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Abstract: Microorganisms often occur in association with macroalgae, with the term
“phycosphere” referring to the seaweed surface where they may be present. Phycosphere
represents a poorly explored niche of marine diversity, especially in the polar regions.
DNA metabarcoding provides a new and accessible method for the detection of DNA from
different organisms, especially applicable for poorly known groups where taxonomic
expertise is limited or unavailable. In this study we used DNA metabarcoding to
provide an initial survey of eukaryotic communities associated with marine macroalgae
obtained from the shores of Svalbard. Samples of Ulvaria obscura were sequenced and
the DNA reads found were assigned to 75 taxa of six Kingdoms and 17 phyla: Chromista
(Ciliophora, Haptophyta, Ochrophyta, Oomycota and Chrysophyta), Fungi (Ascomycota,
Basidiomycota, Chytridiomycota, Mortierellomycota and Rozellomycota), Holozoa
(Ichthyosporia), Metazoa (Cnidaria), Protozoa (Cercozoa, Discosea and Heterolobosea) and
Viridiplantae (Bryophyta and Chlorophyta). The most abundant group was Viridiplantae,
followed by Fungi. Our environmental DNA study confirmed that the phycosphere of
U. obscura shelters a rich and complex microbiome, suggesting that Arctic macroalgae
provide a hotspot of currently undescribed polar biodiversity. Additionally, our results
were obtained during the first official Brazilian Arctic expedition, representing a historic
step for the Brazilian Antarctic Program (PROANTAR).
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INTRODUCTION

Located in the High Arctic, the Norwegian
archipelago of Svalbard (74°-81° N; 10°-34° E)
is surrounded by the Arctic Ocean to the north,
Barents Sea to the east and Greenland Sea to
the west. The archipelago is considered a global
warming hotspot with parts warming by at least
2°C per decade since the mid to late Twentieth
Century, a trend predicted to continue in the

current century (Hanssen-Bauer et al. 2019, van
Pelt et al. 2019, Pedersen et al. 2022).

The drastic levels of climate change in the
High Arctic are expected to lead to wide but still
poorly documented consequences for the local
biota (Hanssen-Bauer et al. 2019, Pedersen et al.
2022). In the European Arctic, the best-studied
macroalgal communities are those present on
Svalbard, where they are important primary
producers and creators of biogenic habitat
in fjords ecosystems, producing up to 50% of
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the organic carbon available for the benthos
(Renaud et al. 2015). In total, 197 species of
macroalgae have been recorded from Svalbard,
with 84 species recorded from Kongsfjorden
alone (Fredriksen et al. 2019). Among Arctic
macroalgal groups, green seaweeds generally
have lower richness compared to red and brown
species (Pellizzari et al. 2025).

The green algal (Chlorophyta) genus
Ulvaria Ruprecht, 1850, is a foliaceous genus
of monostromatic marine chlorophytes. Its
taxonomy is complex, forming a group together
with the genera Monostroma, Protomonostroma
and Gayralia, and the presence of cryptic
diversity. Guiry & Guiry (2025) list six described
species within Ulvaria of which only three are
currently considered valid taxonomic names (U.
obscura, U. blyttiiand U.shepherdii;type localities
France, Norway and Australia, respectively), even
then with U. blyttii in an uncertain position.
Members of the genus are commonly found on
the shores of Svalbard (Gulliksen et al. 1999)
and the White Sea (Gobi 1878). The genus was
originally described from the Aleutian Islands
(Ruprecht 1850) and is widely distributed in
marine cold waters throughout the Northern
Hemisphere. Ulvaria obscura (Kitzing) Gayral ex
Bliding is broadly distributed in temperate and
sub-Arctic regions of the Northern Hemisphere,
occurring in the shallow subtidal and intertidal
zones, occurring on stones, shells, larger brown
algae, and other hard (natural or artificial)
substrates. U. obscura is reported to the Arctic
region including Svalbard (Gulliksen et al. 1999,
Malavenda 2021).

Microorganisms often occur in association
with macroalgae. They may participate in true
symbioses or occur commensally, with the
term “phycosphere” referring to the seaweed
surface in an analogous fashion to the
rhizosphere in soils around terrestrial plant
roots, where microbial growth can be stimulated
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by extracellular products of the algae (Bell &
Mitchell 1972). Microalgae, ciliates and fungi,
amongst other microbial groups may be present
within the phycosphere. However, with the
exception of bacteria, little is known about
these microorganisms and the phycosphere
represents a poorly explored niche of marine
diversity, especially in the polar regions.

Recent advances in molecular biology have
provided new tools and analytical approaches
for the assessment of diversity in environmental
samples obtained from various ecosystems.
DNA metabarcoding using high-throughput
sequencing (HTS) provides a new and accessible
method for the detection of DNA from different
organisms, and is especially applicable for
poorly-known groups where taxonomic expertise
is limited or unavailable or where resting
stages are overlooked when using traditional
taxonomic methods based on morphology
alone (Fernandes et al. 2021, Campello-Nunes
et al. 2024). Camara et al. (20214, b) used this
approach to compare periphytic diversity
between two lakes in the South Shetland Islands
(Maritime Antarctic), but it has yet to be used
widely in the assessment of marine macroalgal
periphytic biodiversity. In this study, we used
DNA metabarcoding to provide an initial survey
of eukaryotic communities associated with
marine macroalgae obtained from the shores of
Svalbard, Arctic region.

MATERIALS AND METHODS

Macroalgal sampling and taxonomy

Five specimens of Ulvaria obscura were sampled
from the intertidal zone at Longyearbyen,
Svalbard (78°13'24.02" N; 15°38'48.8" E) in July
2023 (Figure 1). The samples were washed using
fresh water, stored between sheets of blotting
paper and cold dried. The specimens were
labelled and transported to the plant molecular
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Figure 1. Satellite images of the study region from which Arctic macroalgae samples were obtained. a) Arctic
region, b) Longyearbyen, Svalbard Archipelago, ¢) sampling location (red triangle) between Longyearbyen Airport
and downtown. Satellite images obtained from Google Earth Pro, 2019 (https://earth.google.com).

biology laboratory at University of Brasilia, Brazil
for further analysis. In the laboratory, samples
for morphological analysis were re-hydrated
to enable histological procedures to be carried
out before examination using a stereoscope
(Motic SMZ-161) and optical microscope with
phase contrast (Olympus CX31) and coupled
image capture (UC90). Analyses focused on the
morpho-anatomical features of the vegetative
and reproductive regions. Histological sections
were used to assess cell size, number, position
and shape of chloroplasts, shape and size
of uni- and multi-cellular fertile structures,
type, size and shape of the apical cells, and
exclusive morphological structures. Taxonomic
identification was performed by comparing
the specimens obtained with the available
specialized bibliography of seaweeds from the
Arctic (Fredriksen et al. 2019). Nomenclature
follows Guiry & Guiry (2025). Specimens have
been deposited in the collection of the Museu

Botanico Municipal (MBM) Herbarium (Curitiba
Botanical Garden, Parana, Brazil).

DNA sampling, extraction and sequencing

From each of the five collected samples, a
subsample (ca. 2cm?) was immediately placed
in a sterile plastic tube, frozen immediately at
-20°C and stored until further analyses in Brazil.
From one subsample, the total DNA was extracted
using the FastDNA Spin Kit for Soil (MPBIO, Ohio,
USA), following the manufacturer’s instructions.
DNA quality was analyzed using agarose gel
electrophoresis (1% agarose in 1 x Trisborate-
EDTA) and then quantified using the Quanti-iT
™ Pico Green dsDNA Assay (Invitrogen). Negative
controls did not render any detectable DNA. We
used the internal transcribed spacer 2 (ITS2)
region of the nuclear ribosomal DNA (Chen et al.
2010, Richardson et al. 2015, Camara et al. 20213,
b, ¢,2022) as a barcode, which iswidely applied to
identify a diverse range of eukaryote organisms
including fungi, animals, protozoans, chromists
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and plants (Ruppert et al. 2019), and has proved
effective in recent studies of Antarctic diversity
using environmental samples (Camara et al.
2022, Rosa et al. 2020, Ogaki et al. 2021, Carvalho-
Silva et al. 2021). Library construction and DNA
amplification were performed using the Library
kit Herculase Il Fusion DNA Polymerase Nextera
XT Index Kit V2, following the Illumina 16S
Metagenomic Sequencing Library Preparation
Part #15,044,223 Rev. B protocol. Paired-end
sequencing (2 x 300 bp) was performed on a
MiSeq System (Illumina) by Macrogen Inc. (South
Korea).

Data analyses and taxonomic assignment

Quality analysis was carried out using BBDuk
v. 38.87 in BBmap software (BBMap - Bushnell
B.; sourceforge.net/projects/bbmap) with the
following parameters: [llumina adapters were
removed (Illumina artefacts and the PhiX Control
v3 Library); ktrim = [; k = 23; mink = 11; hdist = 1
minlen = 50; tpe; tho; gtrim = rl; trimqg = 20; ftm
= 5: maq = 20. The remaining sequences were
imported to QIIME2-amplicon version 2023.9
(https:// giime2.org/) for bioinformatics analyses
(Bolyen et al. 2019). The giime2-dada2 plugin was
used for filtering, dereplication, turn paired-end
fastq files into merged, and remove chimeras,
using default parameters (Callahan et al. 2016).
Taxonomic assignments of ASVs (amplicon
sequence variants) were determined using the
giime2-feature-classifier (Bokulich et al. 2018)
classify-sklearn against different databases,
using a sequence similarity threshold of 97%.
First, ASVs were classified against the PLANITS2
database (Banchi et al. 2020). After this step,
ASVs that remained unclassified were filtered
and classify-sklearn classified against the UNITE
Eukaryotes ITS database version 8.3 (Abarenkov
et al. 2020). Finally, remaining unclassified ASVs
were filtered and aligned against the filtered
NCBI non-redundant nucleotide sequences (nt)
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database (May 2024) using BLASTn (Camacho
et al. 2009) with default parameters; the nt
database was filtered using the following
keywords: “ITS1", “ITS2", “Internal transcribed
spacer” and “internal transcribed spacer”.
Taxonomic assignments were performed using
MEGANG6 (Hudson et al. 2016). For simplicity we
henceforth refer to the assigned ASVs as “taxa”.
For comparative purposes, we consider reads
as a proxy for relative abundance (Giner et al.
2016). Taxonomic profiles were plotted using the
Krona (Ondov et al. 2011).

Diversity and ecology

Those taxa with >1,000 DNA reads were
considered abundant. The number of DNA reads
were used to assess taxon diversity, richness
and dominance, using the following indices:
(i) Fisher's a, (ii) Margalef’s and (iii) Simpson’s,
respectively. Species accumulation curves were
obtained using the Mao Tao index (based on
a presence-absence matrix). All results were
obtained with 95% confidence, and bootstrap
values were calculated from 1,000 replicates
using the PAST program v. 1.90 (Hammer et al.
2001).

RESULTS
Macroalgal taxonomy

The macroalgal specimens sampled (up to
20 ¢cm long) had dark green monostromatic
foliose thalli when submerged, and brownish
color on drying (Figure 2a and b). Rhizoids
were present only at the basal cell. The cells
in frontal view varied in form along the length
of the blade, and were quadratic, rounded to
polygonal, sometimes arranged in a regular
pattern, or in groups of four cells (Figure 2d).
In the basal region of the blade the cells were
longer and narrower than in the median region,
approximately 20-23.5 um x 30-37.5 uym, with a
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Figure 2. Macro- and micromorphology of Ulvaria obscura sampled in the intertidal zone at Longyearbyen,
Svalbard. a) specimen in natural habitat; b) and c) wet and dried herbarium specimens; d) cells in frontal view; e)
transverse histological section; f) basal cells in frontal view.

cellular lumen of 3-5 um. A parietal chloroplast
and single pyrenoid were present (Figure 2e).
In cross-section (Figure 2f), only one layer of
cells was present. The cells in the marginal and
median region were, on average (measured 10
times), 30 pm deep, with a cell lumen of 4 pm,
and were wider than longer. According to the
macro- and micromorphological characteristics
the macroalgae was identified as Ulvaria obscura
(Kutzing) Gayral (Chlorophyta, Ulvophyceae).

Eukaryotic DNA taxonomy and diversity

A total of 1,106,858 paired-end DNA reads were
generated in the sequencing run of which
45139 reads remained after quality filtering
and the removal of the host macroalgal DNA.

These reads were assigned to 75 ASVs and
included representatives of six Kingdoms and
17 phyla: Chromista (Ciliophora, Haptophyta,
Ochrophyta, Oomycota and Chrysophyta), Fungi
(Ascomycota, Basidiomycota, Chytridiomycota,
Mortierellomycota and Rozellomycota), Holozoa
(Ichthyosporia), Metazoa (Cnidaria), Protozoa
(Cercozoa, Discosea and Heterolobosea) and
Viridiplantae (Bryophyta and Chlorophyta). Some
sequences could only be assigned at higher
taxonomic level (family, order or division) and
the calculated rarefaction curves indicated that
the DNA reads gave an accurate representation
of the local diversity in the sample (Figure 3).
The most abundant group was
Viridiplantae, followed by Fungi (Figure 4; Table
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Figure 3. Rarefaction

curves, with 95%

Taxa S (95% confidence)

confidence limits, of
amplicon sequence
variants (ASVs) obtained
from the phycosphere
of the Arctic macroalga
Ulvaria obscura.
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1), with the dominant taxa being Ulothrix sp.,
Chlamydomonas sp., Kornmannia leptoderma,
Acrosiphonia sp., Chlamydomonas raudensi,
Pseudothrix groenlandica, Pseudendoclonium
sp. (Chlorophyta, Viridiplantae) and
Rhizophydiales sp. (Chytridiomycota, Fungi). The
most diverse and rich (Fisher a and Margalef
indices, respectively) groups were Fungi, Metazoa
and Viridiplantae, in rank; however, Viridiplantae
displayed the highest dominance (Simpson’s
index) (Table 1).

DISCUSSION
The host macroalgal species Ulvaria obscura

The algal flora of Svalbard generally comprises
species that are also present in other regions
of the North Atlantic and Arctic, as is the case
for U. obscura (Weslawski et al. 1997). Fredriksen
et al. (2019) listed a total of 197 macroalgal
species recorded from Svalbard, representing 51
green, 76 brown and 70 red macroalgae. A total
of 84 species are recorded from Kongsfjorden,
comprising 19 green, 36 brown and 29 red
algae are representing 42% of the total number
of species know from Svalbard (refs needed).

Malavenda (2021), in a study of seaweeds at
the mouth of a Spitsbergen fjord (Svalbard)
considered that most species of the 63 species
present had high-boreal or Arctic-boreal
distributions, suggesting that richness remained
underestimated.

Eukaryotic diversity associated with the Artic
macroalgae Ulvaria obscura

The assignment of a sequence obtained from
eDNA does not confirm the presence of a
living organism or a viable propagule in the
sample and is also limited by the quality and
completeness of available databases. This is
particularly the case in the polar regions, where
much diversity has yet to be sequenced. There
is also no universal DNA barcode capable of
covering all groups of organisms, while the use
of different markers targeting certain sets of
taxonomic groups inevitably generates different
results for specific groups. Taxa assigned as
‘unknown’ or only assigned at higher taxonomic
levels are likely to be absent from the consulted
databases but could also represent currently
undescribed taxa.
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%
%

Viridiplantae

The most abundant Viridiplantae ASVs detected
in Arctic U. obscura thalli were Ulothrix sp.,
Chlamydomonas sp., Kornmannia leptoderma,
Acrosiphonia sp., Chlamydomonas raudensis,
Pseudothrixgroenlandicaand Pseudendoclonium
sp. (Table 1). Chlamydomonas is a poorly known
genus with more than 500 species, mostly
reported from freshwater habitats but also with
marine representatives. Chlamydomonas nivalis
(FA. Bauer) Wille is one of the most common
algae present in snow communities and been
reported from Svalbard (Matula et al. 2007). Its
presence here is likely due to the proximity of the
intertidal zone to adjacent terrestrial and now
habitats. The genus Raphidonema includes 12
species of which R. nivale Lagerheim is recorded
from Svalbard (Kviderova 2012), similarly
being common in snow algal communities.
Kornmannia leptoderma (Kjellman) Bliding is
also a monostromatic marine green alga that is

EUKARYOTIC ASSOCIATED WITH THE Ulvaria obscura

Figure 4. Krona chart
showing the abundances
of different amplicon
sequence variant

(ASV) taxonomic levels
associated with the
phycosphere of Ulvaria
obscura, assessed using
PlantITS, UNITE and
GenBank databases.

widespread in temperate and sub-polar zones
of the Northern Hemisphere and known from
Svalbard (Fredriksen et al. 2019). Acrosiphonia
is a diverse genus containing 45 described
species, including A. arcta (Dillwyn) Gain, A.
flagellata Kjellman, A. incurva Kjellman and
A. sonderi (Kutzing) Kornmann recorded from
Svalbard (Gulliksen et al. 1999, Fredriksen et
al. 2019). Pseudothrix groenlandica (J.Agardh)
Hanic & S.C.Lindstrom, is a widespread marine
species also reported from Svalbard (Fredriksen
et al. 2019), while Pseudendoclonium is a
genus containing nine described of which
Pseudendoclonium submarinum Wille is present
in Svalbard (Gulliksen et al. 1999, Fredriksen et
al. 2019).

Amongst the other taxa assigned, the
genus Hazenia includes five species, none
of which have been reported from Svalbard,
although representatives occur in Europe and
Antarctica (Guiry & Guiry 2025). The assignment
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Table I. Assigned amplicon sequence variants associated with phycosphere of Ulvaria obscura. *Taxa not
previously recorded from Svalbard. Taxa in gray were ranked as abundant.

Amplicon sequence variants

KINGDON VIRIDIPLANTAE

Phylum Bryophyta
Family Entodontaceae
Encalypta sp.
Phylum Chlorophyta

Family Chlamydomonadaceae

Family Ulotrichaceae
Actinochloris sphaerica”
Acrosiphonia sp.
Chlamydomonas proboscigera’

Chlamydomonas raudensis’
Chlamydomonas sp.
Hazenia" sp.
Kornmannia leptoderma

Monostroma grevillei’
Planophila sp.
Pseudendoclonium sp.
Pseudochlorella pyrenoidosa’
Pseudothrix groenlandica
Raphidonema sp.
Ulothrix sp.

Ulvaria sp.

Ulvella leptochaete

Urospora sp.

KINGDON FUNGI
Fungal sp.
Phylum Ascomycota
Chaetothyriales sp.
Helotiales sp.
Pleosporales sp.

Didymellaceae sp.

Habitat

Freshwater, Marine,
Terrestrial, Brackish

Terrestrial

Terrestrial

Freshwater, Marine,
Terrestrial

Marine, Brackish
Freshwater
Marine
Freshwater
Freshwater

Freshwater, Marine,
Terrestrial

Freshwater
Marine

Marine
Marine, Terrestrial
Marine, Freshwater

Freshwater
Marine
Freshwater, Terrestrial
Marine, Brackish

Brackish, Marine

Marine

Marine

Freshwater

Freshwater
Terrestrial
Freshwater

Freshwater
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Distribution

Cosmopolitan

Cosmopolitan

Bipolar

Cosmopolitan

Cosmopolitan

Cosmopolitan

Cosmopolitan
Europe, Africa, Asia

Bipolar
C

Cosmopolitan

Europe, North America, Asia, Arctic,
Antarctica

Cosmopolitan

Europe, Middle East, North America
Cosmopolitan

Europe
Europe, North America, Asia
Cosmopolitan
T and Polar
Europe, North America, Africa, Asia

Europe, North America, Asia,
Antarctica

Asia, Europe, North America, Arctic,
Antarctica

Cosmopolitan

Cosmopolitan
Cosmopolitan
Cosmopolitan

Cosmopolitan

€20240808 8|17

Number of
DNA Reads

2,901

28
35

939

1
954
2,791

1,952
6,352
13

4,891

59
1,244
15
1,351

10,959
27

29

908

806

16
18
80
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Table I. Continuation.
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Comoclathris sp. Terrestrial Cosmopolitan 36
Endomelanconiopsis sp. Terrestrial Cosmopolitan 24
Knufia sp. Freshwater Cosmopolitan 12
Leptosphaeria doliolum Terrestrial Cosmopolitan 39
Phaeococcomyces sp. Freshwater Cosmopolitan 2
Paraleptosphaeria sp. Terrestrial Cosmopolitan 15
Pseudogymnoascus sp. Freshwater Antarctica, North America, Europe, Ac 13
Sirococcus sp. Freshwater Cosmopolitan 4
Tetracladium sp. Freshwater Cosmopolitan 150
Phylum Basidiomycota
Glaciozyma litoralis Terrestrial Antarctica 161
Microbotryum sp. Terrestrial Cosmopolitan 10
Mrakia blollopis Terrestrial Antarctica 28
Mrakia niccombsii Terrestrial Antarctica 5
Phenoliferia sp. Freshwater Cosmopolitan 26
Vishniacozyma victoriae Terrestrial Antarctica 12
Yunzhangia sp. Terrestrial Cosmopolitan 2
Phylum Chytridiomycota
Chytridium sp. Mari%e,rrFerstsr?&\‘/\l/ater, Cosmopolitan 17
Betamyces sp. Mari%e,rrFerSetsr?;/\l/ater, Cosmopolitan 10
Order Pythiales Mari$ee,rr|:ersetsr?é\l/\l/ater, Cosmopolitan 19
Order Rhizophydiales 4,936
Pythium caudatum Marine Cosmopolitan M
Pythium sp. Mari%,rrFerstsr?;\l/ater, Cosmopolitan 39
Phyllum Mortierellomycota
Podila verticillata 4
Phyllum Rozellomycota 15
KINGDOM CHROMISTA
Phylum Ciliophora widespread Cosmopolitan 532
Class Oligohymenophorea Bﬁgﬁiﬁg’ TFerirsethgﬁg:—lrr, Cosmopolitan 57
Cyrtohymena sp. Bﬁgﬁiﬁgl’ TFer(?rseth%/ra_lt;elr, Cosmopolitan 98
Holosticha sp. Marine Cosmopolitan 23
Homalogastra sp. Brackish, Terrestrial Cosmopolitan 9

An Acad Bras Cienc (2025) 97(4) €20240808
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Table I. Continuation.

Mesanophrys carcini

Planilamina ovata

Prorodon sp.

Pseudovorticella sp.

Vorticella sp.

Phylum Chrysophyta
Class Chrysophyceae
Paraphysomonas sp.
Phylum Haptophyta
Order Pavlovales’
Phylum Ochrophyta
Class Bacillariophyceae
Navicula sp.
Phylum Oomycota
KINGDOM HOLOZOA
Phylum Ichthyosporia
Sphaeroforma sp.
KINGDOM METAZOA
Phylum Cnidaria
Catablema vesicarium
Obelia dichotoma

KINGDOM PROTOZOA

Cercozoa sp.
Discosea sp.

Heterolobosea sp.

UNKNOWN

Unknown sp.

EUKARYOTIC ASSOCIATED WITH THE Ulvaria obscura

Marine ? 5
Marine ? 54
Brackish, Freshwater
Freshwater Marine, Cosmopolitan 256
Terrestrial
Brackish, Freshwater, .
Marine, Terrestrial Cosmopolitan 42
Brackish, Freshwater, Cosmonolitan 16
Marine, Terrestrial P
Marine, Freshwater Cosmopolitan 230
Marine, Freshwater Cosmopolitan 2
Marine, Freshwater Europe, North America 406
Marine, Freshwater Cosmopolitan 1
Marine, Freshwater Cosmopolitan 16
42
Marine ? 12
42
Marine Arctic 13
Marine, Freshwater Cosmopolitan 502
Freshwater, Marine, .
Terrestrial Cosmopolitan JA
Freshwater, Marine, .
Terrestrial Cosmopolitan 303
Freshwater, Marine, .
Terrestrial Cosmopolitan 6
452

of Monostroma grevillei (Thuret) Wittrock
represents the first record from Svalbard,
although the species has been recorded from the
adjacent Barents Sea (Malavenda 2018) and Arctic
Canada (Taylor 1957). It has also been recorded
from locations in Europe and the subArctic, and

recently by Pellizzari et al. (2023) from Deception
Island in the Maritime Antarctica. Its congener,
M. lubricum Kjellman (the homotypic synonym
of Monostroma grevillei var. lubricum (Kjellman)
Collins), has been reported from Svalbard
(Fredriksen et al. 2019). Planophila is, similarly,
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Table Il Diversity indices of amplicon sequence variants (ASVs) associated with phycosphere of Ulvaria obscura.

Indices Chromista
Number of ASVs 18 26
Number of DNA reads 1,826 6,449
Fisher a 2.77 345
Margalef 2.26 2.85
Simpson’s 0.82 0.4

a genus containing around eight species which
has not previously been reported from Svalbard
but is present in the Baltic Sea (Nielsen et al.
1995) and Russian Arctic (Patova et al. 2015), and
has also been reported in Antarctica in an eDNA
study (Camara et al. 2021b). Pseudochlorella
pyrenoidosa (Zeitler) JW.G. Lund is a European
species, while other members of the genus have
been reported from Russia and Antarctica (Guiry
& Guiry 2025). The genus Ulvaria includes seven
species worldwide, with two being found on
Svalbard (U. splendens (Ruprecht) Vinogradova,
U. obscura (Kitzing) P. Gayral) (Gulliksen et al.
1999, Fredriksen et al. 2019). We excluded the
DNA reads assigned to the host species sampled
here, suggesting that these reads are from
another source. Ulvella is another diverse but
poorly known genus containing 65 species of
which two are recorded from Svalbard (U. lens
PL. Crouan & H.M. Crouan, U. scutata (Reinke)
R. Nielsen, C.J.O' Kelly & B. Wysor). The genus
Urospora includes 10 species of which three are
present in Svalbard (U. elongata (Rosenvinge)
Hagem, U. penicilliformis (Roth) Areschoug,
U. wormskioldii (Mertens ex Hornemann)
Rosenvinge) (Fredriksen et al. 2019). The two
assigned bryophyte taxa found are widespread in
the Northern Hemisphere and are likely sourced
from the adjacent terrestrial environment.

Fungi
Fungal diversity associated with Antarctic
macroalgae have, until recently, only been

Fungi

Metazoa Protozoa Viridiplantae
3 3 22
557 353 35,469
0.42 0.45 2.28
0.32 0.34 2
0.2 0.23 0.83

assessed using culturing approaches (Rosa et al.
2019). Davey et al. (2019) used a metabarcoding
approach to determine the species composition
of the microbial community in snow microalgal
blooms in Antarctica, reporting a eukaryotic
community dominated by unknown fungi.
Camara et al. (2024) also used metabarcoding
to survey eukaryotic communities associated
with the Antarctic macroalgae Desmarestia
menziesii, Monostroma hariotii, and Ulothrix
sp. (Chlorophyta), Desmarestia sarcopeltis and
Iridaea sp. (Rhodophyta), and Adenocystis
utricularis,and Ascoseira mirabilis (Phaeophyta),
detecting 18 fungal ASVs representing the phyla
Ascomycota and Basidiomycota.

The most abundant fungal ASV detected in
Arctic U. obscura thalli was the chytrid taxon
Rhizophydiales (Chytridiomycota). The order
Rhizophydiales includes zoosporic species
often present in wet, cold habitats and widely
reported in association with algae (Schmidt et
al. 2012, Naff et al. 2013, Seto & Degawa 2018).
In addition, Rhizophydiales includes parasitic
taxa able to affect different organisms, including
algae, and may provide ecological control of
aquatic populations (Powell 1993, Ibelings et al.
2004, Christaki et al. 2017). Davey et al. (2019) also
reported Rhizophydiales as one of the dominant
taxa present in snow algal blooms, and lIlicic et
al. (2022) detected Betamyces (Rhizophydiales)
in benthic diatoms in coastal zones of Antarctic
environments.
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Chromista

The most abundant chromist ASVs detected
in Arctic U. obscura thalli represented the
phylum Ciliophora. This is a poorly investigated
and reported group. Knowledge of marine
ciliates from the polar regions, to date, has
concentrated on pelagic forms and, to a lesser
extent on benthic periphytic communities
(Song & Wilbert 2002). Only two ciliate ASVs
were assigned to species level in the present
study, the scuticociliate Mesanophrys carcini
Small & Lynn in Aescht, 2001 and the dysteriid
Planilamina ovata Ma et al. (2006), Mesanophrys
carcini was originally described as Paranophrys
carcini, extracted from the haemolymph of the
crab Cancer pagurus Linnaeus, 1758 (Groliére &
Léglise 1977), but also occurring in the free-living
form (Pan et al. 2016). Planilamina ovata was
described from blowhole mucus of the Atlantic
bottlenose dolphin Tursiops truncatus Montagu,
1821 and the false killer whale Pseudorca
crassidens Owen, 1846 (Ma et al. 2006).

Little can be inferred from ASVs identified
at genus level or above, because their
referenced taxa all have widespread geographic
distributions. The genera Cyrtohymena and
Holosticha are both hypotrichs, a group for which
taxonomy is currently fluid and dependent on
combined observations of live and protargol-
stained specimens, and molecular data (Berger
1999, Paiva et al. 2014). Cyrtohymena sensu
Berger (2018) contains six species, of which only
C. marina (Kahl 1932) Foissner, 1989 occurs in
marine environments, originally being reported
from the North Sea and apparently restricted
to the Northern Hemisphere (Berger 2018, Li et
al. 2023). Holosticha was historically considered
to be a large genus of hypotrichs containing ca.
100 species occurring in various habitats. It was
subsequently disassembled until Berger (2006)
redefined it, recognizing only eight species, all
marine. Presently, about 10 species are accepted,
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depending whether Uncinata is accepted as a
sub-genus of Holosticha (Paiva 2020, Chen et
al. 2023). The genus Homalogastra includes
three known species — H. setosa (Kahl 1926), H.
parasetosa (Liu et al. 2020a), and H. binucleata
(Liu et al. 2020b) - all known mostly from soil
(sometimes saline) and brackish environments
(Liu et al. 20204, b).

Pseudovorticella is a peritrich genus
containing ca. 60 species. Most species of
Pseudovorticellawere transferred from Vorticella,
which still includes more than 50 species, many
with questionable genus assignment. Available
molecular databases have poor coverage of
these genera (Sun et al. 2013, Jiang et al. 2019)
and, as with other peritrichs, detailed taxonomic
reassessment is required (Liao et al. 2021).
Similarly, Prorodon is a problematic prostomatid
genus due to overly simplistic descriptions and
taxonomic errors (Foissner 2021).

The widespread crysophyte genus
Paraphysomonas includes 46 accepted species,
some of which are recorded from the Baltic Sea
(Hallfors 2004) and Scandinavia (Karlson al.
2018). Representatives have been reported from
Svalbard in molecular studies (van den Brink et
al. 2021, Sgrensen et al. 2012). The haptophyte
order Pavlolales contains only four marine
genera (Exanthemachrysis with four species,
Diacronema with six species, Pavlova with about
12 species and Rebecca with three species), none
of which have previously been recorded from
Svalbard. However, Rebecca salina (N.Carter)
J.C.Green has been reported from Scandinavia
(Karlson et al. 2018) and Diacronema lutheri
(Droop) Bendif & Véron from the Baltic Sea
(Hallfors 2004).

The ochrophyte genus Navicula (Diatom)
includes more than 1,600 accepted species, with
at least seven species reported from Svalbard: N.
kongsfjordensis Stachura, N. moskalii Metzeltin,
Witkowski & Lange-Bertalot, N. bipustulata Van
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der Werff & Huls, N. directa (W.Smith) Ralfs, N.
gregaria Donkin, N. kariana Grunow in Cleve &
Grunow, N. transitans Cleve, N. trigonocephala
Cleve and N. perminuta Grunow (Fredriksen et
al. 2019, Guiry & Guiry 2025, Schaub et al. 2017).
The oomycote genus Phytium is a widespread
parasitic genus, mostly plant pathogens,
causing diseases in crops but also in humans
(Vanittanakom et al. 2004).

Holozoa, Metazoa and Protozoa

Theichthyophonid genusSphaeroformaincludes
four species that are reported as saprotrophs
from animal tissue, with records from the Bering
Sea (Hasset et al. 2015). However, ITS2 markers
as used in this study are not very useful in
studies of metazoans, where COX1 is generally
used (Folmer et al. 1994). Consequently, only two
species assignments were made here, both to
marine Cnidaria. Catablema vesicarium is an
Atlantic species confined to Arctic cold waters
(Schuchert 2007) and Obelia dichotoma is a
widely distributed species occurring from the
Arctic to the tropics, including Svalbard (Orejas
etal.2013). All three Protist phyla assigned in this
study are widely distributed groups occurring in
marine, terrestrial and freshwater habitats and
including both free living and parasitic forms
(Thompson et al. 2019).

CONCLUSIONS

Despite studying only one Arctic macroalgae
species once, our environmental DNA study
confirmed that the phycosphere of Ulvaria
obscura (Ulvophyceae) shelters a rich and
complex microbiome, indicating that Arctic
macroalgae provide a hotspot of currently
undescribed polar biodiversity. The sequence
assignments made included diverse taxa with
cosmopolitan, polar and restricted distributions,
performing different ecological functions
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and services. Our data reinforce the need for
further detailed studies of Arctic macroalgae,
using larger sample sizes, a wide range of
study locations, and multiple markers in order
to increase knowledge of the diversity and
composition of the phycosphere communities
of Arctic macroalgae. Finally, our results were
obtained during the first official Brazilian Arctic
expedition, representing a historic step for
the Brazilian Antarctic Program (PROANTAR -
Programa Antartico Brasileiro).
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