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Abstract
International and national protection strategies and directives focus mainly on macroscopic organism and attempt to maintain
their endangered habitats. However, microscopic communities are also threatened by decreasing biodiversity and many species
including freshwater algae can disappear without even knowing they were present in the habitat. Defining rarity of microscopic
taxa is not easy. The species’ rarity is based on detailed knowledge of distribution and abundance of species. But only limited
information is available about rare algal species especially in a given ecoregion. Reducing the data gaps, here, we present
altogether 20 phytoplankton taxa rare in Hungary: three species of Chlorophyceae, eight species of Trebouxiophyceae, two taxa
of Euglenophyceae, one-one species of Cyanobacteria, Bacillariophyceae and Mediophyceae and three species of
Xanthophyceae. One of them, the Cylindrotheca gracilis is on the Hungarian Red List. Physical and ecological characteristics
of standing waters where these species were found as well as their former occurrence all over the world are also reviewed.
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Introduction

The quest to understand how the world can work always pre-
sents new challenges for researchers. In the twentieth century,
tasks had to be solved were under significant social pressure.
From the middle part of the twentieth, eutrophication has been
become the one of the most important tackled tasks both in
local and global scales (Reynolds 2006). The surplus nutrient
supply, mainly phosphorus and nitrogen, can cause undesir-
able changes in water quality (Istvánovics 2009).
Eutrophication can modify the dynamics of phytoplankton
with increasing algal biomass and blooming cyanobacteria
resulting alteration in the species composition (Reynolds
2006). Recently, the drastic changes of climate, primarily hy-
drological drought or flash floods, cause deterioration of the
quantity and quality of surface waters (Murdoch et al. 2000,
Mosley 2015). In freshwaters, the structure of communities
living here is significantly changed by the decreasing water

level coupled with the increasing nutrient concentration, by
the increasing water temperature, by the sediment resuspen-
sion and also by the stratification. Finally, these changes result
biodiversity loss and habitat degradation (Mosley 2015).

Since eukaryotic algae and cyanobacteria play pivotal role
in functioning of freshwater ecosystems, any changes in their
structure can finally alter the composition of the whole eco-
system (Reynolds 2006). Thus, planktic algae and
cyanobacteria are used to describe the status of habitats and
to predict different disturbation (Juráň and Kaštovský 2019).
These acts requires detailed knowledge about local and world-
wide distribution of taxa, especially in case of rare ones (Juráň
and Kaštovský 2019). Defining rarity of microscopic taxa
including algae, however, is not easy. The species’ rarity is
based on the distribution and the abundance of species, more
precisely, the lack of actual distribution data (Molina 2013).
Geographic range, abundance and habitat specialization were
used to classify species into rarity categories and identify as
rare or common (Molina 2013). But again, it is important to
emphasize that the current distribution of taxa should be de-
fined both at local and global scales to conclude whether taxa
can be considered as rare or not.

Recently, the identification of planktic algae at species lev-
el can be carried out either by traditional, microscope method
or by using modern, genetic tools, but both of them have still
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shortcomings (Bornet et al. 2004). The genetic-based methods
are not effective for the whole planktic microflora yet, mainly
because the databases are strongly incomplete (Bornet
et al. 2004). On the other side, the microscopic-based meth-
odology have to face difficulties such as (i) instrument side,
light and/or inverted microscope with appropriate magnifica-
tion is essentially needed; (ii) human side, a specialist with
adequate knowledge who can determinate evenmore than 200
species from one lake during a season; (iii) state-of-art litera-
ture; (iv) time side, it takes many time to prepare one sample
even in monitoring process; and (v) sample side, sufficient
samples are also needed (Prof. F. Hindák pers. comm.). All
of these criteria should be met in order to have reliable knowl-
edge about actual distribution of a species.

In Hungary, there is a tradition of studying algology: At the
end of 1970’s intensive studies were carried out with special
attention to algae of rivers (Tamás 1949, Uherkovich 1959,
Szemes 1969), lakes (Szabados 1938, Hortobágyi 1943,
Vízkelety 1987), moors (Halász 1944), sodic lakes (Varga
1956, Kiss 1975), bogs (Palik 1940, Uherkovich 1962), caves
(Kol 1964, Palik 1966) or springs (Palik 1957, Kol 1968). In
the last decades, however, the scientific needs are changed and
primarily focused onWFD-based researches. Thus, with some
exception (e.g. Buczkó and Rajczy 1989, Padisák et al. 2003,
Szabó et al. 2004), extensive taxonomical studies on algal
flora of main rivers and standing waters have become sporadic
in Hungary.

In this paper, a survey of data of Hungarian lakes and ponds
is presented focusing on the ecological and taxonomical
knowledge of rare algae.

Materials and methods

Study area

During the Hungarian surveillance monitoring program, al-
most 60 standing waters with catchment area greater than
50 ha were investigated in 2019 from April to September. In
this article those standing waters are presented which contains
rarely mentioned taxa according to the Hungarian national
identification manuals (see later) (Fig. 1; Table 1 and
Supplementary Table 1). The chosen lakes belong to small
lakes, reservoirs, oxbow lakes and gravel pit lakes from very
shallow to deep (30 water bodies; Table 1).

Sampling methods

Phytoplankton and water samples were taken from euphotic
layer of pelagical zone (calculated from 2 × Secchi depth) of
the deepest part of lakes. Sampling was carried out by a tube
sampler from a boat. Phytoplankton samples were preserved
in the field with Lugol’s solution. Water samples were kept at

4 °C in a cooler bag during the transportation to the laboratory
for further analyses. Conductivity (COND–µS cm− 1), pH,
dissolved oxygen concentration (DO–mg L− 1), oxygen satu-
ration (OS–%) and water temperature (T–°C) were measured
by a portable-multiparameter digital meter (HQ30d,
Germany) in situ. Analyses of other chemical parameters were
carried out according the Hungarian national and international
guidelines: nitrite (NO2

− in mg L− 1, MSZ 1484-13:2009
(2009)), nitrate (NO3

− in mg L− 1, MSZ 1484-13: 2009
(2009)), ammonium (NH4

+ in mg L− 1, MSZ ISO 7150-1:1992
(1992)), total nitrogen (TN in mg L− 1, MSZ 12750-20:1972
(1972)), soluble reactive phosphorus (SRP in mg L− 1, MSZ
EN ISO 6878:2004 (2004)), total phosphorous (TP inmg L− 1,
MSZ 1484-3:2006 (2006); EPA 6020 A:2007 (2007)), chloro-
phyll a (Chl-a in µg L− 1, MSZ ISO 10260:1993 (1993)), biolog-
ical oxygen demand (BOD in mg L− 1, MSZ EN 1899-1: 2000
(2000)), chemical oxygen demand (CODPs in mg L− 1, MSZ

448−20:1990 (1990)); hydrogencarbonate (HCO3
− in mg L−

1; MSZ 448−11:1986), chloride (Cl− in mg L− 1, MSZ 448
−15:1982 (1982)), soluble reactive silica (Si in µg L− 1, MSZ

1484-3:2006 (2006); EPA 6020 A:2007 (2007)) and total
suspended solids (TSS in mg L− 1, MSZ 12750-6:1971 (1971)).

Trophic status of the studied standing waters was classified
according to OECD (1982).

Phytoplankton

Phytoplankton samples were investigated with LEICA DMIL
inverted microscope in 400-fold magnification. Species were
documented by Canon EOS digital camera and by drawings.
Most recent accepted name of algae was considered by
AlgaeBase (Guiry and Guiry 2020). Curiosity of the micro-
flora was based on previous occurrences of the taxa published
in Hungarian identification manuals (Németh 1997, Schmidt
and Fehér 1998, 1999, Grigorszky et al. 1999) and on the
Hungarian Red List of Algae (Németh 2005).

The previous (from literature data) and the new occur-
rences (our observations) of taxa in Hungary were used to
classify taxa into rarity scale categories The scale was similar
to Juráň’s (2017) categories, who has described three catego-
ries for photosynthetic euglenoids of Check Republic. These
categories are based on the number of local distributional data:
(1) common (more than 15 localities), (2) rare (5 to 15 local-
ities) and (3) very rare (maximally 4 localities).

Results

The physical and chemical parameters of the studied lakes and
ponds are presented in Electronic Supplementary Material 1.
While most of them can be categorized as hypertrophic or eu,-
hypertrophic, Nyékládháza pit lake was the only standing
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water which is oligo,-mezotrophic. Additionally, Hasznosi
reservoir and Kiskunlacháza-2 lake belong to eu,-
mezotrophic.

In this paper 20 taxa, rare in Hungary are introduced:
Chlorophyceae (3 species), Trebouxiophyceae (8 species),
Euglenophyceae (2 species), Dinophyceae (1 species),
Cyanobacteria (1 species), Bacillariophyceae (1 species),
Mediophyceae (1 species), Xanthophyceae (3 species). Only
one, the Cylindrotheca gracilis (Brébisson ex Kützing)
Grunow is on the Hungarian Red List.

Bacillariophyceae.
* Cylindrotheca gracilis (Brébisson ex Kützing) Grunow

(Fig. 2a).
Reference: Krammer and Lange-Bertalot (1988): p: 391, T

87: Fig. 3.
Description: Frustules very narrow, elongate with drawn-

out ends and longitudinal spiraling of the cell.
Dimensions: 100 × 6 μm.
Similarity: The shape of the cell (spindle-like form, torsion

of 2 and half twists and sub-capitate ends) is very unique, but
the frustules can be easily collapsed.

Previous occurrences in Hungary: Fertő (Padisák 1984),
Borsodi-dűlő (Stenger-Kovács and Lengyel 2015), Duna
(Buczkó 1988).

New occurrence in Hungary: Kiskunlacháza-2 lake.
Ecological data: We found this species in a gravel pit lake

with a few individuals. This species is listed into the
Vulnerable (VU) category based on the Hungarian Red List
of Algae (Németh 2005). Distribution is worldwide both in
marine coasts and in freshwaters with high conductivity
(Guiry and Guiry 2020).

Chlorophyceae.
Desmatractum indutum (Geitler) Pascher (Fig. 2b).
Reference: Komárek and Fott (1983): p. 261, Fig. 77:3.
Description: Cells are spindle-shaped pulled-out with fine

long ends. Inner cell is ellipsoidal. Often a mucous membrane
is presented but we didn’t recognize it. Superficial rib is lon-
gitudinal, colorless or brown color.

Dimensions: protoplasm: 3–5 × 4–6 μm.
Similarity: D. indutum is similar to Desmatractum

delicatissimum, of which cell wall is smooth, cell halves goes
gradually from the equatorial level to the pointed ones. While
D. indutum has longitudinal superficial ribs and cell suddenly
pulled out into a long process.

Previous occurrences in Hungary: Szeremlei Duna-branch,
Buzsák fish pond, Ferenc-Tápcsatorna Hercegszántód,
Tiszaalpári oxbow, Tiszaug oxbow, Tőserdő oxbow
Schmidt and Fehér (1999); Babat fish pond (Hajdú 1976).

New occurrence in Hungary: Kenézi-morotva, Marótzugi-
Holt-Körös, Tiszatarjáni-Holt-Tisza.

Ecological data: In this study, it has occurred sporadically
mainly in oxbow lakes with a few individuals. It has world-
wide distribution. For more details, see in Supplementary
Table 2.

Stauridium privum (Printz) Hegewald (Fig. 2c).
Reference: Komárek and Fott (1983): p. 293, Fig. 86:2.
Description: Outer cell wall is straight or slightly concave,

cell is 3–6 × 4–10μm.Mostly 4-celled coenobia are appeared,
but 8-celled coenobia can be also observed.

Dimensions: 8 × 8 μm.
Similarity: Under light microscope the 4 celled coenobium

is similar to Crucigenia tetrapedia (Kirchner) Kuntze.

Fig. 1 Location of standing
waters where rare species were
found. Numbers indicate the
sampling sites (see in
Supplementary Table 1)
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Table 1 General information of studied standing waters – type of water body, aggregated lake type, max. depth, surface area and trophic status

Name Coordinates Type of water
body

Max. depth
(cm)

Surface area
(km2)

Trophic status

1 Bátai-holtág E18° 48’
09,98”

N46° 09’
28,82”

oxbow 100–130 0.66 hypertrophic

2 Békéscsaba Téglagyári-tavak E21° 04’
42,33”

N46° 38’
47,76”

gravel pit lake 700 1.14 eu-hypertrophic

3 Belső-Béda-holtág E18° 44’
25,87”

N45° 54’
57,91”

oxbow 210–230 0.83 hypertrophic

4 Boroszlokerti-Holt-Tisza E22° 25’
04,08”

N48° 04’
57,59”

oxbow 380–490 0.14 hypertrophic

5 Csór-réti-víztározó E19° 57’
26,74”

N47° 53’
15,36”

reservoir 1000 0.12 eutrophic

6 Délegyházi-tó E19° 04’
27,88”

N47° 15’
42,96”

gravel pit lake 200 0.7 hypertrophic

7 Faddi-Holt-Duna E18° 51’
26,62”

N46° 27’
16,27”

oxbow 180 2.48 hypertrophic

8 Félhalmi-holtágrendszer E20° 51’
40,05”

N46° 55’
33,43”

oxbow 200 0.73 hypertrophic

9 Halásztelek-Túrtő-Harcsás-Holt-Körös E20° 34’
52,01”

N46° 57’
12,65”

oxbow 230–260 1.29 hypertrophic

10 Harangzugi-Holt-Körös E20° 24’
05,26”

N46° 55’
40,68”

oxbow 350 0.53 hypertrophic

11 Hasznosi-tározó E19° 46’
05,42”

N47° 55’
34,12”

reservoir 1000 0.22 mezo-eutrophic

12 Hórvölgyi-víztározó E20° 32’
43,86”

N47° 51’
08,91”

reservoir 110 1.41 hypertrophic

13 Kenézi-morotva E22° 15’
34,07”

N48° 14’
08,11”

oxbow 30–80 0.52 hypertrophic

14 Kiskunlacháza 2 (Öregállás II. tó) E19° 05’
17,97”

N47° 12’
27,35”

gravel pit lake 210 1.33 mezo-eutrophic

15 Leveleki-víztározó E21° 57’
33,49”

N47° 59’
04,56”

reservoir 150 1.61 hypertrophic

16 L-I tározó E21° 27’
10,34”

N47° 33’
39,31”

reservoir 230–260 0.7 hypertrophic

17 Marótzugi-Holt-Tisza E21° 36’
39,51”

N48° 10’
35,79”

oxbow 180–300 0.142 eu-hypertrophic

18 Mocskos-Duna E18° 46’
42,08”

N45° 57’
39,11”

oxbow 180–200 0.67 hypertrophic

19 Nagybaracskai-Holt-Duna E18° 51’
25,52”

N46° 04’
01,34”

oxbow 130 0.82 hypertrophic

20 Nagy-Morotva E21° 27’
58,25”

N48° 06’
31,68”

oxbow 110–130 0.92 hypertrophic

21 Nyékládháza-kavicsbányák E20° 52’
26,77”

N47° 58’
55,23”

gravel pit lake 1000 4.86 oligo-mezotrophic

22 Peresi-holtág E20° 44’
43,38”

N46° 56’
20,68”

oxbow 240 2.16 eu-hypertrophic

23 Soponyai-Sós-tó E18° 29’
28,23”

N47° 00’
17,05”

soda lake 12 0.08 hypertrophic

24 Szarvas-Békésszentandrási-holtágrendszer E20° 31’
42,20”

N46° 50’
41,84”

oxbow 200–250 2.07 hypertrophic

25 Szelidi-tó E19° 03’
04,23”

N46° 37’
47,75”

natural lake 220 0.52 eu-hypertrophic

26 Tiszaluci-Holt-Tisza E21° 07’
18,32”

N48° 01’
21,52”

oxbow 350–400 1.48 hypertrophic

27 Tiszatarjáni-Holt-Tisza E21° 03’
35,60”

N47° 48’
21,98”

oxbow 45–70 0.69 eu-hypertrophic

28 Tolnai-Déli-Holt-Duna E18° 50’
44,33”

N46° 26’
31,83”

oxbow 150 1.34 hypertrophic

29 Tolnai-Északi-Holt-Duna E18° 49’
29,16”

N46° 25’
42,56”

oxbow 100 1.56 hypertrophic

30 Tunyogmatolcsi-tározó E22° 25’
49,42”

N47° 56’
53,70”

oxbow 600 1.93 hypertrophic
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However, the cell of S. privum is triangular, sometimes almost
boomerang-like and the outer cell wall of the young cells is
concave. In contrast, coenobium of C. tetrapedia is rectangle,
cell walls are straight or just a bit concave. Under electron
microscope the cell wall surface of S. privum is visibly sculp-
tured, while in the case of C. tetrapedia it is smooth
(Kowalska and Wołowski 2010).

Previous occurrences in Hungary: no earlier data from
Hungary.

New occurrence in Hungary: Csórréti reservoir.
Ecological data: First occurrence in Hungary. Previously it

was found in clear nordic lakes and peat bogs in the northern
hemisphere. For more details, see in Supplementary Table 2.

Tetrastrum triacanthum Korshikov (Fig. 2d).
Reference: Komárek and Fott (1983): p. 771, Fig. 214:4.
Description: Coenobia is 4-celled, cells are square-shaped.

One pyrenoid is visible. Central spine is long, while the 2
lateral spines are smaller and equally long.

Cell dimensions: 3–4 μm:
Similarity: It is different from the other Tetrastrum by the

number and length of spines. Only the T. peterfii Hortobágyi
species has 1–3 spines, but their spines are equal long and
stand irregular.

Previous occurrences in Hungary based on Schmidt and
Fehér (1999): Vadása-lake, Tisza: Szolnok-Szeged,
Tiszaugi-oxbow, Tőserdő oxbow, based on T-Krasznai et al.
(2013): Túr, Kishódos, Tiszadob, Felső Darab-Tisza oxbow.

New occurrence in Hungary: Boroszlókerti oxbow.
Ecological data: We found this species in a hypertrophic

oxbow lake with a few individuals. This species is mentioned
sporadically in the literature. For more details, see in
Supplementary Table 2.

Cyanobacteria.
Nodularia spumigena Mertens ex Bornet & Flahault

(Fig. 2e).
Reference: Komárek (2013): p. 909, Fig. 1177.
Description: In our samples, the filaments are straight, sol-

itary and the aerotopes are missing. It has constricted at the
cross-walls, not attenuated towards ends, sheath thick, color-
less. Cells are discoid or barrel-shaped, heterocytes are oval,
akinetes are almost spherical.

Dimensions: Filaments 200–230 × 8–8.4 μm, cells 8–
8.4 × 3–4 μm.

Similarity: It is similar to Nodularia litorea Thuret ex
Komárek, M.Hübel, H.Hübel & Smarda, which is wider
(10–16 μm) then N. spumigena, and to Nodularia baltica

Fig. 2 Drawings of species rare in Hungary: a Cylindrotheca gracilis,
b Desmatractum indutum, c Stauridium privum, d Tetrastrum
triacanthum, e Nodularia spumigena, f Kolkwitziella acuta,

g Trachelomonas bacillifera var. minima, h Trachelomonas woycickii
var. pusilla, i Chaetoceros muelleri, j Coronastrum ellipsoideum (apical
view). Scale bar 10 μm
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Komárek, M.Hübel, H.Hübel & Smarda, which is shorter
(4.5–7.2 μm) then N. spumigena. All of them can be straight
or curved.

Previous occurrences in Hungary based on Feldöldi
(1972): Duna, Nagyfai oxbow.

New occurrence in Hungary: Soponyai Sós-tó.
Ecological data: Here, the species was found in a soda lake

with a few individuals. However, it is cosmopolitan and pre-
viously it was occurred in different waters with high content of
minerals (Komárek 2013).

Dinophyceae.
Kolkwitziella acuta (Apstein) Elbrächter (Fig. 2f).
Reference: Moestrup and Calado (2018): p. 288, Fig. 249.
Description: The shape of cell is asymmetric. The epicone

is conical or slightly concave, and extended into a short apical
horn, while the hypocone is rounded. Chloroplast is absent. It
is heterotrophic and cyst-forming species.

Dimensions: 35 × 35–40 μm.
Similarity: It has a unique plate formula (Po, X, 4’, 2a, 7’’,

3c + t, ?s, 5’’’, 1’’’’) and a characteristic shape of the cell.
Previous occurrences in Hungary according to Grigorszky

et al. (1999): Balaton, small waters near Kőszeg, Nagyfai-
Tisza oxbow.

New occurrence in Hungary: Faddi-Holt-Duna,
Nyékládháza gravel pit lake, Délegyházi-lake, Leveleki
reservoir.

Ecological data: It has occurred with a few individuals,
mostly in summer plankton of oxbow lakes and reservoirs in
our samples. Generally, it was rarely mentioned from larger
eutrophic lakes. For more details, see in Supplementary
Table 2.

Euglenophyceae.
Trachelomonas bacillifera Playfair var. minima Playfair

(Fig. 2g).

Fig. 3 Drawings of species rare in Hungary: a Closteriopsis longissima,
b Dicloster acuatus, c Granulocystopsis coronata, d Granulocystopsis
decorata, e Juranyiella javorkae, f Lagerheimia marssonii, g Paradoxia

multiseta, h Bumilleriopsis verrucosa, i Centritractus brunneus,
j Centritractus ellipsoideus. Scale bar 10 μm
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Description: The whole surface of lorica is covered with
short, blunt rod-like spines. The apical pore is without collar.
Lorica is spherical or stubby ellipsoidal, 22–28 × 18–26 μm.

Dimensions: 28 × 25.2 μm.
Similarity: The Trachelomonas bacillifera var. minima is

similar to Trachelomonas bacillifera f. sparsispinaDeflandre,
which has scattered and irregularly distributed spines. In ad-
dition, T. bacillifera var. minima is also similar to
Trachelomonas bacillifera var. collifera Huber-Pestalozzi,
which is differed from the other varieties by its apical pole
with a short collar.

Previous occurrences in Hungary based on Németh (1997):
Balaton, Barcsi Ősborókás, Buzsáki halastó, Cinkotai
kubikgödör, Kaposvár: pocsolya, Kiskunhalasi ősláp,
Csikor-tó (Polgár), Sajó, Bodrog holtláp (Sárospatak),
Nagyfai Tisza Holtág, Szentmihályteleki Holt-Tisza,
Szolnoki Holt-Tisza.

New occurrence in Hungary: Boroszlókerti oxbow.
Ecological and worldwide distribution data: We found this

species in a hypertrophic oxbow lake with few individuals.
Trachelomonas bacillifera var. minima is cosmopolitan and
occurs in different kind of water bodies, like lakes, ponds,
ditches and peat-bogs (Wołowski and Hindák 2004, 2005).
For more details, see in Supplementary Table 2.

Trachelomonas woycickii Koczwara (Fig. 2h).
Reference: Németh (1997): p. 37, Fig. 7.B.
Description: Lorica is spherical, dark brown, size is 11–

15 μm, and is covered by short, fine spines. Apical pore is
without collar; flagellum is 3 times longer than lorica length.

Dimensions: 11–11.2 μm.
Similarity: The T. woycickii is similar to Trachelomonas

globularis (Averintsev) Lemmermann, which is covered with
short thick spines.

Previous occurrences in Hungary: Balaton, Barcsi
ősborókás, Belső-tó (Tihany), Cinkotai kubikgödör,
Kiskunhalasi ősláp, Jakabhegyi-reservoir, Fehér-tó,
Szentmihálytelek oxbow lake, Tiszafüred oxbow lake
(Németh 1997) and Malom-Tisza oxbow lake (Tiszadob;
Krasznai et al. 2010).

New occurrence in Hungary: Nagy-Morotva.
Ecological data: It was found in a hypertrophic oxbow lake.

In the international literature, it was mentioned as a cosmo-
politan species (Wołowski and Hindák 2005). For more de-
tails, see in Supplementary Table 2.

Mediophyceae.
Chaetoceros muelleri Lemmermann (Fig. 2i).
Reference: Krammer and Lange-Bertalot (1991): p. 391, T

80: Figures 1 and 2.
Description: It is a colonial species, but in our samples only

single cell form was found. From each pole of valve 1–1
twisted setae emerged. Valves are cylindrical with elliptic ba-
se and are lightly silicified.

Dimensions: 12 × 5 μm.

Similarity: The shape of this algae is very unique.
Previous occurrences in Hungary: Duna (Schmidt 1994),

Lake Velence (Ács et al. 1994), Lake Fertő tó (Padisák 1984),
Szelider lake (Szemes 1959), Belső-tó, Tihany (Ponyi and
Tamás 1964), Kunfehértó (Uherkovich 1970), Szelidi Lake
(Schmidt 1975).

Occurrence in Hungary: Szelidi Lake (last mention from
this lake was 45 years ago).

Ecological data: Here, we found this species in a high con-
ductivity lake. It is cosmopolitan (Guiry and Guiry 2020). For
more details, see in Supplementary Table 2.

Trebouxiophyceae.
Coronastrum ellipsoideum Fott (Fig. 2j).
Reference: Komárek and Fott (1983): p.749, Fig. 209: 4.
Description: Cells are characterized by ellipsoid shape with

horn-like mother cell wall fragments. This fragment is con-
nected to one pole of cell, more or less visible.

Cell dimensions: 10 × 4 μm.
Similarity: The colony of C. ellipoideum is reminded to

Komarekia appendiculata (Chodat) Fott, because 4-celled
coenobium with mother cell wall fragments is characteristic
of both species. But the cells of K. appendiculata are egg-
shape and the cells are connected inside.

Previous occurrences in Hungary based on Schmidt and
Fehér (1999): Balaton.

New occurrence in Hungary: L-I lake, Békéscsabai
Téglagyári gravel pit lake.

Ecological data: We found this species in hypertrophic and
eu- hypertrophic lakes. Previously, it was found in different
lakes, pond and rivers mostly in Europe. For more details, see
in Supplementary Table 2.

Closteriopsis longissima (Lemmermann) Lemmermann
(Fig. 3a).

Reference: Komárek and Fott (1983): p. 327, Fig. 175:3.
Description: Cell is solitary, slender and very long, needle-

shaped (190–240(570) µm) with 2–16 pyrenoids.
Dimensions: 250–360 × 4 μm.
Similarity: Morphologically the Schroederia setigera is

similar, but it has only 1 pyrenoid.
Previous occurrences in Hungary based on Schmidt and

Fehér (1999): Balaton, Dráva, Duna, Szigetköz, Gödöllő,
Vadása-tó (Hegyhátszentjakab), Kis-Balaton, Körösök, small
waters near Kőszeg, Kovácsszénájai-lake (Mecsek-hg),
Herman Ottó-lake, Jakabhegy reservoir, Öcsi Nagy-lake,
Rába, Tisza, Kiskörei reservoir, Nagyfa-oxbow, Velencei
lake, Zagyva.

New occurrence in Hungary: Tiszalúci oxbow.
Ecological data: In our study, the species occurred in hy-

pertrophic oxbow lake with a few individuals. In the world,
this species is cosmopolitan. For more details, see in
Supplementary Table 2.

Dicloster acuatusC.-C. Jao, Y.S.Wei &H.C. Hu (Fig. 3b).
Reference: Komárek and Fott (1983): p. 811, Fig. 224:4.
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Description: Elongated cells with long pointed apices are in
a two-celled coenobium. When 2 or more pairs of cells stay
together, they are wedged into each other.

Dimensions: 32 × 4 μm.
Similarity: The shape of the colony is very unique.
Previous occurrences in Hungary Schmidt and Fehér

(1999): Szeremlei Duna-branch, Duna, Kis-Balaton, Rába,
Szigetköz, Zala.

New occurrence in Hungary: Belső-Béda.
Ecological data: Here, it has occurred in a hypertrophic

oxbow lake. It was mentioned, however, from the whole part
of the world. For more details, see in Supplementary Table 2.

Granulocystopsis coronata (Lemmermann) Hindák var.
coronata (Fig. 3c).

Reference: Komárek and Fott (1983): p. 497, Fig. 146:2.
Description: The cells were ellipsoid to oval, solitary and

have chloroplast with pyrenoid. The formation of brown gran-
ules is occurred only in poles but granules are never forming
crowns.

Dimensions: 6–8 × 4–4,5 μm.
Similarity: It is similar to Granulocystopsis elegans (Fott)

Hindák, but in caseG. elegans granules are visible both in the
polar and in the equatorial part of the cell.

Previous occurrences in Hungary based on Schmidt and
Fehér (1999): Sugovica, Budapest waterworks, Buzsák fish
pond, Duna, Szelidi-tó, Lake Fertő, Cserta-Duna, Szigetköz,
Tisza.

New occurrence in Hungary: Faddi-Holt-Duna, Tiszalúc
oxbow, Tolnai-Déli-Holt-Duna, Tolnai-Északi-Holt-Duna.

Ecological data: It has sporadically occurred in hypertro-
phic oxbow lakes in our samples. It was found in different
habitats, e.g. plankic and benthic of swamps, river, lakes in
worldwide. For more details, see in Supplementary Table 2.

Granulocystopsis decorata (Svirenko) Tsarenko (Fig. 3d).
Reference: Komárek and Fott (1983): p. 497, Fig. 146:4.
Description: The cells are ellipsoid to oval, solitary.

Parietal chloroplast with pyrenoid is visible. Only polar
crowns of brown granules are observed.

Dimensions: 14 × 8.4 μm.
Similarity: It is similar to Granulocystopsis coronata var.

coronata of which granules are never forming crowns.
Previous occurrences in Hungary based on Schmidt and

Fehér (1999): Budapest waterworks, Duna, Maros.
New occurrence in Hungary: Nagybaracskai-Holt-Duna.
Ecological data: In this study, it was sporadically found in a

hypertrophic oxbow lake. It is a rarely mentioned species in
the international literature. For more details, see in
Supplementary Table 2.

Juranyiella javorkae (Hortobágyi) Hortobágyi (Fig. 3e).
Reference: Komárek and Fott (1983): p. 543, Fig. 158: 9.
Description: The cell is lunate-shaped with widely rounded

cell ends. The surface of cell wall is covered by brownish
warts.

Dimensions: 11–20 × 3–5 μm.
Similarity: The cell shape of the J. javorkae is similar to

Nephrochlamys and Kirchneriella species, but they have
smooth cell wall.

Previous occurrences in Hungary based on Schmidt and
Fehér (1999): Budapest waterworks, Buzsák fishpond,
Duna, Hortobágy fishpond, Fehér-tó, Szigetköz, Tisza,
Kiskörei reservoir.

New occurrence in Hungary: Szarvas-Békésszentandrási-
holtágrendszer, L-I lake, Hórvölgyi reservoir, Peresi oxbow,
Belső-Béda, Harangzugi-Holt-Körös.

Ecological data: It has sporadically occurred in eutrophic or
hypertrophic lakes or oxbow lakes in our samples. Rarely
mentioned species in the international literature. For more
details, see in Supplementary Table 2.

Lagerheimia marssonii Lemmermann (Fig. 3f).
Reference: Komárek and Fott (1983): p. 471, Fig. 140: 5.
Description: Cell is singular and widely oval; the surface of

the cell is smooth. It has altogether 6 spines: 4 equatorially
placed spines and on the poles is 1–1 spine. The length of the
spine is 9–10 μm (Hindák 1980), but in our materials the
length of the spines was 5–8 μm (this “short spine length”
form was earlier called Lagerheimia minor Fott).

Dimensions: 6–8 × 4–5 μm.
Similarity: It is similar to Lagerheimia wratislawiensis

Schröder, but it has only 2 equatorial spines beside 1–1 polar
spines.

Previous occurrences in Hungary based on Schmidt and
Fehér (1999): Duna, Gödöllő fish pond, Karapancsai
Főcsatorna, Szigetköz, Szolnok oxbow; furthermore, Babat
fish pond (Hajdú 1976).

New occurrence in Hungary: Tiszalúc oxbow, Nagy-
Morotva, Bátai- oxbow, Belső-Béda, Halásztelek-Túrtő-
Harcsás-Holt-Körös.

Ecological data: It has occurred in hypertrophic oxbow
lakes with a few individuals in our samples. It was rarely
mentioned in the international literature and found mainly in
reservoirs. For more details, see in Supplementary Table 2.

Paradoxia multiseta Svirenko (Fig. 3g).
Reference: Komárek and Fott (1983): p 231. Figure 67: 2.
Description: Drop or mace-shaped cells have on their sur-

face bristles. The cells are in pair connecting with two leaf-like
appendages. Chloroplast has 1 or 2 pyrenoids.

Dimensions: 12–16 × 4–5 μm.
Similarity: Paradoxia is similar to Ankyra. But there are

several differences e.g. Paradoxia is characterized by
coenobium, blunt cell pole, and presence of bristles, while
Ankyra is always described by unicellular, acute cell pole
and absent of bristles.

Previous occurrences in Hungary: Budapest waterworks,
Duna, Sajó (Schmidt and Fehér 1999).

New occurrence in Hungary: Hasznosi reservoir, Tiszalúc
oxbow.
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Ecological data: We found only a few individuals of this
species in a meso-eutrophic reservoir and a hypertrophic ox-
bow lake. However, it was found worldwide. For more details,
see in Supplementary Table 2.

Xanthophyceae.
Bumilleriopsis verrucosa (Hortobágyi ex Loeblich, III) Ettl

(Fig. 3h).
Reference: Ettl (1978): p. 391, Fig. 483.
Description: Cells are solitary, cylindrical, curved, divided

into two parts, cell wall covered by brownish warts.
Dimensions: 3 × 12–16 μm.
Similarity: The cell wall of B. verrucosa is relatively rigid

in contrast with Juranyiella javorkae, which has also brown
warts on its surface.

Previous occurrences in Hungary: Buzsáki fishpond
(Schmidt and Fehér 2001).

New occurrence in Hungary: Szarvas-Békésszentandrási-
holtágrendszer, Halásztelek-Túrtő-Harcsás-Holt-Körös.

Ecological data: It has occurred in hypertrophic oxbow
lakes. It was very rarely mentioned in the international litera-
ture. For more details, see in Supplementary Table 2.

Centritractus brunneus Fott (Fig. 3i).
Reference: Ettl (1978): p. 398, Fig. 492.
Description: Cell wall is thick and is covered by brownish

warts. Cells are bent (more or less bean-like shaped) or
straight, asymmetrical. The apical spine is longer than cell
length.

Cell dimensions: 3–5 × 10–14 μm, spines 9–12 μm.
Similarity: It is similar to Centritractus selliferus Krienitz

which has bean-like shaped, brown warts and the end of the
cell wall has thickness.

Previous occurrences in Hungary Schmidt and Fehér
(2001): Buzsák fish pond, Gödöllő fish pond, Vadása-tó.

New occurrence in Hungary: Félhalmi oxbow,
Halásztelek-Túrtő-Harcsás-Holt-Körös.

Ecological data: It has occurred in eutrophic lakes with a
few individuals in our study. It is a rarely mentioned species
both in Hungary and in the international literature. For more
details, see in Supplementary Table 2.

Centritractus ellipsoideus Starmach (Fig. 3j).
Reference: Ettl (1978): p. 401, Fig. 497.
Description: Cell is ellipsoid almost spherical; curved api-

cal spine is longer than the cell length. Cell wall is smooth.
Dimensions of cell: 4–8 × 5–12 μm.
Similarity: It is similar to C. dubius Printz, which strait

apical spine is shorter than the cell length. C. ellipsoideus is
also similar to C. belonophorus Fott, but the cell wall of C.
ellipsoideus was thicker than in C. belonophorus.

Previous occurrences in Hungary based on Schmidt and
Fehér 2001: Buzsák fish pond.

New occurrence in Hungary: Boroszlókerti Holt Tisza
(Gulács), Halásztelek-Túrtő-Harcsás-Holt-Körös, Kenézi-
morotva, Marótzugi Holt Tisza (Gávavencsellő), Mocskos

Duna (Homorúd), Nagy-Morotva, Szarvas-Békésszentandrási-
holtágrendszer, Tiszaluc oxbow, Tiszatarján oxbow,
Tunyogmatolcs reservoir.

Ecological data: It has occurred in eutrophic, mainly ox-
bow lakes, we found only a few individuals in the samples. It
was sporadically mentioned in the international literature. For
more details, see in Supplementary Table 2.

Discussion

Cultural eutrophication, when nutrient input is caused by hu-
man activities, is a widespread problem and it affects many
freshwaters. According to the International Lake
Environmental Committee 40–50% of lakes and reservoirs
were eutrophicated in global scale (Istvánovics 2009). In
Hungary 36.5% of our lakes, that are monitored as EU WFD
required, are eutrophicated (2nd RBMPs). In oligo- and me-
sotrophic water bodies rare algae could be more expected than
in more loaded ones reported by Juráň (2017). However, the
most species presented in this study were found in hypertro-
phic and eu- or hypertrophic waters.

Only three species, Cylindrotheca gracilis, Paradoxia
multiseta and Kolkwitziella acuta occurred in less loaded res-
ervoir and gravel pit lakes (oligotrophic or mezotrophic).
Among them the Cylindrotheca gracilis is the only species
which was classified into vulnerable category based on
Hungarian Red List (Németh 2005). C. gracilis is rarely men-
tioned in Hungary, however this species is cosmopolitan. This
species was former called “brackish water species”
(Christensen and Reimer 1968). The conductivity of the grav-
el pit lake where we found this taxon was high. In Hungary,
Paradoxia multiseta had sporadic in the 20th century
(Schmidt and Fehér 1998, Borics et al. 2016), despite of hav-
ing widespread distribution. This species occurred only in low
cell number in a reservoir and an oxbow lake. The
Kolkwitziella acuta was formerly known as a permanent
member of phytoplankton in Balaton and found other standing
waters all the country (Grigorszky et al. 1999). Nowadays,
K. acuta, which has special thecal plate scheme and its cyst
indicates low salinities, is a very rare species both in Hungary
and in the world (Mertens et al. 2015).

As we mentioned above, most of the rare species were
found mostly in eu-, or hypertrophic standing waters. This
supports the fact that rare species may also be present in eu-,
or hypertrophic lakes. The distribution classification (com-
mon, rare and very rare categories) on the local scale were
also used for classify the worldwide distribution data in a taxa
rarity scale.

Some of the mentioned species have worldwide distribu-
tion. Furthermore, five of them, namelyChaetoceros muelleri,
Closteriopsis longissima, Desmatractum indutum, Dicloster
acuatus, Granulocystopsis coronata var. coronata, can be
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considered as common species in global scale. In spite of
having common distribution in Hungary, Closteriopsis
longissima has not mentioned since 30 years. It was occurred
mostly in oxbow lakes, lakes and rivers. Now, it was detected
in pelagial zone of eu-, hypertrophic oxbow, while Buczkó
and Ács (1992) found this species on periphyton of green reed
in the Szigetköz section of the Danube River. In form and size,
Desmatractum indutum can be highly variable (Kiss 1978). It
was usually found in oxbow lakes in Hungary (Schmidt and
Fehér 1998). Here, this species also occurred in eu-, and hy-
pertrophic oxbow lakes along the Tisza River and the Körös
River.Granulocystopsis coronata var. coronatawas formerly
detected in planktic flora of oxbow lakes and large rivers as
the Duna River and the Tisza River mainly in mid-summer
period (Schmidt and Fehér 1998). Here, we found this taxon
in oxbow lakes with connection of the mentioned rivers.
Similar to our observations, Schmidt (1994) also reported
sporadic occurrence of Chaetoceros muelleri in Hungary.
This species is known as a marine/brackish algae also occur-
ring in inland waters with high conductivity (Krammer and
Lange-Bertalot 1991). Now, we found it in a shallow lakewith
high chloride content and also conductivity. In Europe,
Dicloster acuatus was firstly reported from a Hungarian re-
constructed wetland (Schmidt et al. 1991) and after that it was
sporadically appeared in the Danube and its side-branches
(Schmidt et al. 2003). Now, it was found in an oxbow lake
of the Danube. In general, D. acuatus is sporadically found
worldwide. According toWołowski and Hindák (2004, 2005)
Trachelomonas bacillifera var. minima and Trachelomonas
woycickii are occurredwidespread. Trachelomonas bacillifera
var. minima was formerly found in standing waters with dif-
ferent characters all over our country (Németh 1997). Now,
we found it in shallow, hypertrophic oxbow lakes.
Trachelomonas woycickii is rarely mentioned in Hungary.
Previously, T. woycickiiwas recorded mostly in different kind
of standing waters. The new locality of this species, Nagy-
Morotva, is a hypertrophic, shallow oxbow lake which is used
for fishing.

Although Stauridium privum (syn. Pediastrum privum
(Printz) Hegewald) has circumpolar boreo–alpine distribution
and it is a common species (number of localities > 15), it was
just sporadically mentioned from each country (Geriš 2004).
From Hungary, S. privum has not been reported yet. Now, it
was found in a small, shallow and eutrophic reservoir in the
Mátra Mountains.

Some of the mentioned species are also rare both in
Hungary and worldwide. Three of them Bumilleriopsis
verrucosa, Centritractus ellipsoideus and Coronastrum
ellipsoideum had only one earlier data from Hungary, from
fish pond near Buzsák and from Lake Balaton respectively
(Transdanubian part of the country). Here, these taxa appeared
in shallow, mainly hypertrophic standing waters in the
Transtisza region. Interestingly, Centritractus ellipsoideus

was found in India under the ice cover of the Alpine Lakes
of Arunachal Pradesh (Das 2016). Further worldwide rare
taxa, Granulocystopsis decorate and Centritractus brunneus
were published a few times according to the Hungarian iden-
tification manuals. The G. decorata was earlier reported from
Hungarian large rivers such as the Danube River and the
Maros River, now we found this species in an oxbow lake
of the Danube River.

Three other species are also rare in the world, these species
are Tetrastrum triacanthum, Juranyiella javorkae and
Lagerheimia marssonii. Tetrastrum triacanthum was former-
ly described from oxbow lakes and slow flowing watercourses
in Hungary (T-Krasznai et al. 2013). Here, we found only few
specimens of this taxon in an oxbow lake. Lagerheimia
marssonii was previously described from a fishpond near
Gödöllő in North Hungary (Hajdú 1976), and rarely found
in different waterbodies. Juranyiella javorkae was previously
mentioned as rare species in Lake Kacsa that is a dead arm of
the Tisza River (Kiss and Ács 2002). Now, we found it in
oxbow lakes and reservoirs characterized by high trophic sta-
tus. Based on our observations, the distribution of the latter
two species, i.e. Centritractus ellipsoideus and Juranyiella
javorkae, shows an expanding trend in the last decades.

Beside eutrophication the drastic changes of climate can
endangered our waters and their species in global and local
scale. The lack of precipitation, outflow or flushing and the
strong evaporation can cause drastic changes in the water lev-
el. The water level reduction can lead the deterioration of
water quality with increasing total nitrogen and phosphorus
content and/or salinity of waters (Mosley 2015). Species, in-
dicating this circumstances, usually are found in small waters
(soda pans or small watercourses; Schmidt and Fehér 2001,
Kókai et al. 2015, Stenger-Kovács and Lengyel 2015,
Stenger-Kovács et al. 2016). Since climate models predict
increase in frequency and intensity of extreme climatic events
in the continental region (IPCC 2014, Babka et al. 2018),
these small ponds and streams are endangered by droughts
and flash floods (Stenger-Kovács et al. 2016, B-Béres et al.
2019). In this study, the Soponyai-Sós-tó desiccated regularly.
Here, one species rare in Hungary, Nodularia spumigena was
found. This is a planktic species occurring mainly in marine
waters, but it is also known from inland waters with high
conductivity (Komárek 2013). The pond where we found this
species had the highest conductivity among the studied stand-
ing waters.

Nowadays waters are under-sampled in Hungary.
Unfortunately, even if there are results of more waters, they
haven’t been represented in public database. Our results indi-
cated that less-mentioned species can be found with low sam-
pling effort even during national monitoring program. To an-
swer the question what makes rare a species, we have to clar-
ify whether the locality is unique, our knowledge is poor about
its distribution or we are not able to determine the given
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species with traditional methods. To solve this task, the main-
tenance of long term water quality monitoring programs is
necessary (Mosley 2015).

Despite spreading knowledge of new species or new distribu-
tion data of rare species, the biodiversity of our waters are still
less known. Hundreds of different species can live together in an
average lake (Cotthingham 1996). Heraclitus said many years
before “You cannot step into the same river twice”. This univer-
sal phrases can be also true for lakes. Although the average
succession pattern of phytoplankton is known, it can differ from
year to year (Scheffer 2004). The few dominant species or group
can be more or less predictable, while the accompanying species
can be rather erratic (Padisák 1993). To find the appropriate
frequent and number of sampling we can define the diversity
and structure of phytoplankton, it gives beauty for our works.
The mentioned rare species can be easy determined, if we have
up-to-date literatures, light microscope and an algologist. On the
whole the systematic seasonal studies of different habitats are still
necessary.
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