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Abstract

The Antarctic diatom flora has been at the centre of interest of many studies in past
decades. The present paper brings new information on the species richness, biogeogra-
phy and community composition of diatoms on the Ardley Island, South Shetland
Islands. One fresh-water and ten soil samples had been collected from the Antarctic
Special protected area (ASPA) in the spring of 2019. The following analysis revealed
eighty-six diatom taxa in well-developed communities, dominated by Luticola muticopsis,
L. truncata, Pinnularia australoschoenfelderi, P. austroshetlandica and P. borealis. Ac-
cording to the current biogeographical knowledge, the majority of species have restricted
distribution among the Antarctic Realm; 46.5% of them are reported from various
islands of the Maritime Antarctic Region. Based on the dominance of species as Luticola
muticopsis and L. truncata and their ecological preferences, we concluded that the spe-
cies composition of the diatom communities is driven by high nutrient input from
breeding seabirds and the moisture availability during the austral summer.
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Introduction

Diatoms (Bacillariophyta) are a wide-
spread group of microscopic autotrophic
organisms characterized by their siliceous
shell called a frustule. They are one of the
most abundant algal groups in terrestrial
and fresh-water ecosystems in the Ant-
arctic Realm (Jones 1996, Vyverman et al.
2010). Due to the long-term resistance of

diatom frustule to the environment's physi-
cochemical factors, their assemblages of-
ten serve as valuable bio-indicators due
to the narrow tolerances of most species
site-specific characteristic such as mois-
ture availability, periods of desiccation,
pH or nutrients input (Smol and Stoermer
2010).
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However, using diatoms as bio-indica-
tors in the Antarctic Realm has been com-
plicated in the past by the historically
broad definition of diatom species which
lead to "force-fitting" (Tyler 1996) the Ant-
arctic species and giving them European or
North American names, even though these
species had a sufficient number of differ-
ent features to allow separation as inde-
pendent taxa.

Hand in hand with "force-fitting", the
ubiquity hypothesis goes. Historically, mi-
crobial dispersal was assumed to be fre-
quent and widespread accordingly to Baas-
Becking's (1934) famous statement: "Eve-
rything is everywhere, the environment se-
lects". According to this hypothesis, some
authors, such as Finlay (2002), argued that
there are no restricted biogeographical dis-
tributions similar to macroscopic organ-
isms for microbes due to their small siz-
es and correspondingly large microbial
populations, which should make dispersal
events quite common. Nonetheless, the
studies from the past three decades sug-
gested that diatom community composi-
tion may be influenced by both environ-
mental selection and dispersal limitation.
For example, Verleyen et al. (2009) inves-
tigated dispersal and local abiotic factors
within 15 regional datasets of lake diatom
communities from FEurasia, Africa and
Antarctica. Local abiotic factors explained
the variability of diatom community com-
position, yet there was no or just a little
significance of dispersal on larger geo-
graphic distances (>2000 km) observed.

The Antarctic Realm is one of eight
terrestrial biogeographical regions. It is
comprised of three distinct biogeographi-

Material and Methods
Study site
Ardley Island (62° 13'S, 58°56' W) is a

small-area island (2 km long, 1.5 km wide)
located in Maxwell Bay, southwest of King
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cal sub-regions that can be defined both
geographically and climatically: sub-Ant-
arctic Region, the Maritime Antarctic Re-
gion and the Continental Antarctic Region.
The Maritime Antarctic Region consists of
the regions west of the Antarctic Peninsula
extending south to Marguerite Bay, includ-
ing the South Shetland Islands, S. Orkney,
and S. Sandwich and Bouvet Islands (Con-
vey 2010).

Diatom flora of South Shetland Islands
has been studied in past decades by Jones
et al. (1993), Kawecka and Olech (1993),
Hanson and Hakasson (1994), Fermani
et al. (2007), Zidarova (2008), Kopalova
and Van de Vijver (2013). However, on-
ly two algological studies were published
from the Ardley Island so far (both togeth-
er with the result of the survey of King
George Island), and neither of those stud-
ies was explicitly focused on diatoms.
Borchhardt et al. (2017) found 127 species
of algae in total, only 56 species belonging
to Heterokontophyta. Among them, 49 spe-
cies of diatoms were found, some of them
were not yet identified even on the genus
level. Silva et al. (2019a) focused on ter-
restrial diatoms associated with macro-
scopic algae Prasiola crispa (Lightfoot)
Kiitzing, and they found 23 species in 6
samples in total.

The objective of the present study is
to identify the species richness and com-
position of diatom communities of the
Ardley Island. Furthermore, to estimate the
most significant ecological factors driving
the species composition according to the
ecological preferences of different diatom
species.

George Island in South Shetland Archi-
pelago (Fig. 1), separated from the Ant-
arctic Peninsula by the Bransfield Strait



and from South America by the Drake
Passage. At low tide, a narrow sandspit
connects the Ardley Island to King George
Island. The island raises about 70 m above
sea level and is evenly vegetated, with
various communities composed of mosses
and lichens, covering about 59% of its
ice-free area (Andrade et al. 2018). The
Ardley Island has the mildest climate of
the Antarctic Region due to the influ-
ence of the Antarctic Circumpolar Current.
According to the data from the Russian
Bellingshausen Station at Collins Harbour,
King George Island, there is an annual
mean air temperature of -2.5°C and mean
precipitation of 701.3 mm per year (Borch-
hardt et al. 2017). There is one permanent
water body on the Island, the Ardley Lake
meanders on the partially frozen soils,
creating temporary bogs and saturated wa-
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ter conditions. In the summer, the island is
free of ice and hosts several thousands of
breeding seabirds, contributing to an en-
hanced biotic influence. It has been esti-
mated that during the breeding period,
139 tons of 'birds' droppings accumulate
and are deposited on the island (Sun and
Xie 2001). The Ardley Island hosts one
of the largest breeding gentoo penguin
(Pygoscelis papua) colonies (with c¢. 5000
pairs) in the Antarctica, alongside about
200 breeding pairs of Adélie penguins
(P. adeliae) and more than 50 breeding
pairs of chinstrap penguins (P. antarctica,
Roberts et al. 2017). Due to the diversity
of seabirds breeding on the island and the
size of those colonies, the entire Ardley
Island has been designated as Antarctic
Special Protected Area ([1]- ASPA No.150,
ATCM 2009).
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Fig. 1. Geographic location of studied island. Geographic location of Ardley Island among South
Shetland Islands. Map of Ardley Island with locations of the samples.

Sampling

Sampling was carried out on February
32019, and the area was entered with a
permit number 32-2019. Small quantities
(ten replicates of 10 g) of soil were col-
lected in PVC bottles and plastic bags. 5 g
of the sample was fixed with 3% formalin,
and an additional 5 g was preserved for
further cultivation. One fresh-water epipelic

sample (20 ml) was taken from the littoral
zone of the lake using a plastic pipette.
Each sample was geographically localized
using GPS and was accompanied by the
sampling site description. The sampling
resulted in ten soil samples from all over
the island and one fresh-water sample (see
Table 1).
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Sample Sample characterization GPS
Ardley soill slightly wet soil under the soil crust with dead S 62° 127 ’3 9.8"”
MOSSes W 58°56" 17.1

Ardley soil2 slightly wet soil from a rock crack 3\,652 ;"1526’ ,319 890
Ardley soil3 wet soil next to a seepage §V652 ;"1526’ 4(1755
Ardley soil4 wet soil in a slope §V652;°1525’ 44%983
Ardley soil5 wet soil in a penguin colony §V652 ;;0152 5 '4? 641
Ardley soil6 (s;l(;igsﬁ;y wet soil from a hill above the penguin 3\/652;01 525 4;942
Ardley soil7 dry soil near Lake 1 §V652;°1526’ 427629
Ardley soil8 dry soil from an abandoned penguin rookery %,652 §0152 6 33511
Ardley soil9 wet soil in a penguin colony %,652 §0152 5 35260
Ardley soill0  wet soil next to a pool in the penguin colony ;,652 §0152 5 329629

Table 1. Characteristics of Ardley Island’ samples with GPS coordinates.

Permanent slides preparation and observation of diatoms

For clear identification of species ac-
cording to the valve morphology. The sam-
ples were prepared following the modified
method described in Van der Werff(1955).
A small amount of all samples was clean-
ed by adding 37% hydrogen peroxide and
heated up to 80°C for about 8 hours. The
reaction was completed by adding KMnO,.
Samples prepared this way were centri-
fuged (three times 10 minutes at 3700 x g)
and diluted with distilled water to avoid
excessive concentrations of diatom valves
that may hinder reliable observations. A
drop of the liquid was then dried on cover-
slips and adhered to a microscope slide with
high refracting index medium Naphrax®.

Data analysis
Species accumulation curve was com-

puted from the abundances of individuals
in samples. Classical agglomerative cluster-
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In each sample, 400 diatom valves were
identified and enumerated on random tran-
sects at 1000x magnification (oil immer-
sion), using an Olympus BX53 micro-
scope, equipped with Differential Inter-
ference Contrast (Nomarski) optics and the
Olympus UC30 Imaging System. Slides
were scanned after counting 400 valves in
order to find rare species. Identification of
species was based on numerous publica-
tions, but mainly on the following sources:
Bulinova et al. (2018), Kohler et al. (2015),
Kopalova et al. (2015), Levkov et al.
(2012), Van de Vijver et al. (2011, 2014a),
Van de Vijver and Mataloni (2008), Zida-
rova et al. (2016).

ing was employed to group diatom assem-
blages according to the Bray-Curtis dis-
similarity using the unweighted per group



average algorithm (UPGMA), resulting in
a dendrogram. For statistical analyses, the
R environment was used ([2]-R Core Team

Results
Species composition and diversity

The analysis of all 11 samples revealed
86 diatom taxa, including subspecies and
varieties. Of all species, 56 was found only
in soil and eight only in the fresh-water
sample. In the only fresh-water sample, 31
diatom species were observed, while 8 of
them (26%) were explicitly found in this
sample. In 10 soil samples, the amount of
78 species was recorded; 55 of them (71%)
were found only in soils.

Species from the sample taken at the
littoral zone of the Ardley Lake belonged
to 15 genera (Fig. 2). The most abundant
genera were genus Nitzschia Hassal with
four species and the genus Planothidium
Round & L.Bukhtiyarova, also with four
species. The most abundant species from
the Ardley Lake samples accounted for
over 86% (346 valves) of all counted
valves, while 24 species accounted for less
than 1% of all counted valves. The domi-
nant species in the Ardley Lake were
Fragilaria cf. parva (Grunow) A. Tuji &
D. M. Williams (59.5%), Nitzchia gracilis
Hantzsch (13.0%), Gomphonema maritimo-
antarcticum Van de Vijver, Kopalova, Zi-
darova & Kociolek (5.3%), Psammothidium
papilio (D. E. Kellogg, Stuiver, T. B. Kel-

Biogeography

According to the known biogeographi-
cal distribution (Table 2), 46.5% of species
showed restricted distribution connected to
the Maritime Antarctic Region. Only 18.6%
of species are considered cosmopolitan so
far, 12.8% are more typical for sub-Ant-
arctic Regions, 9.3% are present in both
Maritime Antarctica and Continental Ant-
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2020) with the packages vegan, cluster and
ggplot2 (Oksanen et al. 2019, Maechler et
al. 2019, Wickham 2016).

logg & G. H. Denton) K. Kopalova & B.
Van de Vijver in Kopalova & al. (4.8%)
and Planothidium rostrolanceolatum Van
de Vijver, Kopalova & Zidarova (4.0%).

Soil diatom communities were com-
posed of a total of 78 species in 24 genera
(Fig. 3). The most abundant was genus
Pinnularia Ehrenberg with 12 species
(50%) and genus Luticola D. G. Mann with
11 species (46%). The five most abun-
dant species in soils accounted for 54%
of all counted valves, while 59 species had
an abundance of less than 1%. Dominant
species of the Ardley Island’ soil were
Pinnularia borealis Ehrenberg (20.0% of
counted valves), Luticola muticopsis (Van
Heurck) D. G. Mann (9.9%), Staurosira
pottiezii Van de Vijver (9.4%), Luticola
truncata Kopalova & Van de Vijver (7.4%)
and Pinnularia subantarctica var. elonga-
ta (Manguin) Van de Vijver & Le Cohu
(7.1%).

The species accumulation curve (Fig. 4)
does not show any flattening towards its
end, indicating that the number of samples
taken in this study was insufficient to
evaluate the diatom species richness of the
Ardley Island.

arctica Regions, and one species (1.2% of
found species) is common for Maritime
and sub-Antarctic Regions. For ten species
forming 9.3% of all, the biogeographical
distribution remains unknown, primarily
due to the taxonomical uncertainty in the
identification of those species.
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Fig. 2. LM micrographs of taxa found in the lake on Ardley Island.

Note: A-C: Pinnularia australomicrostauron. D: Pinnularia australoshetlandica. E-F:
Chamaepinnularia krookiformis. G-H: Chamaepinnularia gerlachei. 1: Placoneis australis. J-M:
Staurosirella frigida. N-O: Brachysira minor. P-R: Fragilaria cf. parva. S=T: Psammothidium
subatomoides. U-W: Planothidium australe. X-AA: Psammothidium papilio. AB-AE:
Gomphonema maritimo-antarcticum. AF—-AG: Planothidium rostrolanceolatum raphe valves.
AH-AI: Planothidium rostrolanceolatum rapheless valves. AJ-AL: Nitzschia soratensis. AM—
AN: Microcostatus naumannii. AO-AR: Luticola muticopsis. AS-AT: Luticola subcrozetensis.
AU-AV: Nitzschia homburgiensis. AW: Nitzschia kleinteichiana. AX-AZ: Nitzschia gracilis.
Scale bar represents 10 pm.
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ig. 3. LM micrographs of the typical taxa found in soils on Ardley Island.

Note: A-B

Pinnularia

Pinnularia subantarctica var. elongata. E-F

Hantzschia acuticapitata.

Pinnularia borealis. C-D:

K-L
Achnanthes taylorensis

S-T

Staurosira  pottiezii.

Psammothidium germainii. O—P

1I-J

G-H

australoschoenfelderi.

Psammothidium

valves.
Eunotia pseudopaludosa. Z—AB

rapheless

taylorensis

Achnanthes

Humidophila tabellariaeformis. M-N
Q-R

raphe valves.

Luticola

FEunotia ralitsae. W-=Y:

Orthoseira roeseana. Scale bar represents 10 um.

U-v

rostrogermainii.

truncata. AC
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Species Biogeography  Species Biogeography
Achnanthes coarctata C Luticola doliiformis MA
Achnanthes muelleri SA/MA/A Luticola muticopsis SA/MA
Achnanthes taylorensis ~ MA/A Luticola permuticopsis ~ C
Brachysira minor MA Luticola pusilla MA
Eunotia pseudopaludosa SA/MA Luticola sp. U
Eunotia ralitsae MA Luticola subcrozetensis ~ SA/MA
Fragilaria cf. parva U Luticola truncata MA
Gomphonema maritimo- MA Luticola vermuelenii MA
tarcti
antarcticum Luticolact. katkae U
Halamphora )
oligotraphenta Microcostatus MA
. australoshetlandicus
Hantzschia abundans ;
Microcostatus C
Hantzschia amphioxys  C naumannii
Hantzschia ‘ MA Muelleria aequistriata MA
fyp eraust‘ra‘lzs ) Muelleria aft. kristinae U
Hantzschia incognita MA
) o Muelleria aft. nogae U
Hantzschiaacuticapitata MA
) ) ) Muelleria algida MA
Humidophila aff. nienta U
) ) Muelleria sabbei MA
Humidophila arcuata AM/SA/MA/A .
Navicula MA
Humidophila australis ~ MA australoshetlandica
Humidophila MA Navicula bicephaloides SA/MA
australoshetlandica . .
. ; Navicula gregaria C
Humidophila MA/A
inconspicua Navicula romanedwardii MA
Humldophlla keiliorum MA Nitzschia grac[[[s C
Hi umidophilq MA Nitzschia homburgiensis C
sceppacuerciae ) ) o
Humidophila Nitzschia kleinteichiana MA
tabellariaeformis MA Nitzschia paleacea C
Hu'ml’d op h.l lc.l. MA Nitzschia soratensis C
vojtajarosikii
Chamaepinnularia MA Orthoseira roeseana C
australomediocris Pinnularia MA
Chamaepinnularia MA australoborealis
gerlachei Pinnularia
. . ; MA
Chamaepinnularia australodivergens
. ; C . .
krookiformis Pinnularia
. . . MA
Chamaepinnularia C australomicrostauron
krookii Pinnularia
; ; lorabenhorstii MA
Luticola australomutica MA aqstr atora
Pinnularia MA
Luticola austroatlantica MA australoschoenfelderi
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Species Biogeography
Pinnularia austroshetlandica MA
Pinnularia borealis C
bP(l)’:’ZZEZVFiir. pseudolanceolata MA
Pinnularia microstauroides MA
Pinnularia subaltiplanensis MA
Z’Zggﬁgia subantarctica var. SA/MA
Pinnularia subcarteri MA
Placoneis australis MA
Planothidium aff. renei U
Planothidium australe MA
Planothidium lanceolatum C
Planothidium C
rostrolanceolatum

Psammothidium germainii SA/MA

Psamm‘o?hfdlum MA
germainioides

Psammothidium manguinii C
Psammothidium papilio MA
Psammothtdl‘u{r‘z MA
rostrogermainii

Psammothidium subatomoides C

Sellaphora antarctica MA
Stauroforma cf. inermis U
Stauroneis aff. U
pseudoschimanskii

Stauroneis cf. acidojarensis U

Table 2. Taxonomical list of all ob-
served taxa in this study with their
known biogeographical distribution.
Note:

C — cosmopolitan;

CA — Continental Antarctica;

MA — Maritime Antarctica;

SA — sub-Antarctica;

U — unknown.

Stauroneis huskvikensis SA/MA

Stauroneis latistauros MA

Staurosira pottiezii MA

Staurosirella frigida MA
Dendrogram

According to the dendrogram based on
the Bray-Curtis dissimilarity of samples
(Fig. 5), the fresh-water sample is showing
clearly different species composition. In

this sample, typical fresh-water species of
diatoms such as Fragilaria cf. parva, Nitz-
schia gracilis or Gomphonema maritimo-
antarcticum, dominate.

33



T. CAHOVA and B. CHATTOVA

60
1

Number of species
40

20
1

T T T
6 8 10

Number of samples

Fig. 4. Species accumulation curve.

Soil samples can be clearly divided into
three major groups, and one sample stand-
ing aside those groups. The first group is
formed with two samples abbreviated Soil2
and Soil3 in the following text. Diatom
communities of those two samples were
composed mainly of Nitzschia kleinteichi-
ana Hamsher, Kopalova, Kociolek, Zida-
rova & Van de Vijver, Staurosira pottiezii
and Gomphonema maritimo-antarcticum.
Such community composition very likely
refers to temporary waterbodies or very
wet soils.

The second groups of samples Soill
and Soil6 are characterized by total domi-
nance of Pinnularia borealis, accompa-
nied by Pinnularia australoschoenfelderi
Zidarova, Kopalova & Van de Vijver and
P. austroshetlandica (G. W. F.Carlson) A.
Cleve. The presence of all these Pinnu-
laria species shows the presence of wet
substrate influenced by the biogenic input.

Third and the largest is a group of
samples, which have similar composition
dominated by Luticola and Pinnularia spe-
cies and can be divided into two sub-
groups. The first sub-group is composed of
samples Soil8, Soil9 and Soil10. For these
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samples, the dominance of Pinnularia bo-
realis and Luticola truncata is charac-
teristic, together with Luticola muticopsis.
The L. muticopsis is a species of soils
strongly influenced by animals, and it is
less abundant only in sample Soil8. This
sample was collected in an abandoned pen-
guin nest. Thus the nutrients income can
be lower than in the other two samples.
The second sub-group is formed by sam-
ples Soil4 and Soil5. The species com-
position of these samples is similar to
the previous one with the dominance
of Luticola muticopsis and L. truncata,
nevertheless, they are accompanied by
Pinnularia subantarctica var. elongata, al-
so0 a species typical for samples influenced
by animals and often found in mosses.

Sample Soil7 stands aside from other
soil samples due to the dominance of
Eunotia pseudopaludosa Van de Vijver,
De Haan & Lange-Bertalot, referring to
the temporarily flooded soil or very wet
soils during the year. Eunotia is here
accompanied by Pinnularia borealis and
P. austroshetlandica, showing the strong
influence of animals.



DIATOMS OF ARDLEY ISLAND

Cluster Dendrogram

08
1

Lake

06
1

Height
Soil1
Soil6

=
ur ]

04
1
Soil2

0.3

Soll7 —

+

Soil4
Soll5

Soilg —

Soil9
Soil10

spe bray

helust (%, "average")

Fig. 5. Cluster dendrogram of Ardley Islands’ samples.

Discussion
Species composition and biogeography

The first study of algae on the Ardley
Island (Borchhardt et al. 2017) was fo-
cused on soil crusts of algae and lichens.
Among 106 algal species found during the
study, there were 42 species of diatoms in
two samples from the Ardley Island, of
which 17 could not be identified to the
species level and 7 to the genus level. The
second study was (Silva et al. 2019a) fo-
cused on microscopic algae associated
with Prasiola crispa. There were only six
diatom species observed in the sample
from the Ardley Island. Although part of
the observed flora is the same, several taxa
formerly identified as cosmopolitan have
now been described as separate species,
most of which have restricted distribution
among the Antarctic Realm. For example,
Luticola contii Zidarova, Z. Levkov & Van
de Vijver and L. olegsakharovii Zidarova,

Z. Levkov & Van de Vijver, both reported
from several islands of South Shetlands
(Zidarova et al. 2014), still have unsure
distribution due to their confusion with
Luticola nivalis (Ehrenberg) D. G. Mann,
even though there are clearly different
features visible under the light microscope,
allowing them to be reliably distinguished.

Apart from taxonomic changes, more
differences can be pointed out between the
studies. Some genera, such as Chamaepin-
nularia Lange-Bertalot & Krammer, Humi-
dophila (Lange-Bertalot & Werum) R. L.
Lowe, Kociolek, J. R. Johansen, Van de
Vijver, Lange-Bertalot & Kopalova or
Muelleria (Frenguelli) Frenguelli, often re-
ported from the Antarctic Realm are miss-
ing in Borchhardt et al. (2017). On the oth-
er hand, several taxa that are listed could
not be found in the present study, spe-
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cifically Gomphonema olivaceum (Horne-
mann) Ehrenberg, Pinnularia divergentis-
sima (Grunow) Cleve or Planothidium
linkei (Hustedt) Lange-Bertalot. These dis-
similarities may exist due to the differ-
ences in sampling strategy or may result
from species misidentification. For exam-
ple, Planothidium linkei is morphological-
ly similar to Planothidium australe (Man-
guin) Le Cohu, reported from Kerguelen
Archipelago or other islands of South
Shetlands (Schmidt et al. 1990, Oppen-
heim 1994, Zidarova et al. 2016, Silva et
al. 2019b). However, from P. linkei, P. aus-
trale is distinguished by the configuration
of the central area of the valve without
raphe and by the number of pores within
the striae (Le Cohu 2005). These differ-
ences can be caused by broad species con-
cept in the past, that lead to consideration
many species as cosmopolitan and eco-
logical generalist. Eventually, it can be
caused by confusion with cryptic and
pseudo cryptic species common in many
taxa so far considered cosmopolitan.
Among species reported in both previ-
ously published works, there were two
dominants of the Ardley 'Islands' diatom
communities, also found during this study.
Fragilaria cf. parva, dominant species of
the Ardley Lake, is a widespread taxon
in the Maritime Antarctic Region, often
forming large population in a broad variety
of habitats, ranging from wet terrestrial
moss vegetation to large lakes, rivers and
pools (Zidarova et al. 2016). The species
was commonly reported from Antarcti-
ca as Fragilaria capucina (Kawecka and
Olech 1993, Kopalova et al. 2013). The
Antarctic populations show a morphologi-
cally highly variable taxon, closely re-
sembling Fragilaria parva in Tuji and
Williams (2008). However, the taxon is
different in the asymmetrical central area
and has higher number of striae (Zidarova
et al. 2016). The genus Fragilaria is often
considered to be a pioneer species linked
to rapid changes in water chemistry, main-
ly trophic status fluctuations (Stabell 1985,
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Denys 1990). Kopalova et al. (2013) dis-
cussed that Fragilaria taxa at Ulu Penin-
sula could be benefiting from nutrient
releases after ice and snow melting. On
the Ardley Island, the factor influencing
Fragilaria cf. parva is temporary nutri-
ents income during birds breeding season.
In soils, the most abundant species was
Pinnularia borealis, a species widespread
in terrestrial habitats and ephemeral water-
bodies, often forming large populations
(Zidarova et al. 2016). P. borealis is a com-
plex of several taxa, currently considered
cosmopolitan (Pinseel et al. 2020). So far,
68 different varieties and forms have been
described (Kociolek et al. 2020) However,
recent studies brought to light the evidence
of 126 genetically separated species with
even higher diversity, up to 415 species es-
timated (Souffreau et al. 2013, Pinseel et
al. 2019, 2020).

Based on observation of species similar
to taxa reported from the outside of Ant-
arctics, such as Planothidium australe or
Luticola olegsakharovii, it is not surprising
that several diatom studies (Jones 1996,
Van de Vijver and Beyens 1999) con-
cluded that the diatom flora of the Ant-
arctic Realm is merely composed of cos-
mopolitan species. However, with 60.5%
of the observed species in this study hav-
ing the distribution restricted to the Ant-
arctic Realm, it is clear that these state-
ments can no longer be accepted. This con-
clusion is also supported by other recent
studies (Kociolek et al. 2017, Kociolek
2019, Pinseel et al. 2020).

The largest proportion of species has
typical Maritime Antarctic distribution,
and just a few species (8 taxa) is shared
with Continental Antarctica. These spe-
cies, for example, Achnanthes taylorensis
D. E. Kellogg, Stuiver, T. B. Kellogg &
G.H.Denton, are also present on the James
Ross Island (Kopalova et al. 2012, 2013).
This fact could be explained by long-range
transport connected to the general sea
and air circulation (Marshal and Chalmers
1997).



Ecology of diatom communities

From our data, it follows that the com-
position of diatom communities of the
Ardley Island is influenced mainly by two
major environmental factors: water availa-
bility and nutrients. Water availability dur-
ing the austral summer influences the spe-
cies composition of diatoms in soils of the
Ardley Island. The differences are appar-
ent between the Soil2, Soil3 and Soil7 and
other soil samples. In the case of the first
two, Staurosira pottiezii, species preferring
small, shallow, usually temporary pools,
dominate the community (Van de Vijver
et al. 2014b) together with Nitzschia klein-
teichiana and Gomphonema maritimo-
antarcticum, both typically occurring in a
wide range of Antarctic fresh-water habi-
tats (Van de Vijver et al. 2016, Hamsher
et al. 2016). Additionally, sample Soil7
is dominated by Funotia pseudopaludosa,
species commonly found in damp soil in
the pond margins or submerged bryo-
phytes (Jiittner et al. 2018), which corre-
sponds to the location of the sample near
the Ardley Lake.

On the other hand, lower moisture lev-
els are clear from the rest of the soil
samples. Diatom communities of samples
Soill and Soil6 points to the moist yet not
submerged substrate because Pinnularia
australoschoenfelderi was reported from a
shallow pool and from under wet mosses
(Zidarova et al. 2012), and so P. aus-
troshetlandica prefers wet soil (Zidarova
et al. 2016). P. borealis tends to choose
truly terrestrial habitats, dry mosses and
soils (Pinseel et al. 2020). However, sam-
ples of Pinnularia borealis are often ac-
companied with Luticola muticopsis and L.
truncata. L. muticopsis is very often found
in penguin rookeries (Van de Vijver et al.
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