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ABSTRACT

Specific conditions in urban areas favour large species richness, these are also places prone to the anthropogenic
pressure. As a result, many studies on aquatic habitats in urban ecosystems have been carried out. The aim of this
study was to investigate the diversity of diatom assemblages developing in artificial environment in relation to
water chemical parameters. The study was performed on a small water outflow in south-eastern Poland, which
started in the storm sewage. The water at the studied sites was characterized by alkaline pH and low content of
nutrients. The values of other chemical parameters were highly variable, depending on the research season. A total
of 113 taxa were identified in five research seasons; most of them prefer circumneutral and fertile habitats, with a
high content of biogens and are tolerant to water pollutions. Aerophytic and terrestrial taxa were observed in the

analyzed materials in high diversity.
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INTRODUCTION

The urban landscape is becoming more and
more widespread on a global scale. The man who
shapes it, directly or indirectly influences the or-
ganisms inhabiting the changed area. The ecologi-
cal processes that take place in cities are subject to
similar rules as those occurring under natural con-
ditions. Urban ecology is a fast-growing, interdisci-
plinary field of science, related to the research on the
organisms living in the city and their relationships
with the environment transformed by human. The
aim of urban ecology is to identify the mechanisms
of urban ecosystems functioning and the risks, in
relation to continuous human pressure (Niemeld
1999, Sukopp 2002). In cities, the majority of space
is occupied by building, streets and squares, modi-
fying the thermal and humidity conditions of both
the atmosphere and the soil. In many cities, natural

surface watercourses have been reduced, complete-
ly eliminated them or hiding underground. This phe-
nomenon led to the drying of soil and lowering of
the groundwater level (Zimny 2006).

Due to the high susceptibility of water reser-
voirs to the impact of anthropogenic pressure, the
research on water habitats is frequently conducted
in urban ecosystems (Walsh et al. 2005). However,
in Poland there are sparse studies on biodiversity
in urban waters, mainly concerning benthic mac-
roinvertebrates (Obolewski 2010). In recent years,
a study on the diversity of diatom assemblages in
few anthropogenically modified streams has been
conducted on the territory of Rzeszow City (Noga
et al. 2013b, 2016c). The current algological stud-
ies on the diversity of diatoms in artificial environ-
ments are limited and focused on the species grow-
ing on the walls of various buildings (Norback
Ivarsson et al. 2013, Noga et al. 2016a).
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The aim of the study was to investigate the
diversity of diatom assemblages developing in
artificial environment in relation to the chemical
parameters of water (pH, conductivity and dis-
solved ions). In this paper, rare species of diatoms
were distinguished and the ecological preferences
of individual taxa were determined.

METHODS

The study was conducted on a small out-
flow of drainage water in south-eastern Poland
(50°34°17.67”N, 22°04°33.78”E), which started
in the storm sewage. During the material sampling
in March and June 2016, the water flowed on the
surface of the asphalt road ca. 250 m and drifted
into a small puddle. From November 2016, the
materials for studies were collected only from a
puddle, because the water stopped flowing from
the storm sewage. The puddle had variable size
and water level (from a few millimeters to ca.
10 cm depth) which depended on the precipita-
tion level, but it was present throughout the entire
period of research.

The research material comprised the sedi-
ments accumulated on the surface of the road
and parts of land plants submerged in water. In
March and June 2016, the samples were collected
both, from storm sewage and puddle, in Novem-
ber 2016, January and March 2017, the mate-
rial was taken only from a puddle. For the first
time (March 2016), the samples were collected
only for diatom assemblage study; therefore, no
chemical analysis was performed. Water electro-
lytic conductivity and pH were measured in situ.
A detailed water chemical analysis was performed
in a laboratory using a DIONEX ICS-5000 + DC

Thermo scientific ion chromatograph. Part of
each diatom material was cleaned with a mixture
of sulfuric acid and potassium dichromate. After
complete dissolution of organic matter, the sam-
ples were washed in a centrifuge (at 2500 rpm)
several times, until the chromic mixture had been
removed. The cleaned material was mounted in
syntetic resin — Pleurax (refractive index 1.75),
identified and counted under a Carl Zeiss Axio
Imager A2 light microscope (LM) under 1000x
magnification, with differential interference con-
trast (DIC) with oil immersion and under scan-
ning electron microscope (SEM) Hitachi SU8010.

Ecological characterization and identification
of diatoms were performed according to Kram-
mer (2000), Lange-Bertalot (2001), Hofmann
et al. (2011), Levkov et al. (2013, 2017) and
Lange-Bertalot et al. (2017). The species com-
position was determined by counting 300 valves
on randomly selected fields of view under LM.
The species with a relative frequency over 5% of
all counted valves in the sample were defined as
the dominant taxa. The ecological preferences of
diatoms in relation to pH, salinity, moisture, tro-
phy and saproby were determined based on the
Van Dam et al. (1994) classification. The catego-
ries of endangered for diatom taxa were distin-
guished using the Red List of the Algae in Poland
(Sieminska et al. 2006).

RESULTS

The water on the studied site was alkaline
(pH 7.8-9.4) and characterized by low wval-
ues of biogens, except nitrates in June 2016
(11.57 mg I'). The values of other chemi-
cal parameters were characterized by high

Table 1. Physico-chemical parameters of water at sampling site in Stalowa Wola city

Sampling date June November January March
2016 2016 2017 2017

pH 9.4 7.9 7.9 7.8
Conductivity [uS cm] 347 13 250 22100 3890
Cl [mg I"] 64.56 4 455.45 6 195.00 40.83
SO, [mg I"] 74.02 21.35 36.44 14.82
NO, [mg I"] 11.57 <0.01 <0.01 <0.01
PO,* [mg I] <0.01 <0.01 <0.01 <0.01
NH,*[mg I] 0.29 <0.01 <0.01 0.05
Na* [mg I'] 43.04 2 689.24 3789.10 48.23
K* [mg I1] 24.43 66.72 46.65 3.50
Mg?* [mg "] 8.35 38.48 21.98 6.26
Ca? [mg I"] 41.73 145.86 125.50 9.45
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variability in particular study seasons, especially
electrolytic conductivity (347-22 100 uS cm-
1) and chlorine ion content (40.83—-6 195.00 mg
1), sodium (43.04-3 789.10 mg ') and calcium
(9.45-145.86 mg 1'") (Table 1).

During the five research seasons, a total of
113 diatom taxa were identified, the number of
which varied from 51 to 80 taxa in particular
seasons. The most taxa were found in the follow-
ing genera: Nitzschia (15), Luticola (13) and Na-
vicula (9). Ten taxa were considered as dominant
(Table 2). The most numerous populations were
created by Nitzschia palea (Kiitzing) W. Smith
var. palea, which dominated on each research
season (8.1-74%).

In the study material, a new diatom species —
Stauroneis saprophila M. Rybak, Noga & Ector
(Noga et al. 2017) was described, and 6 species
from the Red List of Polish Algae were found.
Additionally, five new species (for Poland) have
also been identified in this study in the genus
Luticola (Table 2).

In each research season, many aerophytic
and terrestrial taxa have been observed. These
were mainly species of the following genera:
Hantzschia, Humidophila, Luticola, Mayamaea,
Muelleria, Pinnularia and Stauroneis.

The ecological preferences of individual dia-
tom taxa developing at the studied sites were de-
termined based on the Van Dam et al. (1994). In
terms of the pH, the circumneutral (25.0-72.7%)
and alkaliphilous (15.4-65.5%) taxa were domi-
nant. No species preferred low pH (i.e. acidobi-
ontic and acidophilous) were found.

In terms of salinity, fresh brackish species
(65.5-90.5%) were the dominant group, the
other groups usually did not exceed a few per-
cent of the share in the assemblage. The brack-
ish fresh species developed in greater number
(13.6-23.6%) only in January and March 2017.

Considering the parameter of the saproby,
polysaprobic, a-meso-/polysaprobic and o.-me-
sosaprobic diatoms developed most frequently,
and their share has changed over the studied

Table 2. The list of diatom taxa determined on site in Stalowa Wola City in years 20162017 with threat categories
KZ (according to Sieminska et al. 2006; R — rare taxa), * — taxa new to polish diatom flora; for dominat species

(>5%) percentage share in assemblage is given

03.2016

06.2016 11.2016 | 01.2017 | 03.2017 KZ

Achnanthes coarctata (Brébisson) Grunow +

+ + + + R

Amphora pediculus (Kitzing) Grunow

Amphora sp.

Aulacoseira granulata (Ehrenberg) Simonsen +

+
+
+

Caloneis fontinalis (Grunow) Cleve-Euler

Caloneis macedonica Hustedt

Caloneis silicula (Ehrenberg) Cleve

Caloneis cf. bacillum (Grunow) Cleve

+ [+ |+ ]+

Chamaepinnularia krookii
(Grunow) Lange-Bertalot & Krammer

Cocconeis lineata Ehrenberg +

Craticula accomoda (Hustedt) D.G. Mann

Craticula ambigua (Ehrenberg) D.G. Mann

Craticula buderi (Hustedt) Lange-Bertalot

Craticula cuspidata (Kutzing) D.G. Mann

Craticula minusculoides (Hustedt) Lange-Bertalot

10.3% 5% 8.1%

Craticula molestiformis (Hustedt) Mayama

+
+ [+ |+ |+

Craticula subminuscula
(Manguin) C.E. Wetzel & Ector

Cyclostephanos dubius (Hustedt) Round

Cyclotella meneghiniana Kutzing

Cyclotella ocellata Pantocsek

Cymatopleura solea (Brébisson) W. Smith

Diadesmis confervacea Kltzing

Diatoma vulgaris Bory

[+ |+ + |+

Discostella pseudostelligera
(Hustedt) Houk & Klee

Epithemia sp.

Fallacia monoculata (Hustedt) D.G. Mann +
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Table 2 cont.

03.2016

06.2016

11.2016

01.2017

03.2017

KZ

Fallacia insociabilis (Krasske) D.G. Mann

+

+

Fistulifera pelliculosa (Kitzing) Lange-Bertalot

+

+

Fistulifera saprophila (Lange-Bertalot &
Bonik) Lange-Bertalot

23.4%

6.1%

+

Frustulia vulgaris (Thwaites) De Toni

Gomphonema gracile Ehrenberg

Gomphonema italicum Kitzing

Gomphonema olivaceum
(Hornemann) Brébisson

Gomphonema saprophilum
(Lange-Bertalot & Reichardt) Abraca, et al.

12.2%

5.2%

Halamphora montana (Krasske) Levkov

Halamphora veneta (Kitzing) Levkov

Hantzschia abundans Lange-Bertalot

Hantzschia amphioxys (Ehrenberg) Grunow

+l+ ]+ |+

+l+ ]+ |+

Hantzschia calcifuga Reichardt & Lange-Bertalot

Hantzschia subrupestris Lange-Bertalot

Humidophila contenta (Grunow) Lowe et al.

|+ |+ [+ + ]+

Luticola acidoclinata Lange-Bertalot

*Luticola obscura Levkoy, et al.

+l+ |+ |+

|+ |+

+l+ |+ |+

+

*Luticola pseudonivalis (W. Bock) Levkov, et al.

*Luticola pulchra (McCall) Levkov, et al.

B e I I S o S IS A A R S

+

*Luticola saprophila Levkov, et al.

Luticola sparsipunctata Levkov, et al.

*Luticola vanheurckii Van de Vijver & Levkov

Luticola ventricosa (Kitzing) D.G. Mann MT1

Luticola ventricosa (Kltzing) D.G. Mann MT2

++ |+ |+

+ |+ |+ |+

Luticola sp. 1

|+ |+ [+ + ]+

I+ [+ ]+ |+

Luticola sp. 2

+

Luticola cf. nivalis (Ehrenberg) D.G. Mann

Luticola sp. 4

Mayamaea asellus (Weinhold) Lange-Bertalot

Mayamaea atomus (Kutzing) Lange-Bertalot

Mayamaea excelsa (Krasske) Lange-Bertalot

+ |+ |+

Mayamaea fossalis (Krasske) Lange-Bertalot

Mayamaea permitis (Hustedt) Bruder & Medlin

IR

Muelleria gibbula (Cleve) Spaulding & Stoermer

[+ [+ |+ |+ |+ |+ |+ ]+ ]+ +

Navicula antonii Lange-Bertalot

Navicula cincta (Ehrenberg) Ralfs

Navicula cryptocephala Kutzing

Navicula erifuga Lange-Bertalot

Navicula trivialis Lange-Bertalot

8.9%

Navicula veneta Kitzing

5.9%

Navicula vilaplanii (Lange-Bertalot & Sabater)
Lange-Bertalot & Sabater

Navicula wiesneri Lange-Bertalot

5.2%

Navicula cf. notha J.H. Wallace

Neidium longiceps (Gregory) Ross

Nitzschia acicularis (Kutzing) W. Smith

Nitzschia amphibia Grunow

Nitzschia capitellata Hustedt

Nitzschia communis Rabenhorst

5.1%

Nitzschia dissipata (Kutzing) Rabenhorst

+ |+ |+ |+

Nitzschia draveillensis Coste & Ricard

Nitzschia frustulum (Kutzing) Grunow

5.2%

5%

Nitzschia linearis W. Smith
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Table 2 cont.

03.2016

06.2016 11.2016 | 01.2017 | 03.2017 KZ

Nitzschia palea var. minuta (Bleisch) Grunow

+ + +

Nitzschia palea var. debilis (Kitzing) Grunow +

+ +

Nitzschia palea (Kutzing) W. Smith var. palea 55.3%

45.3% 8.1% 13.2%

Nitzschia pusilla Grunow +

Nitzschia solgensis Cleve-Euler

Nitzschia tubicola Grunow

Nitzschia umbonata (Ehrenberg) Lange-Bertalot

Pinnularia borealis Ehrenberg

Pinnularia brebissonii (Kitzing) Rabenhorst

Pinnularia cuneola Reichardt

Pinnularia issealana Krammer

Pinnularia obscura Krasske +

e R
++ ]+ |+

[+ |+ ]+ |+

Planothidium frequentissimum
(Lange-Bertalot) Lange-Bertalot

Planothidium lanceolatum
(Brébisson) Lange-Bertalot

Rhoicosphenia abbreviata
(C. Agardh) Lange-Bertalot

Rhopalodia gibba (Ehrenberg) Miller

Sellaphora atomoides (Grunow) C.E. Wetzel &
Van de Vijver

Sellaphora nigri (De Notaris) C.E. Wetzel & Ector +

Sellaphora pupula (Kitzing) Mereschkovsky

Sellaphora saugerresii
(Desmazieres) C.E. Wetzel & D.G. Mann

Stauroneis borrichii (Petersen) Lund +

Stauroneis lundii Hustedt

Stauroneis reinhardtii Grunow

Stauroneis saprophila M.Rybak, Noga & Ector

+ |+ |+

Stauroneis thermicola (Petersen) Lund

Stephanodiscus invisitatus Hohn & Hellermann

Surirella angusta Kitzing +

Surirella brebissonii var. kuetzingii
Krammer & Lange-Bertalot

Surirella minuta Brébisson 1

+ + 5.2% 8.2%

Surirella ovalis Brébisson

Surirella terricola Lange-Bertalot & E. Alles

Tryblionella debilis Arnott

Tryblionella apiculata Gregory

Tryblionella hungarica (Grunow) Frenguelli

Total numer of taxa: 113 51

76 80 60 76 6

seasons. In 2016, a.-meso/polysaprobic species
(14.7-38.3%) and polysaprobic (33.8-48.1%)
developed most frequently, while in 2017 —
o-mesosaprobic (21.4-25.7%) and o-meso-/
polysaprobic species prevailed (25.0-36.5%).

In all the research seasons, the diatoms
preferring high trophic waters have been ob-
served abundantly. In 2016, hypereutrophic spe-
cies (36.8-50.4%) and eutrophic (38.2-38.8%)
dominated, while in 2017 — the eutrophic taxa
(56.4-62.8%).

In terms of environment humidity, the most
numerous group were the taxa mainly occurring

in water habitats (48.6—71.0%) and the taxa
mainly occurring on wet and moist or temporar-
ily dry places (25.7-32.4%).

DISCUSSION

The small outflow of water from the sewer
well in the city of Stalowa Wola was charac-
terized by a very high content of electrolytes
(347-22 100 uS cm™), especially in the pe-
riod from November 2016. Very high con-
centration of chlorides and sodium ions was
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Figure 1. Selected diatom species recorded in analyzed materials (LM — microphotographs): 1 — Craticula cuspi-
data, 2 — C. ambigua, 3 — Tryblionella hungarica, 4 — T. apiculata, 5 — Hantzschia amphioxys, 6 — H. abundans,
7 — Halamphora montana, 8 — H. veneta, 9 — N. amphibia, 10 — N. palea, 11 — N. communis, 12,13 — N. capitel-
lata, 14 — N. umbonata, 15 — N. acicularis, 16 — Cyclotella meneghiniana, 16,17 — Craticula subminuscula, 18 —
Craticula molestiformis, 19 — C. minusculoides, 20 — C. accomoda, 21 — Mayamaea asellus, 22 — M. excels, 23,24
— M. atomus, 25 — M. permitis, 26 — Sellaphora nigri, 27 — Navicula trivialis, 28 — N. erifuga, 29 — N. wiesneri,
30,31 — N. veneta, 32 — Surirella brebissonii var. kuetzingii, 33,34 — Achnanthes coarctata, 35 — Surirella minuta,
36 — S. angusta, 37 — Gomphonema gracile

observed in the winter season, which could be  species richness of diatoms, among which the
caused by sprinkling roads with salt (NaCl). largest populations were created by Nitzschia
This unusual habitat was characterized by a large  palea var. palea. This species occurs in various
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Figure 2. Selected diatom species in analyzed materials (1-19, 22-29 — LM microphotographs, 20, 21 — SEM
— microphotographs): 1-3 — Pinnularia brebissonii, 4 — Caloneis silicula, 5-8 — Gomphonema saprophilum, 9
— Pinnularia obscura, 10 — Luticola sparsipunctata, 11-12 — L. ¢f. nivalis, 13-15 — L. ventricosa MT2, 16 — L.
pseudonivalis, 17-20 — L. obscura, 21 — Fistulifera saprophila, 22 — Stauroneis saprophila, 23 — S. thermicola, 24
— 8. borrichii, 25 — Sellaphora pupula, 26 — Chamaepinnularia krookii, 27 — Caloneis fontinalis, 28 — Pinnularia

cuneola, 29 — Surirella ovalis

types of water, also on wet soil (Hofmann et al.
2011). Together with the afore-mentioned spe-
cies, Fistulifera saprophila (Lange-Bertalot &
Bonik) Lange-Bertalot and Craticula minuscu-
loides (Hustedt) Lange-Bertalot were also found
frequently; however, they formed less numer-
ous populations (5-23.4%). All of these species

develop in electrolyte-rich waters and prefer eu-
trophic, often saline waters. In addition, Fistu-
lifera saprophila is considered to be the most tol-
erant diatom species with an optimum occurrence
in heavily degraded and organically contaminat-
ed waters (Lange-Bertalot 2001, Hofmann et al.
2011). Except of Craticula minusculoides, other
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species of the Craticula genus also occurred in
the diatom assemblage; however, all of them de-
veloped as individual specimens. The species be-
longing to the Craticula genus are often epipelic
and occur in both, fresh and brackish waters. They
prefer mainly eutrophic habitats and are resistant
to organic pollutants (Lange-Bertalot 2001). For
this reason, high electrolytic conductivity as well
as content of Cl and Na ions in the studied ma-
terial probably favored the development of the
above-mentioned taxa.

Other organisms have also been observed
in the studied material, including oligochaetes,
chironomids and snail Physa acuta Draparnaud,
1805, which often developed in the benthos of
urban streams and have similar ecological prefer-
ences and are resistant to pollution like the domi-
nant diatom species (Walsh et al. 2005).

In the material collected from sediments (a
mixture of sand and silt), the new diatom spe-
cies — Stauroneis saprophila M. Rybak, Noga &
Ector — has been identified and described (Noga
et al. 2017). This species has also been recently
found in other types of habitats, including the
mosses growing on the bark trees (Rybak — un-
published data). For this reason, the authors
believe that the species can develop in various
habitats, both terrestrial and aerophytic. The
conducted research also showed the occurrence
of five species new to Poland, belonging to the
Luticola genus. These are mainly aerophytic
species (L. obscura, L. pseudonivalis, L. pul-
chra, L. vanheurckii) found in periodically wet
areas such as mosses or soils or in freshwater
habitats, often characterized with high saproby
(L. saprophila) (Levkov et al. 2013, 2017). All
species from the Luticola genus, in the studied
material were developed in the form of single
valves — only L. obscura was more numerous,
reaching a 2% share in the assemblage. The
ecology of this species is still poorly known, it
was described for the first time in Macedonia,
from the mosses growing on halomorphic soils
— where it co-occurred with L. pulchra (Levkov
et al. 2017). The present study confirms that this
species prefers high electrolyte contents and
aerophytic conditions.

Among many cosmopolitan taxa and the taxa
commonly found in various habitat types, rare
species (R category) from the Red List of Algae
in Poland (Sieminska et al. 2006) were recorded.
These were mainly terrestial taxa or those pre-
ferring a typical soil habitat, e.g.: Achnanthes
coarctata, Mayamaea excelsa and Stauroneis
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thermicola (Lange-Bertalot 2001, Stanek-Tar-
kowska et al. 2013, Lange-Bertalot et al. 2017)
or the taxa developing in large numbers among
mosses, i.e. Luticola acidoclinata (Levkov et
al. 2013, Rybak et al. 2018). Other rare spe-
cies (Caloneis fontinalis and Chamaepinnularia
krookii) develop in large numbers in eutrophic,
often brackish waters near the sea coast (Kram-
mer, Lange-Bertalot 1986, Hofmann et al. 2011).

A rare species of diatom (however, not in-
cluded on the Red List of Algae in Poland) was
Caloneis macedonica Hustedt, found in the stud-
ied material occurred individually. The species
is found among others in the Balkans, Sinai and
lakes in Northern Germany (Krammer, Lange-
Bertalot 1986) as well as North America (Bahls
2006). In Poland, it is known only from several
locations. It was found in the springs of central
Poland (Zelazna-Wieczorek 2011) and in two
sites in the Podkarpacie region, i.e. in the Mlecz-
ka River (Pajaczek et al. 2012) and in the Przyrwa
stream (Noga et al. 2016¢). The ecology of this
species is still poorly known. In south-eastern Po-
land — like in the studied material — the species
develops in the form of individual specimens, on
silty or sandy-silty substrata.

During each sampling, the study site was
characterized by a large proportion of circumneu-
tral (pH close to 7) and alkaliphilous (pH>7) dia-
toms. Eutrophic and hypertrophic diatoms were
very numerous, indicating high fertility of the
habitat, whereas the saprobic parameter showed
the dominance of taxa from meso- to polysa-
probes, corresponding to I11-V water quality class
(Van Dam et al. 1994). Despite the fact that high
nitrate content was found only in the summer of
2016 and the biogen values in the other sampling
dates were below the level of determination, the
diatom domination structure indicates high fer-
tility of the habitat and high saproby. Domina-
tion of Nitzschia palea var. palea (Kiitzing) W.
Smith also confirms this, because it is a species
that prefers the conditions from c-meso- to poly-
saprobes. It can also develop in untreated sewage
and habitats contaminated by industrial wastewa-
ter (Lange-Bertalot et al. 2017). Similar ecologi-
cal preferences are shown by the diatoms devel-
oping in large rivers in the Podkarpacie region,
especially in the middle and lower courses, e.g. in
the Wistok and Wistoka rivers (Noga et al. 2013a,
2016b). However, even in these rivers, eutrophic
or wide-spectrum diatoms predominate — oligo-
eutrophic, while hypertrophic ones are usually
less numerous.
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In all studied seasons, fresh brackish diatoms
predominated (developing mainly in freshwater);
however, in 2017 the share of brackish fresh dia-
toms increased (13.6-23.6%); they prefer high
concentrations of CI' (500-1000 mg 1), corre-
sponding to salinity of 0.9—1.8 %o (Van Dam et
al., 1994). This is confirmed by the predominant
taxa of diatoms, among others Craticula minus-
culoides (Hustedt) Lange-Bertalot, Navicula
veneta Kiitzing, N. wiesneri Lange-Bertalot,
Nitzschia communis Rabenhorst and Nitzschia
frustulum (Kiitzing) Grunow, as well as taxa de-
veloping individually, including Diadesmis con-
fervacea Kiitzing, Halamphora veneta (Kiitzing)
Levkov, Luticola obscura Levkov, Tofilovska,
C.E.Wetzel, Mitic-Kopanja & Ector, Navicula
erifuga Lange-Bertalot, Surirella brebissonii var.
kuetzingii Krammer & Lange-Bertalot, Surirella
ovalis Brébisson, or representatives of the 7ry-
blionella genus that develop in waters with high
electrolytes and often saline inland waters (Lange-
Bertalot 2001, Lange-Bertalot et al. 2017).

High fluctuations in the surface of the re-
search habitat favored the development of many
aerophytic or even terrestrial taxa of the follow-
ing genera: Hantzschia, Luticola, Mayamaea or
Stauroneis. The diatoms representing these types
are resistant to water scarcity and this is the rea-
son why these taxa developed in high diversity in
the studied materials (Van Dam et al. 1994, Hof-
mann et al. 2011, Levkov et al. 2013).

The presented research showed that atypical
water habitats, arising in strongly transformed
urban ecosystems, are the place of development
of diatom assemblages, mainly cosmopolitan and
very resistant, as well as poorly known, or even
new to science, and therefore should not be over-
looked in diatomological research.
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