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Abstract

Purpose: Lichenized fungi are the most dominant macro-organisms in Antarctic terrestrial ecosystems. Studies on
lichens in Antarctica have a history of approximately two centuries. Especially with the recent use of DNA-based
techniques in taxonomy studies, lichen biodiversity studies in Antarctica has accelerated. Dismal Island is the largest of
the Faure Islands, 1.9 kilometers long and 60 meters high, mostly covered with ice in Marguerite Bay on the west coast
of Graham Land. In the literature, there is no study directly addressing or examining lichen biodiversity on Dismal
Island. In this context, the aim of this study is to examine anatomically-morphologically and to perform molecular and
phylogenetic characterization of some lichenized fungi species from Dismal Island..
Method: Lichen samples were collected from Dismal Island during the 6th Turkish National Antarctic Scientific
Expedition by the second author. The collected samples were identified by anatomical and morphological examinations
and molecular analyses were performed using the nrITS gene region.
Findings: As a result of the study, molecular and phylogenetic characterization of 11 lichen species was successfully
conducted. This species are Austroplaca hookerii (C.W. Dodge) Sechting, Frodén & Arup, Buellia russa (Hue) Darb.,
Candelariella flava (C.W. Dodge & Baker) Castello & Nimis, Mastodia tessellata (Hook & Harv.) Hook & Harv.,
Polycauliona candelaria (L.) Frodén, Arup & Sechting, Rhizoplaca aspidophora (Vain.) Follmann, Rhizocarpon
geographicum (L.) DC., Tephromela atra (Huds.) Hafellner ex Kalb., Tetramelas anisomerus (Vain.) Elix., Umbilicaria
antarctica Frey & 1.M. Lamb., Usnea antarctica Du Rietz.
Conclusion: The study provides the first direct investigation of lichen biodiversity on Dismal Island through
anatomical, morphological, molecular, and phylogenetic approaches, contributing novel data on Antarctic lichenized
fungi.
Keywords: Lichenized fungi, biodiversity, Antarctica, Dismal Island, nrITS

*

Dismal Adasi (Antarktika Yarimadasi, Antarktika)’ndan toplanan likenlerin nrITS markir: kullanilarak molekiiler ve
filogenetik karakterizasyonu

Ozet

Amag: Likenlesmis mantarlar, Antarktika karasal ekosistemlerinde en baskin makro organizmalardir. Antarktika’daki
likenler iizerine yapilan caligmalar yaklagik iki yiizyillik bir gegmise sahiptir. Ozellikle son yillarda taksonomi
calismalarinda DNA temelli tekniklerin kullanilmaya baglanmasiyla birlikte, Antarktika’daki liken biyogesitliligi
iizerine yapilan ¢aligmalar hiz kazanmistir. Dismal Adasi, Graham Land’in bati1 kiyisinda, Marguerite Korfezi’'nde yer
alan ve biiyiik Olciide buzla kapl, 1,9 kilometre uzunlugunda ve 60 metre yiiksekliginde, Faure Adalari’nin en
biiyiigiidiir. Literatiirde, Dismal Adasi’ndaki liken biyogesitliligini dogrudan ele alan ya da inceleyen herhangi bir
¢alisma bulunmamaktadir. Bu baglamda, bu ¢aligmanin amact Dismal Adasi’ndan elde edilen bazi likenlesmis mantar
tiirlerini anatomik ve morfolojik olarak incelemek ve molekiiler ve filogenetik karakterizasyonunu gergeklestirmektir.
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Metod: Dismal Adasi’ndan toplanan liken &rnekleri, Ikinci yazar tarafindan 6. Ulusal Tiirk Antarktika Bilim Seferi
sirasinda toplanmistir. Toplanan 6rnekler, anatomik ve morfolojik incelemelerle tanimlanmis, ayrica nrITS gen bolgesi
kullanilarak molekiiler analizler ger¢eklestirilmistir.

Bulgular: Caligma sonucunda, 11 liken tlirlinin molekiiller ve filogenetik karakterizasyonu basariyla
gergeklestirilmistir. Bu tiirler Austroplaca hookerii (C.W. Dodge) Sechting, Frodén & Arup, Buellia russa (Hue) Darb.,
Candelariella flava (C.W. Dodge & Baker) Castello & Nimis, Mastodia tessellata (Hook & Harv.) Hook & Harv.,
Polycauliona candelaria (L.) Frodén, Arup & Sechting, Rhizoplaca aspidophora (Vain.) Follmann, Rhizocarpon
geographicum (L.) DC., Tephromela atra (Huds.) Hafellner ex Kalb., Tetramelas anisomerus (Vain.) Elix., Umbilicaria
antarctica Frey & .M. Lamb., Usnea antarctica Du Rietz’dir.

Sonu¢: Calisma, Dismal Adasi’ndaki liken biyocesitliligine yonelik anatomik, morfolojik, molekiiler ve filogenetik
yaklagimlar araciligtyla yapilan ilk dogrudan arastirmay1 sunmakta ve Antarktika’daki likenlesmis mantarlara iliskin
yeni veriler saglamaktadir.

Anahtar kelimeler: Likenlesmis mantar, biyogesitlilik, Dismal Adasi, nrITS
1. Introduction

Dismal Island is an island mostly covered with glaciers, located at the entrance to Marguerite Bay on the west
coast of Graham Lands within the Antarctic Peninsula, between Adelaide Island in the northeast and Alexander Island
in the southwest, and is the largest of the Faure Islands, 1.9 kilometers long and 60 meters high; located at 68°6'S,
68°50"W coordinates [1].

In the literature, there is no study that directly addresses or examines lichen biodiversity on Dismal Island.
However, In the British Antarctic Survey (BAS) database, it is seen that there are 17 lichen species collected by various
researchers from Dismal Island. These are; Buellia russa (Hue) Darb., Candelariella vitellina (Hoffm.) Mull. Arg.,
Cladonia galindezii Ovst., Mastodia tessellata (Hook. f. & Harv.) Hook. f. & Harv., Ochrolechia frigida (Sw.) Lynge,
Physcia caesia (Hoffm.) Furnr., Polycauliona candelaria (L.) Th. Fr., Pseudephebe pubescens (L.) Choisy, Psoroma
cinnamomeum Malme, Psoroma hypnorum (Vahl) Gray, Rhizoplaca aspidophora (Vain.) Redon, Rhizoplaca
melanophthalma (Ram.) Leuck. & Poelt, Thamnolecania brialmontii (Vain.) Gyeln. Umbilicaria antarctica Frey &
Lamb, Umbilicaria decussata (Vill.) Zahlbr., Usnea antarctica Du Rietz, Rusavskia elegans (Link) S.Y. Kondr. &
Kaérnefelt [2].

In this context, the aim of this study is to examine anatomically and morphologically, and to perform molecular
and phylogenetic characterization of some lichenized fungi species from Dismal Island.

2. Materials and methods
2.1. Collection of Lichen Material and Identification as Species Level

Lichen samples studied were collected from Dismal Island by the second author, during the sixth Turkish
Antarctic Expedition (TAE VI). Lichen samples were collected from different habitats of the island with tools such as
hammers, spatulas, chisels, along with their substrates, moss and rocks. After wrapping them in a napkin or paper, the
location information of the area where they were collected was written on the paper bag and numbered along with their
photographs and placed in paper bags. A stereomicroscope was used to determine the external morphological characters
and a light microscope was used to determine the anatomical features of studied lichen samples. Standard lichen spot
tests were used for determining secondary metabolites. Molecular methods were used for the molecular and
phylogenetic characterization of the studied specimens.

2.2. Molecular Methods Used in Lichenized Fungi Identification
2.2.1. DNA Isolation

Apothecia, thallus, or ascocarps of the studied lichen samples were used for DNA isolation. DNA isolation was
performed using the Qiagen DNeasy Plant Mini Kit (Catalog No: 69104), following the manufacturer’s protocol. DNA
was eluted from the column. The isolated genomic DNA was stored at —20 °C until use.

2.2.2. Polymerase Chain Reaction

The gene regions were amplified from the isolated DNA using the primer(s) listed in Table 1 and the PCR
protocol provided in Table 2. The PCR reaction mixture consisted of 200 ng DNA, 10X reaction buffer, 25 mM MgCl,
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25 uM dNTPs, 10 uM forward and reverse primers, 0.5 U Taq DNA polymerase, and PCR-grade water to bring the
total volume to 50 pl.

Table 1. Primers Used in the Study

Primer Targeted Gene Region Primer Sequence References
ITS1-F (Forward) ITS 5’ CTTGGTCATTTAGAGAAGTAA 3 [3]
ITS4 (Reverse) ITS 3’-TCCTCCGCTTATTGATATGC-5"  [4]

Table 2. PCR Protocol

Gene Region Predenaturation Denaturation Annealing Extension Last extension Reference
ITS 95 °C — 4 min 94°C-3min(35 55°C—1min 72°C-1 72°C-38 [5]
cycle) min min

2.2.3. Agarose Gel Electrophoresis

Gene regions amplified by PCR from the samples were analyzed using 1.2% agarose gel electrophoresis. A
20 pl aliquot of each sample was mixed with loading buffer (containing 40% sucrose and 0.25% bromophenol blue) and
loaded onto the gel. The loaded samples were run for 1 hour in 1X TAE buffer (Tris, acetic acid, EDTA) at 100 V. The
gel was stained with ethidium bromide (0.5 pl/ml), and imaging was performed under UV light using a gel
documentation system. If no bands were observed at the end of agarose gel electrophoresis and the target gene regions
were not successfully amplified, the PCR was repeated using the same primers.

2.2.4. Sequence Analysis

The sequence analysis of the amplified gene regions obtained by PCR was performed externally by a
commercial sequencing service. The sequences obtained from the analyzed samples were compared with reference
sequences available in GenBank (NCBI) using the BLAST tool to determine species-level similarity. Alignment and
editing of the raw sequence data were conducted using the BioEdit 7.2.5 (Biological Sequence Alignment Editor)
software. Sequence alignment was performed using the Clustal W module in BioEdit. Each sample was processed
separately, and each base was manually checked for accuracy. The dataset was compared with ITS gene region
sequences of species previously deposited in GenBank. To infer phylogenetic relationships and construct evolutionary
trees among the samples, the Maximum Likelihood (ML) method was employed with 1000 bootstrap replicates in the
MEGA 11 (Molecular Evolutionary Genetics Analysis) software. The results were evaluated accordingly [11].

Table 3. The specimens’ herbarium numbers and GenBank accession numbers

Specimen nrlTS GenBank Number
Austroplaca hookeri (ERCH DIS 0.085) PV030391

Buellia russa (ERCH DIS 0.051-0.152) PV030389-PV030396
Candelariella flava (ERCH DIS 0.005) PV030386

Mastodia tessellata (ERCH DIS 0.140) PV030392
Polycauliona candelaria (ERCH DIS 0.141) PV030393
Rhizocarpon geographicum (ERCH DIS 0.007) PV030387
Rhizoplaca aspidophora (ERCH DIS 0.004) PV030397
Tephromela atra (ERCH DIS 0.142) PV030394
Tetramelas anisomerus (ERCH DIS 0.083) PV030390
Umbilicaria antarctica (ERCH DIS 0.147) PV030395

Usnea antarctica (ERCH DIS 0.008) PV030388

3. Results

3.1. Austroplaca hookerii (C.W. Dodge) Sechting, Frodén & Arup

Description: Thallus crustose, well developed, lobate, orange or yellow-orange in some places. Apothecia and
pycnidia not observed. Thallus K+ purple (Figure 2).

Ecology and distribution: on rocks near seaside especially where penguin colonies are located. It has been
known from Argentina, Antarctica and Falkland Islands so far [8-10]
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Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near Turkish Dismal Global Navigation
Satellite System, 68°6' S 68°50" W, alt. 10 m. 12 February 2022, leg. M. G. Halici, ERCH DIS 0.085.

Figure 1. Austroplaca hookeri

KC179087.1 Austroplaca lucens
KC179084.1 Austroplaca erecta
KC179081.1 Austroplaca ambitiosa
JQO74202.1 Austroplaca hookeri
JQO74201.1 Austroplaca hookeri
99\ KJ133447.1 Ausiroplaca hookeri
» KC179085.1 Austroplaca hookeri
° @ DIS 0.085 Ausiroplaca hookerii
" KC179082.1 Austroplaca cirrochrooides
KC179088.1 Austroplaca millegrana
MF001348.1 Ausiroplaca soropelta
JQO074210.1 Austroplaca soropelta
JQO74209.1 Austroplaca soropelta
JQO74211.1 Austroplaca soropelta
KC179089.1 Austroplaca soropelta
KC179086.1 Austroplaca johnstonii
3 - KC179083.1 Austroplaca darbishirei
P JQO74198.1 Austroplaca darbishirei
JQO74199.1 Austroplaca darbishirei
JQO74200.1 Austroplaca darbishirei
JQO74191.1 Austroplaca darbishirei
JQO74197.1 Austroplaca darbishirei
KY439884.1 Gondwania sublobulaia

0.02

Figure 2. nrITS ML dendrogram of Austroplaca hookeri.

3.2. Buellia russa (Hue) Darb.
Description: Thallus crustose, rimose-areolate, creamish-brown. Apothecia present, very common, lecideine,

smaller ones almost immersed to areoles, mature ones sessile, flat, roundish or angular, 0.1-0.5 mm in diam.

Epihymenium brown, 70 pm. Hymenium hyaline, 95 um. Hypothecium brown, 150-260 pm. Algae green,
chlorococcoid. Ascus 8-spored, 65 x 20 um. Ascospores brown, one septate, Buellia and/or Physconia type, 16.5-23.5

x 8—10 um. Paraphyses slender, simple, tips clavate, 2—4 pm. Pycnidia not observed. The immersed black spots are

undeveloped apothecia. Thallus K+ red (Figure 3).
Ecology and distribution: Occurs on rocks near coast. B. russa is an Antarctic and sub-Antarctic endemic

species [11].
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Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near Turkish Dismal Global Navigation
Satellite System, 68°6" S 68°50’ W, alt. 10 m. 12 February 2022, leg. M. G. Halici, ERCH DIS 0.051, ERCH DIS 0.152.

Figure 3. Buellia russa A. Habitus, B. Ascospores

OR520861.1 Buellia russa
I~ @ DIS 0152 Buellia russa
OR520863.1 Buellia russa
7 ORS520865 1 Buellia russa
OR520866.1 Buellia russa
I OR520871.1 Buellia russa
0R520870.1 Bueliia russa
10mg|) OR520875.1 Buellia russa

L OR520876.1 Buellia russa

® DIS 0051 Buelia russa

DQ534454 2 Buellia russa
AF276070.1 Buellia frigida
JX036081.1 Buellia frigida
JX036094.1 Buellia frigida
AF276067.1 Buellia frigida
OR520853.1 Buellia frigida
AF540496.1 Buellia aethalea
0L396670.1 Buellia microcarpa
OK332940.1 Buellia badia
MW825640.1 Buellia epigaea
AY143411.1 Buellia elegans
AF250787.1 Buellia georgei
NR 163773.1 Buellia sublauii-cassiae
GU553289.1 Buelia erubescens
MG551507.1 Buellia subdisciformis
MMN387018.1 Buellia griseovirens
wo 1 OR520878.1 Buellia subfrigida
OR520877.1 Buellia subfrigida
MZ159577.1 Diploicia canescens

0.02

Figure 4. nrITS ML dendrogram of Buellia russa

3.3. Candelariella flava (C.W. Dodge & Banker) Castello & Nimis

Description: Thallus forms a thin layer consisting of small granules. Granules yellow, 3-4 um in diam.
Apothecia not observed (Figure 5).

Ecology and distribution: C. flava occurs on mosses and other lichens. It is an Antarctic endemic species. It has
been reported from South Georgia, South Orkney Islands, South Shetland Islands, and Antarctic Peninsula [11].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.005
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)

Magnification: 1 x

Figure 5. Candelariella flava

EF535181.1 Candelariella kansuensis
FJ959349.1 Candelariella kansuensis
GU967377.1 Candelariella corviniscalensis
MZ922106.1 Candelariella rosulans
MZ922108.1 Candelariella rosulans
KR052104.1 Candelariella clarkii
KR052103.1 Candelariella clarkii
EF535169.1 Candelariella californica
00 | EF535195.1 Candelariella spraguei
EF535194.1 Candelariella spraguei
MG271777.1 Candelariella terrigena
00 | MG694271.1 Candelariella canadensis
HQ650602.1 Candelariella terrigena
00 | EF535189.1 Candelariella refilexa
EF535190.1 Candelariella reflexa
100 r MZ922105.1 Candelariella citrina
MZ922104.1 Candelariella citrina
EF535174.1 Candelariella complanata
EF535173.1 Candelariella complanata
*1100 GU967376.1 Candelariella granuliformis
”_Esussnns. 1 Candelariella granuliformis
MK778596.1 Candelariella faginea
:-EMZSZZ 102.1 Candelariella aurella
4

s

g

[“1' MZ2243505.1 Candelariella aurella
OK332959.1 Candelariella aurella
MN103123.1 Candelariella plumbea
o NR 185742.1 Candelariella ruzgarii
i{MZQZNOO 1 Candelariella antennaria
it

MZ922096.1 Candelariella antennaria
MZ243492.1 Candelariella aggregata
MZ243491.1 Candelariella aggregata
MZ243493.1 Candelariella aggregata
7 | —— EF535179.1 Candelariella deppeanae
100 | MG694274.1 Candelariella subsquamulosa
MG694275.1 Candelariella subsquamulosa
oo [~ @ DIS 0.005 Candelariella flava
35| MZ919299.1 Candelariella flava
MZ919298.1 Candelariella flava
9 _E EF535165.1 Candelariella biatorina
EF535164.1 Candelariella biatorina
MT614341.1 Candelariella subdeflexa
MN103124.1 Candelariella blastidiata
KX853123.1 Candelariella blastidiata
MG271794.1 Candelariella subdeflexa
OK333010.1 Pycnora sorophora

Figure 6. nrITS ML dendrogram of Candelariella flava

3.4. Mastodia tessellata (Hook. f. & Harv.) Hook. f. & Harv.

Description: Thallus foliose, brownish-black; lobes ascending and curved, usually forming aggregates up to
2 cm in diameter. Lobes thick, measuring 4-8 mm wide and up to 10-20 mm in diameter. Apothecia and pycnidia not
observed (Figure 7).

Ecology and distribution: This species has a bipolar distribution and usually occurs on rocks near the shore,
particularly in moist concrete-like layers found near bird nests. It has a wide distribution, especially in Arctic Canada
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and North America. In Antarctica, it has been reported from Kerguelen Island, South Georgia, South Sandwich Islands,
Marion and Prince Edward Islands, Macquarie Island, South Orkney Islands, the Antarctic Peninsula, and continental
Antarctica [11].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6’S, 68°50' W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.140.

Magnification: 1 x

Figure 7. Mastodia tessellata

NF882939.1 Masiodia sp.
NMF882938.1 Mastadia sp.
| MF882937 1 Mastodia sp.
NMF882940.1 Mastodia sp.
NMF882936.1 Mastodia sp.
NMF882935.1 Mastodia sp
NMF882941.1 Mastodia sp.
NF882546.1 Mastodia sp.
NMF882945.1 Mastodia sp.
so| MFB882944.1 Mastodia sp.
NF882943.1 Masiodia sp.
NMNG52977 1 Mastodia tessellata
NF862942 1 Mastodia sp.
NMF882932.1 Mastodia sp.
* | MF882931.1 Mastodia sp.
1| MFB882933.1 Mastodia sp
21| MF882934.1 Mastodia sp.
wo @ DIS 0140 Mastodia tessellata
PP829118.1 Mastodia tessellata
MT674813.1 Heteroplacidium imbricatum

=
a3

43

0.050

Figure 8. nrITS ML dendrogram of Mastodia tessellata

3.5. Polycauliona candelaria (L.) Frodén, Arup & Sechting

Description: Thallus fruticose; branches composed of squamules, yellow-orange in color. Soralia present on

the squamules. Apothecia not observed. Thallus K+ red (Figure 9).
Ecology and distribution: P. candelaria is an ornithophilous lichen that occurs on mosses, in rock crevices and

edges, on soil, and occasionally on timber or concrete surfaces. It has a bipolar and alpine distribution. In Antarctica, it
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has been reported from South Georgia, Bouvet Island, South Sandwich Islands, South Orkney Islands, South Shetland
Islands, and the Antarctic Peninsula [11].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.141.

Magnification: 1 x \

Figure 9. Polycauliona candelaria

100 EU639626.1 Polycauliona bolacina
) { KC179377.1 Polycauliona bolacina
w — KC179378.1 Polycauliona bratfiae
4‘; KC179403.1 Polycauliona thamnodes
100 |j KT291451.1 Polycauliona coralloides
KC

179380.1 Polycauliona coralloides

MNB30376.1 Polycauliona candelaria
@ DIS 0.141 Polycauliona candelaria

MN630351.1 Polycauliona candelaria
MNB30349.1 Polycauliona candelaria
MK811959.1 Polycauliona candelaria
KC1793786.1 Polycauliona ascendens

KC179389.1 Polycauliona polycarpa
KC179385.1 Polycauliona kaernefeltii

KC179384.1 Polycauliona inconspecta

wo [ MW432184 1 Polycauliona comandorica
MW432183 1 Palycauliona comandorica
KC179119.1 Shackletonia insignis

Figure 10. nrITS ML dendrogram of Megaspora verrucosa
3.6. Rhizocarpon geographicum (L.) DC.

Description: Thallus crustose, areolate, shiny yellow. Prothallus present, prominent, black. Apothecia
common, dispersed throughout the areoles, mostly immersed or occasionally almost sessile, angular, 0.2—0.5 mm in
diameter. Epihymenium brown, 60 um. Hymenium hyaline, 160 pm. Hypothecium brown, 130 um. Ascus 8-spored, 120
x 60 um. Ascospores muriform, brown, ellipsoid, 25-36 x 14-21 um. Paraphyses simple, 3—4.5 um. Pycnidia not
observed. All spot tests negative.

Ecology and distribution: A cosmopolitan species that occurs on siliceous rocks. It has a very wide
distribution, especially in Europe and North America. In Antarctica, it has been reported from many localities in the
Antarctic Peninsula and continental Antarctica [12].
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Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.007

Figure 11. Rhizocarpon geographicum A. Thallus, B. Ascospores

KCT740059.1 Rhizocarpon geographicum
@ DIS 0.007 Rhizocarpon geographicum
00 | KC740079.1 Rhizocarpon geographicum
DQ534462.1 Rhizocarpon geographicum
DQ534482.1 Rhizocarpon geographicum
DQ534483 2 Rhizocarpon nidificum

w0 | KY680779.1 Rhizocarpon smaragdulum
1] NR152547.1 Rhizocarpon smaragdulum
o [ KYB80777.1 Rhizacarpon atroflavescens
A 1.1 Ri 1l ens

n

KY680776.1 Rhizocarpon norvegicum
NMH979410.1 Rhizocarpon effiguratum
KY680772.1 Rhizocarpon smaragdulum
KU687450.1 Rhizocarpon badicatrum
HQ650708.1 Rhizocarpon disporum
AF483615.1 Rhizocarpon distinctum
00 | MH979404.1 Rhizocarpon superficiale
MHS79406.1 Rhizocarpon superficiale
HQ605944 1 Rhizocarpon lavatum
AF483610.1 Rhizocarpon lavatum
HQ605943 1 Rhizocarpon lavatum

w0 | KTB00005.1 Rhizocarpen pycnocarpoides
10 KTB00004. 1 Rhizacarpan pycnocarpoides
AF483612.1 Rhizocarpon oederi

X KY266951.1 Rhizocarpon chioneum
AF483611.1 Rhizocarpon amphibium
" — AF483609.1 Rhizocarpon petraesum

HQB605942.1 Rhizocarpon petraeum
—— KU687454.1 Rhizocarpon santessonii
HQ650649.1 Catolechia wahlenbergii
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Figure 12. nrITS ML dendrogram of Rhizocarpon geographicum

3.7. Rhizoplaca aspidophora (Vain.) Follmann

Description: Thallus crustose, rimose-areolate, yellow, almost pulvinate, not well developed. Apothecia
present, lecanorine, sessile, usually aggregated, and flat or rarely concave, 0.5-0.7 mm in diameter. Apothecial disc
greenish-yellow. Apothecial margin present, distinct, prominent, and concolorous with the thallus. Epihymenium light
brown-yellowish, 35 um. Hymenium hyaline, 50 pm. Hypothecium hyaline, 70—115 pum. Ascus 8-spored. Ascospores
simple, hyaline, ellipsoid, 9-12.5 x 5-7 um. Pycnidia not observed (Figure 13).

Ecology and distribution: Rhizoplaca aspidophora occurs on rocks. It is an Antarctic endemic species. In
Antarctica, it has been reported from the South Sandwich Islands, South Orkney Islands, South Georgia, and the South
Shetland Islands [11].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.004.
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Figure 13. Rhizoplaca aspidophora. A. Thallus, B. Ascospores

61 HM577304. 1 Rhizoplaca haydenii subsp. arbuscula
% HAM577303.1 Rhizoplaca haydenii subsp. arbuscula
81 HM577295 1 Rhizoplaca idahoensis
waf JX948227 1 Rhizoplaca parilis
g5 | JX948224. 1 Rhizoplaca parilis
o HAM577302.1 Rhizoplaca haydenii
HM577297.1 Rhizoplaca idahoensis
KU934779 1 Rhizoplaca polymorpha
JX8948228 1 Rhizoplaca porterii
HM577379.1 Rhizoplaca porterii
KU934833.1 Rhizoplaca porterii
Sloy _I HMBFT307.1 Rhizoplaca occulta
HM577305. 1 Rhizoplaca occulta

o0 oo | HMS577292.1 Rhizoplaca shushanii

4' HM577291.1 Rhizoplaca shushanii
KU934699.1 Rhizoplaca novomexicana
1| JX948292.1 Rhizoplaca melanophthalma
JX948274 1 Rhizoplaca melanophthalma
KP226212.1 Rivzoplaca subdiscrepans
KU$9343900.1 Rhizoplaca subdiscrepans
AF163113.1 Rhizoplaca subdiscrepans
AY530885.1 Rhizoplaca huashanensis
KU934618 1 Rhizoplaca chrysoleuca
KU9346179.1 Rhizoplaca chrysoleuca
MK970668.1 Rhizoplaca macleanii
si MK970669.1 Rhizoplaca macleanit
KU934640.1 Rhizoplaca macleanii

QOR728795 1 Rhizoplaca aspidophora
100
ﬁq. DIS 0.004 Rhizoplaca aspidophora

DQ534484 2 Rhizoplaca aspidophora
OR728794.1 Rhizoplaca aspidophora
NMH481906.1 Protoparmelia badia

Figure 14. nvITS ML dendrogram of Rhizoplaca aspidophora

3.8. Tephromela atra (Huds.) Hafellner ex Kalb.

Description: Thallus crustose, areolate, almost pulvinate, creamish-white. Prothallus absent. Apothecia present,
lecanorine, 0.3—0.7 mm in diameter. Apothecial disc roundish, black, rarely white-pruinose. Apothecial margin present
but very thin, concolorous with the thallus. Epihymenium purple-brown, 25 um. Hymenium hyaline, 70 um.
Hypothecium hyaline, 110 pm. Paraphyses simple, with enlarged tips, 12 um. Ascus 8-spored. Ascospores simple,
hyaline, 11-13 % 6-9 um. Pycnidia present, immersed in the thallus, very small. Conidiospores cylindrical to filiform, 9
x 1.5 um. Thallus K+ yellow (Figure 15).

Ecology and distribution: A cosmopolitan species that occurs especially on moist, non-calciferous and/or
calciferous rocks. In Antarctica, it has been reported from South Georgia, South Orkney Islands, South Shetland

Islands, and the Antarctic Peninsula [11]
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Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.142.

Figure 15. Tephromela atra A. hallus, B. Ascospore

EU558680.1 Tephromela atra var. calcarea
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EU558686.1 Tephromela atra

KX181210.1 Tephromela atra

KX181211.1 Tephromela atra

@ DIS 0.142 Tephromela atra
KF730617.1 Tephromela minor
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EU558662.1 Tephromela atra

a EU558663.1 Tephromela afra

— EU558666.1 Tephromela atra var. torulosa

00 KX181236.1 Tephromela pacifica
o3 KX181240.1 Tephromela pacifica
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EU558669.1 Tephromela grumosa
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MW830123.1 Tephromela eviolacea

w0, KF712201.1 Tephromela atrocaesia
KF712202.1 Tephromela atrocaesia
1, HQ650606.1 Tephromela atra
HQ650607.1 Tephromela atra
KR303663.1 Calvitimela cuprea

b

—
0,02

Figure 16. nrITS ML dendrogram of Tephromela atra

3.9. Tetramelas anisomerus (Vain.) Elix.

Description: Thallus crustose, rimose-areolate, effuse, pulvinate, yellow. Apothecia present, sessile, black,
0.2—0.8 mm in diameter. Epihymenium brown, 70 um. Hymenium hyaline, 55—110 um. Hypothecium dark brown,
200 pm. Ascus 8-spored. Ascospores 1-3-septate, brown, 16-24 x 7.5-9 um. Paraphyses simple, unbranched, tips
clavate, 4.5 pm. Thallus K—, C—, KC—; medulla KI+ blue (Figure 17).

Ecology and distribution: T. anisomerus occurs on rocks. It has been reported from Antarctica, Argentina,
and Chile [13].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.083.
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KX512939.1 Tetramelas phaeaphysciae
10 | KX512938.1 Tetramelas chloroleucus
MK811644.1 Tetramelas chloroleucus
MK812300.1 Tetramelas chloroleucus
MN615681.1 Tetramelas insignis
u| - DQT98358.1 Tetramelas insignis
DQ534453.1 Tetramelas anisomerus
ORb520884.1 Tetramelas granulosus
OR520880.1 Tetramelas anisomerus
“l OR520881.1 Tetramelas anisomerus
I @ DIS 0.083 Tetramelas anisomerus
01{ NMZ243487.1 Tetramelas cf. papillatus

7

MZ243466.1 Tetramelas cf. papillatus
NMZ243488.1 Tetramelas papillatus

M o - DQ201953.1 Tetramelas pulverulentus
DQ201952.1 Tetramelas pulverulentus
MZ243480.1 Tetramelas aff. pulverulentus
NZ243489.1 Tetramelas aff. pulverulentus
DQ201951.1 Tetramelas phaeophysciae
DQ198359.1 Tetramelas phaeophysciae
MK778643.1 Tetramelas sp.

AF540505.1 Tetramelas triphragmoides
DQ201954.1 Tetramelas confusus
AF250790.1 Tetromelas papillatus (T. austropapillatus)
AF224352.1 Dimelaena oreina

!T

"

Figure 18. nrITS ML dendrogram of Tetramelas anisomerus
3.10. Umbilicaria antarctica Frey & 1.M. Lamb.

DescriptionThallus foliose, 5-15 cm in diameter. Upper surface brownish-grey; lower surface black. Rhizines
present. Rhizines simple or bifurcated, flat. Thallospores simple or rarely two-celled, 5-8 um in diameter. Apothecia not
observed (Figure 19).

Ecology and distribution: U. antarctica occurs on rocks and stones. It is very common on moist rock surfaces
and occasionally found on mosses. It is an Antarctic endemic species and has a wide distribution throughout the
continent [11].

Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6’ S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.147.
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KY947849.1 Umbilicaria antarctica
JQ739980.1 Umbilicaria antarctica
o), AY603128 1 Umbilicaria antarctica
AJ431597.1 Umbilicaria kappeni
AY603130.1 Umbilicaria kappenii
JQ739988.1 Umbilicaria formosana
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2 JQ739998.1 Umbilicaria squamosa
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it HM161510.1 Umbilicaria decussata
|- KP314408.1 Umbilicaria decussata
™|~ KY947747.1 Umbilicaria polaris
KP314429 1 Umbilicaria decussata
JQ764744.1 Umbilicaria torrefacta
KJ740720.1 Umbilicaria nodulospora
HM161490.1 Umbilicaria vellea
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100\ MK812559.1 Umbilicaria lyngei
MK812368 1 Umbilicaria lyngei
KY947851.1 Umbilicaria ruebeliana
q JQ739999. 1 Umbilicaria subglabra
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JQ740004.1 Umbilicaria yunnana
HM161486.1 Umbilicaria calvescens
AF223969.1 Mycocalicium albonigrum

5

Figure 20. nrITS ML dendrogram of Umbilicaria antarctica
3.11. Usnea antarctica Du Rietz

Description: Thallus fruticose, yellow, with green and black tones present in the branches. Black patches are
also present on the branches. Tips of branches completely black. Papillae present. Branches flat. Apothecia not
observed. No annulations detected (Figure 21).

Ecology and distribution: Occurs in various habitats, including moist, dry, open, and sheltered surfaces.
Mostly found on rocks, but rarely seen on mosses as well. It has been reported from the southernmost parts of South
America, the Falkland Islands, New Zealand, and Antarctica [11].
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Specimens examined: Antarctica, Antarctic Peninsula, Dismal Island, near the Turkish Dismal Global
Navigation Satellite System, 68°6'S, 68°50" W, alt. 10 m, 12 February 2022, leg. M. G. Halici, ERCH DIS 0.008.
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Figure 21. Usnea antarctica
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JQ314841.1| Usnea aurantiacoaira
JQ314840.1| Usnea aurantiacoatra
JQ314843.1| Usnea aurantiacoatra
* JQ314842 1| Usnea aurantiacoaira
JX440321.1| Usnea antarctica
* JX440312 1| Usnea antarctica
96 | JX440323.1| Usnea antarctica
— @ DIS 0.008 Usnea antarctica
9 JX440322. 1| Usnea antarciica
JQ314827 1| Usnea acromelana
s7|| JQ314828.1| Usnea acromelana
JQ314826.1| Usnea acromelana
JQ314821.1| Usnea acromelana
JQ314760.1| Usnea trachycarpa
JQ314762.1| Usnea trachycarpa
JQ314758.1| Usnea trachycarpa
JQ314756.1| Usnea trachycarpa
JQ314757.1| Usnea trachycarpa
JQ314763.1| Usnea subantarctica
95 | JQ314764 1| Usnea subantarctica
JQ314759.1| Usnea subantarctica
JQ314754.1| Usnea subantarctica
JQ314846.1| Usnea sphacelata
JQ314748 1| Usnea sphacelata
JQ314749.1| Usnea sphacelata
JQ314747.1| Usnea sphacelata
AF451752 1| Platismatia glauca

Figure 22. nrITS ML dendrogram of Usnea antarctica

4. Conclusions and discussion

385

In this study, lichen samples collected from Dismal Island during TAE VI by the second author were
morpho-anatomically examined, and molecular and phylogenetic characterization was performed. A total of 12 lichen
samples were examined in the study; morpho-anatomical examination and molecular and phylogenetic characterization
based on the ITS gene region were successfully conducted. As a result, the 12 lichen samples were determined to
belong to 11 different species: 4. hookerii, B. russa, C. flava, M. tessellata, P. candelaria, R. aspidophora, R.
geographicum, T. atra, T. anisomerus, Umbilicaria antarctica, Usnea antarctica.

According to the BAS database, 17 lichen species have been recorded from Dismal Island by various
researchers. Among the species identified in this study, B. russa, M. tessellata, P. candelaria, R. aspidophora, Usnea
antarctica, and Umbilicaria antarctica, for which molecular and phylogenetic characterization was performed in this
study, had been previously reported from Dismal Island under BAS records. In contrast, A. hookerii, C. flava, R.
geographicum, T. atra, and T. anisomerus are newly reported from Dismal Island in the present study.
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Austroplaca hookeri is morphologically and anatomically very similar to Gondwania sublobulata (Nyl.) S.Y.
Kondr., Kérnefelt, Elix, A. Thell, Jung Kim, M.H. Jeong, N.N. Yu, A.S. Kondr. & Hur, which also has a wide
distribution in Antarctica. The most reliable distinction between the two species can be made through molecular
analysis. According to the ITS data obtained in this study, sample DIS 0.085 matches 4. hookeri with a high BS value
(BS > 75). Phylogenetically, A. hookeri is closely related to A. cirrochrooides (Vain.) Sechting, Frodén & Arup and 4.
millegrana (Miill. Arg.) Sechting, Frodén & Arup. However, unlike A. hookeri, A. millegrana has dense papillae, while
A. cirrochrooides has soredia [11].

Buellia russa is anatomically and morphologically similar to Buellia pycnogonoides Darb. The thallus is
continuous in B. russa, while it appears as scattered patches in B. pycnogonoides. B. pycnogonoides is distinguished
from B. russa by its densely immersed pycnidia. Phylogenetically, it is very closely related to Buellia frigida Darb.
Both species contain norstictic acid. However, B. frigida is distinguished from B. russa by its characteristic effigurate
black-and-white thallus [11].

Candelariella flava is anatomically and morphologically similar to sorediate species such as Austroplaca
darbishirei (C.W. Dodge & G.E. Baker) Sechting, Frodén & Arup and 4. soropelta (E.S. Hansen, Poelt & Sechting)
Sechting, Frodén & Arup, especially in samples without apothecia as in this study. These two species give positive
reactions due to the secondary compounds they contain, while the thallus of C. flava gives negative results with KOH
solution. Phylogenetically, C. flava is closely related to C. subsquamulosa D. Liu & Hur. While C. flava occurs on
mosses and other lichens, C. subsquamulosa occurs on tree bark and wood. Although the thalli of the two species are
quite similar morphologically; the thallus of C. subsquamulosa s notable for its green color [14].

Mastodia tessellata is the type species of the genus Mastodia and is the only lichenized fungal species that
forms a symbiotic relationship with macro green algae of the Prasiola genus [15]. The only ITS sequence of M.
tessellata available in GenBank matches the ITS sequence of sample DIS 0.140 obtained in this study with a high BS
value. We believe that the other data uploaded as “Mastodia sp.” in GenBank also belong to M. tessellata.

Polycauliona candelaria is morphologically similar to Xanthoria mawsonii C. W. Dodge. While the
conidiospores are longer than 3 pm in X. mawsonii, they are shorter than 2.5 um in P. candelaria. In addition, the septa
in ascospores are wider in X. mawsonii. Phylogenetically, P. candelaria is closely related to Polycauliona ascendens
(S.Y. Kondr.) Frodén, Arup & Sechting. P. ascendens is distinguished from P. candelaria by its helmet-shaped lobe
tips and powdery soralia [16].

Rhizocarpon geographicum is a very common species worldwide and Antarctica. R. geographicum is
morphologically very similar to Rhizocarpon nidificum (Hue) Darb. Furthermore, the two species are phylogenetically
very closely related. In R. geographicum, the ascospores are muriform, whereas in R. nidificum, they are 3-septate or
submuriform [11].

Rhizoplaca aspidophora is distinguished from other species distributed in Antarctica by its lighter yellow
apothecia and thallus. Phylogenetically, R. aspidophora is closely related to Rhizoplaca mcleanii (C.W. Dodge)
Castello. R. macleanii is distinguished from R. aspidophora by its dark brown, black, or gray thallus and apothecia [17].

Tephromela atra is anatomically and morphologically very similar to Tephromela minor Qvstedal. In
addition, the two species are phylogenetically very closely related. T. minor is distinguished from 7. atra by its smaller
ascospores, light-colored hymenium, narrower paraphyseal tips, and secondary chemistry. 7. minor, unlike 7. atra,
contains atranorin and norstictic acid [11].

Tetramelas anisomerus is anatomically and morphologically similar to Tetramelas granulosus (Darb.) A.
Nordin. The two species are also very closely related phylogenetically. The distinction between these two species is
based on the secondary compounds they contain. While 7. anisomerus contains arthothelin, 7. granulosus contains
granulosin [11].

Umbilicaria antarctica is anatomically and morphologically very similar to Umbilicaria africana (Jatta)
Krog - Swinscow. While the lower surface is black in U. africana, it is mottled, grayish-black or brownish in U.
antarctica. Phylogenetically, U. antarctica is very closely related to U. kappeni Sancho, B. Schroet. & Vallad. U.
kappeni has soredia, and thallospores are not observed [11].

Usnea antarctica has a very wide distribution in Antarctica. Anatomically and morphologically, it is very
similar to Usnea acromelana Stirt. and Usnea subantarctica F.J. Walker. It is also phylogenetically very closely related
to U. acromelana. U. antarctica lacks annulations and has papillae, whereas U. acromelana has annulations and no
papillae. U. subantarctica has apothecia, but apothecia are rarely observed in U. antarctica [11].

Ethical statement: This research is based on non-invasive sampling of lichenized fungi conducted during the 6th
Turkish National Antarctic Scientific Expedition, which was carried out under the official permissions granted by the
Scientific and Technological Research Council of Turkey (TUBITAK) and the Presidency of the Republic of Turkey,
Polar Research Institute (KARE). The study did not involve any endangered or protected species, vertebrate animals, or
human participants. All procedures were conducted in accordance with relevant national and international guidelines for
Antarctic scientific research.
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