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ABSTRACT

The aim of this work was to characterize morphologically and ecologically 4 new species of diatoms to Poland (4u-
lacoseira tenella, Eunotia galica, Pinnularia subfalaiseana, and Psammothidium scoticum) together with the loca-
tion of their occurrence in the Janowskie Forests and Turzanski Forest in southeastern Poland. The research material
from Turzanski Forest were collected in the spring and autumn of 2023 in a forest pond and a small stream flowing
out of this pond, while in the Janowskie Forests always in the spring season of 2023 and 2024. The results showed
that the samples were characterized by an acidic or weakly acidic pH (4.0-6.4) and low electrolytic conductivity
values (40—134 pS/cm). Studies conducted in forest water ponds and streams flowing from them have confirmed
that such places are habitats of diatoms new to Poland, often known only from a few locations in Europe.

Keywords: Aulacoseira tenella, Eunotia galica, Pinnularia subfalaiseana, Psammothidium scoticum, morphol-

ogy, ecology, Turzanski Forest, Janowskie Forests.

INTRODUCTION

Wetlands are defined as areas where the wa-
ter level is close to the ground level (peat bogs,
marshes, and periodically flooded areas). Due
to the number of functions they perform in the
environment, as well as the increased disappear-
ance of such areas resulting from human pres-
sure and climate change, they are particularly
valuable habitats in the natural environment
(Krawczyk, 2023). The peat bog areas, as a re-
sult of unplanned exploitation, have often been
degraded, and the water reservoirs that formed
in their place were considered abandoned. How-
ever, these reservoirs have high natural value:
they are important habitats for aquatic and wet-
land organisms, contribute to maintaining the
stability of ecosystems, and enrich biodiversity.
The data from 1968 indicate that peat bogs in
Poland covered 3,502 km?, of which peat exca-
vations occupied 1,751 km?, which constitut-
ed 14.5% of their area. Currently, small water
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reservoirs in such places in Poland cover ap-
proximately 500 km? (Kaczan, 1968; Kucharski,
1996; Lachacz, 1997; Ilnicki, 2002).

In southeastern Poland, small water reservoirs
are found in forest ecosystems, both in the ‘Lasy
Janowskie’ landscape park and in the area of the
Glogow Forest District. The ‘Lasy Janowskie’
landscape park mainly covers continuous for-
est complexes intersected by numerous valleys
of small, meandering streams. There are 3 na-
ture reserves in the Park, including the ‘Imielty
Lug’ Reserve, protecting one of the largest peat
bogs in this area. Reserve protection aims to pre-
serve the diversity of aquatic, marsh, and forest
biotopes along with the populations of protected
animal and plant species living there (Buczyski
and Labedzki, 2012; Skubisz and Noga, 2023).
The water marsh ecosystems of the Glogéow For-
est District are primarily fragments of reed, alder,
peat bog, and heavily waterlogged riparian veg-
etation in natural depressions. They usually oc-
cupy small forest-internal areas of local marshes,
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which are extremely important from the point of
view of water retention. These areas represent a
valuable component of forest ecosystems, as they
contribute to the preservation of local biodiver-
sity and enhance the ecosystem’s capacity for wa-
ter retention (Murdza, 2020).

The peatlands and wetlands of southeastern
Poland are still relatively poorly known in terms
of algological research. Few studies have shown
that they are habitats of interesting, often rare,
endangered, or previously unrecorded species for
Poland. So far, only fragmentary studies of algae
have been carried out in the Roztocze National
Park (Szczurowska, 2003, 2006, 2009), while
diatom communities have been studied in more
detail, taking into account rare and endangered
species in the "Miedzyrzeki’ Reserve (Noga et al.,
2014a,b; Noga, 2019). In the Wolosate peatland
in the Bieszczady Mountains, the diversity of dia-
tom communities was studied (Rybak et al., 2018)
and other algae, mainly euglenas (Wotowski,
2011). Fragmentary studies on diatoms were also
conducted in a peat bog in the reserve Bagno
Przectawskie‘ (Pajaczek et al., 2014). Preliminary
studies were conducted in recent years in three
nature reserves 'Imielty Lug‘, ’Broduszurki® and
*Zrodia Tanwi (Noga et al., 2022, 2024; Skubisz
and Noga, 2023).

The aim of this work was to characterize
morphologically and ecologically 4 new spe-
cies of diatoms for Poland (Aulacoseira tenella,
Eunotia galica, Pinnularia subfalaiseana, and
Psammothidium scoticum) together with the loca-
tion of their occurrence in Janowskie Forests and
Turzanski Forest in southeastern Poland.

STUDY AREA

The research was carried out in the Turzanski
Forest (LT) and the ‘Imielty Lug’ Nature Re-
serve (IL) situated within the Janowskie Forests
region (Figure 1).

The Turzanski Forest covers most of the mac-
roregion of the Sandomierz Basin (managed by
the Glogoéw Forest District). It occupies a frag-
ment of the Kolbuszowa Plateau with an agri-
cultural forest landscape type. Turzanski For-
est falls within the Sokotowsko-Wilczowolski
Protected Landscape Area. It contains mixed
coniferous forests, fragments of oak-hornbeam
(Tilio-Carpinetum) forests and Carpathian beech
forests; in local depressions of the terrain, it can

be found alder swamps and raised bogs, and over
the streams there are riparian forests and bulrush-
reed beds (Murdza, 2020).

Two research sites were designated in the area
of the Turzanski Forest. The first site was an oli-
gotrophic peat hole with an area of approximately
1600 m?, resembling the shape of the letter L. It
was located in the central part of the forest and
was characterized by brown water, and the smell
of rotten eggs was noticeable in the surrounding.
The sphagnum mosses grew at the edge of the
reservoir. Site 2 is a reservoir used for water re-
tention in the forest with an area of approximately
3,000 m?. The Sokotow forest nursery is located
approximately 100 m from the reservoir, to the
south-west. The bottom of the reservoir is sandy,
and the eastern bank has been concreted. A device
was installed in the reservoir to collect water to
irrigate the nursery.

The ‘Imielty Lug’ Nature Reserve is located
on the border of the Lublin and Podkarpackie
voivodeships. It is part of a contagious forest com-
plex that grows in the Sandomierz Basin within
the limits of the ‘Lasy Janowskie’ landscape park.
The reserve includes aquatic, reed, peat bog, and
forest ecosystems. Among the non-forest commu-
nities, extremely valuable and rare on a national
scale, and at the same time very endangered, are
raised bogs of the Oxycocco-Sphagnetea class
and transitional bogs of the Scheuchzerio-Carice-
teanigrae class. Peat bogs of this size are unique
in south-eastern Poland, located in interdune
depressions. The reserve plays a significant role
in the protection of valuable species of peat bog
bryophytes, including those of the genus Sphag-
num. It is the largest and best preserved reserve
in terms of nature in the Janowskie Forests (Fi-
jakowski et al., 1992; Skubisz and Noga, 2023).

In the ‘Imielty Lug’ Reserve, research was
carried out at two sites: in the ‘Imielty Lug’
Pond (site 3) and in a small unnamed stream that
flows from this pond (site 4). The water in the
pond was brown in color, and the banks of the
pond were covered in places with mosses of the
genus Sphagnum.

METHODS

The research material was collected in small
water reservoirs in the Turzanski Forest (2 sites)
in 2023 in spring and autumn and in a forest pond
(1 site) and in a small stream flowing out of the
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Figure 1. Location of the research area: IL. — Imielty Lug, LT — Turzanski Forest

pond (1 site) in the Janowskie Forests in 2023 and
2024, always in the spring season.

Water pH, temperature and electrolytic con-
ductivity were measured directly in the field at all
sites. Other analyses of selected water chemical
parameters were performed in the laboratory of
the University of Rzeszow, using a Thermoscien-
tific DIONEX ICS-5000+DC ion chromatograph.

The collected material was processed in the
laboratory according to the methods used by
Kawecka (1980) and Noga et al. (2022) to re-
move protoplasts from cells and organic contami-
nants. Then, permanent microscopic slides were
prepared and mounted in Pleurax synthetic resin.

The diatoms were identified using a Carl
Zeiss Axio Imager A2 light microscope equipped
with a Nomarski differential interference contrast
(DIC) and a 1.4 planapochromatic objective lens
at 1000x magnification. Diatom photographs
were taken in LM with a Carl Zeiss AxioCam ICc
5 camera and in SEM (Hitachi SU 8010). SEM
materials were sputtered with a 20 nm thick gold
layer (Quorum Q 1500T ES sputter coater) and
viewed at an accelerating voltage of 5 kW.

Diatoms were identified using the specialist
literature: Hofmann et al. (2011), Lange Berta-
lot et al. (2011, 2017), Houk et al. (2017). De-
tailed characteristics of species new to Poland are
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presented in the Results and Discussion section.
Morphometric data are presented based on 30
measured covers. If a species occurred in the sam-
ple rarely or very rarely, all covers in the prepara-
tion were measured. The number of counted cov-
ers is determined by the number n placed next to
each described species.

Diatom counts were obtained by counting
all diatom valves in randomly selected fields of
view of the microscope slide until a total of at
least 300 valves were obtained. The taxa whose
percentage share in the sample exceeded 5%
were considered dominant.

RESULTS AND DISCUSSION

Studies conducted in 2023 and 2024 in the
‘Imielty Lug’ nature reserve in the Janowskie
Forests and in the Turzanski Forest showed that
the investigated waters of forest reservoirs were
characterized by acidic or weakly acidic pH
(4.0-6.4) and low electrolytic conductivity val-
ues (40—134 uS/cm). The values of other chemi-
cal parameters were low in most locations, often
beyond the limit of quantification (especially am-
monium nitrogen and phosphates in reservoirs in
the Turzanski Forest). The water in reservoirs in
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the Turzanski Forest (site 1 and 2) contained more
SO,* and Ca**, while in the ‘Imielty fug’ pond
in the Janowskie Forests (site 3) a relatively high
concentration of PO,* was recorded (Table 1).
Aulacoseira tenella (Nygaard) Simonsen
(Figure 2: A—AE). Basionym — Melosira tenella
Nygaard. Synonym — Aulacoseira distans var.
tenella (Nygaard) Ros. Dimensions — diameter:
5.2-7.5 pum, mantle height: 3.0-4.0 um (n=30).
Ecology — the species occurs in acidic, humic
lakes (Houk et al., 2017), prefers acidic waters
with low trophicity (often oligotrophic) and low
nutrient content. It shows a strong tendency to
dominate in clean waters, where it can develop in
large numbers both in summer and winter. Stud-
ies conducted in Chile have shown that it occurs
more often in waters with low Si content (Siver
and Kling, 1997; Bicudo et al., 2016). Studies
conducted in France have shown that Aulaco-
seira tenella is a planktonic species, sensitive to
organic pollution and occurring in weakly acidic
habitats (Bey and Ector, 2013; Peeters and Ector,
2017). The species has also been found in Japa-
nese lakes, in which the pH was close to neutral
(6.2-6.5) and was observed most often in sum-
mer (Tuji, 2015). Distribution: The species is
known from many locations in Europe, including:
Great Britain (Whitton et al., 2003; Pentecost and

Haworth, 2021), France (Bey and Ector, 2013;
Peeters and Ector, 2017; Roubeix et al., 2021),
the Netherlands (Veen et al., 2015; Mertens et al.,
2025), and Skandinavia (Eloranta, 1986; Karlson
etal., 2018). It is also reported from North Ameri-
ca (Siver and Kling, 1997; Kociolek, 2005; Cheng
et al., 2022; Griffiths et al., 2024), South America
(Bicudo et al., 2016; Heinrich et al., 2019) and
Asia — Japan (Tuji, 2015). Comments: Aula-
coseira tenella was dominant at the sites in the
Turzanski Forest. It developed massively (81%
in autumn and >16% in spring) at site 2 in the
reservoir constituting the water intake point and
very rarely (in the form of single covers) at site
1 —in a peat pit. It occurred relatively abundantly
(<3%) at site 3 in the ‘Imielty Lug’ Pond in the
Janowskie Forests (late spring in June) — howev-
er, it was not the dominant species there. Mass de-
velopment of this species at site 2 was observed in
September, at low water level, temperature below
10 °C, acidic pH (4.6) and electrolytic conductiv-
ity 134 uS/cm (Table 1). Apart from A. tenella,
Achnanthidium minutissimum was also the domi-
nant species, but its numbers were much lower
(approx. 10%). In the spring period, i.e. in May
2023, the water level at site 2 was much higher
(due to heavy rainfall in early spring), the water
temperature was almost 15 °C, pH>6, while the

Table 1. The values of physicochemical parameters measured in water reservoirs in the Turzanski Forest (sites 1
and 2) in 2023, in the ‘Imielty Lug’ pond (site 3), and in the stream flowing from the pond (site 4) in the Janowskie
Forests in 2023 and 2024, along with the percentage of dominant species (T — temperature, C — conductivity)

Parameter 1 2 3 4
T [°C] 8.9-14.2 9.7-14.7 20.5-24.0 20.0-21.5
pH 4.0-6.4 4.6-6.1 5.7-5.8 5.6
C [uS/cm] 56—-102 50-134 40-48 21-43
CI [mg/l] 3.35-4.89 5.32-6.22 2.51-3.87 3.60-3.80
80> [mg/l] 10.95-10.99 24.93-26.31 2.84-5.96 1.28-5.90
PO,*[mgl/l] <0.001 <0.001 3.39-3.45 <0.001
NO, [mg/l] <0.001 <0.001 <0.001 <0.001
NO, [mg/l] <0.001-1.98 2.21-2.62 1.89-1.93 1.84-2.07
NH,* [mg/I] 0.06-0.29 0.05-0.06 0.05-0.11 0.04-0.11
Mg?* [mg/l] 1.02-1.20 1.49-2.01 0.31-0.66 0.55-0.58
Ca? [mg/l] 6.14-8.08 6.14-6.37 2.91-3.72 3.26—4.48
Achnanthidium Eunotia rhomboidea Aulacoseira ambigua
Eunotia sphagnicola minutissimum (7.9%) (14.5-21.8%)
(10.4-92%) (10.3-19.3%) E. juettnere (7%) Staurosira venter
Dominant Pinnularia sp. (10%) RO Fragilaria gracilis (6—20%) (28.6—-29%)
) Eunotia exigua (11.3%) ] .
taxa P. subcapitata ) . Tabellaria flocculosa Tabellaria flocculosa
Hantzschia calcifuga (9%)
var. elongata Nitzschia acidoclinata (34-41%) (8-10.6%)
(5.7-77.5%) (6%) T. fenestrata T. fenestrata
° (11-13%) (11.9-17.8%)

395



Journal of Ecological Engineering 2026, 27(1), 392-402

electrolytic conductivity was much lower com-
pared to the autumn season (50 uS/cm). Aulaco-
seira tenella also dominated in this season, but its
share in the community was much lower (>16%).
It was one of the five dominant taxa and the share
of the most abundant dominant — Achnanthidium
minutissimum — did not exceed 20% (Table 1).
The water was characterized by a slightly brown
color, clearly darker in autumn, at low water lev-
els. The observations above are consistent with
the information provided by Houk et al. (2017),
who described A. tenella as a species occurring in
acidic, humid lakes. It is also worth emphasizing
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that the diameter of cells identified at sites 2 and 3
was clearly larger (5.2—7.5 um), compared to the
dimensions reported in the literature: 5.1-5.9 pm
(Houk et al., 2017). The information above, i.e.
mass development in the diatom community and
larger dimensions compared to those presented in
the literature, indicate that 4. tenella finds favor-
able conditions for development in forest water
reservoirs in southeastern Poland.

Eunotia gallica Lange-Bertalot & Witkowski
(Figure 3: A—H). Dimensions — length: 125.3—
157.9 pm, width: 4.3-5.0 pm, 13—17 striae 10 pm
(n=5). Ecology — the ecology of the species is

Figure 2. Aulacoseira tenella (A—AE): valve view in LM (A-I), girdle view in LM (J-T), SEM images (U-AE)
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unclear and poorly known. It has been recorded at
an altitude of about 2000 m a.s.l. in the Pyrenees
Mountains, in small pools of Sphagnum (Lange-
Bertalot et al. 2011). Distribution: Eunotia galica
was described from the eastern Pyrenees, France,
and was also recorded in NW France (Calvados)
by Lange-Bertalot et al. (2011). The authors con-
sider the occurrence of this species to be uncer-
tain, it is also observed in other places in Europe,
but they do not specify where (Lange-Bertalot et

al. 2011). Comments — Eunotia galica occurred
very rarely in the study area — only at site 3 in
the ‘Imielty Lug’, in the Janowskie Forests. Only
1 valve was found in June 2023 and 4 valves in
May 2024 in the material collected at the shore of
the pond, between mosses of the Sphagnum ge-
nus. On the basis of the conducted research, little
can be said about the ecology and occurrence of
this species, as the species occurred sporadically
in the material. It is worth emphasizing that in
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Figure 3. Eunotia galica (A—H): valve view in LM (A-D), SEM images (E-H), raphe end (G, H)
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the material collected at the shore of the lake,
from a sandy habitat, no valves of Eunotia galica
were found at all. Single valves were identified
only in the material squeezed out from between
Sphagnum mosses. Also in France, this species
was found in puddles with Sphagnum (Lange-
Bertalot et al., 2011).

Pinnularia subfalaiseana Krammer (Figure 4:
A—K). Dimensions — length 42.6-55.5 um, width
8.8-11.2 pum, 11-13 striae in 10 pm (n=10).
Ecology — rare species, prefer oligotrophic wa-
ters (Krammer, 2000). Distribution — Pinnularia
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Figure 4. Pinnularia subfalaiseana (A—K): valve view in LM (A-J), SEM image (K)

subfalaiseana has been described from west Ger-
many, from the Eifel and Venn regions (Kram-
mer, 2000). It is a species known from a very
small number of localities, apart from Germany
it is reported only from the Netherlands (Veen et
al., 2015; Mertens et al., 2025) and Scandinavia
(Karlason et al., 2018). Comments — in the study
area, P. subfalaiseana occurred very rarely, al-
ways in the form of single specimens at site 2 in
the Turzanski Forest and at site 4, in a small, un-
named stream flowing out of the pond of ‘Imielty
Lug’ in the Janowskie Forests.
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Figure 5. Psammothidium scoticum (A—U): valve view with a raphe in LM (A-J), valve view
without a raphe in LM (K-O), SEM images (P—U): external view of the raphe valve (P),
internal view of the raphe valve (Q), external view of the rapheless valve (R-T),
internal view of the rapheless valve (U).

Psammothidium scoticum (Flower & Jones)
Bukhtiyarova & Round (Figure 5: A-U). Basi-
onym — Achnanthes scotica Flower & Jones. Di-
mensions — length 8.5-10.7 pm, width 4.2-4.9
um, 2628 striae in 10 um (n=30). Ecology — the
species occurs relatively rarely as a dispersed spe-
cies in oligotrophic, electrolyte-poor and weakly
acidic water bodies in the Alps and low mountain
ranges (Krammer and Lange-Bertalot, 1991). It
has also been found in core sediments from study
lakes in the USA, where it was one of the most
numerous (22%) dominant species (Enache et al.,
2013). It developed very abundantly in mountain
lakes in the Retezat Mts., reaching a maximum
abundance of 70% (Buczkd, 2016). Distribution —
Psammothidium scoticum is most often reported
from various regions of Europe, including Ger-
many (Ludwig and Schnittler, 1996; Hofmann
et al., 2018; Doege et al., 2022), the Netherlands
(Veen et al., 2015), Britain and Ireland (Whitton
et al., 2003), Scandinavia (Lange-Bertalot and
Metzeltin, 1996; Karlason et al., 2018), Belgium
(Denys, 2009), Romania (Buczko, 2016) and from
the Arctic areas (Genkal and Vekhov, 2007; Bari-
nova et al., 2023a,b). It is also known from North

America (Bahls, 2009; Potapova, 2010; Enache et
al., 2013; Bishop et al., 2018) and Asia (Medve-
deva and Nikulina, 2014; Potapova, 2014; Luo et
al., 2024). Comments — Psammothidium scoticum
developed single (<1% share in the community)
both in the reservoir constituting the water intake
point in the Turzanski Forest (site 2), and in the
pond of the ‘Imielty Lug’ (site 3) and in the stream
flowing out of it (site 4) in the Janowskie Forests.

CONCLUSIONS

Studies carried out in forest water reservoirs
(peat pits, ponds and streams flowing from them)
have shown that such places are habitats of dia-
toms new to Poland, often known only from a
few locations in Europe, such as Eunotia galica
and Pinnularia subfalaiseana which have found
favorable conditions for development in forest
water reservoirs in southeastern Poland. Psam-
mothidium scoticum occurred in all the stud-
ied locations, but only as single specimens. The
study confirmed that it is a species of oligotro-
phic waters with low electrolyte content or do
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not have a clearly defined ecology, such as E.
galica. This study, concerning the occurrence of
new diatoms in Poland, confirms the information
contained in the literature on ecology, and their
occurrence (usually in the form of single speci-
mens) indicates that they deserve the rank of rare
species. They should probably be placed in the
category of endangered due to their occurrence
in unusual habitats, which are currently decreas-
ing in number and are threatened, among others,
by drying out. However, if they develop in large
numbers, such as Aulacoseira tenella, then they
can be omitted when identifying them due to their
small size or similarity to other taxa with which
they co-occur. Moreover, specific habitats such as
forest water reservoirs remain poorly researched,
especially in south-eastern Poland.

Acknowledgements

The authors would like to thank the Glogow
Forest District for allowing the research to be
conducted in the Turzanski Forest area.

REFERENCES

1. Bahls L.L. (2009). A checklist of diatoms from
inland waters of the Northwestern United States.
Proceedings of the Academy of Natural Sciences of
Philadelphia, 158(1), 1-35.

2. Barinova S., Gabyshev V., Genkal S. (2023a). Di-
versity of diatom algae in the Lena Delta Nature
Reserve and the adjacent territory in the specific

ecological factors of the Arctic. Diversity and Dis-
tributions, 15(802), 1-60.

3. Barinova S., Gabyshev V., Genkal S., Gabysheva
0. (2023b). Diatoms of small water bodies as bio-
indicators in the assessment of climatic and anthro-
pogenic impacts on the coast of Tiksi Bay, Russian
Arctic. Water, 15(1533), 1-44.

4. Bey M.-Y., Ector L. (2013). Atlas des diatomées
des cours d’eau de la région Rhone-Alpes. Tome 1.
Centriques, Monoraphidées. Direction Régionale
De I’Environnement, De I’Aménagement Et Du
Logement RHONE-ALPES, Lyon, 180.

5. Bicudo D.C., Tremarin P.I., Almeida P D., Zorzal-
Almeida S., Wengrat S., Faustino S.M., Costa L.F.,
Bartozek E.C.R., Rocha C.R., Bicudo C.E.M., Mo-
rales E.A. (2016). Ecology and distribution of Au-
lacoseira species (Bacillariophyta) in tropical reser-
voirs from Brazil. Diatom Research, 31(3), 199-215.

6. Bishop I.W., Tucker S.T., Joeckel R.M., Spauld-
ing S.A. (2018). Benthic fossil diatoms from the

400

upper Ogallala Group (late Miocene) near Scotia,
NE (USA). Nova Hedwigia, Beihefte, 147,261-294.

7. Buczk6 K. (2016). Iconographia diatomologica Car-
pathica Volume 1. Guide to diatoms in mountain
lakes in the Retezat Mountains, South Carpathians,
Romania. Studia Botanica Hungarica (Supple-
ment), 47, 9-214.

8. Buczynski P., Labedzki A. (2012). Landscape Park
of ,,Janowskie Forests” as a hotspot of dragonfly
(Odonata) species diversity in Poland. [In:] K.H.
Dygus$ (ed.), Natural human environment. Dan-
gers, protection, education. Oficyna Wydawnicza
Wyzszej Szkoty Ekologii i Zarzadzania w Warsza-
wie, Warszawa, 151-174.

9. Cheng Y., Michelutti N., Paterson A.M., Meyer-Ja-
cob C., Smol J.P. (2022). Developing diatom-based
inference models to assess lake ecosystem change
along a gradient of metal smelting impacts: Sud-
bury Lakes revisited. Journal of Phycology, 58(4),
530-542.

10. Denys L. (2009). Palacolimnology without a core:
153 years of diatoms and cultural environmental
change in a shallow lowland lake (Belgium). Fottea,
9(2), 317-332.

11. Doege A., Hofmann G., Kroker J., Paul G., Paul
G. (2022). Artenliste der Algen Sachsens Vorkom-
men, Taxonomie und Autdkologie. Sachsisches
Landesamt fiir Umwelt, Landwirtschaft und Ge-
ologie (LfULG), Dresden, 489.

12. Eloranta P. (1986). Melosira distans var. tenella and
Eunotia zasuminensis, two poorly know planktonic
diatoms in Finnish Lakes. Nordic Journal of Boto-
tany, 6(1), 99-103.

13. Enache M.D., Potapova M., Sheibley R., Moran
P. (2013). Three new Psammothidium species
from lakes of Olympic and Cascade Mountains in
Washington State, USA. Phytotaxa, 127(1),49-57.
https://doi.org/10.11646/phytotaxa.127.1.8.

14. Fijalkowski D., Bloch M., Flisinska Z., Polski A.,
Wojciak H. (1992). The vegetation of the Imielty
Lug reserve. Annales Universitatis Mariae Curie-
Stodowska. Sectio C, Biologia, 47, 169—-197 (in
Polish).

15. Genkal S.I., Vekhov N.V. (2007). Diatoms of water
bodies of the Russian Arctic: Novaya Zemlya ar-
chipelago and Vaigach island. NAUKA, Moscow,
59 (in Russian).

16. Griffiths K., Duda M.P., Antoniades D., Smol J.P,,
Gregory-Eaves 1. (2024). Diatom species responses
along gradients of dissolved inorganic carbon, to-

tal phosphorus, and lake depth from lakes across
Canada. Journal of Phycology, 60(4), 834-852.

17. Heinrich C.G., Palacios-Pefiaranda M.L., Pefa-Sal-
amanca E., Schuch M., Lono E.A. (2019). Epilithic
diatom flora in Cali River hydrographical basin,



Journal of Ecological Engineering 2026, 27(1) 392-402

Colombia. Rodriguésia, 70,¢02062017. https://doi.
org/10.1590/2175-7860201970041

18. Hofmann G., Werum M., Lange-Bertalot H. (2011).
Diatomeen im Siifwasser — Benthos vom Mitteleu-
ropa. Bestimmungsflora Kieselalgen fiir die 6kolo-
gische Praxis. Uber 700 der hiugfisten Arten und
ihre Okologie. In: H. Lange-Bertalot (Ed.). A.R.G.
Gantner Verlag, K.G., 908.

19. Hofmann G., Lange-Bertalot H., Werum M., Klee
R. (2018). Rote Liste und Gesamtartenliste der lim-
nischen Kieselalgen (Bacillariophyta) Deutschlands.
In: D. Metzing et al. (Eds.), Rote Liste gefihrdeter
Tiere, Pflanzen und Pilze Deutschlands. Band 7:
Pflanzen [Naturschutz und Biologische Vielfalt,
70(7), 601-708], Miinster, Landwirtschaftsverlag.

20.Houk V., Klee R., Tanaka H. (2017). Atlas of
freshwater centric diatoms with a brief key and de-
scriptions. Second emended edition of Part I and
II. Melosiraceae, Orthoseiraceae, Paraliaceae and
Aulacoseiraceae. Fottea, (Supplement), 17, 1-616.

21. Ilnicki P. (2002). Peat bogs and peat. Akademia Rol-
nicza im. A. Cieszkowskiego w Poznaniu, Poznan,
606 (in Polish).

22.Kaczan A. (1968). Peat management. PWRIL,
Warszawa, 50 (in Polish).

23.Karlson B., Andreasson A., Johansen M., Karlberg
M., Loo A., Skjevik A.-T. (2018). Nordic Micro-
algae. Norrkoping: Swedish Meteorological and
Hydrological Institute. World-wide electronic pub-
lication, http://nordicmicroalgae.org

24. Kawecka B. (1980). Sessile algae in European
mountains streams. 1. The ecological characteris-
tics of communities. Acta Hydrobiol., 22,361-420.

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

26. Krammer K. (2000). The genus Pinnularia. Vol. 1.
[In:] Lange-Bertalot H. (ed.), Diatoms of Europe.
A.R.G. Gantner Verlag K.G., Rugell, 584.

27.Krammer K., Lange-Bertalot H. (1991). Bacillari-
ophyceae. 4. Achnanthaceae, Kritische Ergénzun-
gen zu Navicula (Lineolate) und Gomphonema,
Gesamtliteraturverzeichnis. In: H. Ettl, J. Gerloff, H.
Heyning, D. Mollenhauer (Eds.), Siisswasserflora
von Mitteleuropa 2(4). G. Fischer Verlag, Stuttgart
—Jena, 437.

28. Krawczyk R. (2023). Wetland plant communities of
the military training area in Nowa D¢ba (Sandomi-
erz Forest). Nowy Pam. Fizjogr., 8(1-2), 3-20 (in
Polish with English summary).

29. Kucharski L. (1996). The natural significance of
drainless depressions in the agricultural landscape
of the Kujawy Lake District. Przeglgd Naukowy

Wydziatu Melioracji i Inzynierii Srodowiska SGGW-
AR Warszawa, 10, 33-38 (in Polish).

30. Lange-Bertalot H., Metzeltin D. (1996). Indicators
of oligotrophy. 800 taxa representative of three
ecologically distinct lake types, carbonate buffered
—oligodystrophic — weakly buffered soft water. Oli-
gotrophie-Indikatoren. 800 Taxa reprisentativ fiir
drei diverse Seen-Typen: Kalkreich — Oligodystroph
— Schwach gepuftertes Weichwasser. Iconographia
Diatomologica, 2, 1-390.

31. Lange-Bertalot H., Bak M., Witkowski A. (2011).
Eunotia an some related genera. Diatoms of Europe,
6, 1-747.

32. Lange-Bertalot H., Hofmann G., Werum M., Can-
tonati M. (2017). Freshwater benthic diatoms of
Central Europe: over 800 common species used in
ecological assessments. English edition with updat-
ed taxonomy and added species. In: M. Cantonati
et al. (Eds.), Koeltz Botanical Books, Schmitten-
Oberreifenberg, 942.

33. Ludwig G., Schnittler M. (1996). Rote Liste ge-
fahrdeter Pflanzen Deutschlands. Schriftenreihe fiir
Vegetationskunde, 28, 1-744.

34.Luo F., You Q.-M., Yu P., Wang Q.-X. (2024). Dia-
toms in Hengduan Mountains, China [Research on
diatoms in Hengduan Mountains, China]. Shanghai
Science and Technology Press, Shanghai, 592.

35.Lachacz A. (1997). Ecological use area in the Kur-
piowskie Valley. Zesz. Probl. Post. Nauk Rol., 435,
85-97.

36. Medvedeva L.A., Nikulina T.V. (2014). Catalogue of
freshwater algae of the southern part of the Russian
Far East. Dalnauka, Vladivostok, 271 (in Russian).

37. Mertens A., Van der Wal J., Verweij G., Pex B., Van
Dulmen H., Van Dam H. (2025). A revised list of
diatom ecological indicator values in The Nether-
lands. Ecological Indicators, 172, 113219. https://
doi.org/10.1016/j.ecolind.2025.113219

38. Murdza P. (2020). Forest management plan. nature
conservation program for the Glogéw Forest Dis-
trict for 2021-2030. Office of Forest Management
and Geodesy, Przemysl Branch, Przemysl, 276 (in
Polish).

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

40.Noga T., Polek W., Poradowska A. (2022). Rare
and endangered diatoms Bacillariophyta develop-
ing in the Nature Reserve “Broduszurki”. Rocznik
Przemyski, 58(3), 59-72 (in Polish with English
summary).

41.NogaT., Skubisz L., Poradowska A. (2024). Pogorze
Przemyskie Landscape Park complex as a habitat

401



Journal of Ecological Engineering 2026, 27(1), 392—-402

for rare and new to Poland Pinnularia species. Jour-
nal of Ecological Engineering, 25(2), 203-214.

42.Noga T., Stanek-Tarkowska, Peszek L., Pajaczek
A., Kochman N. (2014a). The new localities of rare
species Neidium hercynicum Mayer on the peatland
areas of southern and south-eastern Poland. Journal
of Ecological Engineering, 15(3), 64—69.

43.Noga T., Stanek-Tarkowska J., Peszek L., Pajaczek
A., Kochman N., Zubel R. (2014b). 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.

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

45. Pentecost A., Haworth E. (2021). Freshwater algae
of Cumbria including the Lake District National
Park Freshwater. Biological Association Scientific
Publication, 72, 1-166.

46.Peecters V., Ector L. (2017). Atlas des diatomées
des cours d’eau du territoire Bourguignon. Volume
1: Centriques, Araphidées. Direction Bourgogne
Régionale de I’Environnement, de I’Aménagement
et du Logement Bourgogne-Franche-Comté, Di-
jon, 309.

47.Potapova M. (2010). Psammothidium scoti-
cum. In: Diatoms of North America. Retrieved
05.28.2025, https://diatoms.org/species/44755/
psammothidium_scoticum1

48.Potapova M. (2014). Diatoms of Bering Island,
Kamchatka, Russia. Beihefte zur Nova Hedwigia,
143, 63-102.

49.Roubeix V., Attia L., Chavaux R., Very F., Olivier
A., Ector L., Vassal V. (2021). Specificity of diatom
communities attached on the carapace of the Euro-
pean pond turtle (Emys orbicularis). Advances in
Oceanography and Limnology, 12(1). https://doi.
org/10.4081/ai0l.2021.9119

402

50. Rybak M., Poradowska A., Kochman-Kg¢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).

51. Siver P.A., Kling H. (1997). Morphological obser-
vations of Aulacoseira using scanning electron mi-
croscopy. Can. J. Bot., 75, 1807—-1835.

52.Skubisz J., Noga T. (2023). Diatoms of peat bog
areas in selected Landscape Parks of Podkarpacie.
Edytorial, ZPK w Przemyslu, Przemysl, 172 (in
Polish).

53. Szczurowska, A. (2003). Algal flora of peat bogs in
the nature reserve “Migdzyrzeki” in Roztocze Na-
tional Park. Acta Agroph., 1(88-3), 569-574.

54. Szczurowska A. (2006). Algal communities in small
dystrophic water reservoirs on peat bogs of Roztoc-
ze National Park. Polish Journal of Environmental
Studies, 15(5d), 606-610.

55.Szczurowska A. (2009). Structures of prokaryotic
and eukaryotic algae from drainage ditch in oligo-
trophic peat bog complex (Roztocze National Park).
Teka Kom. Ochr. i Kszt. Srod. Przyr., 6, 353-361.

56.Tuji A. (2015). Distribution and taxonomy of the
Aulacoseira distans species complex found in Japa-
nese Harmonic Artificial Reservoirs. Bulletin of the
National Museum of Nature and Science, Ser. B.,
41(2), 53-60.

57.Veen A., Hof C.H.J., Kouwets F.A.C., Berk-
hout T. (2015). Taxa Watermanagement the
Netherlands (TWN) [Rijkswaterstaat Waterdi-
enst, Informatichuis Water] http://ipt.nlbif.nl/ipt/
resource?r=checklist-twn

58. 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.

59. Wotowski K. (2011). Preliminary studies on eugle-
noids and other algal flora of the peat bog Wotosate
in Bieszczady National Park. Fragmenta Floristica
et Geobotanica Polonica, 18(1), 131-146 (in Polish
with English summary).



