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ABSTRACT

The peat bog areas in southeastern Poland are a habitat for many interesting, often endangered, and rare or even new
diatom species for Poland. Research conducted in the years 2022-2023 in three landscape parks (Pogorze Przemyskie
Landscape Park, Poludnioworoztoczanski Landscape Park, and Janowskie Forests Landscape Park) has allowed the
identification of numerous rare and endangered species from the Pinnularia genus, including some that are new to
Poland. The paper provides a detailed morphological and ecological characterization of six rare or endangered Pin-
nularia species, among which two were found to be new for Poland (Pinnularia lokana and P. esoxiformangusta).
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INTRODUCTION

Diatoms (Bacillariophyta) are distinguished
by various adaptations to environmental condi-
tions, which is why they occur in various geo-
graphical regions, mostly in aquatic and humid
environments. Many of them have a specific
range of ecological tolerance towards habitat con-
ditions (sometimes very narrow), which results in
a high correlation between community structure
and physicochemical and hydromorphological
parameters of water. Diatoms are excellent bio-
indicators because they are abundant and diverse
in species, exhibit seasonal changes, however
they develop throughout the year. They produce
very durable cell walls that are well-preserved in
sediment. Due to their high durability, their frus-
tules are used in paleoecology for reconstructing
ancient environments. Diatoms are sensitive to
various environmental factors, such as tempera-
ture, humidity, light, oxygen content, salinity,
water pH, nutrients, and more. Many taxa have

a cosmopolitan distribution and similar ecology
worldwide, making them excellent indicators of
environmental changes, eutrophication, pollution,
and climate change (Kawecka, Eloranta 1994,
Rakowska 2001, Smol, Stroemer 2010). The pH
of the water plays a significant role in diatom
lifecycle, affecting diatom communities directly
and indirectly (e.g., by altering the solubility of
certain substances in water, mainly carbonate and
bicarbonate ions, as well as the buffering capac-
ity of water). Environments with low pH typically
exhibit low species diversity (Stokes 1986), and
diatoms inhabiting such environments mainly
belong to genera like Eunotia, Brachysira, Pin-
nularia, Frustulia, and Nitzschia. Diatoms from
these genera have been observed in abundance
even at pH levels ranging from 2.2 to 3.0 (Yoshi-
take, Fukushima 1995).

The genus Pinnularia Ehrenberg 1843 be-
longs to the raphid pennate diatoms and is char-
acterized by naviculoid valves with three isopo-
lar main axes. Diatoms from this genus mainly
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occur in freshwater, with the highest abundance in
ponds, oligotrophic and dystrophic waters, often
acidic and mesotrophic waters with very low to
moderate electrolyte content, peatlands, and moist
soil (Krammer, Lange-Bertalot 1986, Round et al.
1990, Krammer 2000, Rumrich et al. 2000).

According to Sieminska et al. (2006) and
Wotowski (2003), the best known algae assem-
blages are found in southern Poland, the Mas-
urian Lake District, the Masovian Lowland, the
Szczecin Lowland and the Oder floodplain, the
western part of the Baltic Sea, the Wielkopolska
Lakes and the Pomeranian Lakes District, and
the Lublin Upland. In recent years, monographic
studies have appeared on diatom communities
developing, among others, in central Poland (Ra-
kowska 2001, Zelazna-Wieczorek 2011), Tatra
streams (Kawecka 2012) and springs in southern
Poland (Wojtal 2013). Sieminska and co-authors
(2006) believe that many data come from old or
insufficiently documented publications and stud-
ies, therefore they require in-depth and critical
verification, also using modern research tools (in-
cluding electron microscopy).

In the northeastern part of Podkarpacie in
Poland, specifically in the Pogoérze Przemyskie
Landscape Park, Potudnioworoztoczanski Land-
scape Park, and Lasy Janowskie Landscape
Park, there are rised bogs and transitional mires
with valuable raised bog communities and very
rare vegetation. However, detailed research on
diatoms has not been conducted in any of these
parks. Only in the Pogdrze Przemyskie Land-
scape Park, a one-time study was conducted on
rare and endangered diatom species in one of
the peat hollows (Noga et al. 2022). Research
on diatoms in southern and southeastern Poland
has been ongoing for several years (Noga 2012,
2019, Noga et al. 2014b, 2022), but there are few
studies directly related to diatom communities in
peat bog areas (Noga et al. 2014c¢, Pajaczek et
al. 2014, Noga, Rybak 2017, Rybak et al. 2018).
The genus Pinnularia is identified at many sites,
including cosmopolitan taxa present in most
studied locations, as well as rare and endangered
species, including those new to Poland (Noga et
al. 2014a). Some Pinnularia species have only
been observed in peat bog areas (Noga, Rybak
2017). The aim of this study is to present new re-
cords of six Pinnularia species in peat bog areas
of three landscape parks in southeastern Poland,
along with a detailed morphological and eco-
logical characterization. Two of the six described
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species are new to Poland, and little is known
about their ecology and global distribution.

STUDY AREA

The research was conducted in three nature
reserves: 1) “Imielty Lug,” 2) “Broduszurki,”
and 3) “Zrodta Tanwi” located within three land-
scape parks: the “Lasy Janowskie Landscape
Park,” the “Pogorze Przemyskie Landscape
Park,” and the “Potudnioworoztoczanski Land-
scape Park” (Fig. 1A). A detailed description of
these landscape parks and reserves, along with
a literature review, can be found in works such
as Skubisz (2021, 2022), Noga et al. (2022), and
Skubisz, Noga (2023). The “Imielty Lug” Na-
ture Reserve (Fig. 1B) was established in 1988.
It is located on the border of two voivodeships:
Podkarpackie (a small, southwest part covering
72.22 ha) and Lubelskie (the remaining part).
The reserve is part of a continuous forest com-
plex covering the Sandomierz Basin, with pre-
dominant forestry activities in its vicinity. The
conservation goal of the reserve is “preserving
extensive marsh areas, overgrowing water reser-
voirs with rare and protected vegetation, serving
as a habitat for birds”.

The “Broduszurki” Nature Reserve (Fig. 1¢)
was established in 1995. It is located in the cen-
tral part of the Podkarpacie Voivodeship, in the
Przemys$l County, Dubiecko commune, encom-
passing an area of 25.57 ha. The reserve is sur-
rounded by agricultural and built-up areas, with
human settlements situated at a greater distance
from its boundaries. The valley within the re-
serve (swampy and wet) lacks buildings, and its
main land use forms are meadows and pastures,
intensively overgrown with trees and shrubs in
recent years. The conservation goal is “preserv-
ing well-developed peat bog communities with a
large number of protected plant species for sci-
entific, educational, and landscape reasons”. The
“Zrédla Tanwi” Nature Reserve (Fig. 1D) was
established in 1998. It is located in the north-
eastern part of the Podkarpacie Voivodeship, in
the Lubaczéw County, Narol commune, in the
Huta Ztomy village, covering an area of 185.94
ha. The reserve is situated on the northern edge
of a large forest complex, in the immediate vi-
cinity of agricultural and built-up areas in Huta
Ztomy. The conservation goal is “preserving,
for scientific and educational reasons, natural
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Legenda
O the boundary of the landscape park

Horyniec -2dr6j Commune

Fig. 1. The location of study area (a) along with sites distribution at reserves:
,Imielty Lug” (b), ,,Broduszurki” (c) ,,Zrodla Tanwi” (d)

communities of peat bogs, swampy and moist
coniferous forests with numerous species of pro-
tected herbaceous plants”.

METHODS

Materials to studies were collected in 2022—
2023 from designated sites in three landscape
parks: 1) Pogorze Przemyskie Landscape Park
(4 sites, samples colletion: October 2022), 2)
Potudnioworoztoczanski Landscape Park (3 sites,
samples colletion: June and September 2022)
and 3) Lasy Janowskie Landscape Park (4 sites,
samples colletion: June 2023) — Fig. 1A-D. Indi-
vidual samples were taken at all sites due to the
uniformity of the habitats. Materials were col-
lected from the following habitats:

e small depressions filled with water,

e squeeze from the moss growing on peat bogs, the
edges of peat hollows and the edges of ponds,

e sediments at the bottom of a small stream
flowing from the pond.

In the field, water temperature, pH, and elec-
trolytic conductivity were directly measured.
Other chemical parameters (anions and cations)
were analyzed in the laboratory at the University

of Rzeszoéw using a Thermo Scientific DIONEX
ICS-5000+DC ion chromatograph.

To obtain cleaned frustules of diatoms, neces-
sary for correct species identification, the collected
materials were first subjected to acid maceration
in the field, followed by appropriate purification.
A detailed description of the methodology can be
found in publications such as Kawecka (2012) and
Noga et al. (2022). The purified material was used
to prepare permanent microscope slides, on which
diatoms were identified under a light microscope
at a magnification of 1000x, using relevant special-
ized literature (e.g., Krammer 2000, Lange-Berta-
lotetal. 2011, 2017). Photographs of diatoms were
taken using a light microscope (Carl Zeiss Axio
Imager A2). During the microscopic examina-
tion, all frustules in randomly selected microscope
fields were counted until a total of about 300 were
counted to distinguish dominant species (>5%).
Threat categories for individual taxa were applied
according to Sieminska et al. (20006).

RESULTS AND DISCUSSION

The physicochemical analysis of water in peat
bog areas located within the three landscape parks
showed that the studied sites are characterized by
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acidic to slightly acidic conditions (most com-
monly with a pH<6) and low to moderate elec-
trolytic conductivity values. During the research
conducted in the years 2022-2023, over 160 dia-
tom taxa were identified, with 37 of them belong-
ing to the genus Pinnularia. Among the identified
taxa, there were both endangered, rare, and new
to Poland diatoms.

Pinnularia esoxiformis Fusey (Fig. 2: a—i)
DiMENSIONS: length: 59.5-112.5, width: 10.7—
14.8, number of striae in 10 um: 8-9.

[based on literature: length: 62—-135, width:
13—17, number of striae in 10 pm: 7-9 (Kram-
mer 2000)]

TYPE OF SUBSTRATE: Between Sphagnum
mosses, near the edge of the peat hollow.
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COEXISTENCE WITH OTHER SPECIES: numer-
ous (<30%) species from genus Eunotia: E.
sphagnicola Van de Vijver, A. Mertens &
Lange-Bertalot and E. nymanniana Grunow.

DISTRIBUTION IN POLAND: a very rare species
in Poland, known only from central Poland
(Zelazna-Wieczorek 2011) and singularly ob-
served in the Jagielnia stream in southeastern
Poland (Noga et al. 2014b, Peszek et al. 2015).
ECOLOGY AND DISTRIBUTION WORLDWIDE:
The species is likely cosmopolitan, observed
in oligotrophic waters with low to moderate
electrolyte content (Krammer 2000). Pinnu-
laria esoxiformis is known from only a few
sites, primarily in Europe, including France
(Germain 1981), Germany (Ludwig, Schnit-
tler 1996, Mauch, Schmedtje 2003, Hofmann
et al. 2018, Reichardt 2018, Tauscher 2020,
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Fig. 2. Pinnularia esoxiformis (a—1), Pinnularia eifelana (j—o), Pinnularia parvulissima (p—)
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Doege et al. 2022), the Netherlands (Veen et
al. 2015), Scandinavia (Karlason et al. 2018),
Ukraine (Barinova et al. 2019). There are also
individual records from North America, such as
the United States of America (Kociolek 2005),
South America, like Argentina (Vouilloud
2003), and Asia, including China (Li, Qi 2014).
REMARKS: the species was one of the three
dominant ones at site 2 in the “Broduszurki”
Reserve (33%). It developed among Sphag-
num moss, which densely covered the edge
of the peat hollow in the form of a green belt
about 1 meter wide. The water at the site was
characterized by an acidic pH (4.9) and low
conductivity (51 puS/cm). Nitrate content was
1.87 mg/l, and the values of other ions were
very low. Among the numerous cells in the
examined material, frustules were slightly
shorter and narrower compared to the litera-
ture data (Krammer 2000).

Pinnularia eifeliana (Krammer) Krammer
(Fig. 2: j—o)

Basionym: Pinnularia esoxiformis var. eifeli-
ana Krammer

Dimensions: length: 41.8-80.1, width: 8.3—
11.4, number of striae in 10 um: 8-10.

[based onliterature: length: 38—75, width: 8—11,
numberofstriaein 10 um: 7—10(Krammer2000)]
THREAT CATEGORY: E — endangered (Sieminska
et al. 2006).

TYPE OF SUBSTRATE: among mosses and tus-
socks of grass and sedges, near the edge of the
peat hollow.

COEXISTENCE WITH OTHER SPECIES: numer-
ous (10-20%) species from genus Eunotia:
E. minor (Kiitzing) Grunow and E. bilunaris
(Ehrenberg) Schaarschmidt oraz less numer-
ous (5-10%): Stauroneis kriegerii Patrick,
Nitzschia nana Grunow, Encyonema vulgare
Krammer and Gomphonema exilissimum
(Grunow) Lange-Bertalot & Reichardt.
DisTRIBUTION IN POLAND: The species is very
rarely reported from Poland, listed in the
Red List of Algae in Poland as endangered
(Sieminska et al. 2006). It was last observed
in research conducted by Bogusz et al. (2022),
where diatoms were studied at sites designat-
ed in a fish pond, drainage ditch, marshy area,
and the Bug River.

ECOLOGY AND DISTRIBUTION WORLDWIDE:
The species is generally rare, although in some
places, it can form numerous populations. It

prefers oligotrophic waters with moderate
electrolyte content (Krammer 2000). Until
recently, it was known only from Germany
(Ludwig, Schnittler 1996, Mauch, Schmedtje
2003) and the Netherlands (Veen et al. 2015),
and it was described as Pinnularia esoxiformis
var. eifeliana. It has been identified as Pinnu-
laria eifeliana in various regions, including
Germany (Krammer 2000, Reichardt 2018),
Bulgaria (Stoyneva-Giértner et al. 2015), Ro-
mania (Caraus 2017), Scandinavia (Karlason
et al. 2018), Serbia (Vidakovi¢ et al. 2020),
as well as in various parts of Asia, including
China (Fan, Liu 2016), Korea (Joh 2012), and
the Russian Arctic (Barinova et al. 2023).
ReMarks: The species occurred infrequently
(<1%) at only one site (site 4) in the “Bro-
duszurki” Reserve within the Pogorze Prze-
myskie Landscape Park. At this site, the wa-
ter had a dark brown color and low nutrient
content, with only elevated nitrate levels (1.85
mg/l) and a pH of 6.1, along with a conduc-
tivity of 169 uS/cm. This site had the highest
sulfate content (20.40 mg/l), and the calcium
content was 14.30 mg/l. The observed cells
in the examined material were slightly longer
and wider compared to the dimensions pro-
vided by Krammer (2000).

Pinnularia parvulissima Krammer (Fig. 2: p—1)

DmEensions: length: 54.6—66.8, width: 10.6—
11.2, number of striae in 10 um: 9—10.

[based on literature: length: 34—70, width: 10—
12, number of striae in 10 pm: 8-10 (Kram-
mer 2000)]

TYPE OF SUBSTRATE: Among mosses, in stag-
nant water, and on mud with a high organic
matter content.

COEXISTENCE WITH OTHER SPECIES: numer-
ously (>10%-23%): Eunotia meisterioides
Lange-Bertalot, Nitzschia gracilis Hantzsch,
Pinnularia subcapitata var. elongata Kram-
mer and Tabellaria flocculosa (Roth) Kiitzing,
and also less numerous (5%—6.5%): Pinnu-
laria lokana Krammer, Eunotia rhomboidea
Hustedt, Staurosira venter (Ehrenberg) Cleve
& 1.D. Moller and Aulacoseira cf. alpigena
(Grunow) Krammer.

DISTRIBUTION IN POLAND: single specimens,
identified as Pinnularia cf. parvulissima,
Krammer stated only in Zotynianka stream
in southeastern Poland (Noga et al. 2014b,
Peszek et al. 2015).
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ECOLOGY AND DISTRIBUTION WORLDWIDE:
The species is widely distributed but not very
common in waters with a moderate electrolyte
content (Krammer 2000). It has been reported
from several locations in Europe, including
Germany (Hofmann et al. 2018, Doege et al.
2022), Netherlands (Veen et al. 2015), Spain
(Leira et al. 2017), Ukraine (Malakhov et al.
2017), and the Russian Arctic (Barinova et al.
2023). Pinnularia parvulissima is also known
from other continents, including North Ameri-
ca (Mexico—Moraet al. 2017), South America
(Brazil — Eskinazi-Leca et al. 2010, Colombia
— Heinrich et al. 2019), and Asia (China — Fan,
Liu 2016, Korea — Lee et al. 2020, Mongolia —
Kulikovskiy et al. 2010, Russia — Kulikovskiy
et al. 2016, Genkal, Eremkina 2023).
ReMarks: The species is very rare, with only
two specimens found in the Zrodta Tanwi Re-
serve in June 2022 (water temperature was
18.9°C). The species developed in water with
a pH of 5.5 and low conductivity (24 uS/cm).
One specimen was also identified in a small
stream flowing out of the “Imielty L.ug” Pond
in June 2023 in material collected from or-
ganic mud (the stream’s bottom had a large
amount of decomposing leaves, branches,
etc.). The water, like the site described above,
was slightly acidic (pH=5.6) with low electro-
lyte content (21 pS/cm). The nitrate content at
both sites was the same at 1.85 mg/l, and other
parameters were very low, except for phos-
phates in the pond (3.45 mg/1).

Pinnularia esoxiformangusta Reichardt
(Fig. 3: a—g)

Synonym: Pinnularia esoxiformis var. angus-
ta Krammer

DiMensIons: length: 54.5-100, width: 9.7-13,
number of striae in 10 pm: 9-10.

[based on literature: length: 62-73, width:
11.4-12.2, number of striae in 10 um: 810
(Krammer 2000), length: 49.8—88, width: 10—
13, number of striae in 10 pm: 8-10 (Reich-
ardt 2018)]

TYPE OF SUBSTRATE: among mosses and tus-
socks of grass and sedges, near the edge of the
peat hollow and among Sphagnum mosses at
the edge of the pond.

COEXISTENCE WITH OTHER SPECIES: Numerous
Eunotia minor (Kiitzing) Grunow and E. bi-
lunaris (Ehrenberg) Schaarschmidt (similar to
the description of Pinnularia eifeliana), along
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with Tabellaria flocculosa (Roth) Kiitzing
(34%), Tabellaria fenestrata (Lyngbye) Kiit-
zing (around 11%), and Fragilaria gracilis
@strup (approximately 20%), were dominant
in the pond.

DISTRIBUTION IN POLAND: The species new to
Poland.

ECOLOGY AND DISTRIBUTION WORLDWIDE:
Little is known about the distribution and
ecology of this species. Krammer (2000) first
described this species from Germany as Pin-
nularia esoxiformis var. angusta and noted its
occurrence in oligotrophic waters with low to
moderate electrolyte content, similar to P. es-
oxiformis var. esoxiformis. Reichardt (2018)
also reported the presence of this species in
Germany, although in drier areas and around
ponds. This species has also been identified in
the benthos of flowing and standing waters in
Mongolia (Metzeltin et al. 2009, Dorofeyuk,
Kulikovskiy 2012).

REeMaRrks: The species occurred rarely (approx-
imately 1%) at only one site (site 4) in the “Bro-
duszurki” Reserve (Pogorze Przemyskie Land-
scape Park), in the same environmental con-
ditions as P. eifelana. Single specimens were
also identified in the “Imielty Lug” Pond (Lasy
Janowskie Landscape Park), among Sphagnum
mosses. The water at this site had a slightly
brown color, low conductivity (48 uS/cm), and
alow pH (5.8), along with relatively high nutri-
ent content (nitrate: 1.94 mg/l, phosphate: 3.45
mg/l). The identicated Pinnularia esoxiforman-
gusta cells were both slightly narrower and sig-
nificantly longer compared to the literature data
(Krammer 2000, Reichardt 2018).

Pinnularia polyonca (Brébisson) W. Smith var.
polyonca (Fig. 3: h-n)

DimEensioNs: length: 67.2-77.2, width: 8.6—
9.9, number of striae in 10 pm: 10-11.

[based on literature: length: 50-90, width:
8—12, number of striae in 10 um: 10-12
(Sieminska 1964, Krammer 2000)].

THREAT CATEGORY: E —endangered (Sieminska
et al. 2000).

TYPE OF SUBSTRATE: among Sphagnum mosses
growing on the edge of the pond and on mud
with a high amount of organic matter in a
small stream flowing out of that pond.
COEXISTENCE WITH OTHER SPECIES: the domi-
nant species are the same as those mentioned
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Fig. 3. Pinnularia esoxiformangusta (a—g), Pinnularia polyonca var. polyonca (h—n)

in the previous description of Pinnularia
parvulissima.

DISTRIBUTION IN POLAND: the species is rare in
Poland (Sieminska 1964, Sieminska, Wolowski
2003), reported from various locations in-
cluding a now-extinct peat bog near Krakow
(Rumek 1946), the Widawka River (Ligowski
1988), the Kryniczanka Stream (Starmach
1989), and a peat bog in Magdalenowo (Le-
siak, Sitkowska 1981). In recent years, the spe-
cies has only been identified in Holocene sedi-
ments from the Maty Staw in the Karkonosze
Mountains (Sienkiewicz 2005, 2016).
ECOLOGY AND DISTRIBUTION WORLDWIDE:
The species is rare and occurs zonally as a
zonal element in the Palaearctic region, often
in isolated locations. It prefers waters with
low electrolyte content (Krammer 2000).
According to Sieminska (1964), it is a rare

freshwater species typically found in moun-
tainous waters, usually in small numbers.
Pinnularia polyonca is known from various
places in Europe, including Britain and Ire-
land (Sims 1996, Whitton et al. 2003, Pente-
cost, Haworth 2021), France (Germain 1981),
Spain (Alvarez Cobela, Estévez Garcia 1982),
Germany (Ludwig, Schnittler 1996, Mauch,
Schmedtje 2003, Hofmann et al. 2018, Doege
et al. 2022), the Netherlands (Veen et al.
2015), Slovakia (Hindak, Hindakova 2016),
Romania (Caraus 2017), Scandinavia (Karla-
son et al. 2018), Ukraine (Bukhtiyarova 1999,
Malakhov et al. 2017, Barinova et al. 2019).
It has also been recorded in the Arctic (Cre-
mer 1998) and Iceland (Foged 1974). The spe-
cies has been identified on other continents as
well, including North America (Patrick, Re-
imer 1966, Foged 1981, Kociolek 2005, Bahls
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2009), South America (Bicudo et al. 1975, Ri-
vera Ramirez 1983, Vouilloud 2003), Africa
(Smith et al. 2015), and Asia (Li, Qi 2014,
Gupta, Das 2020).

REeMarks: The species is very rare, with only
two specimens found in “Imielty Lug” Pond.
A few more specimens were observed in the
stream flowing from this pond. Both sites had
slightly acidic pH (5.6-5.8) and low conduc-
tivity values (48 uS/cm in the pond and 21
uS/cm in the stream). Nitrate content was
similar at both sites (1.8—1.9 mg/l), with dif-
ferences primarily in phosphate levels (3.45
mg/l in the pond and below the detection limit
in the stream flowing from the pond). Since
Pinnularia polyonca var. polyonca was more
abundant in the stream, which had very low
or nearly undetectable values for most of the
measured parameters, it is reasonable to as-
sume that this species prefers strongly oligo-
trophic conditions with very low electrolyte
content and a pH below 5.

Pinnularia lokana Krammer (Fig. 4: a—g)

Dimensions: length: 75-107.7, width: 11.8—
13.3, number of striae in 10 um: 9-10.

[based on literature: length: 56—107, width:
12-15, number of striac in 10 pm: 9-10
(Krammer 2000)]

TYPE OF SUBSTRATE: among mosses, mainly
from genus Sphagnum.

COEXISTENCE WITH OTHER SPECIES: very often
Eunotia meisterioides Lange-Bertalot (more
than 35%) and also less numerous Pinnularia
subcapitata var. elongata Krammer (>13%),
Eunotia rhomboidea Hustedt (>10%) and Ta-
bellaria flocculosa (Roth) Kiitzing (7%).
DISTRIBUTION IN POLAND: new to Poland.
ECOLOGY AND DISTRIBUTION WORLDWIDE:
The species was first described from Sweden
in 2000, and little is known about its distribu-
tion and ecology (Krammer 2000). So far, the
species has been reported from a limited num-
ber of sites, not only in Scandinavia (Krammer
2000, Karlason et al. 2018) but also from North
America (Bahls et al. 2018, Aycock 2022), and
Asia, including peat bogs in Mongolia (Ku-
likovskiy et al. 2010), China (Fan, Liu 2016),
and Russia (Kulikovskiy et al. 2016).
REMARKS: Pinnularia lokana was one of the
main dominants in the Zrodta Tanwi Reserve
(Poludnioworoztoczanski Landscape Park),
with the most numerous populations observed
in September 2022 (close to 19%). It thrived
at pH levels of 4.7-5.5 and had a conductiv-
ity ranging from 24 to 133 uS/cm. The nitrate
content was approximately 1.8 mg/l, while
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Fig. 4. Pinnularia lokana (a—g)

210



Journal of Ecological Engineering 2024, 25(2), 203-214

the values of other ions were very low, often
below the detectable limit. The research indi-
cates that P. lokana had favorable conditions
for development in the Zrodta Tanwi Reserve,
where it formed numerous populations, and
some specimens were slightly longer com-
pared to the dimensions provided in the litera-
ture (Krammer 2000).

CONCLUSIONS

The conducted research allowed for the iden-
tification of 32 diatom taxa (which constitutes
18.8% of all identified taxa) that are listed on
the Red List of Algae of Poland (Sieminska et al.
2006). It is worth noting that among the diatoms
listed on the mentoined list, 15 taxa fall into cat-
egory E (endangered), all belonging to the genus
Pinnularia, and 9 of them were found in the stud-
ied material. Particularly valuable is the confir-
mation of the presence of Pinnularia polyonca
var. polyonca, a species known from only a few
locations in Poland (Sieminska, Wotowski 2003).
This species was found only in “Imielty Lug”
Pond and a small stream flowing from it (Lasy
Janowskie Landscape Park), in the form of single
cells. In the neighboring Germany, it was initially
listed as an extremely rare species (Lange-Ber-
talot, Steindorf 1996) and is still considered a
very rare species with an unknown level of threat
(Threat of Unknown Extent) (Hofmann et al.
2018). During the research, two diatom species
new to Poland were also identified — Pinnularia
lokana and Pinnularia esoxiformangusta. Little is
known about their distribution and ecology, and
they are known from only a few locations (Kram-
mer 2000, Reichardt 2018). Pinnularia lokana,
in particular, dominated in the community in the
Zrédla Tanwi Reserve (Potudnioworoztoczanski
Landscape Park), suggesting that this may be an
area with favorable conditions for its development.

The research conducted in the three landscape
parks in the Podkarpackie Voivodeship clearly
showed that peatland areas are home to many in-
teresting diatom species, often endangered, rare,
or known from very few locations in Poland.
These areas are still insufficiently studied from an
algological perspective, often proving to be the
habitat of diatoms not previously recorded in Po-
land. According to the authors, more detailed and
long-term studies (for at least a few research sea-
sons) will allow for the identification of additional

diatom taxa new to Poland and expand our knowl-
edge of the morphology and ecology of many dia-
tom species that are still poorly known in science.

Acknowlegments

The authors would like to thank the Regional
Directors for Environmental Protection for allow
conducting research in the reserves.

REFERENCES

1. Alvarez Cobelas M., Estévez Garcia A. 1982. Ca-
talogo de las algas continentales espafiolas. I. Diato-
mophyceae Rabenhorst 1864. Lazaroa, 4, 269-285.

2. Aycock L. 2022. Pinnularia lokana. In: Diatoms
of North America. Retrieved July 17.2023, from
https://diatoms.org/species/pinnularia-lokana.

3. Bahls L.L.2009. A checklist of diatoms from inland
waters of the Northwestern United States. Proceed-
ings of the Academy of Natural Sciences of Phila-
delphia, 158(1), 1-35.

4. Bahls L. Boynton B., Johnston B 2018. Atlas of dia-
toms (Bacillariophyta) from diverse habitats in remote
regions of western Canada. PhytoKeys, 105, 1-186.

5. BarinovaS.S., Belous E.P., Tsarenko P.M. 2019. Al-
goindication of water bodies in Ukraine: methods
and prospects. University of Haifa Publisher, Haifa,
1-367. (in Russian).

6. Barinova S., Gabyshev V., Genkal S., Gabysheva O.
2023. Diatoms of small water bodies as bioindica-
tors in the assessment of climatic and anthropogenic

impacts on the coast of Tiksi Bay, Russian Arctic.
Water, 15(1533), 1-44.

7. Bicudo C.E.M., Martau L., Ungaretti I. 1975. Ca-
talogo das algas de aguas continentais do Estado
de Santa Catarina, Brasil. Iheringia Serie Botanica,
21, 71-80.

8. Bogusz I., Bogusz M., Zelazna-Wieczorek J. 2022.
Diatoms from inland aquatic and soil habitats as
indestructible and nonremovable forensic envi-
ronmental evidence. Journal of Forensic Sciences,
67(4), 1490-1504.

9. Bukhtiyarova L. 1999. Diatoms of Ukraine. In-
land waters. Kyiv: National Academy of Sciences
of Ukranine. M.G. Kholodny Institute of Botany,
Kyiv, 1-133.

10. Caraus 1. 2017. Algae of Romania. A distributional
checklist of actual algae. Version 2.4. Studii si Cer-
cetari Biologie, 7, 1-1002.

11. Cremer H. 1998. The diatom flora of the Laptev Sea
(Arctic Ocean). Bibliotheca Diatomologica 40, 1-168.

12. Doege A., Hofmann G., Kroker J., Paul G., Paul G.
2022. Artenliste der Algen Sachsens Vorkommen,

211



Journal of Ecological Engineering 2024, 25(2), 203-214

Taxonomie und Autdkologie. Sdchsisches Landesa-
mt fiir Umwelt, Landwirtschaft und Geologie, Dres-
den, 1-489.

13. Dorofeyuk N.I., Kulikovskiy M.S. 2012. Diatoms
of Mongolia. Biological resources and natual con-
diitons of Mongolia. Proceedings of Joint Russian-
Mongolian Complex Biological Expedition. Vol.
LIX. Institute of Ecology and Evolition RAN,
Moscow, 1-367.

14. Eskinazi-Lega E., Gongalves da Silva Cunha M.G.,
Santiago M.F., Palmeira Borges G.C., Cabral de Lima
J.M., Da Silva M.H., De Paula Lima J., Menezes M.
2010. Bacillariophyceae. In: Forzza R.C. (ed.), Ca-
talogo de plantas e fungos do Brasil. vol. 1. Andrea
Jakobsson Estudio; Instituto de Pesquisas Jardim
Boténico do Rio de Janeiro, Rio de Janeiro, 262—-309.

15.Fan Y.W,, Liu, Y. 2016. Diatoms of Xingkai Lake,
China, Beijing: Science Press. (in Chinese).

16. Foged N. 1974. Freshwater diatoms in Iceland. Bib-
liotheca Phycologica, 15, 1-118.

17.Foged N. 1981. Diatoms in Alaska. Bibliotheca Phy-
cologica, 53, 1-317.

18. Genkal S.I., Eremkina T.V. 2023. Diatom algae of
reservoirs of different types in the Middle Urals
(Sverdlovsk Oblast, Russia). Inland Water Biology,
16(3), 385-393.

19. Germain H. 1981. Flore des diatomées Diatomophy-
cées eaux douces et saumatres du Massif Armoric-
ain et des contrées voisines d’Europe occidentale.
Société Nouvelle des Editions Boubée 11 place
Saint-Michel, 75006, Paris, 1-444.

20. GuptaR.K., Das S.K. 2020. Algae of India Volume 4. A
checklist of Indian diatoms. Salt Lake, Kolkata. Botani-
cal Survey of India Ministry of Environment, Forests &
Climate Change Government of India, 1-327.

21. Heinrich C.G., Palacios-Pefiaranda M.L., Pena-Sal-
amanca E., Schuch M, Lono E.A. 2019. Epilithic
diatom flora in Cali River hydrographical basin,
Colombia. Rodriguésia, 70(¢02062017), 1-28.

22.Hindéak F., Hindakova A. 2016. Algae. In: Zoznam
nizsich a vyssich rastlin Slovenska [List of lower
and upper plants of Slovakia]. Version 1.1. Link:
Slovakia: On-line list.

23. Hofmann G., Lange-Bertalot H., Werum M., Klee R.
2018. Rote Liste und Gesamtartenliste der limnisch-
en Kieselalgen (Bacillariophyta) Deutschlands. In:
Metzing D. et al. (eds), Rote Liste gefdhrdeter Tiere,
Pflanzen und Pilze Deutschlands. Band 7: Pflanzen.
Naturschutz und Biologische Vielfalt, 70(7), 601—
708. Landwirtschaftsverlag, Miinster.

24. Joh G. 2012. Algal flora of Korea. Volume 3, Number
9. Chrysophyta: Bacillariophyceae: Pennales: Raphi-
dineae: Naviculaceae. Freshwater diatoms, 7, 1-120.

25.Karlson B., Andreasson A., Johansen M., Karlberg
M., LooA., Skjevik A.-T. 2018. Nordic Microalgae.

212

World-wide electronic publication, http://nordicmi-
croalgae.org.

26.Kawecka B. 2012. Diatom diversity in streams of
the Tatra National Park (Poland) as indicator of en-
vironmental conditions. Szafer Institute of Botany,
Polish Academy of Sciences, Krakow, 213.

27.Kawecka B., Eloranta P.V. 1994. An outline of the
ecology of algae in freshwater and terrestrial envi-
ronments. PWN, Warszawa, 252. (in Polish).

28. Kociolek J.P. 2005. A checklist and preliminary bib-
liography of the Recent, freshwater diatoms of in-
land environments of the continental United States.
Proceedings of the California Academy of Sciences.
Fourth Series, 56(27), 395-525.

29. Krammer K. 2000. The genus Pinnularia. In: H.
Lange-Bertalot (ed.), Diatoms of Europe 1. A.R.G.
Gantner Verlag K.G., Ruggell, 703.

30. Krammer K., Lange-Bertalot H. 1986. Bacillari-
ophyceae. 1. Naviculaceae. In: H. Ettl, J. Gerlof, H.
Heyning, D. Mollenhauer (eds), Stisswasser Flora
von Mitteleuropa 2(1), G. Fischer Verlag, Stuttgart
— New York, 876.

31. Kulikovskiy M.S., Lange-Bertalot H., Witkowski
A., Dorofeyuk N.I., Genkal S.I. 2010. Diatom as-
semblages from Sphagnum bogs of the world. 1.
Nur bog in northern Mongolia. Bibliotheca Diato-
mologica, 55, 1-326.

32. Kulikovskiy M., Glushchenko A.M., Kuznetsova
I.V., Genkal, S.I. 2016. Identification book of diatoms
from Russia. Filigran, Yaroslavl, 1-804. (in Russian)

33. Lange-Bertalot H., Steindorf A. 1996. Rote Liste
der limnischen Kieselalgen (Bacillariophyceac)
Deutschlands. Schriftenreihe fiir Vegetationskunde,
28, 633-677.

34. Lange-Bertalot H., Bak M., Witkowski A. 2011. Eu-
notia and some related genera. In: H. Lange-Berta-
lot (ed.), Diatoms of the European inland water and
comparable habitats. Diatoms of Europe 6. A.R.G.
Gantner Verlag K.G., Ruggell, 747.

35. Lange-Bertalot H., Hofmann G., Werum M., Canto-
nati M. 2017. Freshwater benthic diatoms of central
Europe: Over 800 common species used in ecologi-
cal assessment. English edition with updated tax-
onomy and added species. In: M. Cantonati et al.
(ed.). Koeltz Botanical Books, Schmitten — Ober-
reifenberg, 942.

36.Lee S.D., Lee H., Park,J., Yun,S.M., Lee J.-Y., Lim
J., Park M., Kwon D. 2020. Late Holocene diatoms
in sediment cores from the Gonggeomji Wetland in
Korea. Diatom Research, 35(3), 195-229.

37.Leira M., Lépez-Rodriguez M.C., Carballeira R.
2017. Epilithic diatoms (Bacillariophyceae) from
running waters in NW Iberian Peninsula (Galicia,
Spain). Anales del Jardin Botanico de Madrid,
74(2), 1-24.



Journal of Ecological Engineering 2024, 25(2), 203-214

38. Lesiak T., Sitkowska M. 1981. Diatoms of the Mag-
dalenow peat bog. Acta Universitatis Lodziensis,
Folia Botanica 1, 293-314. (in Polish with English
summary).

39.Li 1Y, Qi Y.Z. 2014. Flora algarum sinicarum
aquae dulcis Tomus XIX Bacillariophyta Navicu-
laceae (II). Science Press, Beijing, 1-147.

40.Ligowski R. 1988. Sessile algae of the Widawka
River [Glony osiadte rzeki Widawki]. Acta Univ.
Lodz., Folia Limnologica, 3, 19-49. (in Polish)

41. Ludwig G., Schnittler M. 1996. Rote Liste gefédhrde-
ter Pflanzen Deutschlands. Schriftenreihe fiir Veg-
etationskunde, 28, 1-744.

42. Malakhov Y., Kryvosheia O., Tsarenko P. 2017. Mi-
croalgae of protected lakes of northwestern Ukraine.
Polish Botanical Journal 62(1), 61-76.

43.Mauch E., Schmedtje S. 2003. Taxaliste der Gewés-
serorganismen Deutschlands zur Kodierung biolo-
gischer Befunde. Informationsberichte des Bayer-
ischen Landsamtes fiir Wasserwirtschaft Heft
01/03. Bayerisches Landesamt fiir Wasserwirtschaf,
Miinchen, 1-388.

44. Metzeltin D., Lange-Bertalot H., Soninkhishig N.
2009. Diatoms in Mongolia. In: H. Lange-Bertalot
(ed.), Iconographia Diatomologica Vol. 20. A.R.G.
Gantner Verlag K.G., Ruggell, 691.

45.Mora D., Carmona J., Jahn R., Zimmermann J.,
Abarca N. 2017. Epilithic diatom communities of
selected streams from the Lerma-Chapala Basin,
Central Mexico, with the description of two new
species. Phytokeys, 88, 39-69.

46.Noga T. 2012. Diversity of diatom communities in
the Wistok River (SE Poland). In: K. Wotowski, 1.
Kaczmarska, J.M. Ehrman, A.Z. Wojtal (eds), Phy-
cological Reports: Current advances in algal taxon-
omy and its applications: phylogenetic, ecological
and applied perspective. Institute of Botany Polish
Academy of Sciences, Krakow, 109-128.

47.Noga T. 2019. Valuable habitats of protected areas
in south Poland — a source of rare and poorly known
diatom species. Acta Societatis Botanicorum Poloniae,
88(1), 3595, https://doi.org/10.5586/asbp.3595

48.Noga T., Rybak M. 2017. First record of Pinnularia
subinterrupta Krammer & Schroeter in Poland — a
rare species in Europe. Biodiversity: Research and
Conservation, 45, 17-21.

49.Noga T., Polek W., Poradowska A. 2022. Rare and
endangered diatoms Bacillariophyta developing
in the nature reserve ,,Broduszurki” (preliminary
identification). Rocznik Przemyski, 58(3), 59-72.
(in Polish with English summary).

50.NogaT., Peszek L., Stanek-Tarkowska, Pajaczek A.
2014a. The Pinnularia genus in south-eastern Po-
land with consideration of rare and new taxa to Po-
land. Oceanological and Hydrobiological Studies,

43(1), 77-99.

51.Noga T., Kochman N., Peszek L., Stanek-Tarkows-
ka J., Pajaczek A. 2014b. Diatoms (Bacillariophy-
ceace) in rivers and streams and on cultivated soils
of the Podkarpacie Region in the years 2007-2011.
Journal of Ecological Engineering, 15(1), 6-25.

52.Noga T., Stanek-Tarkowska J., Peszek L., Pajaczek
A., Kochman N., Zubel R. 2014c. New localities
of rare species Kobayasiella okadae (Skvortzov)
Lange-Bert. and K. tintinnus Buczko, Wojtal & Jahn
in Europe — morphological and ecological character-
istics. Oceanological and Hydrobiological Studies,
43(4), 374-380.

53. Pajaczek A., Stanek-Tarkowska J., Noga T., Peszek
L., Kochman-Kedziora N. 2014. The unique flora
of bogs,for example the raised bog reserve ,,Bagno
Przectawskie”. In: J. Gasior et al. (eds), Acta Carpath-
ica, 19, 145-148. (in Polish with English summary).

54. Patrick R.M., Reimer C.W. 1966. The diatoms of
the United States exclusive of Alaska and Hawaii.
Volume 1: Fragilariaceae, Eunotiaceae, Achnantha-
ceae, Naviculaceae. Monographs of the Academy of
Natural Sciences of Philadelphia, 13, 1-688.

55. Pentecost A., Haworth E. 2021. Freshwater algae of
Cumbria including the Lake District National Park
Freshwater Biological Association Scientific Pub-
lication No. 72. Ambleside: Freshwater Biological
Association, 1-166.

56.Peszek L., Noga T., Stanek-Tarkowska J., Pajaczek
A., Kochman-Kedziora N., Pienigzek M. 2015. The
effect of anthropogenic change in the structure of
diatoms and water quality of the Zotynianka and
Jagielnia streams. Journal of Ecological Engineer-
ing, 16(2), 33-51.

57.Rakowska B. 2001. Study on diatom diversity in
water ecosystems of Polish Lowlands. Wyd. Uni-
wersytetu Lodzkiego, £.odz, 77 pp. (in Polish with
English summary).

58. Reichardt E. 2018. Die Diatomeen im Gebiet der Stadt

Treuchtlingen. Bayerische Botanische Gesellschaft,
Miinchen, 1-576 (Band 1); 579-1184 (Band 2).

59. Rivera Ramirez P. 1983. A guide for references and
distribution for the class Bacillariophyceae in Chile
between 18° 28’S and 58°S. Bibliotheca Diatomo-
logica, 3, 1-386.

60.Round F.E., Mann D.G., Crawford R.M. 1990. The
diatoms: biology and morphology of the genera.
Cambridge University Press, Cambridge, New
York, Port Chester, Melbourne, Sydney, 747.

61.Rumek A. 1946. Les diatomées de la tourbiére a
Borek Fatgcki prés de Cracovie. Mater. Fizjogr.
Kraju, 2, 1-36. (in Polish with French summary).

62. Rumrich U., Lange-Bertalot H., Rumrich M. 2000.
Diatomeen der Anden. Iconographia Diatomologi-
ca, 9, 1-673.

213



Journal of Ecological Engineering 2024, 25(2), 203-214

63.Rybak M., Poradowska A., Kochman-Ke¢dziora
N., Peszek L., Noga T., Stanek-Tarkowska J. 2018.
Diatoms (Bacillariophyta) of the Wotosate peat bog
(Bieszczady National Park). Roczniki Bieszczadz-
kie, 26, 169—183. (in Polish with English summary).

64. Sieminska J. 1964. Chrysophyta II. Bacillariophy-
ceae. Diatoms. In: K. Starmach (ed.), Freshwater
flora of Poland. PWN, Warszawa, 610. (in Polish).

65. Sieminska J., Wotowski K. 2003. Catalogue of Pol-
ish prokaryotic and eucaryotic algae. In: Z. Mirek
(ed.), Biodiversity of Poland. Szafer Intitute of Bot-
any, Polish Academy of Sciences, Krakow, 1-251.

66. Sieminska J., Bak M., Dziedzic J., Gabka M., Grego-
rowicz P., Mrozinska T., Petechaty M., Owsiany
P.M., Plinski M., Witkowski A. 2006. Red list of the
algae in Poland — Czerwona lista glonéw w Polsce.
In: Z. Mirek et al. (eds) Red list of plants and fungi
in Poland — Czerwona lista ro$lin i grzybow Polski.
Polish Academy of Sciences, Krakow, 35-52.

67.Sienkiewicz E. 2005. Comparison of subfossil
diatoms (Bacillariophyta) from two oligotrophic
lakes: Maty Staw (Karkonosze mts., Poland) and
Somaslampi (Lapland, Finland). Polish Geological
Institute Special Papers,16, 109—115.

68. Sienkiewicz E. 2016. Post-glacial acidification of
two alpine lakes (Sudetes Mts., SW Poland), as in-
ferred from diatom analyses. Acta Palacobotanica,
56(1), 65-77.

69. Sims P.A. (ed.) 1996. An atlas of British diatoms ar-
ranged by B. Hartley based on illustrations by H.G.
Barber and J.R. Carter., Biopress Ltd., Bristol, 1-601.

70. Skubisz J. 2021. Lichens in landscape parks of Pod-
karpacie. [Porosty w Parkach krajobrazowych Pod-
karpacia]. Edytorial, ZPK w Przemys$lu, Przemysl,
104. (in Polish).

71. Skubisz J. 2022. Insects in the Landscape Parks of
Podkarpacie. [Owady w Parkach Krajobrazowych
Podkarpacia]. Edytorial, ZPK w Przemyslu,
Przemysl, 104. (in Polish).

72.Skubisz J., Noga T. 2023. Diatoms of peat bog ar-
eas in selected Landscape Parks of Podkarpacie.
[Okrzemki obszaréw torfowiskowych w wybranych
Parkach Krajobrazowych Podkarpacia]. Edytorial,
ZPK w Przemyslu, Przemysl, 172 pp. (in Polish).

73. Smith T.E., Smith C.J., Nii Yemoh Annang T. 2015.
Taxonomic catalogue of algae from Ghana (Africa) and
new additions. Algae Press, Ave Maria, Florida, 1-101.

74.Smol J.P., Stroemer E.F. 2010. The Diatoms: ap-
plications applications for the Environmental en-
vironmental and Earth earth Sciencescience, Sec-
ond second Editionedition. Caombridge University

214

Press, NY, 667.

75. Starmach K. 1989. Algae of the catchment area of the
Kryniczanka stream [Glony zlewni potoku Krynic-
zanka]. Studia Osrodka Dokumentacji Fizjograficzne;j,
PAN Oddz. w Krakowie, 17, 373-400. (in Polish).

76. Stokes T.D. 1986. Reason in the zeitgeist. History
of Science 24, 111-123.

77. Stoyneva-Girtner M.P., Isheva T., Uzunov B.,
Dimitrova P. 2015. Red list of Bulgarian algae. II.
Microalgae. Annuaire de I’Université de Sofia “St
Kimment Ohridski”, Botanique, 100, 1-55.

78. Tauscher L. 2020. Algen (2. Fassung Algen excl.
Armleuchteralgen, Stand: August 2019), (3. Fas-
sung Armleuchteralgen, Stand: August 2019). In:
Landesamt fiir Umweltschutz Sachsen-Anhalt
(ed.), Rote Listen Sachsen-Anhalt. Berichte des
Landesamtes fiir Umweltschutz Sachsen-Anhalt,
1, 55-76.

79.Veen A., Hof C.H.J., Kouwets F.A.C., Berkhout T.
2015. Rijkswaterstaat Waterdienst, Informatiehuis
Water [Taxa Watermanagement the Netherlands
(TWN)] http://ipt.nlbif.nl/ipt/resource?r=checklist-
twn. Consulted March 2017, pp.

80. Vidakovi¢ D., Ciri¢ M., Krizmani¢ J. 2020. First
finding of a genus Haslea Simonsen in Serbia and
new diatom taxa for the country’s flora in extreme
and unique habitats in the Vojvodina Province. Bo-
tanica Serbica, 44(1), 3-9.

81. Vouilloud A. 2003. Catalogo de las diatomeas conti-
nentales y marinas de Argentina. Asociacion Argen-
tina de Ficologia, Argentina, 1-304.

82. Whitton B.A., John D.M., Kelly M.G., Haworth
E.Y. 2003. A coded list of freshwater algae of the
British Isles. Second Edition. World-wide Web elec-
tronic publication.

83. Wolowski K. 2003. Species diversity — algae.
[Réznorodnos¢ gatunkowa — glony.] In: R. An-
drzejewski, A. Weigle (eds), Biodiversity of Poland.
[Réznorodnos¢ biologiczna Polski.] Narodowa
Fundacja Ochrony Srodowiska, Warszawa, 37—48.

84. Yoshitake S., Fukushima H. 1995. Distribution of
attached diatoms in inorganic acid lakes in Japan.
In: Marino D., Montresor M. (eds), Proceedings of
the Thirteenth International Diatom Symposium.
Biopress Ltd., Bristol, 321-333.

85. Zelazna-Wieczorek J. 2011. Diatom flora in springs
of Lodz Hills (Central Poland). Biodiversity, tax-
onomy, and temporalchanges of epipsammic diatom
assemblages in springs affected by human impact.
In: A. Witkowski (ed.), Diatom Monographs 13.
Ruggell: Gantner Verlag, 156.



