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Abstract. Nine species from the genus Usnea were found in the Kunashir Island. Six species are
new for the Kunashir Island. These are U. cornuta, U. glabrata, U. fragilescens, U. lapponica, U. pan-
giana, U. subfloridana. In total, six secondary medullary substances detected by HPTLC were found
in the species of Usnea from Kunashir. Four new chemotypes are described. The paper provides a key
for identification of Usnea species in the Kunashir Island, list of specimens examined, lists of chemo-
types detected by authors and known from literature.

Keywords: chemistry, distribution, key, lichen substances, Kuril Islands.

K usyuenmio sumaitankos poga Usnea (Parmeliaceae) wa ocrpose Kynammip
(Caxanunckas obactb, Poccust)

JI. B. Tarapuna', A. K. Exxkun?

'Boranuueckuii uactutyT uM. B. JI. Komaposa PAH, Caukr-Ilerep6ypr, Poccus
Mucturyt Mmopckoii reosioruu u reodusuxn J[BO PAH, IOsxmno-Caxanmumck, Poccst
Asmop 0nst nepenucku: JI. B. Tarapuna, gagarinalv@binran.ru

Pesiome. [leBsatb Buaos poja Usnea soisiBiero Ha o. Kynamup. [llects BUI0B BliepBbie 0OHApY-
skenbl Ha Kynammpe: U. cornuta, U. glabrata, U. fragilescens, U. lapponica, U. pangiana, U. subflori-
dana. Beero B TaJuioMax JIMIIAHUKOB BBISBICHO 6 JIMIIAWHUKOBBIX BEIIECTB, UACHTHU(MUIIMPOBAHO
4 noBbIX xemoTuna. [IpuBesien kirou /s onpeseneHus BUI0B poja Usnea Kynammpa, CIcox usy-
YEHHBIX 00PA3II0B, JJAHHBIE O BbISIBJECHHbIX 1 M3BECTHBIX XEMOTHIIAX.

KmioueBble cioBa: K04, JIMIMAHUKOBBIE BEIIECTBA, pacHpocTpaHeHue, xumus, Kypuibckue
0CTpPOBA.

Kunashir is the southernmost island of the Kuril Islands, a volcanic archipelago
in the Sea of Okhotsk in the northwest of the Pacific Ocean. The Kunashir Island
with an area of 1490 square kilometers is currently administrated by the Sakhalin Re-
gion. The climate is temperate of monsoon type with heavy precipitation especially
in autumn to 1400 mm and maximum temperatures in August to 18°C in average.
Kunashir is included in the Sakhalin-Hokkaido province of the East Asian floristic
region (Takhtadzhyan, 1978). Major part of Kunashir territory is covered by conif-
erous forests mostly formed by Abies sachalinensis (F. Schmidt) Mast., Picea jezoensis
(Siebold et Zucc.) Carriere, and P. glehnii (F. Schmidt) Mast. A southern part of the is-
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land is covered by broad-leaved forests mostly formed by Quercus crispula Blume and
Ulmus laciniata (Trautv.) Mayr.

The lichens of Kunashir are still poorly studied. A few areas of the island has been
investigated and only particular groups of lichens has been previously revised (Insa-
rov, Pchelkin, 1988; Titov, 1991; Bredkina et al., 1992; Dombrovskaya, 1996; Tcha-
banenko, 1999; Joneson et al., 2004; Makryi et al., 2010; Ezhkin, Kordyukov, 2016). To
date, approximately 300 lichen species are known from the literature, therefore new
and noteworthy records are highly expected for this territory.

The genus Usnea Dill. ex Adans. (Parmeliaceae, Ascomycota) consists of 355 wide-
ly distributed species (Wijayawardene et al., 2020). Of these, 40 species are known
from Russia (Golubkova, 1996; Spisok..., 2010; Kharpukhaeva, 2011). The genus Us-
nea contains fruticose lichens with a central axis consisting of a cartilaginous stand
of longitudinal hyphae. Thallus attached by a holdfast, pale greenish or yellow green,
occasionally reddish brown or blackening. Branches cylindrical, fusiform, tapering or
irregular, with or without papillae, fibrils, soralia, pseudocyphellae. Apothecia rare.
Cortex composed of radially or irregularly oriented hyphae. Medulla lax, dense or com-
pact, sometimes pink pigmented. Photobiont trebouxioid. Cortex contains usnic acid,
chemistry of medulla is highly variable (Halonen et al., 1998; Articus, 2004; Randlane
et al., 2009; Clerc, 2011). The delimitation of Usnea has been discussed by numerous
authors (e. g, Ohmura, 2001, 2002, 2012; Articus, 2004; Divakar et al., 2017; Ohmura,
Kashiwadani, 2018) and the concept of the genus has been changed over time.

Prior our study, only three Usnea species were known from Kunashir Island: U. dif-
Jracta, U. longissima, and U. rubicunda (Bredkina et al., 1992). The aim of our study is
a revision of lichens of the genus Usnea of Kunashir.

Material and methods

Material from expeditions in Kunashir Island collected by Alexander Ezhkin in
2013-2017 (Fig. 1) was studied. Lichen identification was carried out by Ludmila
Gagarina. The voucher specimens are kept in herbarium of the Institute of Marine
Geology and Geophysics FEB RAS (SAK) and in herbarium of the laboratory liche-
nology and bryology of Komarov Botanical Institute (LE). The morphology and anat-
omy were studied using a light microscope and a dissecting microscope. HPTLC was
performed according to the standard procedure (Culberson, Ammann, 1979; Kranner
et al., 2002) using solvent systems A and B by Ludmila Gagarina in the laboratory of
lichenology and bryology of Komarov Botanical Institute.

Results

Nine species of the genus Usnea were found in Kunashir Island: U. cornuta, U. dif-
fracta, U. glabrata, U. fragilescens, U. lapponica, U. longissima, U. pangiana, U. rubi-
cunda, U. subfloridana. Of these, U. cornuta, U. glabrata, U. fragilescens, U. lapponica,
U. pangiana, U. subfloridana are new for Kunashir Island.
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Fig. 1. Collecting localities in Kunashir Island.

Key to the species of Usnea in Kunashir Island
1. Thallus pendulous, decorticated on the main branch, with numerous perpendicular

— Thallus shrubby or subpendent, corticated
2. Branches with annular-pseudocyphellae (bamboo-like appearance), thallus isotomic-

dichotomously Branched ...t U. diffracta
— Branches without annular-pseudocyphellae, thallus anisotomic- or isotomic-dichotomously
DIANCREM .ottt 3
3. Red pigment PreSENL iN COTLEX ..u..vuirmmrimriiriririernisssssssssssssesssssssesssesssssssssssssssssssssssssnsssessens U. rubicunda
— Red pigment absent in cortex or present in Medulla...........coovevvereeiierioeeeseeese s 4
4. Secondary branches distinctly and more or less consistently constricted at the point of attach-
TIVEIIE 1ottt s e s e s s s s s s e s eSS s AR AR A ARk sttt bbb en 5
— Secondary branches not constricted at the point of attachment ...........c.ccoevoveirrinnionrinsisnsrens 7
5. Soralia present, these generally bearing soredia, isidia always absent ...........cc..coocoervrrrunncs U. glabrata

— Soralia absent or, if present, then at least in part bearing isidia
6. Thallus clearly shrubby, upper branches unevenly anisotomically branched, readily divisible

into main stems and secondary branches, isidiate soralia are concentrated at branch tips, becoming
CONTIUCTIT oottt sttt U. cornuta
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— Thallus shrubby to subpendent, upper branches evenly isotomical branched, generally not readily
divisible into main stems and secondary branches, isidiate soralia are scattered over branches,
TEINAIN QISCTELE. c.vvvvveeveeieesiseiesiisee sttt sttt sttt U. fragilecsens
7. Thallus shrubby, with distinctive concave large soralia, becoming expanded, isidia often absent
(sometimes tuberculate soralia may contain spinules), medulla thick and loose................. U. lapponica
— Thallus erect to subpendent, with punctiform or convex soralia, smaller than the branch

diam., iSidia TATe OF ADUNIAANIE . c....ee ettt ettt ee e seee e eeeeeeaeeeeeeeeeeeenesaeen 8
8. Thallus with jet black base, with small to enlarged soralia, which often contain abundant

ESTATAL vttt U. subfloridana
— Thallus with concolor to dark brown base, with punctiform soralia, rarely with isidia.U. pangiana

The species

Usnea cornuta Korb. Ten chemotypes have been reported in literature for U. cor-
nuta: 1) usnic, salazinic, and protocetraric (%) acids in Europe (Clerc, 1987; James et
al., 2009; Randlane et al., 2009) and Japan (Asahina, 1956; Ohmura, 2001); 2) usnic,
stictic, norstictic, and salazinic (£) acids in Europe (Clerc, 1987; James et al., 2009;
Randlane et al., 2009); 3) usnic, lobaric, and norstictic acids in North America (Clere,
2007); 4) usnic and norstictic acids in North America (Clerc, 2007); 5) usnic and
protocetraric acids in North America (Clerc, 2007) and Japan (Asahina, 1956; Ohmu-
ra, 2001); 6) usnic, norstictic, protocertaric, and salazinic acids in Russian Far East
(Ohmura et al., 2017) and Taiwan (Ohmura, 2012); 7) usnic, norstictic, menegazziaic,
stictic, and constictic acids in Russian Far East (Ohmura et al., 2017); 8) usnic acid
in North America (Clerc, 2007) and Russian Far East (Ohmura et al., 2017); 9) usnic
and salazinic acids in Japan (Asahina, 1956). Stevens (1999) reported occurrence of
diffractaic, fumarprotocetraric, and galbinic acids in Australia.

One chemical race was found — usnic and salazinic acids.

Specimens examined: Mendeleev Volcano, NW slope, 43°59'29.5"N, 145°43'20.0"E, 328 m a. s. 1.,
spruce-fir forest, bark of Abies sachalinensis, 28 VII 2013, Ezhkin, SAK 324; vicinity of Mendeleev
Volcano, 43°59'33.1"N, 145°46'15.4"E, 161 m a. s. |, spruce-fir forest, bark of A. sachalinensis, 21 V1
2014, Ezhkin, SAK 337; ibidem, 44°00'05.5"N, 145°47'14.6"E, 37 m a. s. 1., spruce-fir forest, bark of
A. sachalinensis, 17 V1 2014, Ezhkin, SAK 349.

U. diffracta Vain. Six chemotypes have been reported for U. diffracta: 1) usnic,
diffractaic, barbatic, baeomycesic, squamatic, and bourgeanic (+) acids, atranorin
(%) in Japan (Ohmura, 2001), Taiwan (Ohmura, 2012), South Korea (Jayalal et al.,
2013), and Russian Far East (Ohmura et al., 2017); 2) usnic and diffractaic acids in
Japan (Asahina, 1956); 3) usnic, diffractaic, barbatic, 4-O-demethylbarbatic, baeo-
mycesic, squamatic, and salazinic acids in Japan (Ohmura, 2001); 4) usnic, barbatic,
4-O-demethylbarbatic, baeomycesic, squamatic, and salazinic acids in Japan (Ohmura
2001); 5) usnic and bourgeanic acids in Japan (Ohmura, 2001); 6) usnic, barbatic,
baeomycesic, and squamatic acids in South Korea (Jayalal et al., 2013).

One chemical race was found in Kunashir — usnic and diffractaic acids.

Specimens examined: Mendeleev Volcano surroundings, Mt. Mechnikov, 43°58'42.0"N,
145°42'52.1"E, 340 m a. s. 1., dark coniferous forest, bark of Picea glehnii, 6 VIII 2013, Ezhkin, SAK
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1257; ibidem, 44°00'15.3"N, 145°41'53.5"E, 201 m a. s. 1., mixed forest, bark of Quersus crispula, 1 VIII
2013, Ezhkin, SAK 1256; Mendeleev Volcano, NW slope, 43°59'58.8"N, 145°42'46.5"E, 343 m a. s. 1.,
dark coniferous forest, bark of Picea glehnii, 5 VII1 2015, Ezhkin, SAK 1255; Dubovoye village sur-
roundings, 43°47'47.0"N, 145°30'15.3"E, 107 m a. s. 1., dark coniferous forest, bark of Quersus crispu-
la, 23 V111 2017, Ezhkin, SAK 1258; Belkina River valley, 43°54'10.9"N, 145°35'51.1"E, 56 m a. s. 1.,
old-growth mixed coniferous-broadleaved forest, bark of Ulmus laciniata, 23 V1 2014, Ezhkin, SAK
1254; Rurui Volcano surroundings, Prosolovskie springs, 44°19'58.4"N, 146°01'14.5"E, 16 m a. s. 1.,
old-growth mixed coniferous-broadleaved forest, bark of Sorbus commixta Hedl., 19 VI 2014, Ezhkin,
SAK 1259; Tretyakova village surroundings, 43°53'23.5"N, 145°36'37.7"E, 37 m a. s. 1., old-growth
mixed coniferous-broadleaved forest, bark of Ulmus laciniata, 23 V1 2014, Ezhkin, SAK 1253.

Usnea fragilescens Hav. ex Lynge. Seven chemotypes have been reported in lite-
rature for U. fragilescens: 1) usnic, norstictic, salazinic, and protocetraric (+) acids in
Russian Far East (Ohmura et al., 2017); 2) usnic, norstictic, stictic (), menegazziaic
(%), and fatty (+) acids in Russian Far East (Ohmura et al., 2017), Japan, and Taiwan
(Ohmura, 2001); 3) usnic, stictic, cryptostictic (), and menegazziaic (+) acids in Ja-
pan and Taiwan (Ohmura, 2001); 4) usnic, salazinic, stictic acid complex (%), atranor-
in (%) in Japan and Taiwan (Ohmura, 2001); 5) usnic, psoromic, and 2-O-demethyl-
psoromic acids in Japan and Taiwan (Ohmura, 2001); 6) usnic acid in Japan and
Taiwan (Ohmura, 2001); 7) usnic, stictic acid complex in Europe (Randlane et al.,
2009); 8) usnic, salazinic acids in North America (Clerc, 2007); 9) usnic, psoromic
acids in North America (Clerc, 2007).

Two chemotypes were found — usnic, salazinic acids; usnic acid.

Specimens examined: Belkina River valley, 43°54'12.1"N, 145°36'4.1"E, 77 m a. s. 1., mixed co-
niferous-deciduous forest, bark of Betula ermanii Cham., 23 VI 2014, Ezhkin, SAK 341, 343 (SAK
341 — without medulla substances, SAK 343 — salazinic acid); Mendeleev Volcano surroundings,

Mechnikov Mt., 43°58'33.7"N, 145°43'19.8"E, 469 m a. s. 1., spruce-fir forest, bark of Picea jezoensis,
6 VIII 2013, Ezhkin, SAK 351.

U. glabrata (Ach.) Vain. Six chemotypes have been reported in literature for
U. glabrata: 1) usnic, protocetraric, and fumarprotocetraric acids in Europe and North
America (Randlane et al., 2009); 2) usnic, salazinic, and norstictic acids in Fennoscan-
dia (Halonen et al., 1999); 3) usnic acid in Europe and North America (Clerc, 1987;
Myllys, 1994; Brodo et al., 2001); 4) usnic, salazinic acids in Japan (Asahina, 1956)
and Russian Far East (Ohmura et al., 2017); 5) usnic, barbatic, 4-O-demethylbarbatic
(trace), norstictic (£), and protocetraric (£) acids in Russian Far East (Ohmura et al.,
2017); 6) usnic acid in Europe (Brodo et al., 2001).

Four chemotypes were found — usnic, protocetraric, salazinic, thamnolic acids; us-
nic, salazinic acids; usnic, protocetraric, salazinic acids; usnic acid. Chemotype with
thamnolic acid was not previously known for this species. Chemotype with usnic,
protocetraric, and salazinic acids together is new for Kunashir.

Specimens examined: Belkina River valley, 43°53'24.8"N, 145°36'28.3"E, 66 m a. s. l., mixed
coniferous-deciduous forest, bark of Abies sachalinensis, 23 V1 2014, Ezhkin, SAK 363; ibidem,
43°53'21.9"N, 145°36'54.7"E, 30 m a. s. 1., mixed coniferous-deciduous forest, bark of Betula ermanii,
22 VI 2014, Ezhkin, SAK 371, 367, 369; ibidem, 43°54'12.1"N, 145°36'04.1"E, 77 m a. s. 1., mixed coni-
ferous-deciduous forest, bark of B. ermanii, 23 V1 2014, Ezhkin, SAK 344; vicinity of Lagunnoe Lake,
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44°02'49.7"N, 145°45'59.1"E, 65 m a. s. |., mixed coniferous-deciduous forest, bark of Ulmus laci-
niata, 17 VIII 2013, Ezhkin, SAK 332; vicinity of Mendeleev Volcano, 44°00'05.9"N, 145°47'17.6"E,
29 m a. s. 1., spruce-fir forest, bark of Abies sachalinensis, 17 V1 2014, Ezhkin, SAK 352.

U. lapponica Vain. Three chemotypes have been reported in literature for U. lap-
ponica: 1) usnic, salazinic acids with different medullary substances (protocetraric,
barbatic, caperatic acids, zeorin) in Europe, North America (Halonen et al., 1998), and
Russian Far East (Ohmura et al., 2017); 2) usnic and psoromic acids in Europe (Halo-
nen et al., 1999); 3) usnic acid in Europe and North America (Randlane et al., 2009).

Three chemotypes were found — usnic, salazinic, barbatic acids; usnic acid; usnic,
salazinic acids.

Specimens examined: Aliger Lake surroundings, 44°01'45.8"N, 145°43'12.7"E, 87 m a. s. 1., mixed
coniferous-deciduous forest, bark of Betula ermanii, 20 V1 2014, Ezhkin, SAK 318; vicinity of Tre-
tiakova village, 43°58'28.4"N, 145°39'49.3"E, 163 m a. s. |., mixed coniferous-deciduous forest, bark
of Ulmus laciniata, 22 V1 2014, Ezhkin, SAK 321; ibidem, 43°53'23.5"N, 145°36'37.7"E, 36 m a. s. 1,
old-growth mixed coniferous-broadleaved forest, bark of U. laciniata, 23 V1 2014, Ezhkin, SAK 1240;
Mendeleev Volcano surroundings, 43°59'30.4"N, 145°45'59.7"E, 183 m a. s. 1., spruce-fir forest, bark
of Abies sachalinensis, 24 V1 2014, Ezhkin, SAK 335.

U. longissima Ach. Ten chemotypes have been reported for U. longissima: 1) us-
nic and barbatic acids in Japan (Ohmura, 2001), Europe (Randlane et al., 2009),
North America (Halonen et al., 1998); 2) usnic and diffractaic acids in Japan (Ohmu-
ra, 2001), Europe (Randlane et al., 2009), North America (Halonen et al., 1998); 3)
usnic and evernic acids in Japan (Ohmura, 2001), Europe (Randlane et al., 2009),
North America (Halonen et al., 1998), and Russian Far East (Ohmura et al., 2017);
4) usnic and salazinic acids in Japan (Asahina, 1956); 5) usnic and fumarpotocetraric
acids in Japan (Asahina, 1956); 6) usnic, barbatic, 4-O-demethylbarbatic, and squa-
matic (%) acids in Taiwan (Ohmura, 2012); 7) usnic, diffractaic, and barbatic acids in
Taiwan (Ohmura, 2012); 8) usnic, evernic, and lecanoric acids in Taiwan (Ohmura,
2012); 9) usnic, barbatic (trace), diffractaic, baeomycesic, and squamatic acids in
Russian Far East (Ohmura et al., 2017); 10) usnic acid in Europe and North America
(Halonen, 1998).

One chemical race was recognized in the study area — usnic acid.

Specimens examined: Zmeinyi Creek valley, 44°00'27.6"N, 145°41'20.8"E, 99 m a. s. I, mixed
coniferous-deciduous forest, bark of Hydrangea paniculata Siebold, 31 VII 2013, Ezhkin, SAK 357;
ibidem, 44°00'28.1"N, 145°41'39.0"E, 158 m a. s. |., mixed coniferous-deciduous forest, bark of Abies
sachalinensis, 31 VII 2013, Ezhkin, SAK 340; Belkina River valley, 43°54'10.9"N, 145°35'51.1"E,
56 m a. s. ., mixed coniferous-deciduous forest, bark of Ulmus laciniata, 23 V1 2014, Ezhkin, SAK 348;

ibidem, 43°53'51.5"N, 145°36'22.5"E, 70 m a. s. 1., mixed coniferous-deciduous forest, bark of Abies
sachalinensis, 23 V1 2014, Ezhkin, SAK 339.

U. pangiana Stirt. Three chemotypes have been reported for U. pangiana: 1) usnic,
salazinic, norstictic (£), protocetraric (%), constictic (£), and squamatic (+) acids in
Taiwan, Japan (Ohmura, 2001, 2012), and Russian Far East (Ohmura et al., 2017);
2) usnic, salazinic, barbatic, 4-O-demethylbarbatic, norstictic (£), and protocetraric
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(%) acids, atranorin (%) in Taiwan and Japan (Ohmura, 2001, 2012); 3) usnic acid in
Russian Far East (Ohmura et al., 2017).

Two chemical races were found — usnic, salazinic acids; usnic, salazinic, barbatic
acids.

Specimens examined: Belkina River valley, 43°53'21.9"N, 145°36'54.7"E, 30 m a. s. l., mixed
coniferous-deciduous forest, bark of Betula ermanii, 22 V1 2014, Ezhkin, SAK 373, 372, 370, 368;
ibidem, 43°54'12.1"N, 145°36'04.1"E, 77 m a. s. |., mixed coniferous-deciduous forest, bark of B. er-
manii, 23 VI 2014, Ezhkin, SAK 345, 342; ibidem, 43°54'13.1"N, 145°36'15.4"E, 57 m a. s. |., mixed
forest, bark of Salix caprea 1., 23 VI 2014, Ezhkin, SAK 338; ibidem, 43°53'23.5"N, 145°36'37.7"E,
36 m a. s. |, mixed coniferous-deciduous forest, bark of Betula ermanii, 23 VI 2014, Ezhkin, SAK
374; vicinity of Tretiakova village, 43°58'34.1N", 145°39'45.4"E, 191 m a. s. |., mixed coniferous-de-
ciduous forest, bark of Taxus cuspidata Siebold et Zucc. ex Endl., 22 VI 2014, Ezhkin, SAK 319;
ibidem, 43°58'28.4"N, 145°39'49.3"E, 163 m a. s. l., mixed coniferous-deciduous forest, bark of Ul-
mus laciniata, 22 V1 2014, Ezhkin, SAK 320; ibidem, bark of Phellodendron sakhalinense (F. Schmidt)
Sarg., 22 V1 2015, Ezhkin, SAK 1246 ibidem, old-growth mixed coniferous-broadleaved forest, bark
of Abies sakhalinensis, 22 V1 2015, Ezhkin, SAK 1247; Mendeleev Volcano surroundings, Mechnikov
Mt., 43°58'15.9"N, 145°43'34.1"E, 547 m a. s. |, fir forest, bark of A. sachalinensis, 13 VIII 2013,
Ezhkin, SAK 333, 334; ibidem, 43°58'33.7"N, 145°43'19.8"E, 468 m a. s. l., coniferous forest, bark of
Sorbus commixta, 6 VIII 2013, Ezhkin, SAK 1237; ibidem, 43°59'23.3"N, 145°47'5.1"E, 94 m a. s. 1.,
spruce-fir forest, bark of Abies sachalinensis, 24 V1 2014, Ezhkin, SAK 336, 1248; Mendeleev Volcano,
44°00'04.8"N, 145°42'26.8"E, 134 m a. s. 1., mixed coniferous-deciduous forest, bark of Picea jezoensis,
26 VIII 2013, Ezhkin, SAK 326; ibidem, 43°59'21.8"N, 145°46'16.7"E, 197 m a. s. 1., spruce-fir fo-
rest, bark of Sorbus commixta, 11 VIII 2015, Ezhkin, SAK 330; ibidem, 43°59'31.9"N, 145°43'15.6"E,
317 ma.s. 1., coniferous forest, bark of Abies sakhalinensis, 28 V11 2013, Ezhkin, SAK 1252; Dubovoye
village surroundings, 43°46'28.7"N, 145°31'00.9'E, 58 m a. s. |, oak forest, bark of Quersus crispula,
23 VIII 2017, Ezhkin, SAK 1251; ibidem, 43°46'47.6"N, 145°29'48.7"E, 69 m a. s. |, oak forest, bark of
Q. crispula, 23 V111 2017, Ezhkin, SAK 1239, 1238; Golovnino Volcano surroundings, 43°52'51.6"N,
145°36'20.3"E, 89 m a. s. ., mixed forest, bark of Sorbus commixta, 22 VIII 2017, Ezhkin, SAK 1242;
ibidem, 43°52'20.9"N, 145°36'00.9"E, 89 m a. s. |., mixed forest, bark of Quersus crispula, 23 VII1 2017,
Ezhkin, SAK 1241.

Usnea rubicunda Stirt. Four chemotypes have been reported in literature for U.
rubicunda: 1) usnic and stictic acids as a main substances, and norstictic and psoro-
mic acids as accessories in Europe (James et al., 2009; Randlane et al., 2009) and Ja-
pan (Asahina, 1956); 2) usnic and salazinic acids as a main substances and norstictic
acid as an accessory in Europe (James et al, 2009; Randlane et al, 2009); 3) usnic,
norstictic, stictic, menegazziaic, constictic, and squamatic (+) acids and atranorin (+)
in Taiwan (Ohmura, 2012); 4) usnic, norstictic, stictic, menegazziaic, constictic, pso-
romic, and 2-O-demethylpsoromic (+) acids in Taiwan (Ohmura, 2012) and Russian
Far East (Ohmura et al., 2017).

Two chemical races were found — usnic, salazinic, norstictic acids; usnic acid.
Chemotype without medullary substances (usnic acid in cortex) was not previously
known for this species.

Specimens examined: Belkina River valley, 43°53'23.5"N, 145°36'37.7"E, 36 m a. s. l., mixed co-
niferous-deciduous forest, bark of Abies sachalinensis, 23 VI 2014, Ezhkin, SAK 360, 361, 358, 362,
359; ibidem, 43°53'24.8"N, 145°36'28.3"E, 66 m a. s. |., mixed coniferous-deciduous forest, bark of
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A. sachalinensis, 23 V1 2014, Ezhkin, SAK 364, 365; Golovnino Volcano surroundings, 43°52'51.6"N,
145°36'20.3"E, 89 m a. s. ., mixed forest, bark of A. sakhalinensis, 22 V111 2017, Ezhkin, SAK 1249, 1243.

U. subfloridana Stirt. Four chemotypes have been reported for U. subfloridana:
1) usnic and squamatic acids in Europe, North America (Randlane et al., 2009), Rus-
sian Far East (Ohmura et al., 2017), Taiwan, and Japan (Ohmura, 2001); 2) usnic and
thamnolic acids in Europe, North America (Randlane et al., 2009), Taiwan (Ohmura,
2012), and Japan (Ohmura, 2001); 3) usnic, squamatic, thamnolic, and alectorialic (+)
acids in Europe, North America (Randlane et al., 2009), Taiwan, and Japan (Ohmura,
2001); 4) usnic, norstictic acids in Taiwan and Japan (Ohmura, 2001).

One chemotype was found — usnic, salazinic, barbatic acids. Chemotype with sala-
zinic and barbatic acids was not previously known for this species. Among known Us-
nea species, U. wasmuthii Rasanen has similar chemotype, but differs by its morpholo-
gical features, e. g. by more excavate soralia with few or without isidiomorphs and
basal part with tiny, lenticular, longitudinally oriented cracks. All studied specimens
lacked mentioned features and had typical morphology for U. subfloridana.

Specimens examined: Belkina River valley, 43°53'51.5"N, 145°36'22.5"E, 70 m a. s. 1., mixed co-
niferous-deciduous forest, bark of Sorbus commixta, 23 VI 2014, Ezhkin, SAK 346; Dubovoye village
surroundings, 43°46'28.7"N, 145°31'00.9"E, 58 m a. s. 1., oak forest, bark of Quersus crispula, 23 VIII
2017, Ezhkin, SAK 1250; ibidem, 43°47'47.0"N, 145°30'15.3"E, 107 m a. s. |, oak forest, bark of Q. cris-
pula, 23 VIII 2017, Ezhkin, SAK 1245; ibidem, 43°46'47.6"N, 145°29'48.7"E, 69 m a. s. 1., oak forest,
bark of Q. crispula, 23 VII1 2017, Ezhkin, SAK 1238.

Conclusion

In total, six secondary medullary substances were detected in Usnea species gro-
wing on Kunashir Island: barbatic, diffractaic, norstictic, protocetraric, salazinic, and
thamnolic acids. Four new chemotypes were discovered: 1) U. glabrata — usnic, pro-
tocetraric, salazinic, thamnolic acids; 2) U. glabrata — usnic, protocetraric, salazinic
acids; 3) U. rubicunda — usnic acid; 4) U. subfloridana — usnic, salazinic, barbatic acids.
In our opinion, new chemotypes can be described from different countries as most of
Usnea species have a relatively complex chemistry.
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