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Annomayusa. belid M3y4deHBI TIATh BUJIOB JIMIIAWHUKOB (TPpHOOB) ¢ OUIIO-
JSPHBIM apuajoM, OOWTAIOIMX KaK Ha AHTaApKTHYCCKOM ITOJYOCTPOBE, TaK
u Ha ceBepe Poccuu. [lomydeHHbIe TaHHBIE CBUIETEIHCTBYIOT 00 MIX ITUPOKOM
AKOJOTUYECKOHN TOJEPAHTHOCTU U CITIOCOOHOCTH K PaccesieHHIo Ha O0JIbIINe pac-
CTOSIHUSI, a TAKXKE JJAI0T KII0UEBYI0 HH(GOpPMAIIUIO 0 OMopazHooOpa3uu u Ouoreo-
rpaduu MOJISIPHBIX PETUOHOB.

Knwuegvie cnosa: mrpuxxonuposanue JIHK, numalinuku, nuxeHusupo-
BaHHBIE TPUOBI, OCTPOB JINBUHTCTOH, OUTIOJIIPHOE paCTIPEICIICHIE

bnazooapnocme: >10 uccienoBaHue OBLIO MPOBENECHO NPU TOAJEPIKKE
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Abstract. Five species of bipolar lichen native to both the Antarctic Penin-
sula and Northern Russia were studied. The obtained data indicate their broad
ecological tolerance and ability to disperse over long distance and also provide
key information on the biodiversity and biogeography of polar regions.
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Introduction

Antarctica, with about 98% of its 14 million km? surface covered by ice,
hosts limited vascular plants but a rich diversity of lichens, the dominant terres-
trial organisms adapted to extreme conditions [1]. Although lichenological
research spans nearly two centuries, taxonomic uncertainties and limited molec-
ular data leave biodiversity only partly resolved [2—4]. DNA-based studies, espe-
cially of nrITS regions, have clarified species identities and revealed new records
for the continent [5].

Livingston Island harbors around 250 lichenized and lichenicolous fungi
[6—8], with genera such as Amandinea, Buellia, Lecanora, Umbilicaria, and Us-
nea. However, identifications have relied solely on morphology and anatomy, and
no molecular studies have yet been conducted. This lack of genetic data limits
knowledge of phylogeny, biogeography, and potential cryptic species, as well as
links with Northern Eurasian floras.

The present study addresses this gap by DNA barcoding lichenized fungi
collected from Livingston Island during the 6th Turkish Antarctic Expedition
(TAE 6, 2022), including taxa also found in Russia. Integrative analyses—morpho-
logical,  anatomical, and molecular—were applied, with  nrITS
sequences generated for each species. These sequences provide a valuable refer-
ence for phylogenetic and biogeographical research, and enable direct comparison
with Eurasian conspecifics. By contributing baseline molecular data, this study
supports biodiversity assessment, conservation planning, and ecological monitor-
ing in the Antarctic region.

Materials and Methods
Lichen samples were collected from Livingston Island (South Shetland
Islands, Antarctic Peninsula) during the 6th Turkish Antarctic Expedition
(TAE 6, 2022) by the first author, and are preserved in the ERCH Lichen Herbar-
ium, Erciyes University. Species identification combined morphological, anatom-
ical, and molecular analyses.
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Morphological features were studied with a stereomicroscope, while ana-
tomical structures were examined under a compound light microscope. Polarized
light microscopy was used to detect crystals and granules in apothecia. Thallus
dimensions were measured, and identifications were compared with previous rec-
ords for Livingston Island [6—8].

Genomic DNA was extracted from dried thallus or ascomata tissues (20—
100 mg) using the DNeasy Plant Mini Kit (Qiagen). The nrITS region was ampli-
fied with primers ITS1-F and ITS4 [5]. PCR (50 ul) consisted of 2 ul template
DNA, 2 ul of each primer, 25 pl 2x Taq MasterMix, and 19 pl water. The program
included: 95 °C 5 min; 35 cycles of 94 °C 1 min, 55 °C 1 min, 72 °C 1 min; final
extension 72 °C 10 min. Amplicons were checked on 1.6% agarose gels, purified,
and sequenced bidirectionally by a commercial service. Forward and reverse reads
were assembled and edited in BioEdit v7.2.5 [9]. Reference sequences from
Russian collections were included for comparative analysis. Alignments were
generated and analyzed in MEGAT11 [10]. The Kimura 2-parameter model was
selected, and Maximum Likelihood trees were built with 1000 bootstrap repli-
cates. Outgroups were chosen based on related clades. Nodes with >70% boot-
strap support were considered reliable. Final alignments were deposited in Gen-
Bank (Table).

GenBank accession numbers for lichen specimens from Livingston Island

Species Specimen Code (ERCH LV) GenBank Accession No.
Candelariella vitellina 0,101 -
Lecanora polytropa 0,095 -
Rhizocarpon geographicum 0,017 PX112972
Rusavskia elegans 0,078 -
Umbilicaria decussata 0,104 -

Results and Discussion

The results of morphological, anatomical, and molecular analyses for each
taxon are presented below. To provide a comprehensive interpretation, morpho-
logical descriptions and ecological notes are integrated with molecular phyloge-
netic findings. This combined approach confirms species identities, reveals new
distributional records for Livingston Island, and clarifies phylogenetic relation-
ships among taxa. Species-specific results are detailed in subsections, while the
general discussion emphasizes diversity patterns, biogeographical significance,
and taxonomic implications. Special attention is given to the five taxa shared be-
tween Antarctica and Russia (Rhizocarpon geographicum, Candelariella vitel-
lina, Lecanora polytropa, Rusavskia elegans, and Umbilicaria decussata), allow-
ing comparison of their inter-regional distributions and phylogenetic placements.
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Candelariella vitellina (Hoffm.) Miill. Arg.

Description: Thallus almost reduced, appearing as scattered very small gran-
ules on various parts of the substrate, especially concentrated at the base of apo-
thecia, egg-yolk yellow in color. Apothecia lecideine, 0.2—-0.4 mm in diameter.
Disc orangish yellow, roundish, with a light yellow margin; margin very thin and
sometimes crenulate. Epthymenium dark brown, 30—40 um. Hymenium hyaline,
75 um. Hypothecium hyaline to slightly brownish, 40-50 pum. Paraphyses
branched, septate, containing oil droplets, 3—4.5 pm wide. Asci 12—-16-spored,
65 % 15 pm. Ascospores simple, ellipsoid, 10-14 x 3—6 um. Pycnidia not observed

(fig. 1).

Fig. 1. Candelariella vitellina from Livingston Island (LV 0.101). The black thallus visible
beneath the apothecia belongs to another lichen species

Specimen Examined: Antarctica, Antarctic Peninsula, South Shetland Is-
lands, Livingston Island, near St. Kliment Ohridski Base, 62°3827"S
60°21'53"W, alt. 15 m, 17 February 2022, on rock, leg. M.G. Halici, ERCH LV
0.101.

Ecology and Distribution: This species has a broad ecological amplitude.
While it predominantly grows on siliceous rocks, it also occurs on bricks, roof
tiles, mosses, soil, and occasionally tree bark. It is cosmopolitan in global distri-
bution. In Antarctica, it has been reported from South Georgia, South Orkney Is-
lands, South Shetland Islands, the Antarctic Peninsula [1], and continental Ant-
arctica (Victoria Land) [11]. It is also known from Russia (Northern Eurasia).

Phylogeny: In the nrITS phylogenetic tree (fig. 2), the specimen from this
study (LV 0.101) clusters with previously sequenced C. vitellina specimens from
various regions (e.g., AJ460085.1, MG271776.1, EF535200.1) with high
bootstrap support (85%), confirming its identity. C. vitellina forms a clade closely
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related to Candelariella faginea and Candelariella granuliformis. C. faginea differs in oc-
curring on tree bark and having a blastidiate yellowish-green thallus [12], whereas
C. granuliformis has a paler yellow thallus composed of granules resembling blas-
tidia [13].

MG694271.1 Candelariella canadensis
HQ650602.1 Candelariella terrigena
®® | EF535189.1 Candelariella reflexa
EF535190.1 Candelariella reflexa
MG271777.1 Candelariella terrigena
®®  EF535195.1 Candelariella spraguei
EF535194.1 Candelariella spraguei
®® | KR052104.1 Candelariella clarkii
KRO052103.1 Candelariella clarkii
MZ922108.1 Candelariella rosulans
GU967377.1 Candelariella corviniscalensis
MZ922106.1 Candelariella rosulans
EF535181.1 Candelariella kansuensis
FJ959349.1 Candelariella kansuensis
EF535169.1 Candelariella californica
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EF535173.1 Candelariella complanata

s1 EF535161.1 Candelariella aurella
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7 MZ243492.1 Candelariella aggregata
§ MZ922100.1 Candelariella antennaria
MZ922096.1 Candelariella antennaria

®® | GU967376.1 Candelariella granuliformis
GU967375.1 Candelariella granuliformis
MK778596.1 Candelariella faginea
EF535200.1 Candelariella vitellina

B ERCH LV 0.101 Candelariella vitellina
AJ640085.1 Candelariella vitellina
MG271776.1 Candelariella vitellina

i EF535179.1 Candelariella deppeanae
. NR119640.1 Candelariella deppeanae
®® - MZ919299.1 Candelariella flava
MZ919298.1 Candelariella flava
® , MG694274.1 Candelariella subsquamulosa

| MG694275. 1 Candelariella subsquamulosa
—9': EF535165.1 Candelariella biatorina
EF535164.1 Candelariella biatorina

P MT614341.1 Candelariella subdeflexa
99 MN103124.1 Candelariella blastidiata
KX853123.1 Candelariella blastidiata
MG271794.1 Candelariella subdeflexa

OK333010.1 Pycnora sorophora

]
0.02

Fig. 2. Maximum Likelihood phylogenetic tree of Candelariella vitellina and related taxa
based on nrITS sequences

Discussion: Candelariella vitellina is morphologically close to C. rosulans
and can be difficult to distinguish in poorly developed specimens. C. vitellinatyp-
ically shows a crenulate apothecial margin and smaller, squamulose thalli,
whereas C. rosulans has a more lobate thallus. It may also resemble C. coralliza,
but the latter forms coralloid cushions with immersed apothecia, unlike the flat-
tened, squamulose thallus of C. vitellina. When sterile, it can be mistaken for C.
kuusamoénsis, which has a thicker, more orange, coralloid thallus.

C. vitellina shows a broad bipolar distribution, occurring in both Antarctica
and Russia (Northern Eurasia) [1, 14]. Its presence in these distant regions reflects
wide ecological tolerance and dispersal ability. While Russian records (e.g.,
Sakha, Siberia, Caucasus) confirm its distribution, no ITS sequence data from
Russian specimens are yet available in GenBank, limiting direct molecular com-
parisons.
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Lecanora polytropa Hoffm.) Rabenh.

Description: Thallus crustose, cream, almost reduced, present only as yel-
low-cream remnants at the base of apothecia. Apothecia sessile, flat, disc greenish
yellow, or cream-yellow; margin distinct, persistent, concolorous with the thallus,
cream-yellowish. Epithymenium brown. Hymenium hyaline. Hypothecium
hyaline to brownish hyaline. Asci 8-spored. Ascospores simple, hyaline, ellipsoid,
6—15 x 4-7 um. Pycnidia not observed. Tallus medulla and cortex K-, K/I-,
C--, KC- (fig. 3).

Fig. 3. Lecanora polytropa from Livingston Island (LV 0.095)

Ecology and Distribution: Often found on bird-manured rocks, partic-
ularly under nesting sites of storm petrels, ornithophilous, occurring at 2—
400 m a.s.l. [1]. It has been known from Bipolar; Europe, Antarctica [1]. In
Antarctica, reported from South Georgia, South Orkney Islands, South Shet-
land Islands, Antarctic Peninsula [1], Schirmacher Oasis, King George Is-
land [15], and Victoria Land.

Specimen Examined: Antarctica, Antarctic Peninsula, South Shetland Is-
lands, Livingston Island, near St. Kliment Ohridski Base, 62°3827"S
60°21'53"W, alt. 10 m, 17 February 2022, on rock, leg. M.G. Halici, ERCH LV
0.095.

Phylogeny: In the nrITS phylogenetic tree (fig. 4), the specimen from this
study (LV 0.095) groups with L. polytropa reference sequences from GenBank
(PP104700.1, LC742638.1, PP104706.1, PQ279286.1) with high bootstrap sup-
port (100%), confirming its identification. L. polytropa 1s phylogenetically close to
Lecanora fuscobrunnea, from which it differs morphologically by the presence of
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pigmented paraphyses apices and paler thallus. It also shows morphological sim-
ilarity to L. intricata, but differs in having smooth areole margins (vs. crenulate in
L. intricata) and a more regular surface [1].

100, PP104700.1 Lecanora polytropa
LC742638.1 Lecanora polytropa
M| L—— PP104706.1 Lecanora polytropa
I ERCHLV0.095
PQ279286.1 Lecanora polytropa

PV919879.1 Lecanora intricata
— .ecanora intricata

as

I ERCHLVO0.051

) OL331409.1 Lecanora fuscobrunnea
- MK208817.1 Lecanora fuscobrunnea
PQ304355.1 Lecanora fuscobrunnea

» MK208816.1 Lecanora fuscobrunnea

AY398704.1 Lecanora chlorophaeodes
100 | GU480097.1 Lecanora densa
GU480096.1 Lecanora densa

lr GU480118.1 Lecanora burgaziae
GU480117.1 Lecanora burgaziae

AF070025.1 Lecanora perpruinosa

100 | PQ304359.1 Lecanora physciella
s OR728788.1 Lecanora physciella

100 - AY541264.1 Lecanora bicincta

I AY541263.1 Lecanora bicincta

PV688690.1 Lecidella patavina

0,02

Fig. 4. Maximum Likelihood phylogenetic tree of Lecanora polytropa and related taxa based
on nrITS sequences

Rhizocarpon geographicum (L.) DC

Description: Thallus crustose, areolate, sometimes effigurate, yellow-green
in colour, with a very thin black prothallus. Apothecia abundant, scattered among
areoles, circular or angular, 0.15-0.30 mm in diameter (n=10). In young apothe-
cia, the margins are distinct; in mature and convex apothecia, the margins are
reduced. Epihymenium brown, 3540 pm thick; hymenium hyaline, 60-70 pm
high; hypothecium brown, 52—75 um thick. Asci 8-spored, 65-70 % 14-25 pm.
Ascospores muriform or submuriform, brown (immature spores hyaline and 1-
septate), 20-30 x 10—-19 um (n=15). Length/width ratio 1.18-2.50. Medulla K/I+
blue; epthymenium K+ red (fig 5).
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Fig. 5. Rhizocarpon geographicum from Livingston Island (ERCH LV 0.017).
The thallus is bordered by surrounding areoles and apothecia of R. grande (ERCH LV 0.016)

Ecology and Distribution: Cosmopolitan in cold regions on rocks [1].
In Antarctica it has been reported from South Georgia, Bouvetoya, South Orkney
Islands, South Shetland Islands (King George Island; [15]), Antarctic Peninsula,
Continental Antarctica [1], Botany Bay—Granite Harbour—Ross Sea, Schirmacher
Oasis, Victoria Land (Cape Sastrugi, Football Saddle, Harrow Peaks, Stefania
Cirque, Teall Nunatak, Vegetation Island). The species has previously been re-
ported from Livingston Island, Antarctica.

Specimen examined: Antarctica, Antarctic Peninsula, South Shetland Is-
lands, Livingston Island, near St. Kliment Ohridski Base, 62°3827"S
60°21'53"W, alt. 2 m, 17 February 2022, on rock, leg. M.G. Halici, ERCH LV
0.017.

Phylogeny: The phylogenetic analysis based on nrITS sequences placed the
Livingston Island specimen (ERCH LV 0.017) within a well-supported clade (ML
bootstrap = 100%) together with other R. geographicum sequences from various
Antarctic localities, including ERCH HS 0.199 and GenBank accessions
KC740059, DQ534482, and DQ534481. This clade also included R. nidificum
(DQ534483.2) as a closely related taxon, but with strong bootstrap separation,
confirming its distinct species status. The topology supports the monophyly of R.
geographicum and its clear distinction from other Antarctic Rhizocarpon species such
as R. aff. atrofuscens and R. smaragdulum (fig. 6).
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Fig. 6. Maximum Likelihood phylogenetic tree of Rhizocarpon geographicum, R. grande and
related taxa based on nrITS sequences

Discussion: The specimen LV 0.017 from Livingston Island matches the de-
scription of Rhizocarpon geographicum with its yellow-green areolate thallus,
abundant apothecia, and muriform brown ascospores (20-30 x 10-19 pum) [1].
Found at 2 m a.s.1., it extends the Antarctic distribution of the species, which spans
from coastal to high-altitude habitats (up to 2400 m). Its wide ecological range
reflects strong environmental tolerance. Phylogenetic analysis (fig. 6) places LV
0.017 within the R. geographicum clade (ML bootstrap = 100 %), including
Antarctic and non-Antarctic sequences, with minimal divergence across distant
populations. This congruence of morphology, ecology, and genetics confirms its
persistence in maritime Antarctica. The species also occurs in Northern Eurasia,
including Russia, where its type was collected in the Ural Mountains. However,
no ITS sequences with precise Russian metadata are available in GenBank, limit-
ing direct molecular comparison.
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Rusavskia elegans (Link) S.Y. Kondr. & Kérnefelt
Description: Thallus foliose, bright orange, 3—5 cm in diameter, lobate.
Lobes flat to slightly convex. Apothecia absent. Both thallus and apothecia K+

purple (fig. 7).

Fig. 7. Rusavskia elegans from Livingston Island (ERCH LV 0.078)

Distribituon and Ecology: This species commonly grows on bird-manured
rocks and stones, and occasionally on lichens or mosses. It has a bipolar distribu-
tion, occurring in Antarctica, New Zealand, South America, North Africa, North
America, and Northern Europe. Within Antarctica, it has been reported from the
Peninsula, Continental Antarctica, Bouvetoya, South Shetland and South Orkney
Islands, as well as South Georgia [1].

Specimen Examined: Antarctica, Antarctic Peninsula, South Shetland Is-
lands, Livingston Island, near St. Kliment Ohridski Base, 62°3827"S
60°21'53"W, alt. 10 m, 17 February 2022, on rock, leg. M.G. Halici, ERCH LV
0.078.

Phylogeny: The nrITS phylogeny places the Livingston Island specimen
(ERCH LV 0.078) within the R. elegans clade, clustering with sequences from
Russia (PP061092, KC179406) and other regions with moderate to high support
values. This close genetic relationship between Antarctic and Russian specimens
supports the species’ broad bipolar distribution and suggests potential long-dis-
tance dispersal events (fig. 8).

269



ss | PP061092.1 Rusavskia elegans (Russia)
KC179406.1 Rusavskia elegans (Russia)
B ERCHLV0.078

KR611575.1 Rusavskia elegans
KR611576.1 Rusavskia elegans
KP314380.1 Rusavskia elegans
KC179405.1 Rusavskia cf. papillifera
KR611574.1 Rusavskia elegans
KJ133479.1 Rusavskia dasanensis
MK811744.1 Rusavskia sorediata
KU056847.1 Rusavskia dasanensis
— MG954159.1 Rusavskia sp.

MH555414.1 Acarospora tintickiana

40
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0.02

Fig. 8. Maximum Likelihood phylogenetic tree of Rusavskia elegans
and related taxa based on nrITS sequences

Discussion: Rusavskia elegans closely resembles R. sorediata (Vain.) S.Y.
Kondr. & Kérnefelt morphologically and anatomically; the key distinction lies in
the absence of soredia in R. elegans, whereas R. sorediata produces soredia [1].
It is also morphologically similar to R. papillifera, which, like R. sorediata, has
soredia and can thus be separated from R. elegans [1].

This species is confirmed to occur in both Antarctica and Russia (Northern
Eurasia), as supported by both herbarium records and molecular data. Notably,
ITS sequences derived from Russian specimens are available in GenBank
(PP061092, KC179406), enabling direct molecular comparisons with Antarctic
populations. The presence of genetically verified records from geographically
distant regions highlights the broad ecological tolerance and dispersal capacity of
R. elegans.

Umbilicaria decussata (Vill.) Zahlbr.
Description: Thallus umbilicate, thick, up to 2 cm in diameter, upper surface
dark grey to blackish, with apical parts black and central parts light brownish.
Apothecia absent. Lower surface lacking rhizines (fig. 9).
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Fig. 9. Umbilicaria decussata from Livingston Island (ERCH LV 0.104)

Distribituon and Ecology: Occurs in relatively dry areas on sun-exposed sur-
faces of large rocks. Rare in the South Orkney and South Shetland Islands, be-
coming more common with increasing altitude, and abundant in areas surrounding
the southern Antarctic Peninsula and continental Antarctica. Found from sea level
up to 2000 m a.s.l., typically accompanied by Buellia frigida, Pseudophebe minuscula
and Usnea sphacelata [1]. Cosmopolitan in cold regions [1]. In Antarctica, South
Orkney Islands, South Shetland Islands, Antarctic Peninsula and continental Ant-
arctica [1].

Specimen Examined: Antarctica, Antarctic Peninsula, South Shetland Is-
lands, Livingston Island, near St. Kliment Ohridski Base, 62°3827"S
60°21'53"W, alt. 10 m, 17 February 2022, on rock, leg. M.G. Halici, ERCH LV
0.104.

Phylogeny: Maximum Likelihood phylogenetic analysis places our speci-
men of U. decussata (ERCH LV 0.104) within the same clade as U. decussata se-
quences in GenBank. This clade includes KY948001, KY 947790, KY947785 and
AF096214, which are reported from Russia. This indicates that the species has a
confirmed morphological presence in both Antarctica and Northern Eurasia, in-
cluding Russia. However, as GenBank records do not always include precise ge-
ographical metadata, additional Russian-origin sequences may exist without ex-
plicit location tags.
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Fig.10. Maximum Likelihood phylogenetic tree of Umbilicaria decussata and related taxa
based on nrITS sequences

Discussion: Umbilicaria decussata closely resembles U. nylanderiana. The
key difference is that U. decussata has a cracked upper surface with white necrotic
patches, while U. nylanderiana is verrucose. Thallospores are smaller in U. de-
cussata (up to 9 um) than in U. nylanderiana (up to 12 pm). Phylogenetic cluster-
ing with Russian samples indicates possible genetic affinity between Antarctic
and Northern Hemisphere populations, though this requires confirmation with
well-documented ITS sequences.

Conclusion

This study provides an integrative taxonomic evaluation of selected lichen-
ized fungi from Livingston Island using DNA barcoding (nrITS) in combination
with morphological and anatomical analyses. The approach enabled precise spe-
cies identification and updated the lichen diversity records for the Island, includ-
ing new distributional reports for Lecanora fuscobrunnea and Rhizocarpon grande. Phy-
logenetic analyses, which also included comparative sequences from Russia, con-
firmed the distinct genetic identities of all examined taxa and revealed low intra-
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specific variation among geographically distant Antarctic and Russian popula-
tions. The results contribute to the molecular reference library for Antarctic li-
chens, enhance the basis for future phylogenetic and biogeographical research,
and offer a reference point for long-term biodiversity monitoring in the maritime
Antarctic.

References

1. @vstedal D. O., Lewis-Smith R. I. Lichens of Antarctica and South Geor-
gia: A guide to their identification and ecology. Cambridge University Press,
2001.

2. Halic1 M. G., Giillii M., Bartak M. First record of a common endolithic
lichenized fungus species Catenarina desolata Sechting, Segaard & Elvebakk
from James Ross Island (Antarctic Peninsula) // Czech Polar Reports. 2017.
Ne 7(1). P. 11-17.

3. Halic1 M. G., Kahraman M., Kistenich S., Timdal E. Toniniopsis bartakii —
A new species of lichenised fungus from James Ross Island (Antarctic Penin-
sula) // Turkish Journal of Botany. 2021. Ne 45. P. 216-223.

4. Halic1 M. G., Gilli M., Boliikbasi E., Yigit M. K. Thamnolecania yunusii
(Ramalinaceae) — A new species of lichenised fungus from Horseshoe Island
(Antarctic Peninsula) // Polar Record. 2023. Ne 59. P. e37.

5. White T. J., Bruns T., Lee S., Taylor J. Amplification and direct sequenc-
ing of fungal ribosomal RNA genes for phylogenetics. In M. A. Innis,
D. H. Gelfand, J. J. Sninsky, T. J. White (Eds.), PCR Protocols: A guide to meth-
ods and applications (p. 315-322). Academic Press, 1990.

6. Sancho L. G., Valladares F. Lichen colonization of recent moraines on
Livingston Island (South Shetland I., Antarctica) // Polar Biology. 1993.
Ne 13(4). P. 227-233.

7. Sechting U., @vstedal D. O., Sancho L. G. The lichens of Hurd Peninsula,
Livingston Island, South Shetlands, Antarctica //Bibliotheca Lichenologica. 2004.
Ne 88. P. 607-658.

8. Alstrup V., Olech M., Wietrzyk-Petka P., Wegrzyn M. The lichenicolous
fungi of the South Shetland Islands, Antarctica: Species diversity and identifica-
tion guide //Acta Societatis Botanicorum Poloniae. 2018. Ne 87(4). P. 1-14.

9. Hall T. A. BioEdit: A user-friendly biological sequence alignment editor
and analysis program for Windows 95/98/NT //Nucleic Acids Symposium Series.
1999. Ne 41. P. 95-98.

10. Tamura K., Stecher G., Kumar S. MEGA11: Molecular Evolutionary
Genetics Analysis version 11 //Molecular Biology and Evolution. 2021.
Ne 38 (7). P. 3022-3027.

11. Castello M., Nimis P. L. Lichens from Northern Victoria Land (Antarc-
tica) // Antarctic Science. 1994. Ne 6 (1). P. 71-74.

273



12. Aragon G., Martinez 1. The lichen genus Candelariella in the Iberian
Peninsula // Lichenologist. 2002. Ne 34 (4). P. 293-304.

13. Westberg M., Clerc P., Ekman S. Two new species of Candelariella from
Europe // Lichenologist. 2011. Ne 43 (5). P. 389-399.

14. Urbanavichus G. P., Urbanavichene 1. N. The genus Candelariella (Can-
delariaceae, Candelariales) in the lichen flora of the Caucasus // Botanicheskii
Zhurnal. 2017. Ne 102 (8). P. 1003—-1013.

15. Olech M. Lichens from the Admiralty Bay region, King George Island
(South Shetland Islands, Antarctica) // Acta Societatis Botanicorum Poloniae.
1989. Ne 58 (3). P. 493-512.

274



