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Asstract. This is the first comprehensive analysis of the taxonomic composition of phytoplankton in 16
lakes in the Drawienski National Park. It covers phytoplankton from the spring and summer, mainly of
1997, taking into account its dominance structure in individual lakes. Taxonomic similarities in the phy-
toplankton of the studied lakes, the Shannon-Wiener Diversity Index, and the Pielou Evenness Index were
calculated. A total of 439 taxa belonging to 10 phyla were found. The most taxa belonged to the Chlorophy-
ta (151), while Heterokontophyta (134) also exhibited high species richness. This high taxonomic diversity
resulted from the considerable diversity of the lakes, in terms of trophic, hydrological, morphological, mor-
phometric and catchment characteristics. Most lakes were characterised by high values of Shannon-Wiener
Diversity Index (above 2) and Pielou Evenness Index (above 0.5), indicating the high naturalness of the

habitats in the studied lakes.
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INTRODUCTION

The lakes of the Drawienski National Park (DNP) are
a highly diverse group of lakes, both in terms of mor-
phometry and trophic state. Their diversity and the
unique characteristics of some of them are a valuable
feature and asset of the Park, which aims to protect a
wide variety of ecosystems (Kraska 1997). There are
20 lakes within the Park, and their diversity is par-
ticularly evident in their catchment area and water
table, water volume, depth, lake basin shape, water
mixing patterns, and the state of aquatic biocenoses,
including macrophytes and microphytes. The latter,
freely and passively floating in the water column and
called phytoplankton, have so far been the subject of
few publications on DNP lakes (Szelag-Wasielewska
et al. 2000, Goldyn & Szelag-Wasielewska 2004, Jo-
niak & Kraska 2006), in contrast to vascular plants
and macroscopic algae from charophytes, as well as
the chemical composition of water and hydrological
regime (e.g. Kraska 1997, Szyper & Kraska 1999,
Kraska et al. 2000, Szelag-Wasielewska et al. 2000,
Kraska et al. 2001, 2002, Piotrowicz et al. 2006,
Czerniawski et al. 2010, Grzeskowiak et al. 2010,
Jasnowska & Wrébel 2010, Klimaszyk et al. 2010,

Lawniczak et al. 2012, Pigtkowska & Ziarnek 2024).
These articles analysed the physicochemical charac-
teristics of waters, the specificity of the catchment
area, macrophytes, and the assessment of external
load on lakes. One of these publications concerned
phytoplankton versus trophic state of sixteen DNP
lakes, but it focused on the relationships between
phytoplankton biomass (expressed as chlorophyll-a
concentration) and several habitat parameters, in-
cluding nutrients (Szelag-Wasielewska et al. 2000).
Some publications present several lakes within the
Park (Kraska et al. 2001, Goldyn & Szelag-Wasielew-
ska 2004, Joniak & Kraska 2006), and sometimes
only a single selected lake (Szelag-Wasielewska 2004,
Kuczynska-Kippen et al. 2006). Moreover, the water
quality of some DNP lakes was monitored by the
state environmental protection services, and their
results were published in the Polish Environmental
Monitoring Library (Cydzik et al. 1995, Stan czystos-
ci... 1998), however, they contain little information
on phytoplankton communities in the pelagic zone
of the lakes.

As the first link in the trophic chains of aquatic
ecosystems, the phytoplankton community plays a
key role in the pelagic zone of lakes. It is the primary



4 Ryszard Goldyn, Elzbieta Szelag-Wasielewska

producer of organic matter, provides food for many
invertebrates, and interacts with aquatic bacteria
and fungi. From a functional perspective, phyto-
plankton primarily includes photoautotrophic cells,
sometimes also mixotrophic and heterotrophic (Ka-
jak 1998, Lampert & Sommer 2001). Taxonomically,
phytoplankton communities can be composed of or-
ganisms belonging to multiple phyla, which in turn
contributes to its high taxonomic diversity, thus en-
suring the stable functioning of the pelagic zone of
lakes (Kawecka & Eloranta 1994, Reynolds 2009).

Most of the lakes in the Drawienski National Park
are located in its eastern part. These include the flow-
-through lakes Sitno, Plociczno, the northern part of
Lake Ostrowiec, and Lake Jamno. Most of the lakes in
the Park are endorheic. These are primarily harmon-
ic lakes, namely Lakes Marta, Plociowe, Piaseczno
Duze, Zdroje, Kocie, Perkoz, and Pustelnia. There
are also dystrophic lakes: Lake Piaseczno Male, Lake
Glodne 2, and Lake Glodne 3, whose phytoplankton
was also studied in 1999-2002 and 2004 (Joniak
& Kraska 2006, Kuczynska-Kippen et al. 2006, Jo-
niak et al. 2010). Lake Czarne proved to be an excep-
tional water body in terms of water mixing, where
meromixis was observed (Kraska 1997, Kraska et al.
2002, Klimaszyk et al. 2010). Furthermore, due to
the presence of specific microbial communities, the
size structure of its phytoplankton, including pico-
plankton, was analysed in depth, with the study re-
peated in 1998 (Szelag-Wasielewska 2005a, b). In the
second, western part of the Park, there are only a few
lakes, of which Lake Moczele was included in this
phytoplankton studies.

The aim of this publication is to present the taxo-
nomic structure of phytoplankton in 16 lakes located
within the DNP The results of phytoplankton studies
mainly from 1997, previously unpublished in their
full scope, are presented. Furthermore, the lakes are
assessed and compared using biodiversity indicators,

with attention also paid to the spatial variability of
phytoplankton within the lakes. This article is the
first comprehensive study of the phytoplankton of
the lakes of the Drawienski National Park. It covers a
large number of lakes studied simultaneously, during
spring and summer, the two most important seasons
for their functioning. It also enriches knowledge on
the taxonomic composition of algae and cyanobac-
teria in lakes in Polish national parks (Burchardt
et al. 2004, Messyasz et al. 2011, Lawniczak et al.
2016). These results may also be useful for assessing
changes in the lake ecosystems of the DNP in subse-
quent studies conducted years later, using the same
research methods.

METHODS

Samples for analysis of phytoplankton species com-
position and abundance were collected from 16 lakes
at 20 stations (Table 1). In most lakes, water samples
were collected at a single station in the deepest part
of the lake. In Lake Ostrowiec, samples were collect-
ed at four stations, and in Lake Marta, at two stations
(Fig. 1).

Samples for study from 15 lakes were collected in
1997, once in spring (between April 7 and 12) and
once in summer (between July 15 and 25). Further-
more, in 1998, one sample was collected from Lake
Moczele on March 20 and July 28. Samples were col-
lected every 1 m in the water column using a Ton
sampler and then integrated within each thermal lay-
er of the lake, depending on the summer stratifica-
tion profile. In spring, during water mixing, one inte-
grated sample was collected from each shallow lake,
and two integrated samples were collected from the
deep lakes: the first from the 5 m thick water layer,
and the second from the remaining layer. The sam-
ples were fixed with Lugol’s solution acidified with
sodium acetate (Starmach 1963). In the laboratory,

Table 1. Morphometric data of the studied lakes (acc. to Kraska et al. 2002, changed)

Name of the lake Abbreviation Surface area (ha) Max. depth (m) Mean depth (m) Volume (10° m?)
Ostrowiec OsL 387.6 28.5 9.4 36433.1
Sitno SiL 67.2 7.0 4.0 2666.7
Marta MaL 66.1 25.0 7.7 5111.4
Piaseczno Duze PDL 58.7 25.9 7.6 4519.2
Ptociczno PL 56.1 5.2 2.7 1530.9
Plociowe PiL 35.3 25.0 10.3 3620.0
Jamno JaL 27.6 9.2 3.5 967.9
Zdroje ZdL 21.3 4.8 2.9 612.1
Czarne CzL 19.1 29.0 11.5 2196.5
Piaseczno Mate PML 8.0 6.8 3.2 258.4
Pustelnia PuL 2.7 5.1 2.4 65.8
Moczele MoL 2.5 1.5 0.7 17.5
Kocie KoL 2.4 2.9 1.3 30.2
Perkoz PeL 1.34 4.6 2.1 27.7
Gtodne 3 G3L 0.65 6.8 3.1 19.9
Gtodne 2 G2L 0.64 6.8 3.1 19.6
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Fig. 1. Location of the studied lakes in the Drawienski Na-
tional Park

phytoplankton was analysed using an inverted MOD-
2 microscope after sedimentation to the bottom of
cylindrical chambers with a capacity of 9 ml, 14 ml,
or 24 ml, according to the method of Wetzel and Lik-
ens (1991). Furthermore, in some taxonomic stud-
ies, a scanning electron microscope (SEM) was used
to identify diatom frustules after they were etched
with hydrogen peroxide and coated with a thin layer
of gold. Phytoplankton abundance was expressed as
the number of individuals per 1 ml of water. Micro-
organisms with individual sizes above 2.0 pm were
included (Szelag-Wasielewska et al. 2000). Fila-
mentous forms were measured each time, and their
number was converted to individuals with a stand-
ardized length of 100 pum. Diatom cells were treated
as single individuals, whereas organisms from other
taxonomic groups were counted depending on their
form of occurrence (i.e., single cells or cenobia). Taxa
names were provided according to www.algaebase.
org (Guiry & Guiry 2016).

Data from the quantitative analyses were used
to prepare a taxonomic summary of the phytoplank-
ton of all the studied lakes (Table 2). Taxa occurring
in a given lake were marked with an asterisk if they
were found in at least one analysis at numbers not
exceeding 99 individuals per milliliter. If a taxon was

Table 2. Taxonomic composition of phytoplankton in 16 lakes in the Drawienski National Park
Explanation of symbols: * — number of individuals up to 99 per milliliter, ** — from 100 to 999 per milliliter, *** — 1000 and more indi-

viduals per milliliter)
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axon name 3
23222223808 223288:
Cyanobacteriophyta, Cyanophyceae
Anabaena augstumalis Schmidle oo 1
Anagnostidinema acutissimum (Kufferath) Strunecky, . 1
Bohunickd, J.R. Johansen & J. Komdrek
Anathece clathrata (West & G.S. West) Komarek, N 1
Kastovsky & Jezberovd
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault  *  * * * 4
Aphanizomenon gracile Lemmermann * 1
Aphanocapsa grevillei (Berkeley) Rabenhorst * 1
Aphanocapsa incerta (Lemmermann) G. Cronberg o N . 4
& Komadrek
Aphanocapsa planctonica (G.M. Smith) Komarek N 1
& Anagnostidis
Aphanothece castagnei (Kiitzing) Rabenhorst ok 1
Arthrospira gomontiana Setchell * 1
Chroococcus minor (Kiitzing) Nageli o 1
Chroococcus minutus (Kiitzing) Négeli o EookE * * * 7
Chroococcus turgidus (Kiitzing) Nageli . *ooox 6
Coelosphaerium kuetzingianum Négeli * * 2
Cuspidothrix issatschenkoi (Usachev) P. Rajaniemi,
Komirek, R. Willame, P. Hrouzek, K. Kastovskd, . : : : : : : : : 1
L. Hoffmann & K. Sivonen
Cylindrospermum sp. * 1
Dolichospermum affine (Lemmermann) Wacklin, " 1
L. Hoffmann & Komdrek
Dolichospermum flos-aquae (Bornet & Flahault) N . w 3

P. Wacklin, L. Hoffmann & Komdrek
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Taxon name

OsL

SiL
MaL
PDL
PL

PiL
JaL
ZdL
CzL
PML
PuL
MoL

KoL
PeL

G3L

G2L

Frequency

Dolichospermum mendotae (W.Trelease) Wacklin,
L. Hoffmann & Komdrek

Dolichospermum solitarium (Klebahn) Wacklin,
L. Hoffmann & Komdrek

Dolichospermum spiroides (Klebahn) Wacklin,
L. Hoffmann & Komadrek

Dolichospermum sp.

Eucapsis minima (Keissler) Plinski & Komarek
Gleocapsa sp.

Gomphosphaeria sp.

Jaaginema geminatum (Schwabe ex Gomont)
Anagnostidis & Komarek

Johanseninema constrictum (Szafer) Hasler, Dvordk
& Poulickova

Komvophoron minutum (Skuja) Anagnostidis
& Komadrek

Limnothrix planctonica (Woloszynska) Meffert
Limnothrix redekei (Goor) Meffert

Lyngbya sp.

Merismopedia tenuissima Lemmermann
Merismopedia tranquilla (Ehrenberg) Trevisan
Microcystis aeruginosa (Kiitzing) Kiitzing
Microcystis wesenbergii (Komdarek) Komdrek
ex Komdrek

Oscillatoria obliquaeacuminata Skuja
Oscillatoria tenuis C. Agardh ex Gomont
Oscillatoria sp.

Phormidium granulatum (N.L. Gardner) Anagnostidis
Phormidium sp.

Planktolyngbya limnetica (Lemmermann) Komdrkova-
-Legnerovd & Cronberg

Planktothrix agardhii (Gomont) Anagnostidis
& Komdrek

Pseudanabaena limnetica (Lemmermann) Komadrek
Pseudanabaena sp.

Radiocystis geminata Skuja

Rhabdoderma lineare Schmidle & Lauterborn
Snowella lacustris (Chodat) Komdrek & Hinddk
Snowella rosea (J.W. Snow) Elenkin

Synechocystis aquatilis Sauvageau

Synechocystis salina Wistouch

Synechocystis sp.

Trichodesmium lacustre Klebahn

*k

LS

sk

*k

*k
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Euglenophyta

Colacium vesiculosum Ehrenberg
Euglena sp. 1
Euglena sp. 2

Euglenaformis proxima (PA. Dangeard) M.S. Bennett
& Triemer

Lepocinclis acus (O.E Miiller) B. Marin & Melkonian
Lepocinclis oxyuris (Schmarda) B. Marin & Melkonian
Monomorphina pyrum (Ehrenberg) Mereschkowsky
Phacus sp.

Phacus acuminatus A. Stokes

Phacus longicauda (Ehrenberg) Dujardin

Phacus orbicularis Hiibner

Euglenophyceae

* . . *

—_ g =

= U W N Uy N
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axon name 3
23382223802 223288:
Strombomonas acuminata (Schmarda) Deflandre * : 1
Trachelomonas dybowskii Drezepolski * ok * 4
Trachelomonas hispida (Perty) E Stein oo * * 5
Trachelomonas lukowiensis Drezepolski * 1
Trachelomonas rotunda var. collaris (Skvortzov) N
T.G. Popova 1
Trachelomonas volvocina (Ehrenberg) Ehrenberg oo ok * * 7
Trachelomonas volvocinopsis Svirenko * 2
Trachelomonas sp. 1 ok 2
Trachelomonas sp. 2 * * * 3
Anisonemea
Distigma curvatum E.G. Pringsheim * * * 3
Distigma sp. * 1
Menoidium tortuosum (A. Stokes) Lemmermann * 1
Cryptista, Cryptophyceae
Chroomonas sp. o R o 2
Cryptomonas curvata Ehrenberg *ooEE ok S A 14
Cryptomonas gracilis Skuja 1
Cryptomonas marssonii Skuja R oo R omE Rk e e 16
Cryptomonas obovata Skuja o * wEx * 8
Cryptomonas ovata Ehrenberg R ok R A 15
Cryptomonas paramaecium (Ehrenberg) Hoef-Emden .
& Melkonian 2
Cryptomonas phaseolus Skuja REAA X RE R * 10
Cryptomonas pyrenoidifera Geitler R ok S S 15
Cryptomonas tenuis Pascher o 1
Cryptomonas tetrapyrenoidosa Skuja * 1
Cryptomonas woloszynskae J. Czosnowski oo 2
Cryptomonas sp. 1 * * * * 5
Cryptomonas sp. 2 * 2
Komma caudata (L. Geitler) D.R.A. Hill * 1
Plagioselmis lacustris (Pascher & Ruttner) Javornicky — **  #* RE R S R AR 14
Rhodomonas lens Pascher & Ruttner R A O EE * o 6
Rhodomonas tenuis Skuja ook 2
Dinoflagellata, Dinophyceae
Amphidinium sp. oo o * 2
Ceratium cornutum (Ehrenberg) Claparéde N i 2
& J. Lachmann
Ceratium furcoides (Levander) Langhans * * 4
Ceratium hirundinella (O.E Miiller) Dujardin * * xRk * 9
Ceratium hirundinella f. austriacum (Zederbauer) " . . 4
Bachmann
Glenodiniopsis uliginosa (A.J. Schilling) Woloszynska * 1
Gymnodinium fuscum (Ehrenberg) E Stein oo Ok 6
Gymnodinium simile Skuja * 1
Gymnodinium sp. 1 ok oo FoooE xR e 13
Gymnodinium sp. 2 * * R x 5
Gymnodinium sp. 3 * 1
Parvodinium inconspicuum (Lemmermann) Carty oo * T 8
Parvodinium umbonatum (E Stein) Carty x 1
Peridiniopsis sp. * 1
Peridinium cinctum (O.E Miiller) Ehrenberg 1
Peridinium willei Huitfeldt-Kaas * * 3
Peridinium sp. 1 * * ooxox X 8
Peridinium sp. 2 * 1
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Taxon name

= 2
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= o =
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JaL
ZdL
CzL
PML
PuL
MoL
KoL
PeL
G3L

G2L

Frequency

Choanozoa, Choanpflagellata

Monosiga ovata Kent

Salpingoeca ruttneri (Bourrelly) Bourrelly
Salpingoeca skujae Tikhonenkov & Mazei
Salpingoeca sp.

ok . * . . . *

* . . . . . * . . . *

*

—_— W W

Bicosoeca planctonica Kisselev
Bicosoeca sp.

Bigyra, Bicosoecophyceae
* . * * * . . . *

* . . * *

Haptophyta, Coccolithophyceae

Chrysochromulina parva Lackey

kkk  ckdkok ok *% k% kk  kkk k% *% . . * . sk

Heterokontophyta

Gonyostomum semen (Ehrenberg) Diesing

Raphidophyceae

Chrysophyceae

Chromulina sp.

Chrysococcus punctiformis Pascher
Chrysococcus rufescens G.A. Klebs
Chrysococcus skujae Heynig

Chrysococcus triporus B. Mack
Chrysococcus sp. 1

Chrysococcus sp. 2

Chrysolykos planctonicus B. Mack
Chrysolykos sp.

Chrysopora fenestrata Pascher

Dinobryon bavaricum Imhof

Dinobryon borgei Lemmermann
Dinobryon crenulatum West & G.S. West
Dinobryon cylindricum O.E. Imhof
Dinobryon cylindricum var. palustre Lemmermann
Dinobryon divergens O.E. Imhof

* *% . *% *

EES sk . . * * *

*% ok * * * * ELd . *

Dinobryon divergens var. schauinslandii (Lemmermann) . . . . . . . *

Brunnthaler

Dinobryon faculiferum Willén

Dinobryon pediforme (Lemmermann) Steinecke
Dinobryon sertularia Ehrenberg

Dinobryon sociale (Ehrenberg) Ehrenberg

Dinobryon sociale var. americanum (Brunnthaler)
Bachmann

Dinobryon spirale Iwanoff

Dinobryon stipitatum Stein

Dinobryon suecicum Lemmermann

Dinobryon sp.

Epipyxis polymorpha (J.W.G. Lund) D.K. Hilliard
& Asmund

Epipyxis tabellariae (Lemmermann) G.M. Smith
Kephyrion densatum (Gerlinde Schmid) Bourrelly
Kephyrion inconstans (Gerlinde Schmid) Bourrelly
Kephyrion littorale . W.G. Lund

Kephyrion moniliferum (Gerlinde Schmid) Bourrelly
Kephyrion ovale (Lackey) Huber-Pestalozzi
Kephyrion petasatum Conrad

Kephyrion rubri-claustri Conrad

Kephyrion spirale (Lackey) Conrad

Kephyrion valkanovii Huber-Pestalozzi

Kephyrion sp.

sk

sk

* % * ¥k . . ¥

— o TN = O = = NN OO R = O

—_
[\

o= W W R O W N

—

U1 00 N = B = U1 W = =




Phytoplankton diversity in the lakes of the Drawienski National Park

>~
. g
axon name 3
23382223802 223288:
Mall()monas sp' ¥k * K * * * * * k% ¥k * * 10
Monas neglecta Skuja * 1
Ochromonas verrucosa Skuja o * 2
Ochromonas sp. FoooEE R * o ok 6
Pseudokephyrion circumvallatum Bourrelly * 1
Pseudokephyrion entzii W. Conrad FooRE L RE R EE R xE e R Ex 13
Pseudokephyrion pseudospirale Bourrelly * * * 3
Pseudokephyrion skujae Bourrelly * 1
Stenokalyx tubiformis (Fott) Fott * * * *oox 5
Syncrypta sp. * 1
Synura uvella Ehrenberg o oo 3
Uroglena sp. * * o REEE 5
Chrysophyceae n.det. oo * 4
Dictyochophyceae
Pseudopedinella erkensis Skuja Rk 4
Coscinodiscophyceae
Aulacoseira granulata (Ehrenberg) Simonsen RRE R R * 4
A.ulacoseira granulata var. angustissima (O. Miiller) wx wn e N " 5
Simonsen
Melosira varians C. Agardh oo * * 4
Mediophyceae
Acanthoceras zachariasii (Brun) Simonsen : : : * 1
Cyclostephanos dubius (Hustedt) Round R * wE * * 8
Lindavia comta (Kiitzing) T. Nakov et al. wEE ook o# * 6
Lindavia glomerata (H. Bachmann) Adesalu & Julius * 1
Lindavia praetermissa (J.W.G. Lund) T. Nakov et al. kR * ook * 8
Pantocsekiella comensis (Grunow) K.T. Kiss & E. Acs *E RREL K kxR ok ok * 7
Pantocsekiella ocellata (Pantocsek) K.T. Kiss & E. Acs *okE 2
Stephanodiscus hantzschii Grunow R * 3
Stephanodiscus neoastraea Hikansson & Hickel oo ok ook * 7
Stephanodiscus parvus Stoermer & Hékansson REL A R A REE & RRELE L wEE 9
Thalassiosira pseudonana Hasle & Heimdal K * 3
Bacillariophyceae
Achnanthes sp. * * ooF R x 7
Achnanthidium affine (Grunow) Czarnecki * 1
Amphora ovalis (Kiitzing) Kiitzing * * ok * 5
Amphora pediculus (Kiitzing) Grunow oo 2
Asterionella formosa Hassall REHE RROR o o * 9
Cocconeis placentula Ehrenberg oo * * 4
Cymbella affinis Kiitzing * * 2
Cymbella sp. * * 2
Cymbopleura naviculiformis (Auerswald ex Heiberg) . 1
Krammer
Diatoma elongata (Lyngbye) C. Agardh oo o o * * 6
Diatoma vulgaris Bory * 1
Encyonema letbleinii (C. Agardh) WJ. Silva, R. Jahn, . 1
T.A.V. Ludwig & M. Menezes
Encyonema ventricosum (C. Agardh) Grunow oo * 3
Encyonopsis microcephala (Grunow) Krammer * 1
Epithemia sp. * 1
Fragilaria crotonensis Kitton R R owR o * e 11
Fragilaria cyclopum (Brutschy) Lange-Bertalot * * 2
Fragilaria sp. * 1
Fragilariforma virescens (Ralfs) D.M. Williams B N 2

& Round
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Taxon name

33 8223382223 288§8
Gogorevia exilis (Kiitzing) Kulikovskiy & Kociolek CF
Gomphonella olivacea (Hornemann) Rabenhorst * * *
Gomphonema constrictum Ehrenberg s
Gomphonema coronatum Ehrenberg *
Gomphonema parvulum (Kiitzing) Kiitzing *
Gomphonema sp. * S
Hippodonta capitata (Ehrenberg) Lange-Bertalot, e s .
Metzeltin & Witkowski
Meridion circulare (Greville) C. Agardh or R
Navicula cryptocephala Kiitzing CF *
* * * * *

Navicula radiosa Kiitzing
Navicula rhynchocephala Kiitzing
Navicula tripunctata (O.E Miiller) Bory oo E R
Navicula viridula (Ktitzing) Ehrenberg
Navicula sp.

Nitzschia acicularis (Kiitzing) W. Smith R EE S S
Nitzschia acicularis var. closterioides Grunow
Nitzschia dissipata (Kiitzing) Rabenhorst R

Nitzschia holsatica Hustedt ROk s
Nitzschia recta Hantzsch
Nitzschia sp. ook E R e

Odontidium elongatum var. actinastroides (Willi . . . . ) . . .
Krieger) R.M. Patrick

Planothidium lanceolatum (Brébisson ex Kiitzing) . . . . e s
Lange-Bertalot

Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot R
Staurosira construens Ehrenberg Eox : : o
Staurosira venter (Ehrenberg) Cleve & J.D. Moller R : : *
Staurosirella martyi (Héribaud) Morales & Manoylov : F o

Surirella librile (Ehrenberg) Ehrenberg .

Synedra bipes Roll o
Synedra sp.
Tabellaria flocculosa (Roth) Kiitzing oo ¥

Tabellaria flocculosa var. asterionelloides (Grunow) . . . -
Knudson

Tabularia tabulata (C. Agardh) Snoeijs *

Ulnaria acus (Kiitzing) Aboal Rk : ook wk *
Ulnaria biceps (Kiitzing) Compére

Ulnaria capitata (Ehrenberg) Compére

Ulnaria danica (Kiitzing) Compere & Bukhtiyarova

Ulnaria delicatissima var. angustissima (Grunow) Aboal , . . . . . . .
& PC. Silva

Ulnaria ulna (Nitzsch) Compére
Tabellaria sp.

Xanthophyceae

Botrydiopsis arhiza Borzi *

Centritractus ellipsoideus Starmach xRk
Pseudogoniochloris tripus (Pascher) Krienitz, . . . -
E. Hegewald, Reymond & Peschke

Ophiocytium capitatum Wolle

¥k

Eustigmatophycea

* . .

Chloridella cystiformis Pascher

Goniochloris mutica (A. Braun) Fott : *
Goniochloris sp.

Tetraédriella jovetii (Bourrelly) Bourrelly
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Phaeothamniophyceae

Phaeoschizochlamys delicatula (West) R.A. Andersen

¥k .

—

Chlorophyta

Pedinophyceae

Scourfieldia cordiformis H.Takeda

Pyramimonas denticulata Pascher

Pyramimonadophyceae

Tetraselmis sp.

Chlorodendrophyceae

Ankistrodesmus arcuatus Korshikov

Ankistrodesmus densus Korshikov

Ankistrodesmus fusiformis Corda

Ankistrodesmus spiralis (W.B. Turner) Lemmermann
Chlamydomonas dinobryonis G.M. Smith
Chlamydomonas epibiotica Ettl

Chlamydomonas sp. 1

Chlamydomonas sp. 2

Chlamydomonas sp. 3

Chloromonas sp.

Chlorotetraedron incus (Teiling) Komdrek & Kovécik
Coelastrum astroideum De Notaris

Coelastrum cruciatum Schmidle

Coelastrum microporum Négeli

Coelastrum pseudomicroporum Korshikov

Coelastrum sp.

Coenochloris fottii (Hindak) PM. Tsarenko
Coenochloris sp.

Coenococcus planctonicus Korshikov

Coenococcus sp.

Coenocystis planctonica Korshikov

Crucigenia quadrata Morren

Desmatractum indutum (Geitler) Pascher
Desmodesmus abundans (Kirchner) E.H. Hegewald
Desmodesmus armatus (Chodat) E.H. Hegewald
Desmodesmus bicaudatus (Dedusenko) PM. Tsarenko

Desmodesmus bicellularis (Chodat) S.S. An, T. Friedl
& E. Hegewald

Desmodesmus brasiliensis (Bohlin) E. Hegewald

Desmodesmus denticulatus (Lagerheim) S.S. An,
T. Friedl & E. Hegewald

Desmodesmus dispar (Brébisson) E. Hegewald
Desmodesmus intermedius (Chodat) E. Hegewald
Desmodesmus opoliensis (P.G. Richter) E. Hegewald
Desmodesmus spinosus (Chodat) E. Hegewald
Didymocystis sp.

Dimorphococcus lunatus A. Braun

Drepanochloris nannoselene (Skuja) Marvan, Komdrek
& Comas

Euastropsis richteri (Schmidle) Lagerheim
Eudorina sp.

Eutetramorus globosus Walton

Golenkinia radiata Chodat

Hariotina reticulata PA. Dangeard

Kirchneriella irregularis (G.M. Smith) Korshikov

Chlorophyceae

* . .
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Taxon name
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MaL
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MoL

KoL

PeL

G3L
G2L

Kirchneriella irregularis var. spiralis Korshikov
Kirchneriella obesa (West) West & G.S. West
Kirchneriella sp.

Korschpalmella mucosa (Korshikov) Hinddk
Lanceola spatulifera (Korshikov) Hinddk
Messastrum gracile (Reinsch) T.S. Garcia
Monoraphidium capricornutum (Printz) Nygaard
Monoraphidium circinale (Nygaard) Nygaard

Monoraphidium contortum (Thuret) Komdrkovd-
Legnerova

Monoraphidium dybowskii (Woloszynska) Hinddk
& Komadrkova-Legnerovd

Monoraphidium griffithii (Berkeley) Komdrkova-
-Legnerovd

Monoraphidium komarkovae Nygaard

Monoraphidium minutum (Négeli) Komdrkova-
-Legnerovd

Monoraphidium tortile (West & G.S. West)
Komadrkova-Legnerova

Monoraphidium sp. 1

Monoraphidium sp. 2

Monoraphidium sp. 3

Mychonastes jurisii (Hinddk) Krienitz, C. Bock,
Dadheech & Proschold

Nephrocytium agardhianum Nigeli

Pandorina morum (O.E Miiller) Bory
Pediastrum duplex Meyen

Phacotus lenticularis (Ehrenberg) Diesing
Planktosphaeria gelatinosa G.M. Smith
Pseudodidymocystis inconspicua (Korshikov) Hinddk

Pseudodidymocystis planctonica (Korshikov) E.
Hegewald & Deason

Pseudopediastrum boryanum (Turpin) E. Hegewald

Pseudoschroederia robusta (Korshikov) E. Hegewald
& E. Schnepf

Quadrigula korsikovii Komdrek

Quadrigula pfitzeri (Schroder) G.M. Smith
Quadrigula sp.

Radiococcus nimbatus (De Wildeman) Schmidle

Raphidocelis danubiana (Hinddk) Marvan, Komdrek
& Comas

Scenedesmus ecornis (Ehrenberg) Chodat
Scenedesmus obtusus f. disciformis (Chodat) Compére
Scenedesmus obtusus Meyen

Scenedesmus quadricauda (Turpin) Brébisson
Scenedesmus semipulcher Hortobagyi
Scenedesmus sp.

Schroederia setigera (Schréder) Lemmermann
Selenastrum bibraianum Reinsch

Spermatozopsis exsultans Korshikov
Sphaerocystis planctonica (Korshikov) Bourrelly
Stauridium tetras (Ehrenberg) E. Hegewald
Tetradesmus dimorphus (Turpin) M.J. Wynne
Tetradesmus lagerheimii M.J. Wynne & Guiry
Tetradesmus obliquus (Turpin) M.J. Wynne
Tetraédron caudatum (Corda) Hansgirg
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Taxon name

PL

CzL

PML

PulL

G2L

Tetraédron minimum (A. Braun) Hansgirg

Tetraédron minimum var. tetralobulatum (Reinsch)
Claus

Tetraédron triangulare Korshikov

Tetrastrum glabrum (Y.V. Roll) Ahlstrom & Tiffany
Tetrastrum staurogeniiforme (Schroder) Lemmermann
Treubaria planctonica (G.M. Smith) Korshikov
Treubaria triappendiculata C. Bernard

Vitreochlamys aulata (Pascher) Batko

Westella botryoides (West) De Wildeman

Westellopsis linearis (G.M. Smith) C.C. Jao
Chlorophyceae n.det.

#| OsL

*%

*%

# | SiL

*k

* | MaL

*
*

*| PDL

# | PIL

*
*

*|JaL

* | ZdL

* %

*
*

MoL
* | KoL
PeL

*
*

*
*

*| G3L

15 | Frequency

—
—_

N — W = = = W W W

Trebouxiophyceae

Actinastrum aciculare Playfair

Actinastrum hantzschii Lagerheim
Amphikrikos minutissimus Korshikov
Botryococcus braunii Kiitzing

Botryococcus protuberans West & G.S. West
Botryococcus sp.

Brachionococcus chlorelloides Naumann
Chlorella sp.

Chlorolobion braunii (N4geli) Komdrek
Chlorolobion glareosum (Hinddk) Komadrek

Choricystis parasitica (K. Brandt) Proschold
& Darienko

Choricystis sp.

Closteriopsis longissima (Lemmermann) Lemmermann
Dicellula planctonica Svirenko

Dichotomococcus bacillaris Komdarek
Dichotomococcus curvatus Korshikov
Dictyosphaerium sp.

Franceia armata (Lemmermann) Korshikov
Golenkiniopsis solitaria (Korshikov) Korshikov
Granulocystis helenae Hinddk

Granulocystis verrucosa (Y.V. Roll) Hinddk
Granulocystopsis coronata (Lemmermann) Hinddk

Hegewaldia parvula (Woronichin) Préschold, C. Bock,
W. Luo & L. Krienitz

Keratococcus suecicus Hinddk

Koliella longiseta (Vischer) Hinddk

Koliella spiculiformis (Vischer) Hinddk

Koliella spirotaenia (G.S. West) Hinddk

Koliella sp.

Lagerheimia ciliata (Lagerheim) Chodat

Lagerheimia genevensis (Chodat) Chodat

Lagerheimia tetraedriensis Y.V. Roll

Lemmermannia komarekii (Hinddk) C. Bock & Krienitz
Lemmermannia tetrapedia (Kirchner) Lemmermann

Lemmermannia triangularis (Chodat) C. Bock
& Krienitz

Mucidosphaerium pulchellum (H.C. Wood) C. Bock,
Proschold & Krienitz

Oocystis lacustris Chodat

Oocystis sp.

Quadricoccus ellipticus Hortobagyi
Schizochlamydella solitaria (G.M. Smith) Fott
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Taxon name

OsL

SiL
MaL
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PL

PiL

JaL

zdL

CzL

PML

Siderocelis ornata (Fott) Fott
Stichococcus bacillaris Négeli
Stichococcus minutissimus Skuja
Stichococcus sp.

Tetrachlorella incerta Hinddk

Willea apiculata (Lemmermann) D.M. John,
M.J. Wynne & PM. Tsarenko

Willea irregularis (Wille) Schmidle

Willea rectangularis (A. Braun) D.M. John,
M.J. Wynne & PM. Tsarenko

Hk

* *

*
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Ulothrix sp.

Ulvophyceae

Charophyta

Klebsormidiophyceae

Elakatothrix acuta Pascher

Elakatothrix biplex (Nygaard) Hinddk
Elakatothrix gelatinosa Wille

Elakatothrix genevensis (Reverdin) Hinddk
Elakatothrix pseudogelatinosa Korshikov
Elakatothrix sp.

*

* . . *

*

ok *

*

*

NN BN W

Closterium acutum Brébisson

Closterium acutum var. variabile (Lemmermann) Willi

Krieger

Closterium gracile Brébisson ex Ralfs
Closterium limneticum Lemmermann
Cosmarium bioculatum Brébisson ex Ralfs
Cosmarium botrytis Meneghini ex Ralfs
Cosmarium humile Nordstedt ex De Toni
Cosmarium margaritiferum Meneghini ex Ralfs
Cosmarium phaseolus Brébisson ex Ralfs
Cosmarium pygmaeum W. Archer

Cosmarium subprotumidum Nordstedt
Cosmarium sp. 1

Cosmarium sp. 2

Heimansia pusilla (L. Hilse) Coesel
Mougeotia sp.

Spirogyra sp.

Spondylosium papillosum West & G.S. West
Staurodesmus cuspidatus (Brébisson) Teiling
Staurastrum gracile Ralfs ex Ralfs
Staurastrum laeve Ralfs

Staurastrum paradoxum Meyen ex Ralfs
Staurastrum pseudopelagicum West & G.S. West
Staurastrum tetracerum Ralfs ex Ralfs
Staurastrum sp.

Staurodesmus cuspidatus (Brébisson) Teiling

Staurodesmus dejectus var. apiculatus (Brébisson)
Croasdale

Staurodesmus glaber (Ralfs) Teiling
Staurodesmus triangularis (Lagerheim) Teiling
Staurodesmus sp.

Teilingia granulata (J. Roy & Bisset) Bourrelly

Zygnematophyceae
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present in at least one analysis at numbers between
100 and 999 individuals/ml, it was marked with two
asterisks. If the number of individuals/ml was 1,000
or more, the taxon was marked with three asterisks.
Based on the data in Table 2, the taxonomic similar-
ity of the lake phytoplankton was calculated using
cluster analysis in the PAST program.

Data from each quantitative phytoplankton analy-
sis from the epilimnion in spring and the epilimnion
and metalimnion in summer were used to calculate
the Shannon-Wiener Diversity Index and the Pielou
Evenness Index (Kawecka & Eloranta 1994). The in-
dices were calculated using the PAST program.

RESULTS

During phytoplankton analysis of 16 DNP lakes, a
total of 439 taxa were identified. The vast majority,
359, were assigned to species or variety, with the re-
mainder assigned to genus or higher taxonomic units
(Table 2). The most taxa were identified in the phy-
lum Chlorophyta (151), followed by slightly fewer in
the phylum Heterokontophyta (134). The remaining
phyla contained significantly fewer taxa (Table 3).
Species richness varied significantly between lakes.
The most taxa were identified in Lake Ostrowiec
(191), with slightly fewer in Lakes Sitno (138) and
Plociczno (131). The lowest number of taxa was
found in the phytoplankton of Lakes Glodne 2 (25)
and Glodne 3 (23) (Table 3).

The taxonomic similarity of the lake phytoplank-
ton, calculated using cluster analysis, revealed the
separation of several groups. Lake Ostrowiec clearly
differed from the others. The taxonomic composition
of Lake Sitno and Lake Plociczno was most similar
to it. The next group consisted of Lakes Jamno, Plo-
ciowe, and Marta. The remaining 10 lakes formed a
single, albeit very heterogeneous, group. Within this
group, Lakes Perkoz and Pustelnia occurred close to-
gether, Lake Kocie separately, and a heterogeneous
group of the remaining seven lakes. Among these,
a clearly distinct group of two lakes, Glodne 2 and

Gtodne 3, with the smallest Euclidean distances, was
distinguished (Fig. 2).

Most of the identified taxa (174) occurred at low
abundances, ranging from 1 to 99 individuals/ml. 120
taxa were slightly more abundant (from 100 to 999
individuals/ml), and only 39 reached abundances of
1000 or more individuals/ml in at least one sample
(Table 2). Of the most abundant taxa, 11 belonged
to green algae, 9 to golden algae, 8 to diatoms, 6 to
cyanobacteria, 3 to cryptophytes, 1 to haptophytes,
and 1 to Eustigmatophyceae. As many as 174 taxa
were recorded in only one of the lakes (Fig. 3). Sev-
eral dozen taxa occurred in several lakes, and from 1
to 5 taxa were found with a frequency of occurrence
in 10-16 lakes (Fig. 3). Only one species (Crypto-
monas marssonii) was present in all 16 lakes. Other
cryptophytes were also quite common, for example
C. ovata and C. pyrenoidifera were found in 15 lakes,
and C. curvata and Plagioselmis lacustris in 14 lakes.

JalL
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G2L
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Fig. 2. Taxonomic similarity of phytoplankton in the stud-
ied lakes (abbreviations of the lake names are explained
in Table 1)

Table 3. Number of taxa in the phytoplankton of sixteen lakes in the Drawienski National Park (abbreviations of the lake

names are explained in Table 1)

Name of the lake

Phylum OsL SiL MaL PDL PL PIL JaL ZdL CzL PML PulL Mol KoL Pel G3L GoL °@
Cyanobacteriophyta 26 9 11 4 7 8 7 2 3 4 7 2 8 11 0 2 52
Euglenophyta 8 5 2 o0 12 3 4 2 0 6 9 6 3 6 0 1 23
Cryptista 9 10 8 5 8 8 7 5 6 8 7 6 7 11 4 8 18
Dinoflagellata 10 4 4 5 4 7 3 2 3 5 4 6 4 8 2 0 18
Choanozoa 4 0 1 0 0 0 3 0 0 0 1 0 0 0 0 0 4
Bigyra 2 o o 1 2 1 1 o o o0 1 0 0 o0 ©0 0 2
Haptophyta 1 1 1 1 1 1 1 1 1 0 0 1 0 1 0 0 1
Heterokontophyta ~ 58 51 51 10 44 35 36 25 21 18 25 15 26 28 10 8 134
Chlorophyta 63 50 28 18 46 23 23 26 14 21 41 21 35 44 6 3 151
Charophyta 1o 8 2 8 7 5 3 3 4 5 7 2 13 7 1 3 36
Sum 191 138 108 52 131 91 88 66 52 67 102 59 96 116 23 25 439
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Fig. 3. Frequency of taxa in the studied lakes

Among other taxonomic groups, a large number of
lakes contained representatives of golden algae (e.g.
Pseudokephyrion entzii in 13 lakes, Dinobryon divergens
in 11 lakes), some dinophyte taxa (e.g. Gymnodinium
sp. in 13 lakes), haptophytes (Chrysochromulina parva
in 11 lakes), diatoms (e.g. Fragilaria crotonensis and
Ulnaria acus in 11 lakes) and green algae (e.g. Chla-
mydomonas sp. in 13 lakes, Tetraédron minimum in 12
lakes and Tetraédron minimum var. tetralobulatum in 11
lakes) (Table 2).

The Shanon-Wiener Diversity Index for phyto-
plankton varied significantly between lakes, from
0.45 (Lakes Pustelnia and Gtodne 2) to 3.89 (Lake
Sitno). In most lakes, this index was higher in sum-
mer than in spring. Only in a few cases it was higher
in spring, namely in Lake Plociczno, Ostrowiec III,
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Fig. 4. Shannon-Wiener Diversity Index H (A) and Pielou
Evenness Index J (B), calculated for stations at individ-
ual lakes in spring and in summer, divided in summer
into epi- (Summer E) and metalimnion (Summer M)

Ostrowiec IV and Marta I (Fig. 4A). The diversity in-
dex calculated separately for samples collected from
the metalimnion was higher than for samples from
the epilimnion in as many as 12 cases.

The Pielou Evenness Index showed very similar
variation to the Shannon-Wiener index, both with
respect to individual lakes, seasons, and thermal lay-
ers (Fig. 4B). Its highest value was found in the epi-
limnion of Lake Sitno in summer (0.85), the lowest
in Lake Pustelnia in spring (0.12). In most lakes in
summet, and especially in their metalimnion, it was
quite even, falling within the range of 0.6-0.7. Only
the Pielou index values for the epilimnion of lakes
Plociczno, Ostrowiec III, Ostrowiec IV, and Gtodne
2, and the metalimnion of Lake Ostrowiec I, were
clearly lower than the above range.

DISCUSSION

The relatively large number of taxa identified during
phytoplankton studies in DNP lakes is undoubted-
ly due to the great diversity of these lakes in many
respects. These include lakes with various trophic
levels, from eutrophic (Sitno, Plociczno, Ostrowiec,
Jamno, Perkoz, Pustelnia, Moczele), through mes-
otrophic (Marta, Plociwe, Piaseczno Duze, Zdro-
je, Kocie), to oligotrophic (Czarne Lake). Three of
the studied lakes should be considered dystrophic
(Glodne 2, Glodne 3, and Piaseczno Mate). The
lakes also differed in their type of thermal stratifi-
cation. Most were dimictic lakes with complete or
partial thermal stratification, possessing three or two
thermal layers in summer. Small and shallow lakes
were polymictic, mixing multiple times throughout
the year (Moczele Lake and Zdroje Lake). One lake
turned out to be meromictic, with limited depth of
water mixing (Lake Czarne). The lakes also differed
in their hydrological regime. Most were endorheic.
Only four were flow-through lakes: Lake Sitno, Lake
Ptociczno, Lake Ostrowiec, and Lake Jamno, and
they differed significantly in water exchange rates.
The least stable was Lake Plociczno (flashing rate 46
times per year), while the most stable was Lake Os-
trowiec (flashing rate 1.5 times per year). The stud-
ied lakes also differed significantly in surface area,
ranging from 0.6 ha to 387.5 ha, and water volume,
ranging from 17,500 m3 to 36.4 million m? (Kraska
et al. 2002).

The highest taxonomic richness was found in
three flow-through lakes located along the Plocicz-
na River. This was primarily due to the presence of
several lakes along this river and its tributaries, lo-
cated outside the DNP. Numerous plankton species
typical for lakes flowed with the river water, enabling
their proliferation in Lake Sitno (Goldyn & Szelag-
-Wasielewska 2004). This included many taxa from
almost all classes. Phytoplankton from Lake Sitno
flowed with the Plociczna River waters, first to Lake
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Ptociczno, and then to Lake Ostrowiec, where the
quantitative composition of individual taxa changed.
As water flowed through the individual lakes, the
trophic level of the water decreased as a result of nu-
trient uptake by phytoplankton and deposition in the
bottom sediments. Therefore, species typical of high
trophic levels began to decline in abundance already
in Lake Sitno. This process continued in the next two
lakes, causing the appearance of new species typical
of lower trophic waters.

The richest phytoplankton taxonomic composi-
tion was observed in Lake Ostrowiec, which is due,
on the one hand, to the inflow of species typical of
higher trophy via the river, and, on the other hand,
to the development of new species typical of lower
trophy in the lake. This was facilitated by the low
water exchange in the lake, which occurred mainly in
the northern, flow-through part of the lake. Analysis
of its composition at four study sites also contributed
to the finding of greater taxonomic richness of phy-
toplankton in Lake Ostrowiec. At individual study
sites, 96-146 taxa (average 116) were identified.
This is likely why Lake Ostrowiec was not included
in the same cluster as Lakes Sitno and Plociczno, but
its taxonomic composition nevertheless shows the
greatest similarity to them (Fig. 2). Significantly few-
er taxa (88) were found in Lake Jamno, even though
it is also a flow-through lake. However, the inflow to
this lake is small, so planktonic species likely disap-
pear in the flow path from Lake Zdroje. Therefore, its
phytoplankton is not found in the same cluster as the
other flow-through lakes, but in a cluster encompass-
ing the phytoplankton of the nearby endorheic lakes
Plociowe and Marta, despite their lack of hydraulic
connection and differences in trophic status.

The highest species richness typically occurs in
mesotrophic lakes (Kawecka & Eloranta 1994, Reyn-
olds 2009). In the case of DNP lakes, this relation-
ship was not confirmed, as the total number of taxa
ranged in mesotrophic lakes from 52 to 108. The
highest number was found in Lake Marta, which is
mainly due to the analysis of phytoplankton compo-
sition at two stations. At each of them, it was signifi-
cantly lower, amounting to 79 and 88 taxa. The lower
phytoplankton species richness in these mesotrophic
lakes is most likely related to the allelopathic effect
of stonewots (Mulderij et al. 2003, Mohamed 2017,
Ztoch et al. 2018), which occupied almost the entire
phytolittoral. This was reflected not only in species
richness, but also in the abundance of phytoplank-
ton, thanks to which the Secchi depth was relatively
high, ranging from 2.6 to 6.0 m (Kraska et al. 2002).

Low taxonomic richness was also observed in the
eutrophic Lake Moczele. Its entire surface was dom-
inated by Nuphar lutea, Nymphaea alba, and Stratiotes
aloides (Piotrowicz et al. 2006). These species strong-
ly shade the water surface, limiting light access for
phytoplankton. S. aloides is also known to secrete

allelopathic compounds. Furthermore, it produces
a large biomass, thus posing a serious competition
for phytoplankton for nutrients available in the water
column (Mulderij et al. 2007).

The smallest number of taxa was found in
dystrophic lakes, namely Lake Glodne 2 and Lake
Glodne 3 (25 and 23 taxa, respectively). The low
number of taxa is often found in polyhumic lakes and
results from the low pH of water and a high content
of humic compounds, which limit light penetration
in the water (Szelag-Wasielewska & Goldyn 1994).
The taxonomic composition of these two lakes was
very similar, and at the same time the most different
from that of the other DNP lakes (Fig. 2). The clos-
est similarity was found in the phytoplankton of the
meromictic Lake Czarne, but twice as many species
were found there (52). The phytoplankton compo-
sition of Lake Piaseczno Duze differed significantly
from that of Lake Glodne 2 and Lake Gltodne 3, even
though it is also a dystrophic lake. This was undoubt-
edly due to the low content of humic compounds,
which allowed better access of light to the water
column. This lake was considered to be dystrophic
oligohumic (Joniak et al. 2010).

The wide variety of habitats found in individual
lakes contributed to the high taxonomic diversity of
phytoplankton. Many of taxa (174) were found only
in a single lake. They belonged to almost all identi-
fied phyla. This may indicate their narrow ecological
scale or the presence of a favorable habitat in only one
lake. Some of them were very rare, known from only
a few locations. Only 18 of them were found with
abundance exceeding 100 individuals/ml. The lack
of dominance in the phytoplankton of most of them
may indicate their accidental presence in the plank-
ton. However, few taxa occurred in a large number of
lakes. These taxa had a wide ecological range, which
allowed them to occur in such diverse habitats. Most
of them were flagellates, belonging to cryptophytes,
chrysophytes, dinophytes, and haptophytes, which
can feed mixotrophically (Reynolds 2009). In unfa-
vorable environmental conditions, they can feed on
smaller organisms or even dead organic matter sus-
pended in the water column. The small number of
taxa (39) occurring in high numbers (1000 or more
individuals/ml) and the large number of lakes (13)
with a Shannon-Wiener Diversity Index above 2 in
at least one analysis indicates the existence of nat-
ural habitats in the studied lakes (Ye et al. 2025).
This is due to the low human impact on the lakes,
as they are located in the protected area of the Na-
tional Park. Climatic conditions may also have had
some influence on the lack of strong algal blooms
in the lakes in summer. In summer of 1997, heavy
precipitation occurred, which could have contributed
to poor light conditions, higher water levels, and
more intense mixing of water in the lakes. Only in
three lakes was the Shannon-Wiener Diversity Index
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consistently low (Glodne 2, Glodne 3, and Piaseczno
Duze), which indicates a strong influence of some
environmental drivers. In the case of Lakes Glodne 2
and Glodne 3, these were undoubtedly humic com-
pounds. In such conditions, only a few species, main-
ly mixotrophs, could grow in large numbers. Joniak
and Kraska (2006), during their later studies in the
polyhumic Lake Glodne 3, also found a small number
of taxa, dominated by mixotrophic flagellates (82%).

A low Pielou Evenness Index (value below 0.5),
indicating a clear dominance of one or two taxa, was
found only in Lake Glodne 2. In spring, it was Chlo-
ridella cystiformis, and in summer, Dinobryon pediforme
and Scourfieldia cordiformis. The latter two species are
flagellates, capable of actively moving through the
water column and feeding mixotrophically under
specific polyhumic conditions (Reynolds 2009). An
index higher than 0.5 in the other lakes indicates no
pollution or light pollution, and favorable conditions
for the even proliferation of various species in the
phytoplankton (Ye et al. 2025).

CONCLUSIONS

The high taxonomic diversity observed in the stud-
ied Drawienski National Park (DNP) lakes resulted
from their considerable diversity. The flow capacity
of some of them was significant, thanks to the in-
flow of planktonic species from other lakes outside
the National Park via river waters. The low taxonom-
ic composition of phytoplankton in the polyhumic
dystrophic lakes differed significantly from the other
lakes, resulting primarily from light scattering by
humic compounds. The large number of taxa found
in only single lake (174) indicates their narrow eco-
logical scale or the presence of a favorable habitat in
only one lake. Since the vast majority of them were
characterised by low numbers (less than 100 individ-
uals/ml), this may also indicate their accidental pres-
ence in the pelagic plankton. In contrast, few taxa
occurred in a significant number of lakes. Most of
them were cryptophytes, chrysophytes, dinophytes,
and haptophytes, which can feed mixotrophically
under unfavorable environmental conditions. High
Shannon-Wiener Diversity Index and Pielou Even-
ness Index indicate the presence of natural habitats
in the studied lakes. The obtained results contribute
to a better understanding of the biodiversity of the
DNB enrich our knowledge of the algae and cyano-
bacteria of lakes in Polish national parks, and may
also be useful in assessing changes in the ecosystems
of the studied lakes after repeating the study using
the same research methods.
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