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Abstract

The moss-inhabiting diatom flora has been surveyed for the first time on the Galindez
Island, Argentine Islands, the maritime Antarctica. Altogether, 23 diatom taxa belonging
to 9 genera were identified. Diatom taxa distribution exhibited considerable variability
across the samples and lower species richness compared to the communities surveyed
in other Antarctic regions studied earlier - South Shetland Islands and James Ross Island.
A pronounced single-species dominance was revealed by the analysis of moss-inhabiting
diatom communities’ structure at the majority of moss substrates. The allocation of cer-
tain diatom species to the particular moss substrates was detected alongside their com-
plete absence in some samples. The reasons for such moss-inhabiting diatom communi-
ties’ variability should be further investigated in follow-up studies.
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Introduction

Diatoms (Bacillariophyceae) play a vi- de Vijver and Beyens 1999a, Sabbe et al.
tal role in both terrestrial and aquatic eco- 2003). The wide adaptive potential gives
systems of the Antarctica (Jones 1996, Van them capacity to live at different substrates
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under the water scarcity and even at the
absence of water (Van de Vijver et al.
2002a, Pfister et al. 2017, Foets et al.
2020). Epiphytic diatoms inhabit the sur-
face of bryophyte sprouts and lichens. Di-
atom vegetative cells were shown to ex-
hibit higher tolerance to the extreme tem-
peratures compared to the aquatic diatoms,
when experimentally subjected to such ex-
treme conditions, as freezing and drought
(Souffreau et al. 2010, 2013, Hejdukova et
al. 2019).

Antarctic diatom incrustations on moss-
es are of high research interest, as their
species composition, ecological and habi-
tat preferences and their ecosystem role
are still rather underexplored. The stud-
ies conducted in the sub-Antarctic regions
indicated a significant diversity of diatom
communities inhabiting the cushions of tall
moss turf subformation surface. One of the
first studies of sub-Antarctic mosses’ epi-
phytes was focused on diatom communi-
ties on the Campbell Island and discovered
59 species (Hickman and Vitt 1974). The
species composition and ecology of moss
diatoms was extensively surveyed at sub-
Antarctic islands in the next few years.
The studies of moss-inhabiting diatoms
were conducted at South Georgia (Van de

Material and Methods
Study site

Galindez Island (65° 15'S, 64° 15’ W)
belongs to the Argentine Islands and is
located at the shelf of the Western Ant-
arctic Peninsula, at a distance of 5—6 km
from the continent. Its total surface area is
0.8 km’. The modest yearly temperature
amplitude of 9—13°C and positive average
temperature values are due to the pre-
dominance of mild and humid marine type
climate (Aleksandrov and Ugrumov, 2014,
Savenets et al. 2020).

The western Antarctic Peninsula has
ranked among the fastest-warming places
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Vijver and Beyens 1997), Ile de la Posses-
sion (Van de Vijver and Beyens 1999b),
Heard Island (Van de Vijver et al. 2004b),
fles Kerguelen archipelago (Van de Vijver
et al. 2001, Gremmen et al. 2007), Prince
Edward Islands (Van de Vijver et al. 2008),
and Ile Amsterdam (Chattova et al. 2021).
The above-mentioned studies have initiat-
ed the revision of sub-Antarctic diatom flo-
ra taxonomy (Van de Vijver et al. 2004a,
2011, 2014a, b). It resulted in the discov-
ery of a number of endemic species, that
were previously mistakenly treated as cos-
mopolitan taxa (Tyler 1996, Sabbe et al.
2003).

Investigation of moss-inhabiting dia-
toms has just started in Antarctica, as op-
posed to sub-Antarctic regions. To date,
the extensive studies were performed on
the Livingston Island (South Shetland Is-
lands) and James Ross Island, which re-
vealed the presence of well-developed and
island-specific diatom flora (Kopalova et
al. 2014).

The present study aimed at the first-
ever investigation of moss-inhabiting di-
atom flora on the Galindez Island (Ar-
gentine Islands, the maritime Antarctica),
which is widely separated from the other
locations of previous research.

on Earth, experiencing a temperature in-
crease 5 times greater than the global aver-
age over the past 50 years (Turner et al.
2014).

The topography of the Galindez Island
is shaped by the Woozle Hill (51 m a.s.l.)
and its surrounding ridges. The long-last-
ing erosion processes led to the transfor-
mations of the island’s rocky surface into
the system of distinct ridges, uplands and
cliffs, which dominate over the ice or per-
manent SnOow COVer.
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The surface water of the Galindez
Island is represented by the meltwater
streams and by the range of small fresh-
water lentic and lotic water bodies. The
lotic ponds occur in the natural cavities
located on the way of meltwater streams.
Besides, there are also drainless lakes that
develop in depressions as a result of snow
melt.

Different plant communities have de-
veloped there under the influence of a
range of factors, namely the topography,
light exposure, the snow-free period dura-
tion, humidity, distance from the seacoast,
the amount of organic matter derived from
birds. These communities can vary from
those composed of vascular plants, with
high prevalence towards the long vegeta-
tion period, to the crustose lichen com-
munities, which can withstand the long-
lasting snow cover of snowfields melting
slowly within a single austral summer sea-
son. The highest continuous plant cover
is attributed to the Tall moss turf sub-
formation composed by Polytrichum stric-
tum Brid and Chorisodontium aciphyllum
(Hook. f. & Wilson) Broth. The Bryophyte
carpet and mat subformation, and Short
moss turf and cushion subformation, are
also widely distributed on the Galindez Is-
land, and are often found within the same
area. Notably, the first sub-formation oc-
cupies the space between the rocks charac-

Samples collection

22 bryophyte samples were collected
during the season of 23" Ukrainian Ant-
arctic expedition and 2™ Turkish Antarctic
expedition in February 2019. The sam-
pling sites were selected based on differ-
ences in geology, elevation, moss cover
and animal influence in order to maximize
their variability. Each sample consists of at
least 10 cm® of moss. Samples were col-
lected in PVC bottles and fixed with 3%
formaldehyde. Each sample was geographi-
cally localized using GPS, accompanied by

terized by more humid conditions, whereas
the second one is found in a more arid
rocky environment. Specific plant commu-
nities can be found at the limpet (Nacella
concinna) shells’ deposits at seabirds ac-
tivity sites, like kelp gull (Larus domini-
canus). Algae subformation occur in the
areas with high nitrogen load (Parnikoza et
al. 2018).

All the mentioned plant communities
are commonly spread from the seacoast to
the islands inland area at elevated points
located above the ice and snow level, that
either thaw in summer season, or often re-
main exposed in the part of winter. Some-
times vegetation use shelter provided by
artificial structures. It's especially impor-
tant in case of wind influence. The plant
communities serve as breeding sites for
kelp gulls and south polar skuas (Sterco-
rarius maccormicki) with the last ones be-
ing more attracted by the Tall moss turf
subformation. Currently, Galindez Island ex-
periences the gentoo penguin (Pygoscelis
papua) population expansion, which has al-
ready led to degradation of characteristic
plant communities at the colonies (Parni-
koza et al. 2018). Notably, the presence of
birds creates an additional nitrification gra-
dient. Another important factor is unfavor-
able weather conditions (snow cover, frosts
etc.) that contribute to the reduction of
moss communities in some areas.

a detailed site description (Appendix 1).
Taxonomic assignment of the moss com-
munities was performed as in the previous
studies (Ochyra et al. 2008, Parnikoza et
al. 2018). The sampling sites are repre-
sented in supplementary table (Appendix 1)
together with their characteristics accord-
ing to Chattova et al. (2021). The F-value,
referring to the F-classification of Jung
(1936), was selected as representative for
moisture and used for each sample in or-
der to determine its moisture content. The

62



B. CHATTOVA et al.

humidity scale based on water content
was as follows: FI = submerged mosses,
FII = free floating mosses, FIII = very wet
(water drips from the samples without pres-
sure), FIV = wet (water drips with a slight
pressure), FV = quasi-wet (water drips af-

Sample preparation and counting

Upon arrival in the Algological Labo-
ratory (Masaryk University, Czech Repub-
lic), samples were prepared for further
analysis following the method described
in van der Werff (1955): small parts of
the samples were cleaned by adding 37%
H,0, and heating to 80°C for about 1 h.
The reaction was completed by addition of
an excessive amount of saturated KMnO,.
Cleaned diatom valves were mounted in
Naphrax® following digestion and cen-
trifugation (three times 10 minutes at
3700 rpm). The samples and slides are

Data analysis

All samples were analyzed in order
to find the relation to the moss species
and their source communities. The studied
moss communities varied according to the
moisture gradient from the driest one -
Short moss turf and cushion subformation
represented by the samples of Andreaea
regularis C.Miiller to the water-logged one
- Bryophyte carpet and mat subformation
represented by the samples of Warnstorfia
fontinaliopsis (Miill.Hal.) Ochyra.

The Community Coefficient of Soren-
sen was used for a pairwise comparison of
the Galindez Island diatom flora with that
of the sub-Antarctic and Antarctic islands.
The Galindez Island moss inhabiting dia-
tom flora was compared to the terrestrial
and aquatic moss diatom flora from Ile

63

ter moderate pressure), FVI = moist (lit-
tle water produced after high pressure),
FVII = quasi-dry (only a few drops of
water can be squeezed out), FVIII = dry
(contains no water).

stored at the Department of Botany and
Zoology, Masaryk University in Brno
(Czech Republic). In each sample, 400 di-
atom valves were identified and enumer-
ated on random transects by means of oil-
immersion at 1,000x magnification using
an Olympus BX51 microscope, equipped
with Differential Interference Contrast (No-
marski) optics and the Olympus Stream
Motion Imaging System. Diatoms were
identified to species-level primarily using
Zidarova et al. (2016 and references there-
in).

Amsterdam (Chattova et al. 2021); Living-
ston Island, James Ross Island (Kopalova
et al. 2014); Heard Island (Van de Vijver
et al. 2004b), Prince Edward Islands (Van
de Vijver et al. 2008) South Georgia (Van
de Vijver and Beyens 1997). The datasets
were made taxonomically consistent prior
to the similarity analysis. ANOSIM test
was used to assess statistically significant
differences between the groups. Non-met-
ric Multidimensional Scaling (NMDS) was
performed to reduce the multidimensional
species data matrix into two dimensions
best reflecting site dissimilarities given by
diatom species composition. NMDS was
based on Bray-Curtis (Serensen) dissim-
ilarity calculated on square root trans-
formed species data.
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Results

Species composition and diversity

The analysis of 22 Galindez Island sam-
ples revealed the presence of 23 diatom
taxa belonging to 9 genera (Table 1). 5 sam-
ples contained (almost) no diatoms, even
after counting an entire slide. The distri-
bution of species numbers per sample
showed that most samples contained be-
tween 3 and 5 taxa per sample (Fig. 1).
The average number of taxa per sample
reached 4.2 with a median of 5. Species
richness per sample ranged from 1 to 11.
Three samples were entirely monospecif-
ic, composed of only Pinnularia borealis
Ehrenberg (S2, P2 & S5). The highest spe-
cies richness was recorded in samples Al

100

percentage of samples
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o

and S8 (11 taxa) (Fig. 3).

The 5 most abundant species accounted
for 64.3% of all counted valves. The domi-
nant species were Pinnularia borealis with
more than 72% of all counted valves, fol-
lowed by FEunotia pseudopaludosa Van
de Vijver, De Haan & Lange-Bertalot
(14%), Planothidium subantarcticum Van
de Vijver & C. E. Wetzel (7.4%), Lutico-
la muticopsis (Van Heurck) D. G. Mann
(6.4%) and Psammothidium germainii
(Manguin) Sabbe (5.9%). The genera Pin-
nularia (four taxa), Luticola (four taxa),
Nitzschia (four taxa) and Humidophila
(four taxa) were the most species-rich.

EGA EJR| WLl
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number of taxa per sample

Fig. 1. Distribution of moss-inhabiting diatom samples for the sample sets based on species
richness for different studied areas. Note: GA — Galindez Island, JRI — James Ross Island,
LIV — Livingston Island; (JRI and LIV data - Kopalova et al. 2014).
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An alphabetical list of all observed spe-
cies together with their biogeographical
distribution is provided in Table 1. Fol-
lowing the most recent taxonomic con-
cepts (based on information provided by
Zidarova et al. (2016a), 17 species (74%
of all observed taxa) showed a restricted

Antarctic distribution with a majority of
species only confined to the Maritime Ant-
arctic Region (MA) (11 species, represent-
ing 48% of all observed taxa). Six species
(26%) had a typical cosmopolitan distribu-
tion (C).

Taxon name Distribution
Achnanthidium indistinctum Van de Vijver & Kopalova MA
Eunotia pseudopaludosa Van de Vijver, De Haan & Lange-Bertalot MA
Hantzschia amphioxys (Ehrenberg) Grunow f. muelleri Ts. Kobayashi CA/MA/AM
Hantzschia cf. abundans Lange-Bertalot C
Humidophila australoshetlandica Kopalova, Zidarova & Van de Vijver MA
Humidophila inconspicua (Kopalova & Van de Vijver) R.L.Lowe et al. MA
Humidophila sceppacuerciae Kopalova MA
Humidophila vojtajarosikii Kopalova, Zidarova & Van de Vijver MA
Chamaepinnularia australomediocris Lange-Bertalot & Rol. Schmidt)

Van de Vijver MA/SA
Chamaepinnularia krookiformis (Krammer) Lange-Bertalot & C
Krammer

Luticola subcrozetensis Van de Vijver, Kopalova, Zidarova & Levkov ~ SH
Luticola olegsakharovii Zidarova, Levkov & Van de Vijver MA
Luticola truncata Kopalova & Van de Vijver MA
Luticola muticopsis (Van Heurck) D.G. Mann SH
Nitzschia cf. annewillemsiana Hamsher, Kopalova, Kociolek, Zidarova

& Van de Vijver MA
Nitzschia gracilis Hantzsch C
Nitzschia homburgiensis Lange-Bertalot C
Nitzschia soratensis E.Morales & Vis C
Pinnularia australomicrostauron Zidarova, Kopalova & Van de Vijver MA/CA
Pinnularia australoschoenfelderii Zidarova, Kopalova & Van de Vijver MA
Pinnularia borealis Ehrenberg C
Pinnularia microstauroides Zidarova, Kopalova & Van de Vijver MA
Psammothidium germainii (Manguin) Sabbe SH

Table 1. Taxonomical list of the moss-inhabiting diatom taxa observed on Galindez Island,
the maritime Antarctica. Note: CA = Antarctic Continent; MA = Maritime Antarctic Region;
AM = South America; SH = Southern Hemisphere; C = widespread species in different regions of

the world.
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AD-AE

AF

Fig. 2. Light microscope micrographs of selected taxa: A—C Pinnularia borealis, D-F Pinnu-
laria australomicrostauron, G-1 Pinnularia australoschoenfelderii, J-K Chamaepinnularia
krookiformis, 1L-M Humidophila sceppacuerciae, N-O Nitzschia homburgiensis, P Nitzschia
gracilis, Q Nitzschia soratensis, R-S Humidophila australoshetlandica, T-U Luticola
olegsakharovii, V-W Pinnularia microstauroides, X—Z Eunotia pseudopaludosa, AA Luticola
subcrozetensis, AB—AC Luticola muticopsis, AD-AE Psammothidium germainii raphe valve,
AF Psammothidium germainii rapheless valve. Scale bar represents 10 pum.
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Community analysis

The distribution of diatom valves was
analyzed in relation to the bryophyte sub-
strate species. The matrix of diatom dis-
tribution in different moss samples demon-
strates the absence of valves in several
samples of liverworts, Polytrichum strictum
and Chorisodontium aciphyllum (Fig. 3).

The cosmopolitan Pinnularia borealis
species was also characterized by the high-
est relative abundance (48—100%, 90% on
average) in 13 out of 17 samples (Fig. 3).
The other 4 samples were dominated by
the following species: Luticola muticopsis
accounted for 92% in Sanionia sp. (sample
S1); Psammothidium germainii was the
dominant one in Warnstorfia fontinaliopsis
(87%) (sample W1); Eunotia pseudopalu-
dosa dominated in Sanionia sp. (96%)
(sample S4) and in liverworts (59%) (sam-
ple L3). Pinnularia borealis was sub-dom-

inating in liverworts (41%) (Fig. 3). Simi-
lar situation was observed in Sanionia sp.
(sample S3), where Pinnularia borealis
and FEunotia pseudopaludosa contributed
similarly to the diatom community (48 and
46% respectively) (Fig. 3).

Apart from the 4 mentioned dominants
19 species were detected, which contrib-
uted <4% to the total diatom abundance.

The diatom valves were absent in the
samples of moss Polytrichum strictum (P1,
P4, P6, P7), liverworts (L1, L2) and
Chorisodontium aciphyllum (C1) (Fig. 3).
These samples vary by such characteristics
as m a. s. 1., biotic class and salt class. Yet,
they are similar in their low moisture con-
tent, as most of them belong to the VII and
VII humidity scale classes, and only two
are affiliated to V class.

Fal diatom abundance
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Fig. 3. Distribution of moss-inhabiting diatom species in samples from Galindez Island, the
maritime Antarctica in relation to moss substrate taxonomy.

Some samples harbored unique species
or species complexes that were not ob-
served in the other samples. For instance,
Al sample of Andreaea regularis was char-
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acterized by the presence of Humidophila
vojtajarosikii Kopalova, Zidarova & Van
de Vijver, Chamaepinnularia krookiformis
(Krammer) Lange-Bertalot & Krammer
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and Luticola olegsakharovii Zidarova,
Levkov & Van de Vijver. The species of
Humidophila sceppacuerciae Kopalova,
Chamaepinnularia australomediocris Ko-
palova, Zidarova & Van de Vijver,
Nitzschia homburgiensis Lange-Bertalot
and Pinnularia australomicrostauron Zi-
darova, Kopalova & Van de Vijver were
only detected in S8 sample; Hantzschia
cf. abundans Lange-Bertalot and Luticola
subcrozetensis Van de Vijver, Kopalova,
Zidarova & Levkov — in S6 sample,
Achnanthidium indistinctum Van de Vijver
& Kopalova, Nitzschia cf annewillem-
siana Hamsher, Kopalova, Kociolek, Zida-
rova & Van de Vijver, Nitzschia gracilis
Hantzsch and Nitzschia soratensis E. Mo-
rales & Vis — in S1 sample (Sanionia sp.).
Humidophila inconspicua (Kopalova &
Van de Vijver) R.L.Lowe et al. was only
observed in Polytrichum strictum (P9 sam-
ple). Such differences might arise from the
particular influence of substrate on the tax-
onomic distribution, yet interpretation of
these specific cases needs further investi-
gations.

The ANOSIM test on the valves from
the moss substrates indicates the absence
of statistically significant difference be-
tween the groups (R = 0.01). Similarly,
there was no statistically significant im-
pact of moss substrate species on the di-
atom community differentiation. Thus, for
this set of samples the humidity and moss
species factors do not contribute to diatom
community taxonomic structure differenti-
ation, when analyzed separately.

The same is indicated by the samples’
distribution according to the results of
CLUSTER analysis. The samples belong-
ing to the same cluster originate from the
groups with different moss substrates. The
NMDS plot based on Bray-Curtis simi-
larities indicates the mixed distribution,
yet reveals the pronounced difference of
the sample from Andreaea with the driest
community and two samples from Sanio-
nia sp. from the other samples (Fig. 4).
Geographic location of studies focused on
moss-inhabiting diatom flora mentioned in
the text can be found in Fig. 5.

Fal diatom abundance
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& Warnstorfia
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2

Fig. 4. Non-metric Multidimensional Scaling (NMDS) analysis of moss-inhabiting diatom
communities on Galindez Island, the maritime Antarctica (moss substrate factor visualized).
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Fig. 5. Geographic location of studies focused on moss-inhabiting diatom flora in (sub)-
Antarctica: A — overview of the southern hemisphere with the location of several islands and
archipelagos mentioned in the text (marked with an asterisk); B — detailed map of Antarctic
Peninsula region showing the position of James Ross Island, Livingston Island and Galindez
Island.

Livingston Tle Heard Prince South
Island, James Amsterd Island Edward G .
Ross Island msterdam - Istan Islands eorgia
Number of taxa 123 125 181 198 101
Serensen index 0.13 0.06 0.06 0.04 0.02

Table 2. Similarity analysis (Serensen index) between Galindez Island and other sub-Antarctic
and Antarctic localities. References to original datasets used for the similarity analysis: Ile
Amsterdam (Chattova et al. 2021); Livingston Island, James Ross Island (Kopalova et al. 2014);
Prince Edward Islands (Van de Vijver et al. 2008); Heard Island (Van de Vijver et al. 2004b);
South Georgia (Van de Vijver and Beyens 1997).
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Discussion

The diatoms’ taxonomic distribution
was notably different in the samples from
the Galindez Island when compared to the
previously studied Antarctic locations (see
Fig. 1). Less than 5 taxa were found in the
majority of the samples (14 out of 17). The
number of diatom taxa in the remaining
3 samples ranged from 8 to 11. By contrast
the average taxa number was 16 rang-
ing from 7 to 24 in the samples from the
James Ross Island (Kopalova et al. 2014).
The samples collected on the Livingston
Island had 25 taxa on average and 9 to 46
taxa per sample (Kopalova et al. 2014)
(Fig. 1). Therefore, such low species num-
ber (1-5), as in 82% of the samples from
the Galindez Island, has never been ob-
served in the samples from the other Ant-
arctic islands (Fig. 1). Even though the
same methods were used for sampling and
the sample processing, such prominent dif-
ferences could have arised from either the
small sample size, the different bryophyte
species composition, or the specific envi-
ronmental conditions on Galindez Island.
The general species richness of moss-in-
habiting diatoms from the sub-Antarctic
islands is substantially higher than that ob-
served on the Galindez Island. Indeed,
104 diatom taxa were revealed in the study
of South Georgia mosses’ epiphytes (Van
de Vijver and Beyens 1997) and over 190
taxa were found in the mosses from Ile de
la Possession (Van de Vijver and Beyens
1999b). The survey of moss-inhabiting di-
atoms from the Heard Island found 192
taxa (Van de Vijver et al. 2004b). Nearly
170 diatom taxa were observed on fles
Kerguelen archipelago (Van de Vijver et
al. 2001, Gremmen et al. 2007), whereas
214 freshwater and moss-inhabiting dia-
tom species were found on the Prince Ed-
ward Islands (Van de Vijver et al. 2008).
The recent analysis of 148 samples from
Ile Amsterdam revealed 125 taxa belong-
ing to 38 genera (Chattova et al. 2021).
123 diatom taxa were found in 68 water-

saturated and dry moss samples from the
Antarctic Livingston Island (Kopalova et
al. 2014), which is close to the average
species richness observed on sub-Antarctic
and Antarctic islands surveyed for moss-
inhabiting diatoms. The lowest taxa num-
ber to date (57) was found on the James
Ross Island, representing a transitional
zone between Maritime and Continental
Antarctic regions (Ambrozova et al. 2019),
and known for the specific limited envi-
ronmental conditions range (Kopalova et
al. 2014). It should be noted that species
diversity of moss-inhabiting diatoms from
the James Ross Island was analyzed based
on the limited number of samples (16) in-
cluding both water-saturated and dry moss
(Kopalova et al. 2014). Hence, the number
of samples collected on the James Ross
Island was lower than that from the Galin-
dez Island.

Serensen index calculated for the Galin-
dez Island indicates the highest similarity
of its diatom flora to that of the Livingston
Island and James Ross Island (0.13) (see
Table 2). Meanwhile, Serensen index for
the Galindez Island and the sub-Antarctic
islands was considerably lower — 0.06 (for
Ile Amsterdam and Heard Island) and 0.02
South Georgia (Table 2). Out of 15 diatom
taxa shared between the Galindez Island
and other Antarctic and sub-Antarctic is-
lands, 6 are cosmopolitan species, 3 spe-
cies are observed in the Southern Hemi-
sphere, with the remaining 6 taxa belong-
ing to the Maritime Antarctic Region, yet
3 of them have higher distribution range
and can be found in South America and on
the Antarctic Continent.

The pattern of affinity between the
moss-inhabiting diatoms from the sub-
Antarctic and Antarctic islands is charac-
terized by substantial differences. Indeed,
the Ile Amsterdam diatom flora demon-
strated limited similarity to that of the oth-
er sub-Antarctic islands, while the Segrensen
index ranged from 0.24 to 0.48 (Chattova
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et al. 2021). The similarity coefficients cal-
culated for diatom flora of the other sub-
Antarctic island - Prince Edward Island,
were higher and varied between 0.69 for
Kerguelen and 0.35 for Ile Amsterdam
(Van de Vijver et al. 2008). The diatom
flora similarity coefficients of Antarctic
James Ross Island and Livingston Island
compared to the sub-Antarctic islands in
the Southern Indian and Atlantic Ocean
were notably lower (Kopalova et al. 2014).

The similarity coefficient between the
James Ross Island and Livingston Island
amounted to 0.57, whereas for the sub-
Antarctic islands it varied between 0.11
(James Ross Island - Prince Edward Is-
land) and 0.19 (Livingston Island - Heard
Island). The Serensen index calculated for
these islands and the Galindez Island were
considerably lower and should be con-
firmed in the upcoming studies.

The Livingston Island species richness
estimates were 138 (Chao2) or 142 (ICE)
(Kopalova et al. 2014) meaning that from
87 to 89% of the theoretical total taxa num-
ber were covered by calculation. At the
same time, 62% (ICE) - 69% (Chao2) taxa
were quantified in the study of the James
Ross Island (Kopalova et al. 2014). This
raises the question, if 23 moss-inhabiting
diatom species revealed in 22 samples
from the Galindez Island represent the spe-
cies richness of the studied region. To an-
swer this question a new, more representa-
tive dataset of samples was taken during
the XXVI Ukrainian Antarctic Expedition
(2021-2022).

The relatively low species richness
found in the studies of Antarctic moss-
inhabiting diatoms compared to the sub-
Antarctic is in line with the general trend
of a decrease in biodiversity from the
North to the South of the region (Jones
1996, Van de Vijver and Beyens 1999a).
Firstly, this could be attributed to the de-
crease in variability of environmental con-
ditions. The areas of moss distribution in
the maritime Antarctica are typically lim-
ited to humid sites, which are elevated a-
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bove the sea and ice level and subjected to
thawing in summer. Meanwhile, the moss
communities occupy almost the whole ar-
ea of the sub-Antarctic islands irrespective
of the topography (Van de Vijver et al.
2002a). The Antarctic Continent conditions
shape the moss flora that is adapted to
having a limited period of sufficient mois-
ture availability during the summer snow
thawing only (Robinson et al. 2000). Simi-
lar conditions are observed on the James
Ross Island, which harbors considerably
lower moss-inhabiting diatoms’ diversity
compared to the other Antarctic island -
Livingston Island (Kopalova et al. 2014).
The low yearly precipitation on the James
Ross Island results in the periodic desic-
cation of moss, contrary to the Living-
ston Island with its continuously sufficient
moisture (Kopalova et al. 2014). Only the
typical terrestrial diatom taxa are capable
of surviving the temporary dry periods, as
the conditions of epiphytic diatom exis-
tence are limited (Kopalova et al. 2014).
The conditions described for the James
Ross Island are rather similar to those on
the Galindez Island, which might be re-
sponsible for the corresponding decrease
in species richness. However, the number
of moss-inhabiting diatom species re-
vealed on the Galindez Island is almost
3-fold lower than that on the James Ross
Island. This highlights the necessity of fur-
ther research focused on both spatial and
temporal variability of moss-inhabiting di-
atoms’ species richness.

The absence of diatoms in some sam-
ples is intriguing and is supposed to be
attributed to the difference in substrate
characteristics, such as its humidity. The
algae are absent in Chorisodontium aci-
phyllum (C1) sample, in several Poly-
trichum strictum samples (presumably dry
P1, P4, P6, P7), and in liverworts (L1 and
L2). The L3 or 3-3 liverworts sample har-
bored particularly poor diversity, which
evidences the above-mentioned trend. Ad-
ditionally, it is corroborated by the fact
that no algae were detected in some Poly-
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trichum samples. For instance, no diatoms
were found in uprooted Polytrichum stric-
tum from the nest material. At the same
time, they were observed in the dead Poly-
trichum strictum. This supports the idea of
the moisture level being a limiting factor
in the development of epiphytic diatoms.

The influence of moisture level on the
moss-inhabiting diatom communities’ struc-
ture is highlighted in a range of studies.
Indeed, this factor was the most prominent
one explaining the distribution of diatom
communities at South Georgia, Ile de la
Possession and Prince Edward Islands (Van
de Vijver and Beyens 1997, 1999b; Van de
Vijver et al. 2008). Yet, the moisture is the
only factor that shapes the development of
algae integrally.

The community structure of soil dia-
toms on Ile de la Possession is in ac-
cordance with both the moisture factor,
and the nutrients’ (phosphates and sulfates)
availability (Van de Vijver et al. 2002b).
pH was shown to influence moss-inhabit-
ing diatom distribution on the Heard Island
along with the other factors (Van de Vijver
et al. 2004b). The altitude was the best
predictor of the shifts in moss-inhabiting
diatoms’ taxonomic composition on fles
Kerguelen (Gremmen et al. 2007). The al-
titude, pH and conductivity were shown to
be the key factors that determine the moss-
inhabiting diatoms’ community structure
on Ile Amsterdam, besides the moisture
factor (Chattova et al. 2021). The biotic
stress factor, which is caused by marine
birds and mammals and leads to increased
salinity and nutrient content, is playing the
key role in shaping the species composi-
tion of diatoms on the Antarctic Living-
ston Island and James Ross Island along
with the moisture (Kopalova et al. 2014).
Notably, no preferences towards the moss
species as a habitat were revealed in the
study of moss-inhabiting diatoms on the
Livingston Island. Indeed, only one diatom
complex was associated with Warnstorfia
fontinaliopsis (Miill.Hal.) Ochyra, whereas
the remaining two complexes were charac-

terized by the prevalence of the other moss
species (Kopalova et al. 2014).

The limited samples’ set collected on
the Galindez Island does not demonstrate
any clear distribution pattern of the moss-
inhabiting diatoms’ community structure
in accordance with the moisture factor.
The moderate altitude of up to 50 m above
the sea level did not show any significant
effect either. The 3 Sanionia sp. samples
(S1, S7, S8) cluster separately. Those are
considerably different from the other sam-
ples in their conditions and are charac-
terized by a combination of high biotic
stress and significant moisture factor. S1
and S8 samples stand out in their relatively
high species richness (11 and 8 taxa re-
spectively). Yet, S1 is the only sample
with the dominance of Luticola muticopsis,
whereas S8 was dominated by the more
abundant Pinnularia borealis. Pinnularia
borealis was also dominant in S7 sample
alongside the low abundance of accompa-
nying species.

The maximum species richness (11)
with the dominance of Pinnularia borealis
was also detected for Al sample of An-
dreaea regularis moss. Contrary to the S8
the Al sample was characterized by drier
conditions (F-value — 8) and zero biotic
class and salt class value.

S3 and L3 samples stood out from the
rest, as they were dominated by Pinnularia
borealis and Eunotia pseudopaludosa. Yet,
the absence of the common environmental
factors’ complex does not allow speculat-
ing about the reasons behind the observed
taxonomic distribution. Therefore, we sug-
gest that the future studies should be fo-
cused on more representative analysis of
diatom communities of the central mari-
time Antarctica, and such factors, as mois-
ture and biotic stress (which is caused by
marine birds and mammals and leads to in-
creased salinity and nutrient content, Van
de Vijver et al. 2002b, Chattova et al.
2021), as those seem to play key role in
shaping the moss-inhabiting diatoms taxo-
nomic distribution.
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Conclusion

1. 23 taxa of moss-inhabiting diatoms
were revealed by the preliminary study on
the Galindez Island. This species richness
is lower than that of the other Antarctic
localities, which is intriguing and high-
lights the necessity of further research.

2. The moss-inhabiting diatoms’ taxo-
nomic distribution is notably different in
the samples from the Galindez Island and
in those from the other Antarctic islands
(James Ross Island and Livingston Island).
Contrary to the other Antarctic localities,
80% of the samples from the Galindez Is-
land are characterized by low species rich-
ness not exceeding 5 taxa.

3. Several distinct samples with rela-
tively higher species richness stood out
from the rest as a result of taxonomic dis-
tribution analysis. Those were character-
ized by drier conditions, or, in another in-
stance, by a combination of high biotic
class and salt class along with considerable
moisture content.
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