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Abstract: Diatom assemblages collected from ponds and pools surrounding Arctowski Station (King George Island,
South Shetland Islands) have been investigated. The study focused on two groups of samples: archival samples
collected in the 1990s and contemporary samples collected in 2015. All samples were analysed following the revised
taxonomy. A total of 118 diatom taxa representing 38 different genera were identified. The diatom flora consisted of
both species typical of the maritime Antarctica (47% of all taxa), as well as cosmopolitan species (21% of all taxa).
Four European taxa (4Adlafia minuscula, Nitzschia palea, Nitzschia perminuta, Surirella angusta), that have not been
previously observed in Antarctica, have been recorded. The potential sources of their presence in Antarctica are

discussed.
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Introduction

Since the establishment of permanent research stations in
Antarctica became common in the 1950s, this region has
been impacted by widespread, long-term, and ongoing hu-
man activity. Research efforts and associated support, and
logistical operations adversely affect the natural environ-
ment (Chown et al. 2012). These impacts may include
greenhouse gas emissions, disturbances or displacements
of wildlife, habitat destruction, the introduction of non-
native species, and the release of contaminants into water,
air, and soil (Chown et al. 2012; Hughes ef al. 2023 and
references therein).

In Antarctica, more than 100 research stations operate
either year-round or seasonally, accommodating approxi-
mately 5000 people each year (Chwedorzewska 2009;
Chwedorzewska et al. 2013a, 2013b). Most of these sta-

provided that the article is properly cited.

tions, usually situated on ice-free locations, are sheltered
from the wind and have access to freshwater, making them
appealing to local flora and fauna due to their favorable
microclimate. Scientific activities in polar regions are con-
sistently supported by infrastructure and extensive facil-
ities, requiring the annual transport of huge amounts of
cargo and people (Chwedorzewska et al. 2013a). Contain-
ers and lightweight contain seeds, spores, soil microorgan-
isms, even live organisms and their propagules. Food is
a rich source of invertebrates, seeds and fungi, while on
clothes, shoes and luggage mostly seeds are transported
(Hughes et al. 2005, 2010, 2011; Chwedorzewska 2008,
2009; Osyczka 2010; Chown et al. 2012; Litynska-Zajac
et al. 2012; Huiskes et al. 2014). Another significant and
widespread consequence of human activity is chemical
pollution, including fuel spills, exhaust fumes (Bargagli
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2005) as well as the management of waste and wastewater
(Connor 2008). Wastewater discharge can impact the local
marine ecosystem and present a serious danger of environ-
mental degradation (Stark et al. 2015, 2016; Szopinska
et al. 2021). It can also influence soil and water (Hughes
2003a, 2003b) often leading to the eutrophication of natu-
rally oligo-mesotrophic ecosystems, which in consequence
may also promote the development of alien species (fresh-
water and soil algae and bacteria), especially in the vicinity
of research stations (Broady and Smith 1994; Kashyap and
Shukla 2001).

A good example of an anthropogenic introduction and
subsequent rapid expansion in the maritime Antarctica is
the annual bluegrass Poa annua L. The first recorded ap-
pearance of this species in Antarctica was in 1953 (Skotts-
berg 1954). Because of its excellent adaptation to environ-
mental stress and unstable habitats P. annua is considered
an invasive species spread across the Antarctic Peninsula
region. The expansion of this species in the vicinity of
Arctowski Station is well documented (Chwedorzewska
2008; Olech and Chwedorzewska 2011; Chwedorzewska
et al. 2015).

Microorganisms (bacteria, fungi, and algae) that have
a significant share in the biomass of terrestrial biocenoses,
represent the most challenging group to monitor. Knowl-
edge about both taxonomy and the level of endemism of
this group in general is rather low, due to technical diffi-
culties in conducting research (Vincent 2000). It can be
challenging to determine whether a specific species was
introduced by humans or is a cosmopolitan species that
naturally occurs in the Antarctica. Since the onset of hu-
man activities, various items such as food, wood, and other
materials have been introduced to Antarctica. These items
can serve as significant vectors for microorganisms, in-
cluding fungi (Kerry 1990; Arenz et al. 2010), bacteria
(Vigo et al. 2011) and algae (Broady and Smith 1994).

Diatoms (Bacillariophyta) are considered to be one of
the most abundant and productive algal groups in Antarctic
and Sub-Antarctic inland waters, and terrestrial environ-
ments (Jones 1996; Sabbe et al. 2003; Verleyen ef al. 2021
and references therein). As a part of a unique flora, dia-
toms develop in freshwater lakes, ponds, small water
bodies on glacial moraines, in streams and creeks, often
ephemeral, whose occurrence depends on melting snow
and ice cover. They also grow abundantly on terrestrial
mosses and inhabit the surface layer of moist soil, where
they often play a dominant role (Zidarova et al. 2016).

In the maritime Antarctica, numerous surveys on the
diatom flora, combined with an extensive revision of all
genera, resulted in the first freshwater diatom identifica-
tion guide, in which freshwater and terrestrial diatom from
this region are illustrated and discussed (Zidarova et al.
2016 and references therein). However, these studies have
not exhausted the topic related to the uniqueness of the
Antarctic diatom flora.

With the establishment of Arctowski Station, diatom
research was also facilitated in this part of King George
Island. Several floristic and ecological diatom studies were

published in at the turn of the 20th and 21st centuries and
discussed the freshwater diatom flora in streams, creeks
and puddles on the western shore of Admiralty Bay (Ka-
wecka and Olech 1993; Luscinska and Ky¢ 1993; Ka-
wecka et al. 1996, 1998; Noga and Olech 2004). Although
all these data indicate a large diatom diversity, many of the
recorded species were identified as typical European taxa.
Lus$cinska and Ky¢ (1993) made the first general algal
survey of the diversity around Arctowski Station, reporting
the presence of more than 120 diatom taxa, including,
however, typical European taxa such as Asterionella for-
mosa Hassall (Hassall 1850) or Gomphonema parvulum
(Kiitzing) Kiitzing (Kiitzing 1849). In the same year Ka-
wecka and Olech (1993) studied diatom communities in
two creeks (Vanishing and Ornithologist creeks) and re-
corded 74 diatom taxa, and few years later Kawecka ef al.
(1998) discussed diatoms in small waterbodies at Arctows-
ki Station. Despite the unique nature of the Antarctic dia-
tom flora, none of these studies indicated the presence of
endemic species, but instead reported the presence of both
typical European species, as well as some unknown spe-
cies that could not be identified based on the (mainly Eur-
opean) literature available at the time. Only one study
discussed the morphological variability of one of the most
typical Antarctic diatoms, Luticola muticopsis (Van
Heurck) D.G.Mann (Kawecka et al. 1996).

Diatom studies published before the taxonomic revi-
sion that started around 2010, see Zidarova et al. (2016)
and references therein, were based on a less fine-grained
species concept, mainly driven by the Ubiquity hypothesis
(Finlay and Clarke 1999) stating that most diatom taxa in
Antarctica have a cosmopolitan distribution (Jones 1996).
This resulted in lumping morphologically variable species
as one single taxon and/or force-fitting other taxa into
European or North American species names (Tyler
1996), which consequently led to incorrect interpretations
of the diversity, biogeography as well as ecology of the
Sub-Antarctic diatoms (Sabbe et al. 2003; Van de Vijver
et al. 2005).

During the last years, several ecological and taxonomi-
cal studies based on the refined taxonomy as proposed in
Zidarova et al. (2016) were published on the diatom fresh-
water and terrestrial assemblages on King George Island
(Kochman-Kedziora et al. 2018a, 2022; Noga et al. 2020).
The uniqueness and high degree of endemism of the ob-
served diatom flora were confirmed by the description of
several new species from this region (Kochman-Ke¢dziora
et al. 2016, 2017, 2018, 2020a, 2020b, 2022)

The present study discusses the actual diatom commu-
nities in waterbodies within the area of Arctowski Station
based on the revised diatom flora according to Zidarova
et al. (2016). In order to study potential changes in diatom
communities, diatom samples collected in the 1990s were
reanalyzed and compared to samples obtained two decades
later, i.e., in 2015. Potential reasons for the presence of
typically European species in the examined material were
also discussed.
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Study area

Arctowski Station (62°09°417°S, 58°28°10”W; Fig. 1) was
founded in 1977 and is located in a small (about 4.2 km?)
ice-free oasis on the western shore of Admiralty Bay on
King George Island, (61°54° to 62°16’S and 57°35’ to
59°02’W), the largest island of the South Shetland Archi-
pelago. The station consists of several facilities mostly
constructed in 1977, although some of them were rebuilt
in later years. It is a year-round scientific station occupied
by scientists and support personnel, and regularly visited
by tourists since the early 1980s (Chwedorzewska and
Korczak 2010).

The climate of the island is typical for the maritime
Antarctica, transitional between the Antarctic Continent
and the Sub-Antarctic islands (Marsz and Rakusa-Sus-
zczewski 1987) with small annual variations in air tem-
perature, relatively high humidity and constant cloud

cover. The multi-annual mean air temperature during
1977-1998 was —1.6°C, while during 2013-2017 was
—1.7°C (Marsz and Styszynska 2000; Plenzler et al.
2019). The average amount of precipitation in this area
is 600—700 mm (Wen et al. 1994; Rakusa-Suszczewski
2002; Peter et al. 2008; Liu et al. 2011). The mean an-
nual precipitation during 1977-1998 was 499.8 mm,
whereas in 2017 the precipitation sum was 491.2 mm
(Marsz and Styszynska 2000). The investigated pools
around the station were situated behind a storm ridge and
represent shallow coastal water bodies.

Methods

The study included samples from various waterbodies ad-
jacent to station buildings collected during three Antarctic
Scientific Expeditions. In total, 18 samples were obtained
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Fig. 1. Study area. The map of Antarctica showing the position of King George Island (A) and Arctowski Station (B). Sampling
sites (1-16) in the area of Arctowski Station (C). Samples collected in the 1990s (6 samples) marked with a grey circle, samples
collected in 2015 (12 samples). Position of septic tanks according to Szopinska et al. (2021).
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by scraping of submerged boulders (epilithon) or by col-
lecting a thin layer of surface sediment (epipelon) and
fixed by adding concentrated ethanol for preservation. Six
samples were collected in 1990s. Among them one sample
(12) was obtained from epipelon of small, shallow puddle
next to the main building during austral summer of 1991—
1992. Five samples (11 and 13—-16) were collected during
the austral summer of 1995-1996 from various types of
water-bodies: puddle (sample 11), small ponds (samples
13, 14, 16), and lake (sample 15).

Twenty years later, during the Antarctic Expedition
2014-2015 another 12 samples were collected. Four of
them were collected from lakes, two from ponds with a sur-
face area of 40 to 100 square meters and five from small
ponds (surface area < 40 m?). One sample (10) was ob-
tained from aa creek, meaning a small, occasionally drying
stream. Detailed information about all samples is provided
in Table 1.

Due to logistic constraints, only a few physico-chemi-
cal parameters could be measured in situ in 2015. Water

Table 1. List of samples with detailed physico-chemical information per sample. Type of water-body: lake, pond (surface
area < 100 m?), small pond (surface area < 40m?), puddle (ephemeral shallow water-body), creek (small, occasionally drying
stream).

ND - not determined, T - temperature, EC - conductivity.

. Sample | Water-body . o EC
Sample | Sampling date - - GPS coordinates Depth (cm) | Water pH T (°C) 08 e )
epilithon / 62°09'34.5"S 3
1 12.02.2015 epipelon small pond 58928724 3W" 5-10 8.7 11.3 127
epilithon / 62°09'33.0"S
2 12.02.2015 epipelon small pond 58928124, [ W" - 8.5 10.5 155
. 62°09'34.6"S
3 12.02.2015 epipelon pond 58928124 GW" 3040 8.5 10.8 126
. 62°09'35.0"S
4 12.02.2015 epipelon | small pond 58928127 JW" 10-15 7.8 10.7 84
. 62°09'36.8"S
5 13.02.2015 epipelon | small pond 58928124 TW" 20-30 9.0 16,9 476
. 62°09'38.1"S
6 13.02.2015 epipelon pond 58928123 SW" 10-15 9.1 16.1 487
epipelon /
62°09'37.0"S
7 13.02.2015 | algal mats | small pond 53°28"20.7TW" 5-10 8.8 14.7 235
. 62°09'36.1"S
8a 13.02.2015 epipelon 5892821 OW" 10-50 8.6 14.1 291
fake 62°09'33.7"S
8b 13.02.2015 | epilithon 58928'15 SW" 20 8.7 11.5 298
- 62°09'29.7"S
9a 14.02.2015 epilithon lak.e 58927'59 SW" 70 8.7 6.5 310
ilith (Wujka 62°09'30.9"S
epilithon Lake °09'30.9"
9b 14.02.2015 / epipelon ) 58928105 4W" 40 8.3 6.9 328
. 62°09'33.3"S
10 12.02.2015 epipelon creek 5892824 | W" 5-10 8.0 10.4 125
11 19.01.1996 epipelon puddle ND ND ND ND ND
12 15.01.1992 epipelon puddle ND ND ND ND ND
13| 02.03.1996 | PPN | Call pond ND ND ND ND ND
14| 02.03.1996 | PPN |l pond ND ND ND ND ND
epilithon lake
15 | 02.03.1996 | °P". (Wujka ND ND ND ND ND
/ epipelon
Lake)
16 | 02.03.1996 | cpilithon | small pond ND ND ND ND ND
/ epipelon
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temperature, pH, and conductivity (EC) were measured
using a MARTINI PH65 meter and a MARTINI EC59
meter. Geographical coordinates of each sampling location
in 2015 were recorded using a handheld GPS. No geo-
graphic coordinates had been recorded and no physico-
chemical measurements had been performed in 1992 and
1995-1996.

Slide preparation and diatom identification

Samples for diatom analysis were prepared according to
the method used by Kawecka et al. (1998) and Kawecka
(2012). In order to obtain cleaned diatom valves part of
each sample was digested using a mixture of concentrated
sulfuric and chromic acid, then cleaned and centrifuged (5
times 5 minutes at 2 500 rpm). Excess inorganic soil matter
was removed by sedimentation. Cleaned suspension was
mounted in Pleurax (refractive index 1.75) and observed at
1000x magnification using a Nikon ECLIPSE 80i light
microscope equipped with Differential Interference Con-
trast (Nomarski) optics and a Carl Zeiss Axio Imager A2.
Diatom images were captured using the Zeiss ICC 5 cam-
era. For scanning electron microscopy (SEM), part of the
cleaned suspension was filtered through a 3 pm Isopore™
polycarbonate membrane filter (Merck Millipore), air—
dried and attached to aluminum stubs. The stubs were
sputter-coated with a 20 nm gold layer using the Turbo-
Pumped Sputter Coater Quorum Q 1500T ES. Diatoms
were studied in a Hitachi SU8S010 microscope at 5 kV at
University of Rzeszow (Poland).

Diatom identification was based on Zidarova et al.
(2016 and references therein), Lange-Bertalot er al.
(2017), Bulinova et al. (2018), Van de Vijver (2019),
Kochman-Kedziora et al. (2020, 2022). Marine taxa were
identified using Witkowski et al. (2000) and Al-Handal
and Wulff (2008).

Data analysis

The species composition of each sample was determined
by counting valves on randomly selected transects up to
sum of 400 (Kopalova ef al. 2014, 2019). After the count,
the rest of the slide was examined for rare species that
were not observed during the counting. Species with
a share of 5% or more in a diatom assemblage were de-
fined as dominants. A geographical distribution of noted
taxa according to Van de Vijver et al. (2011a, 2011b,
2014, 2016, 2018), Zidarova et al. (2016), Bulinova et al.
(2018), Van de Vijver (2019) and Kochman-Kg¢dziora ef al.
(2020b, 2022).

The Shannon-Wiener diversity index (log;o-based) and
Hill’s evenness index were calculated using the statistical
package MVSP 3.2 (Kovach Computing Services 2002).
To clarify patterns in the species composition, ordination
techniques were applied. Detrended correspondence ana-
lysis was used to estimate gradient length. The analysis
showed gradient lengths for the first four axes of 0.2586,
0.1608, 0.1267 and 0.0873 suggesting that methods based

on linear models (PCA: Principal Components Analysis)
should be applied for all subsequent ordinations of the
dataset (ter Braak and Prentice 1988). All statistical ana-
lyses were performed using CANOCO version 5.03 (ter
Braak and Smilauer 1998) and are described in full detail
in Jongman et al. (1995).

Results

Water samples collected in 2015 were characterized by
alkaline pH, ranged from 7.8 (sample 4) to 9.1 (sample
6). The lowest conductivity value (84 uS cm™') was mea-
sured in small pond (sample 4), whereas the highest in the
pond (sample 6) surrounded by mosses (487 puS cm ')
(Table 1).

A total of 118 diatom taxa, including species and vari-
eties as well as marine taxa, belonging to 38 different
genera were identified in the freshwater samples. A full
list of all observed taxa is provided in Table 2. Samples
collected in 1990s had a slightly lower diversity (86 taxa)
comparing to 2015 with 96 recorded taxa (Table 3).
Among all recorded taxa, eleven had a marine origin, con-
sisting of 0.13% of all counted valves. The number of taxa
observed per sample ranged from 17 to 51 (mean 33). The
highest species diversity was recorded in sample 15 col-
lected in 1996, whereas only 17 taxa were noted in sample
6 (sampled in 2015). The average number of species for
samples collected in the 1990s was 37 and 31 for samples
from 2015. Table 3 presents the main similarities and dif-
ferences in diatom communities for samples collected in
the 1990s and 2015.

The most species-rich genus was Luticola (14 taxa),
followed by Pinnularia (12 taxa), Nitzschia (9 taxa) and
Psammothidium (6 taxa). The first three genera were com-
mon in both groups of samples: collected in 1990s and
2015 (Table 3).

The most abundant taxa were Nitzschia gracilis
Hantzsch (13.3% of all counted valves), Nitzschia palea-
cea (Grunow) Grunow (11.4%), Planothidium australe
(Manguin) Le Cohu (7.1%), Navicula gregaria Donkin
(6.9%) and Nitzschia homburgiensis Lange-Bertalot
(6.6%). In the samples from the 1990s, the second most
abundant species was Nitzschia stelmachpessiana
Hamsher et al. (12.0% of counts).

Analysis of all species geographical distribution
showed the majority of recorded species (61%) have a dis-
tribution restricted to Antarctica, with almost 47% of them
being endemic for the maritime Antarctica. On the
other hand, 21% of recorded taxa (25 taxa) are considered
to be cosmopolitan (Table 2). An additional 7.6% (9
taxa) have an uncertain taxonomical status (taxa with a ‘cf.’
qualifier, meaning “confer” meaning “compare with”’) and
their distribution was designated as “unknown”. The divi-
sion of taxa in term of geographical distribution was simi-
lar for samples collected in the 1990s and in 2015 (Ta-
ble 3).

On the list of all observed cosmopolitan taxa in the
present study, four typical European species have pre-
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Table 2. List of all observed species in samples collected in 1990s and 2015. The presence of taxa is marked with “+”.
Confirmed distribution: C — cosmopolitan; MA — maritime Antarctica; CA — continental Antarctica; SA — Sub-Antarctica; U —
unknown. Marine species are listed at the end of the table.

Samples collected in
Taxon Distribution 2015 1990s

Achnanthes coarctata (Brébisson) Grunow C 4
Achnanthes muelleri G.W.F. Carlson MA
Adlafia minuscula (Grunow) Lange-Bertalot C
Adlafia submuscora Van de Vijver, Kopalova, Zidarova and E.J.Cox MA
Adlafia cf. submuscora Van de Vijver, Kopalova, Zidarova and E.J.Cox U
Brachysira minor (Krasske) Lange-Bertalot C
Caloneis australis Zidarova, Kopalova and Van de Vijver MA
Sﬁﬁrgc;e]\)/iigz\rlzgrlaria australomediocris (Lange-Bertalot and Rol.Schmidt) MA/SA " .
Chamaepinnularia gerlachei Van de Vijver and Sterken MA
Chamaepinnularia krookiformis (Krammer) Lange-Bertalot and Krammer C
Craticula australis Van de Vijver, Kopalova and Zidarova MA
Craticula antarctica Van de Vijver and Sabbe MA/CA 4
Eunotia pseudopaludosa Van de Vijver, M. de Haan and Lange-Bertalot MA +
Fistulifera pelliculosa (Brébisson) Lange-Bertalot C 4
Fragilaria cf. parva Tuji and Williams U +
Gomphonema maritimo-antarcticum Van de Vijver et al. MA +
Gomphonema sp. 0] +
Halamphora ausloosiana Van de Vijver and Kopalova MA 4 4
Hantzschia abundans Lange-Bertalot C +* i
Hantzschia acuticapitata Zidarova and Van de Vijver MA 4+
Hantzschia amphioxys (Ehrenberg) Grunow C + +
Hantzschia australabundans Bulinova, Kochman-Kedziora, Kopalova and
Van de Vijver MA * *
Hantzschia hyperaustralis Van de Vijver and Zidarova MA/CA
Hippodonta hungarica (Grunow) Lange-Bertalot, Metzeltin and Witkowski C + +
Humidophila inconspicua (Kopalova and Van de Vijver) R.L.Lowe, MA " "
Kociolek, J.R.Johansen, Van de Vijver, Lange-Bertalot and Kopalova
Humidophila keiliorum Kopalova MA 4+
Humidophila sceppacuerciae Kopalova MA +
Humidophila tabellariaeformis (Krasske) R.L.Lowe et al. C + +
Humidophila vojtajarosikii Kopalova, Zidarova and Van de Vijver MA i 4
Luticola australomutica Van de Vijver MA 4+ +
Luticola austroatlantica Van de Vijver et al. MA/CA + +
Luticola bogaertsiana Zidarova, Levkov and Van de Vijver MA 4
Luticola contii Zidarova, Levkov and Van de Vijver MA 4
Luticola higleri Van de Vijver, Van Dam and Beyens MA +
Luticola muticopsis (Van Heurck) D.G.Mann A +
Luticola kaweckae Kochman-Ke¢dziora, Noga, Olech and Van de Vijver MA 4
Luticola truncata Kopalova and Van de Vijver MA 4
Luticola olegsakharovii Zidarova, Levkov and Van de Vijver MA +
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Table 2 continued

Samples collected in
Taxon Distribution 2015 1990s

Lutic?la puchalskiana Kochman-Kedziora, Zidarova, Noga, Olech and Van MA "
de Vijver
Luticola quadriscrobiculata Van de Vijver MA +
Luticola vandevijveri Kopalova, Zidarova and Levkov MA
Luticola vermeulenii Van de Vijver MA 4
Luticola sp. U +
Mayamaea cf. atomus (Hustedt) Bruder and Medlin U +
Mayamaea excelsa (Krasske) Lange-Bertalot C +
Mayamaea permitis (Hustedt) Bruder and Medlin U A 4
Mayamaea sweetloveana Zidarova, Kopalova and Van de Vijver MA +
Microcostatus australoshetlandicus Van de Vijver et al. MA 4
Muelleria aequistriata Van de Vijver and S.A.Spaulding MA 4 +
Muelleria algida Spaulding and Kociolek MA 4
Muelleria australoatlantica Van de Vijver and S.A.Spaulding MA + +
Muelleria kristinae Van de Vijver MA S
Muelleria nogae Van de Vijver, Zidarova and Kopalova MA 4 +
Muelleria sabbei Van de Vijver and S.A.Spaulding MA +
Navicula australoshetlandica Van de Vijver MA +
Navicula bicephaloides Van de Vijver and Zidarova MA 4
Navicula dobrinatemniskovae Zidarova and Van de Vijver MA +
Navicula gregaria Donkin C 4 +
Navicula romanedwardii Zidarova, Kopalova and Van de Vijver MA +
Navicula sp. U i
Nitzchia gracilis Hantzsch C + +
Nitzschia homburgiensis Lange-Bertalot C + +
Nitzschia kleinteichiana Hamsher et al. MA + +
Nitzschia palea (Kiitzing) W.Smith C 4 4
Nitzschia paleacea (Grunow) Grunow C + +
Nitzschia perminuta Grunow C +
Nitzschia soratensis E.Morales and M.L. Vis C +
Nitzschia stelmachpessiana Hamsher et al. MA 4 4
Nitzschia vandeputteana Hamsher, Kopalova, Kociolek, Zidarova and Van MA N
de Vijver
Orthoseira sp. 0] + +
Pinnularia australodivergens Zidarova, Kopalova and Van de Vijver MA +
Pinnularia australoglobiceps Zidarova, Kopalova and Van de Vijver MA/SA + +
Pinnularia australomicrostauron Zidarova, Kopalova and Van de Vijver MA/CA 4 4
Pinnularia australoschoenfelderi Zidarova, Kopalova and Van de Vijver MA 4 +
Pinnularia austroshetlandica (G.W.F. Carlson) A. Cleve MA/SA + +
Pinnularia borealis Ehrenberg C 4 4
Pinnularia borealis var. pseudolanceolata Van de Vijver and Zidarova MA A 4
Pinnularia magnifica Zidarova, Kopalova and Van de Vijver MA A
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Table 2 continued

Samples collected in

Taxon Distribution 2015 1990s
Pinnularia microstauroides Zidarova, Kopalova and Van de Vijver MA S 4
Pinnularia perlanceolata Van de Vijver and Zidarova MA 4
gl('ﬁzzl?laria subantarctica var. elongata (Manguin) Van de Vijver and Le MA/SA " .
Pinnularia cf. strictissima Manguin U 4
Pinnunavis gebhardii (Krasske) Van de Vijver C +
Placoneis australis Van de Vijver and Zidarova MA 4 4
Planothidium australe (Manguin) Le Cohu C + +
Planothidium lanceolatum (Brébisson) Lange-Bertalot C +* 4
Planothidium rostrolanceolatum Van de Vijver, Kopalova and Zidarova MA + +
Psammothidium antarcticum Van de Vijver MA/SA 4
Psammothidium germainii (Manguin) Sabbe MA/SA 4
Psammothidium germainioides Van de Vijver, Kopalova and Zidarova MA +
Psammothidium incognitum (Krasske) Van de Vijver MA/SA
Psammothidium papilio (D.E.Kellogg et al.) Kopalova and Van de Vijver MA/SA 4
Psammothidium rostrogermainii Van de Vijver, Kopalova and Zidarova MA/CA
Psammothidium subatomoides (Hustedt) Bukhtiyarova and Round C A
Sellaphora antarctica Zidarova, Kopalova and Van de Vijver MA + +
Sellaphora gracillima Zidarova, Kopalova and Van de Vijver MA i
Stauroforma inermis Flower, V.J. Jones and Round MA/SA + +
Stauroneis acidojarensis Zidarova, Kopalova and Van de Vijver MA 4
Stauroneis huskvikensis Van de Vijver and Lange-Bertalot MA +
Stauroneis latistauros Van de Vijver and Lange-Bertalot A 4 4
Stauroneis minutula Hustedt C
Stauroneis pseudomuriella Van de Vijver and Lange-Bertalot MA/SA
Staurosira pottiezii Van de Vijver MA + +
Staurosira sp. U +
Surirella australovisurgis Van de Vijver, Cocquyt, Kopalova and Zidarova MA 4 4
Surirella angusta Kiitzing C 4
Tryblionella debilis Arnott C +
marine species
Cocconeis costata W. Gregory group marine F +
Cocconeis costata var. antarctica Manguin marine +
Cocconeis japonica var. antarctica Van Heurck marine +
Cocconeis pinnata var. matsi Al-Handal, Riaux-Gobin and Wulff marine A
Cocconeis schuettii Van Heurck marine 3
Fragilariopsis sp. marine +
Licmophora sp. marine A
Navicula perminuta Grunow complex marine
Petroneis sp. marine “F
Pseudogomphonema sp. marine
Thalassiosira gracilis (Karsten) Hustedt marine
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Table 3. A comparison of samples collected in 1990s and in 2015. NO =

not observed, CHKF — Chamaepinnularia

krookiformis, NGRE — Navicula gregaria, NIGR — Nitzschia gracilis, NIHO — N. homuburgiensis, NIPC — N. paleacea, NIST —
N. stelmachpessiana, PLAU — Planothidium australe, PLRL — Planothidium rostrolanceolatum.

All samples 1990s 2015
Number of samples 18 6 12
diatom assemblages
Number of recorded taxa 118 86 96
Number of taxa recorded only in 1990s/2015 - 22 32
Highest diversity 51 51 (sample 15) 45 (sample 9a)
Lowest diversity 17 18 (sample 13) 17 (sample 6)
Average number of species per sample 33 37 31

Most species-rich genus
(number of taxa)

Luticola (14),
Pinnularia (12), Nitzschia
(9), Psammothidium (7)

Luticola (12),

Pinnularia (9),

Nitzschia (8),
Psammothidium (5)

Luticola (9),
Pinnularia (11),
Nitzschia (8),
Hantzschia, Humidophila,
Muelleria, Navicula (5)

Most abundant taxa
(% of all counted valves)

NIGR (13.3%)
NIPC (11.4%)
PLAU (7.1%)
NGRE (6.9%)
NIHO (6.6%)

NIGR (13.5%)
NIST (12.0%)
NIPC (11.1%)
NIHO (8.6%)
CHKF (8.5%)

NIGR (13.1%)
NIPC (11.4%)
NGRE (7.1%)
PLAU (7.1%)
PLRS (6.9%)

distribution

Cosmopolitan

21 % of all taxa

24.4% of all taxa

23% of all taxa

Restricted to maritime Antarctica

46 % of all taxa

43% of all taxa

46.9% of all taxa

Restricted to Antarctica (including regional
endemism)

61 % of all taxa

59.3% of all taxa

60.4% of all taxa

Marine

9.3% of all taxa
(0.13% of counts)

5.8% of all taxa
(0.16% of counts)

10.4% of all taxa
(0.11% of counts)

Discussed Euro

pean species

Adlafia minuscula

NO

in 5 samples
(maximum share: 5.3%)

Nitzschia palea

in 2 samples
as single specimens

in 6 samples
(maximum share: 1.5%)

Nitzschia perminuta

NO

in 7 samples
(maximum share: 28.3%)

Surirella angusta

in 2 samples
(maximum share: 6.3%)

in 10 samples
as single specimens

viously not been observed in both freshwater and terrestrial
diatom assemblages of the maritime Antarctica according
to the revised taxonomy of Antarctic diatoms. These in-
clude three dominant species: Adlafia minuscula (Grunow)
Lange-Bertalot, Nitzschia perminuta Grunow, Surirella
angusta Kiitzing (Table 4) and one species forming a smal-
ler population: Nitzschia palea (Kiitzing) W. Smith. All
species were studied in detail using both LM and SEM
(Fig. 2). No morphological differences could be observed
between the recorded Antarctic populations and popula-
tions from Europe. Surirella angusta and N. palea were
noted in both the 1990s and 2015 samples, whereas the

three other species were recorded only in samples from
2015. Their numbers in the samples ranged from single
specimens (Nitzschia palea) to dominance with a maximum
share reaching over 28% (N. perminuta) (Table 3).

Twenty-four of all observed species were considered as
dominants. Among them, 7 reached 5% or more in only
one sample. On the other hand, 5 taxa dominated assem-
blages in at least half of samples (Table 4).

The Shannon-Wiener diversity index calculated for all
samples ranged from 0.51 (sample 12) to 1.12 (sample 1;
mean 0.84 + 0.18). Diversity analysis also revealed
a slightly lower mean Shannon-Wiener diversity index for
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Table 4 continued
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samples collected in 1990s (0.77 + 0.2), compared to the
diversity value for samples collected in 2015 (0.88 + 0.17;
Table 4).

Some differences in the composition of diatom assem-
blages could be observed. The first two ordination axes of
the Principal Components Analysis (Fig. 3) (PCA) ex-
plained 42% (25.9% for axis 1 and 16.1% for axis 2) of
the cumulative variation in the diatom data set with an
additional 21.4% on the next two axes. The groups of
points visible in the diagram (A, B, and C) correspond to
sites that are adjacent to each other or located a short dis-
tance away within the research station. Group A is com-
posed of samples collected from the epipelon of small
ponds in the southern part of the Arctowski Station area
(Fig. 1), distinguished by a large population of two
Nitzschia species: N. gracilis and N. homburgiensis. Sam-
ples grouped in the lower left corner of the diagram (group
B) were collected from the epipelon of sites located be-
tween the station buildings (a small stream and a source of
drinking water) (Fig. 1). These samples were dominated by
Nitzschia species, such as N. paleacea (sample 2, 4, 10, 13)
and N. perminuta (samples 3, 4) as well as Planothidium
rostrolanceolatum Van de Vijver et al., the dominant spe-
cies in almost all samples of this group, except for sample
3 (where it reached only 3% of the counts). The latter
sample was collected from a pond, whereas all other sam-
ples originate from smaller water-bodies (small ponds) and
from the creek (sample 10).

Most of the samples from group C on the PCA diagram
were collected from the largest water bodies located closest
to the waters of Admiralty Bay with an exception of sample
16 collected from a small pond. All samples however were
collected from the epilithon or epilithon/epipelon.

A distinctive species of this group was Staurosira pot-
tiezii Van de Vijver. It reached an abundance of 8.8 % in
sample 16 mounting to about 30% in samples 9a and 9b
collected from the same lake. Although S. pottiezii was not
recorded in sample 8b, also collected from the lake, it was
the dominant species in all other samples in this group. It is
also worth mentioning that in the other groups (A and B)
the species was not observed or was recorded only as
a single specimen (Table 4). Additionally, group C counted
the highest number of marine taxa.

Samples 9a and 9b (group C) were collected in 2015
from Wujka Lake, the largest waterbody in the study area.
Both samples have an almost identical species composi-
tion, differing only in the dominance of Nitzschia soraten-
sis E. Morales and Vis in sample 9b (27%), compared to
only 1% in sample 9a, which was collected closer to Ad-
miralty Bay, next to the lighthouse (Table 4).

Larger differences were observed between samples 8a
and 8b, although collected from the same lake, located close
to the main station building (Fig. 1). Both samples differed
in their species richness with 32 taxa observed in sample 8a
(diversity index 1.02), but only 22 in sample 8b (diversity
index 0.7). Six taxa could be classified as dominant in both
samples, although only 2 of them (Navicula australoshe-
tlandica Van de Vijver and N. gregaria) were common to
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Fig. 2. LM (A-AF) and SEM (AG-AQ) micrographs of selected diatom taxa. A—G, AL, Nitzschia palea, AO, detailed view of
Nitzschia palea, H-L, LM views of Nitzschia perminuta, M-P, AJ-AK, Surirella angusta, Q—AC, Al, Navicula sp., AD-AH
Adlafia minuscula, AM—AN, External and internal views of Nitzschia perminuta, AN, external detail of the raphe of Nitzschia
perminuta, AQ, external detail of the apex and terminal raphe ending of Nitzschia perminuta. Scale bars represent 5 um, except

for AN and AQ, where scale bare is 1 um.
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both samples. The share of both species was higher in sam-
ple 8a (32.5% and 11%, respectively) than in sample 8b,
where both species reached only 5.5%. The remaining
dominant species differed between the two samples. The
co-dominants in sample 8a included Pinnularia australomi-
crostauron (19%), following by N. gracilis (5%), N. hom-
burgiensis (6.5%) and Placoneis australis Van de Vijver
and Zidarova (5.5%). Sample 8b was dominated by 6 spe-
cies, of which Mayamaea permitis and N. soratensis,
reached together 75% of the counts. Sample 8a was col-
lected from the site directly adjacent to the fuel tanks (traces
of fuel were visible on the surface). Sample 8b was col-
lected from the opposite site of the waterbody, next to the
main building, approximately 100 m from site 8a.

The exceptions to the distribution pattern are two out-
lier samples located entirely on top in the middle of the
diagram (samples 11 and 12, both collected in 1990s).
Both samples were collected from the epipelon of small,
shallow puddles located in different parts of the study area
Sampling site 12 was located next to the main station
building, whereas site 11 was situated the most southernly
from the rest (Fig. 1). In sample 12, N. stelmachpessiana
reached 73% of all counted valves, with Chamaepinnular-
ia krookiformis (Krammer) Lange-Bertalot and Krammer
and N. homburgiensis considered as subdominant. Cha-
maepinnularia krookiformis reached 32.5% in sample 11
but only 6.25% in the sample 12, whereas N. homburgien-
sis, reached 31.5% and 12% in samples 11 and 12, respec-
tively (Table 4).

Discussion

Over the past two decades, considerable progress has been
made in our knowledge about the diversity, taxonomy (Ko-
palova and Van de Vijver 2013) and geographic distribution

(Kociolek et al. 2017) of the Antarctic diatom flora. Based
on the results of numerous studies investigating freshwater
and terrestrial diatom assemblages (Zidarova et al. 2016 and
references therein), our results show that the general diver-
sity of diatom assemblages in water bodies located in and
around Arctowski Station is quite similar to the flora that
was observed in other localities of the maritime Antarctica
(Kopalova and Van de Vijver 2013; Kopalova et al. 2013;
Kochman-Kedziora et al. 2018). Kopalova and Van de Vij-
ver (2013) recorded 143 taxa in various freshwater samples
collected from Livingston Island (the second largest island
of the South Shetlands). A slightly lower species richness
(123 taxa) was observed in samples from Ulu Peninsula
(James Ross Island; Kopalova et al. 2013), located, how-
ever, more to the south and on the opposite (south) side of
the Antarctic Peninsula in the Weddell Sea. During the
latest study from small pools and creeks (occasionally dry-
ing streams) on the Ecology Glacier Forefield, south of
Arctowski Station, 122 diatom taxa were noted in 18 sam-
ples (Kochman-Kedziora et al. 2018).

The investigated waterbodies near Arctowski had a simi-
lar physico-chemistry (pH and conductivity values) to those
in the aforementioned studies. Water samples studied by
Kopalova and Van de Vijver (2013) as well as by Koch-
man-Kedziora et al. (2018) had a circumneutral to alkaline
pH, similar to our results (pH values ranging from 7.8 to
9.1). Kawecka et al. (1998) and Nedzarek and Pociecha
(2010) reported an alkaline pH for Wujka Lake (samples
9a and 9b in our study) during the summer seasons of 1987/
1988 and 2003/2004. The pH-gradient is not very strong,
probably due to the dominance of alkaline soils similar to
several other Maritime Antarctic locations (Kopalova and
Van de Vijver 2013; Vinocur and Unrein 2000).

The electrolytic conductivity (EC) values were more
diverse, ranging from 84 pS/cm (sample 4) to 487 pS cm ™'
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(sample 6), similar to the measurements made on the
neighboring Ecology Glacier Forefield (Kochman-Ked-
ziora et al. 2018). In older studies from the same area,
Nedzarek and Pociecha (2010) and Kawecka et al.
(1998) measured higher conductivity values for the Wujka
Lake (corresponding to our samples 9a, 9b), reaching even
665 uS cm ' and 2600 pS cm™ ', respectively. According
to Pociecha (2008), EC values for Wujka Lake can reach
even 37 600 uS cm™ ', which is related to the location on
the seashore and therefore a direct influence of sea water
and marine aerosols (Nedzarek and Rakusa-Suszczewski
2007; Nedzarek and Pociecha 2010). Contrary, EC values
measured in lakes and pools situated further inland on
Livingston Island were low and did not exceed 300
uS em ' (Kopalova and Van de Vijver 2013).

Despite a similar species richness between our studies
and others from the maritime Antarctica, differences in
species composition between the studied diatom assem-
blages can be noted. The proportion of the genus Nitzschia
reached 45%, with two most abundant species, N. gracilis
and N. paleacea showed a frequency of 13.3% and 11.4%,
respectively. The genus Nitzschia also dominated the dia-
tom flora in small pools and creeks (occasionally drying
streams) on the Ecology Glacier Forefield with 40.5% of
all counted valves (Kochman-Kedziora et al. 2018). Apart
from King George Island, Nitzschia species formed large
population in pools on the nearby Livingston Island
(31.7% of all counted valves; Kopalova and Van de Vijver
2013). Nitzschia gracilis is commonly observed in both
lentic and lotic habitats, often dominates also diatom as-
semblages in larger lakes and seepages, and prefers neutral
to alkaline pH and a low conductivity value (Zidarova et al.
2016). The second most abundant Nitzschia species ob-
served in this study was N. paleacea, considered to be
a typical taxon for Antarctic pools and lakes (Kopalova
et al. 2013; Kopalova and Van de Vijver 2013). The spe-
cies, however, were not observed in samples collected
from the waterbodies on the Ecology Glacier Forefield
(Kochman-Kedziora et al. 2018). Nitzschia gracilis was
originally described from Germany but a detailed analysis
of the type material is actually lacking, obstructing a good
morphological comparison between the Antarctic and Eur-
opean populations (Lange-Bertalot ef al. 2017). In France,
the species was observed in circumneutral environments
with a high oxygen level (Bey and Ector 2010). The same
applies also to N. paleacea, observed in eutrophic to poly-
trophic freshwater habitats with medium to high electrolyte
content (Lange-Bertalot et al. 2017). The present investi-
gation is not the first one conducted in the area of Arc-
towski Station. As part of the general limnological char-
acterization of the largest water-body in this area (Lake
Wujka), Nedzarek and Pociecha (2010) recorded 17 dia-
tom species, some of them identified only to the genus
level. Kawecka et al. (1998) also studied various water-
bodies (ponds, puddles, and slow-flowing waters), and
some of the sampling sites overlap with our studies (ponds
I and II in Kawecka et al. 1998 correspond to sites 9 and 8,
respectively). However, comparison of those (historical)

studies with contemporary ones is not always possible
mostly due to unreliable taxa identifications in studies
published before 2000 as well as and underestimation of
the actual species diversity of this region as shown by
more recent works (Zidarova et al. 2016 and references
therein, Verleyen ef al. 2021).

Unexpectedly, four typical European species were ob-
served in the studied samples, which were not recorded in
other newest studies from the Antarctica. In older literature
data, all were reported from various samples in Antarctica
(Kellogg and Kellogg 2002). Nitzschia palea was the most
recorded Nitzschia in Antarctica, followed by N. perminu-
ta. Based on literature data, both species have been ob-
served both from Sub-Antarctica (e.g., South Orkneys,
South Georgia, Crozet Archipelago, Kerguelen Island) as
well as from South Shetlands in the maritime Antarctica.
However, recent revisions of European type materials
showed that due to taxonomic drift, i.e., the continuous
broadening of a species description, several of these spe-
cies became morphologically very variable. On the
other hand, for a lot of common European species, such
a revision is still lacking. For instance, the type material of
N. perminuta has never been properly investigated. Unpub-
lished results show that the species is actually a complex of
(yet undescribed) taxa (Van de Vijver unpublished). A tax-
onomical revision of the Antarctic N. perminuta species
complex revealed the presence of several taxa that were
split off from the European N. perminuta as illustrated in
literature (Hamsher ef al. 2016). It is clear that a better
knowledge of the European N. perminuta populations will
result in even more Antarctic taxa to be split off (Van de
Vijver personal communication). Surirella angusta was
found on several Sub-Antarctic Islands such as Crozet,
Kerguelen and South Georgia but these records have been
revoked and corrected (Van de Vijver ef al. 2013). As
a result, all populations formerly identified as S. angusta
in the Sub-Antarctica have now been renamed, making it
clear that the species does not occur in this region. The
same most likely applies to the records of the maritime
Antarctica, although most of them could no longer be ver-
ified since based solely on written (and not illustrated)
records. For instance, Schmidt et al. (1990) observed S.
angusta on King George Island, and Wasell and Hakans-
son (1992) and Wasell (1993) reported the species from on
Horseshoe Island. In order to revoke these records, the
original material of both papers should be reanalysed,
which is at present unfortunately no longer possible (Van
de Vijver, personal communication) 4. minuscula was re-
ported as N. minuscula from King George Island by Niko-
lajev (1980) and Schmidt et al. (1990). However, in the
light of current knowledge, these records should be re-
garded as unverified. Several European records have been
checked and revised the past decade. All revisions resulted
in a rejection of the European names and the description of
the Antarctic taxa as new species. Examples include Aula-
coseira principissa Van de Vijver, a common Sub-Antarc-
tic Aulacoseira species that was always identified as A.
alpigena (Grunow) Krammer (Van de Vijver 2012), and
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Staurosira vandenbusscheana Van de Vijver that was
identified in older records as Fragilaria alpestris Krasske
described from Germany (Van de Vijver et al. 2020).
These four European species, considered cosmopolitan,
however, do not share the same ecological preferences as
they thrive in different habitats. Adlafia minuscula and N.
perminuta develop in streams with good to very good
water quality. Additionally, N. perminuta prefers circum-
neutral to slightly acidic waters (Lange-Bertalot et al.
2017). On the other hand, N. palea and S. angusta prefer
more eutrophic to strongly eutrophic waters with a moder-
ate to high electrolyte content. In addition, S. angusta de-
velops in waters with low organic matter content, but rich
in nutrients (Lange-Bertalot 2001; Lange-Bertalot et al.
2017). These species were all observed by Kawecka et al.
(1998) as single specimens in several samples. Nitzschia
palea is recognised as a species capable of growing in
untreated sewage and heavily polluted habitats (Lange-
Bertalot ef al. 2017). According to data presented by Ka-
wecka et al. (1998), only S. angusta was noted in the first
study conducted in the vicinity of Arctowski Station.
Nitzschia perminuta was recorded in samples collected in
2002 from Moss Creek, flowing next to Arctowski Station
(Noga and Olech 2004).

A fifth possibly European taxon was initially identified
as N. vilaplanii (Lange-Bertalot and Sabater) Lange-Ber-
talot and Sabater, a small-celled, narrow species described
in 1990 from Spain (Sabater et al. 1990). One of the typi-
cal features of N. vilaplanii is the conspicuous white point
visible in LM in the central area between the central raphe
endings. However, careful analysis of the Antarctic speci-
mens revealed that this expression of the central nodule is
missing, indicating that the Antarctic population is not
conspecific with N. vilaplanii. Van de Vijver et al.
(2011b) presented a revision and overview of all Navicula
species observed with certainty in Antarctica. Unfortu-
nately, none of the reported species showed sufficient mor-
phological similarity leading to the only possible conclu-
sion that the Antarctic population identified as
N. vilaplanii (listed in Table 2 as Navicula sp.) represents
an as yet undescribed species.

The observed species are most likely accidentally intro-
duced to Antarctica. Given the very limited number of re-
cords and specimens, it is unlikely that they are part of the
natural Antarctic flora. If accidentally introduced, their de-
velopment was most likely possible due to favorable, more
fertile conditions in the microhabitats in vicinity of the re-
search station, related to human activities, not found any-
where else in the oligotrophic ecosystems of Antarctica.
Recent research indicates that freshwater diatoms in Antarc-
tica are limited in their dispersal and the composition of the
diatom flora is primarily influenced by local environmental
factors (Verleyen et al. 2021). This statement makes natural
dispersal of these five European species highly unlikely and
a contamination of the Antarctic flora via introduction of
non-native species has to be suspected. It may also explain
why these species were not found in other samples, even
after a thorough taxonomic revision. Moreover, the prob-

ability of contamination of the studied samples during trans-
port and/or laboratory work of the samples is negligible,
given the variable ecological preferences of the five species.
All fixed samples were kept in firmly closed vials until slide
preparation in a laboratory intended exclusively for working
on Antarctic material.

It is, however, possible that the proportion of cosmo-
politan species present in Antarctica may be higher than
previously estimated. Most studies on Antarctic diatoms
focused on valuable natural areas with much less human
impact or devoid of the influence. At present, while the
sewage from Arctowski Station complies with the Proto-
col requirements, the effects on the sensitive ecosystems
in close proximity to the research station are not entirely
understood. There is a need to conduct a comprehensive
study of various micropollutants to accurately evaluate
wastewater pollution associated with Arctowski Station
(Szopinska et al. 2019). Despite the strong geographic
isolation of Antarctica, it cannot be ruled out that diatoms
are also able to colonise suitable more eutrophic habitats,
particularly near research stations. As indicated by Cow-
an et al. (2011), despite the geographic isolation, the
Antarctic Continent has never been microbiologically iso-
lated. Recent molecular research has revealed an addi-
tional endemism among diatoms typically regarded as
cosmopolitan. In the case of the terrestrial diatom Pinnu-
laria borealis Ehrenberg (1843), molecular studies have
demonstrated the existence of regionally restricted cryptic
species in the Antarctic and other areas (Pinseel et al.
2020). A similar situation may occur with observed Eur-
opean species. Especially, N. palea or S. angusta can
represent complexes of cryptic species, undistinguishable
based only on the morphological analysis, requiring mo-
lecular research. To confirm these assumptions, further
research is required, not only in valuable natural areas
such as the ice-free Antarctic oases but also in regions
currently impacted by ongoing human activity. Broady
and Smith (1994) emphasised the significance of asses-
sing the presence, dispersion, and potential colonisation
of non-indigenous algae within Antarctica.

Conclusions

A high diversity of freshwater diatom species has been
observed near Arctowski Station. The obtained results have
confirmed the unique nature of the diatom flora in mari-
time Antarctica and have provided enhanced insights in the
nature of freshwater aquatic environments. However,
among all taxa four European species, that have not been
previously observed in Antarctica, have been recorded in
samples collected near Arctowski Station. Our observa-
tions suggest that, despite numerous studies that have been
conducted for over 20 years as comprehensive taxonomic
revision of diatoms in Antarctica, there are still areas re-
quiring more detailed research. Specifically, this includes
zones directly adjacent to research stations which are ex-
posed to the presence and diverse human activity, which
may impact Antarctic ecosystems. Therefore, it is neces-
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sary to monitor the habitats in the immediate vicinity of Chwedorzewska K.J., Gietwanowska I., Olech M., Molina-Mon-

Arctowski Station, particularly in light of the ongoing con-
struction of new station facilities.
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