanodiscus hantzschii is thought to be an indicator
of eutrophic habitats [24]. The small, centric diatoms
have prevailed in the phytoplankton biomass of Mazuri-
an lakes [24]. S. hantzschii has also been noted in the
Sulejowski reservoir [44] and in Jeziorsko [45].

In winter, due to the reduction in the amount of light
energy, the abundance and biomass of algae decreased.
In the winter months, the dominant species included
Chrysococcus minutus, Ch. rufescens, Chrysococcus sp.,
Ochromonas sp., Bicoeka sp., Synura uvella (in 1995)
and Erkenia subaequiciliata (1996). When permitted,
however, by light conditions (e. g., in December 1995),
the phytoplankton developed extensively. At that time the
abundance of the organisms was the highest in the entire
studied period. The occurrence of the Chrysophyceae,
Dinophyceae or Cryptophyceae species has been attrib-
utable to their tolerance to low temperatures and to their
ability to grow under very low amounts of light. In addi-
tion, some flagellates can improve their ability to exploit
low light intensity by chromatic adaptation or to grow
heterotropically [46].

Relations between the number of cells, organisms and
biomass of algae and temperature also was noted in the
Rusatka reservoir, but they could not have been con-
firmed for Strzeszynskie lake [47, 48].

A strict relation has been detected between the num-
ber of organisms, cells and phytoplankton biomass, on
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Fig. 5. Correlations between number of phytoplankton organ-

isms and concentration of chlorophyll a.

the one hand, and chlorophyll a concentration, on the
other. The highest correlation coefficient of r=0.83
(p<0.001) has been found for the relation between the
number of phytoplankton organisms and the amount of
chlorophyll a (Fig. 5). Similar relations, at the signifi-
cance level of p=0.01 and p=0.05, have been detected in
the Rusalka reservoir and Strzeszynskie lake, respective-
ly [47, 48]. Similar relations also have been indicated for
Vasikkalampi reservoir (r=0.86, N=60) [49] for Hubenov
reservoir (r=0.83, N=32) [50] and for Volvi lake (r=0.83,
N=231) [51].

Strict relations between phytoplankton biomass and
seston (r=0.79, p<0.001) have reflected the fact that phy-
toplankton is the main component of seston in Maltanski
reservoir. A statistically significant correlation between
seston and the cells, specimens or biomass of algae also
has been noted in Strzeszynskie lake and Rusaltka reser-
voir [47, 48].

In the Maltanski Reservoir, seston has shown strict
correlation with the amount of chlorophyll a (r=0.74;
p<0.001). Positive relations between seston and the
chlorophyll a concentration has also been observed by
Jones [52] and Kudelska et al. [53].

Increased algae concentration has deteriorated water
transparency. In the water blooming periods, e. g. in July,
1994, when chlorophyll a level increased to 195 pg -dm?,
a Secchi disk was visible only to the depth of 0.3 m. In pe-
riods when light access to the deeper layers of the water
was negligible, phytoplankton developed mainly in the
surface layers of water. Increased concentration of phyto-
plankton restricted water transparency, which has been
confirmed by the negative correlation between these pa-
rameters (r=-0.83 to -0.88). A statistically significant, neg-
ative correlation between water transparency and the bio-
mass of algae has also been noted in Mazurian lakes [54]
and in the Rusatka reservoir [48].

In Maltanski Reservoir, a significant correlation has
also been detected between the numbers of organisms,
phytoplankton cells and its biomass, on the one hand,
and the BODS5 index values on the other (r=0.51 to

0.61; p<0.01, N=235). A positive relation between
these parameters has also been noted by Szelag-
Wasielewska in Strzeszynskie lake and in Rusatka
reservoir [47, 48]. This proves that phytoplankton in-
duces deterioration of water purity, described by the
values of the BOD_ index.

In the study reported, development of phytoplankton
has also been related to water pH. In general, high water
pH has been observed in summer, when cyanobacteria
caused water blooming. Several hypotheses have been
proposed by Shapiro [55] to explain the dominance of
cyanobacteria. According to one of them, the organisms
prefer conditions of low CO, content and high pH values
[43,55]. The same tendency has been stressed by Ben-
ndorf and Henning [56] and by Bernardi and Giussani
[57].

The rich phytoplankton in Maltanski Reservoir de-
creased water concentration of inorganic compounds.
This explains marked relations between the cell num-
bers and the phytoplankton biomass and conductivity
(r=-0.54, p<0.001).

In the studied period, nitrogen did not restrict phyto-
plankton development (Table 4). In some periods, like in
August, 1994 to 1996, nitrates were depleted from the
water but ammonium nitrogen was still available, well
assimilated by cyanobacteria in particular [58]. Evident
relations have been observed between phytoplankton bio-
mass and organic nitrogen (r=0.62, p<0.002), and total P
(r=0.51, p<0.001). On the other hand, no significant re-
lations have been noted between the nitrogen species
mentioned and the number of phytoplankton organisms.
A few significant correlations between the amount of
phytoplankton and the mineral species of nitrogen and
phosphorus have been reported by Szelag-Wasielewska
[47] for Strzeszynskie Lake. Other authors, e. g. Spod-
niewska [54] in Mazurian lakes, Schwartzkopf and Her-
genrader [59] in three American lakes, have confirmed
the observations.

In summary, analysis of the results has shown that in
the period 1993-1996 the number of 233 phytoplankton
taxa was found in the reservoir. The most numerous
group of algae, in respect to the number of taxa, were
green algae. In determining general numerical force and
biomass of phytoplankton the most significant group was
cyanobacteria.

The seasonal quantitative and qualitative changes in the
phytoplankton were a consequence of physical and chemi-
cal changes in the water of the reservoir. The abundance of
organisms, cells and biomass of the phytoplankton were
found statistically significantly correlated with the physical
and chemical characteristics of the reservoir water such as
transparency, temperature, pH, BZTS, electrolytic conduc-
tivity and total phosphorus content, which confirms the role
of these factors in algae development. According to our es-
timations, the role of the chemical and physical character-
istics was greater than that of zooplankton (filter-feeding
zooplankton feed ineffectively, allowing the cyanobacteria
to develop with decreased competition).



464

Kozak A.

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

. KOZAK A. Alterations in phytoplankton of Maltanski

Reservoir subjected to biomanipulation experiments (in
Polish). PhD Thesis, Adam Mickiewicz University, Poznan,
Poland, 1999.

. KOZAK A., GOLDYN R. Zooplankton versus phyto- and

bacterioplankton in the Maltanski Reservoir (Poland) dur-
ing an extessive biomanipulation experiment. Journal of
Plankton Research 26, 37, 2004.

. GOLDYNR.,, JONIAK T., KOWALCZEWSKA-MADURA

K., KOZAK A. Trophic state of lowland reservoir during 10
years after restoration. Hydrobiologia 506-509, 759, 2003.

. JONIAK T., GOLDYN R., KOZAK A. The primary pro-

duction of phytoplankton in the restored Maltanski Reser-
voir in Poland. Hydrobiologia 506-509, 311, 2003.

. GOLDYN R., MASTYNSKI J. Biomanipulation in the

Maltanski Reservoir. Internat Rev. Hydrobiol. 83, 393,
1998.

. SHAPIRO J., LAMARRA V., LYNCH M. Biomanipula-

tion, an ecosystem approach to lake restoration., w: “Proc.
Symp. Water quality management through biological con-
trol” (red. Brezonik P. L., Fox J. L.), pp. 85-96, Univ. Flori-
da Gainsville, 1975.

. SOMMER U., GLIWICZ Z. M., LAMPERT W., DUNCAN

A. The PEG-model of succession of planktonic events in
fresh waters. Arch. Hydrobiol. 106, 433, 1986.

. SOMMER U. Toward the darwinian ecology of plankton.

In: U. Sommer (Ed..) Plankton Ecology, Springer Verlag,
Berlin, Heidelberg, New York, pp. 1-8, 1989.

. GOLDYN R., KOZAK A., ROMANOWICZ W,

GRZESKOWIAK K., STARCZEWSKA — PORADA B.
Phytoplankton-zooplankton interaction in the newly — re-
stored Maltanski Reservoir. Verh. Internat. Verein. Limnol.
26, 483, 1997.

WETZEL R. G., LIKENS G. E. Limnological Analyses.
Springer-Verlag, New York, 1991.

HINDAK F. Sladkovodné riasy, Slvenské Pedagogické
Nakladatelstvo, Bratislava, 1978.

HINDAK F. Studies on the chlorococcal algae. Biologické
Prace VEDA, Bratislava, 1990.

KOMAREK, J., ANAGNOSTIDIS, K. Modern approach to
the classification system of Cyanophytes 4 — Nostocales.
Arch. Hydrobiol. Suppl. 82 (3), 247, 1989.

SIEMINSKA J. Chrysophyta II. Bacillariophyceae —
okrzemki. PWN, Warszawa, 1964.

STARMACH K. Cyanophyta — sinice, Glaucophyta —
glaukofity. PWN, Warszawa. 1966.

STARMACH K. Chrysophyta I, Chrysophyceae — zto-
towicioce oraz wiciowce bezbarwne — Zooflagellata wol-
nozyjace. PWN, Warszawa, 1968.

STARMACH K. Chlorophyta III, zielenice nitkowate:
Ulothrichales,
Cladophorales, Chaetophorales, Trentepohliales, Siphonales,
Dichotomosiphonales. PWN, Warszawa-Krakow, 1972.
STARMACH K. Cryptophyceae — kryptofity, Dino-
phyceae — dinfity, Raphidophyceae — rafidofity. PWN,
Warszawa, 1974.

Ulvales, Prasiolales, Sphaeropleales,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. STARMACH K. Euglenophyta — eugleniny. PWN,

Warszawa, 1983.

STARMACH K. The freshwater phytoplankton, methods
of investigation and keys for identification of the species
occurring in freshwater reservoirs of Central Europe, (in
Polish), PWN Warszawa-Krakow, 1989.

UHERKOVICH G. Die Scenedesmus-Arten Ungarns.
Akademiai Kiado, Verlag der Ungarischen Akademie der
Wissenschaften, Budapest, 1966.

PANCZAKOWA J., SZYSZKA T. The 24-h changes in
chlorophyll of phytoplankton of lake Jelonek, as compared
with the physical and chemical properties of water. Pol.
Arch. Hydrobiol. 30, 207, 1983.

BURCHARDT L., PANCZAKOWA J. Full diurnal obser-
vations on changes in Aphanizomenon flos-aquae (L) Ralfs
on the background of physico-chemical conditions in lake
Swietokrzyskie during the 1980 summer period. Pol. Arch.
Hydrobiol. 30, 229, 1983.

SPODNIEWSKA I. The phytoplankton of 43 lakes. Ekol.
Pol. 31, 353, 1983.

KASZA H. Signs of eutrophisation and ecologic succession
in Goczatkowicki reservoir. In: M. Zalewski (Ed.) Biologi-
cal processses of protection and recultivation of lowland
water reservoirs (in Polish). Biblioteka Monitoringu
Srodowiska, PIOS, £.6dz, pp. 143-154, 1995,

KETO J., HORPILLA J., KAIRESALO T. Regulation of
the development and species dominance of summer phyto-
plankton in Lake Vesijarvi: predictabiliti of enclosure ex-
periments. Hydrobiologia 243/244, 303, 1992.

JEPPESEN E., SONDENGAARD M., MORTENSEN E.,
KRISTENSEN P., RIEMANN B., JENSEN H. ],
MULLER J. P., SORTKJ AR O., JENSEN J. P., CHRI-
STOFFERSEN K., BOSSELMANN S., DALL E. Fish ma-
nipulation as a lake restoration tool in shallow, eutrophic
temperate lakes 1: cross-analysis of three Danish case-stud-
ies. Hydrobiologia 200/201, 205, 1990.

RIEMANN B., CHRISTOFFERSON K., JENSEN H. L.,
MULLER J. P,, LINDEGAARD C., BOSSELMANN 8.
Ecological consequences of a manual reduction of roach
and bream in a eutrophic, temperate lake. Hydrobiologia
200/201, 241, 1990.

VAN DONK E., GRIMM M. P., GULATI R. D., KLEIN
BRETELER J. P. G. Whole-lake food-web manipulation as
a means to study community interactions in a small ecosys-
tem. Hydrobiologia 200/201, 275, 1990.
NASELLI-FLORES L., BARONE R. Phytoplankton dy-
namics and structure: a comparative analysis in natural and
man-made water bodies of different trophic state. Hydrobi-
ologia 438, 65, 2000.

SOMMER U. The role of competition for resources in phy-
toplankton succession. In: U. Sommer (Ed.) Plankton Ecol-
ogy, Springer Verlag, Berlin, Heidelberg, New York, pp. 57-
106, 1989.

RONNEBERGER D., KASPRZAK P., KRIENITZ L.
Long-term changes in rotifer fauna after biomanipulation
in Haussee (Feldberg, Germany, Mecklenburg-Vorpom-
mern) and its relationship to the crustacean and phytoplank-
ton communities. Hydrobiologia 255/256, 297, 1993.



Seasonal Changes Occurring Over Four ...

465

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

MEIJER M. L., HOSPER H. Effects of biomanipulation in
large and shallow Lake Wolderwijd, The Netherlands. Hy-
drobiologia 342/343, 335, 1997.

GLIWICZ Z. M. Why do cladocerans fail to control algal
blooms? Hydrobiologia 200/201, 83, 1990.

VANNI M., LUECKE CH., KITCHELL J. F., MAGNU-
SON J. J. Effects of planktivorous fish mass mortality on
the plankton community of Lake Mendota, Wisconsin: im-
plications for biomanipulation. Hydrobiologia 200/201,
329, 1990.

BENNDOREF J., SCHULTZ H., BENNDORF A., UNGER
R., PENZ E., KNESCHKE H., KOSSATZ K., DUMKE R.,
HORNING U., KRUSPE R., REICHEL S. Food-web ma-
nipulation by enhancement of fish stocks: Long-term ef-
fects in the hypertrophic Bautzen reservoir. Limnologica
(Berlin) 19, 97, 1988.

RONNEBERGER D., KASPRZAK P., KRIENITZ L.
Long-term changes in rotifer fauna after biomanipulation
in Haussee (Feldberg, Germany, Mecklenburg-Vorpom-
mern) and its relationship to the crustacean and phytoplank-
ton communities. Hydrobiologia 255/256, 297, 1993.
BENDOREF J. Conditions for effective biomanipulations:
conclusions derived from whole-lake experiments in Eu-
rope. Hydrobiologia 200/201, 187, 1990.
SONDERGAARD M., JEPPESEN E., MORTENSEN E.,
DALL E., KRISTENSEN P., SORTKJZAR O. Phytoplank-
ton biomass reduction after planktivorousfish reduction in
a shallow. Eutrophic lake: a combined effect of reduced in-
ternal P-loading and increased zooplankton grazing. Hydro-
biologia 200/201, 229, 1990.

KASPRZAK P., KRIENITZ L., KOSCHEL R. Changes in
the plankton of Lake Feldberger Haussee (Germany, Meck-
lenburg Vorpommern) in response to biomanipulation.
Arch. Hydrobiol. 128, 149, 1993.

NOGES T. Zooplankton — phytoplankton interactions in
lakes Vortsjér, Peipsi (Estonia) and Yaskhan (Turkmenia).
Hydrobiologia 342/343, 175, 1997.

ROMO S., VAN DONK E., GYLSTRA R., GULATI R.
A multivariate analysis of phytoplankton and food web
changes in shallow biomanipulated lake. Freshwater Biolo-
gy 36, 683, 1996.

SHAPIRO J. Current beliefs regarding dominance by blue-
greens: The case for the importance of CO, and pH. Verh.
Internat. Verein. Limnol. 24, 38, 1990.

GALICKA W., LESIAK T., RZERZYCHA E. Dynamics of
phytoplankton development in Sulejow Reservoir (central
Poland), as related nutrients and zooplankton pressure. Acta
Hydrobiol. 34, 315, 1992.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

GALICKA W., KRUK A. Structure of phytoplankton of
Jeziorsko Reservoir (central Poland) in the spring-autumn
period of 1996. Acta Hydrobiol. 41, 17, 1999.

WIEDNER C., NIXDORF B. Success of chrysophytes,
cryptophytes
(Cyanobacteria) during an extreme winter (1995/96) in eu-
trophic shallow lakes. Hydrobiologia 369/370, 229, 1998.
SZELAG-WASIELEWSKA E. Le phytoplancton d'un lac
et d'un reservoir d'accumulation situés dans le cours d'une

and dinoflagellates over blue-greens

meme riviére. Verh. Internat. Verein. Limnol. 24, 1340,
1991.

SZELAG-WASIELEWSKA E. Relationships between phy-
toplankton and abiotic elements in a dam reservoir. Acta
Hydrobiol. 34, 341, 1992.

ELORANTA P. Annual succesion of phytoplankton in one
heated pond in central Finland. Acta Hydrobiol. 22, 421,
1980.

DESORTOVA B. Relationship between chlorophyll a con-
centration and phytoplankton biomass in several reservoirs
in Czechoslovakia. Int. Revue Ges. Hydrobiol. 66, 153,
1981.

MOUSTAKA-GOUNI M. Temporal and spatial distribution
of chlorophyll a in Lake Volvi, Greece. Arch. Hydrobiol
Suppl. 82, Algolog. Studies 57, 475, 1989.

JONES J. G. The microbiology and decomposition of ses-
ton in open water and experimental enclosures in produc-
tive lake. J. Ecol. 64, 241-278, 1976.

KUDELSKA D., CYDZIK D., SOSZKA H. Suggested sys-
tem of lake quality appraisal (in Polish). Wiadomosci Eko-
logiczne 27 (2), 149, 1981.

SPODNIEWSKA I. Phytoplankton as the indicator of lake
eutrophication. 2 Summer situation in 25 masurian lakes.
Ekol. Pol. 27, 481, 1979.

SHAPIRO J. Blue-green algae: why they become dominant.
Science 179, 382, 1973.

BENNDORF J., HENNING M. Daphnia and toxic blooms
of Microcystis aeruginosa in Bautzen Reservoir (GDR). Int.
Revue Ges. Hydrobiol. 74, 233, 1989.

BERNARDI R., GIUSSANI G. Are blue-green algae a suit-
able food for zooplankton? An overview. Hydrobiologia
200/201, 29, 1990.

KAWECKA B., ELORANTA P. Outline of ecology of algae
in freshwater and terrestrial habitats (in Polish), PWN,
Warszawa, 1994.

SCHWARTZKOPF S. H.,, HERGENRADER G. L. A com-
parative analysis of relationship between phytoplankton
standing crops and environmental parameters in four eu-
trophic praire reservoirs. Hydrobiologia 59, 261, 1978.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




