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Crustose Stereocaulon species in Russia with a key to species
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Abstract. Five crustose Stereocaulon species were found to occur in Russia, of which S. cephalocrustatum is reported
here as new to Asia and Russia from Paramushir Island. Its identification is confirmed by the phylogenetic analysis using
the nrITS locus. For each species, a brief description of its morphology, as well as information about its chemical composi-
tion, ecology, and distribution, are provided. Differences from similar species are discussed. It was found that presence of
primitive cephalodia is not a reliable character for distinguishing species. The presence of crystalline granules in the exciple
and epihymenium proved to be a highly reliable taxonomic marker, despite its application is limited by the availability of
fertile specimens. A key to crustose species of the genus Stereocaulon known from Russia is provided.

Keywords: Stereocaulon cephalocrustatum, distribution, phylogeny, secondary metabolites, taxonomy, Russian Far
East.
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Pesiome. B crarbe npejcraBieHbl Pe3yIbTaThl UCCAEA0BAHMS HAKUITHBIX BUIOB poja Stereocaulon B8 Poccuun. Ha tep-
putopuu Poccuu oOHAPYKEHO IISITh BUIOB, U3 KOTOPLIX S. cephalocrustatum suepsbie npuBoputcst 1uist Asuu u Poccun
¢ o. Iapamymup. Ero onpezeserue moATBEPKAEHO (HDUIOTEHETUYECKIM AHAIM30M C UCIOJIb30BaHUEM PUGOCOMAIBHOL
anepuoit THK (nrITS). dng kaskgoro Buja npuBeieHbl KpaTKoe onucanne Mopdosioruu, nHhopMaIms 0 XUMIUYECKOM
COCTaBe, 3KOJOTUK ¥ pacipocTpaHeHnu. Takske 0OCYKAAIOTCS OTJAMYMsE OT GJM3KUX BUOB. YCTAHOBJIEHO, UTO HAJIUYUE
HMPUMUTUBHBIX 11e(aJI0MeB He SABJSETCS ONPEIEIAIONIMM IPU3HAKOM [l pasjesieHus BuioB. Hammune KpucraaioB B
JKCIUITYJIE ¥ SITUTUMEHUY SIBJISETCS OUCHDb HAJIEXKHBIM TAKCOHOMUYECKUM MapKePOM HECMOTPS Ha TO, YTO €ro IPUMEHEeHUe
OrPaHMYEHO JIOCTYIHOCTBIO (hepTHIbHbIX 06pasoB. [IpeicTaBien Koy jiJis OnpejieJieHUs] HAKUITHBIX BUIOB poja Stereo-
caulon, nssectuoix B Poccuu.

Kirouessie cnosa: Stereocaulon cephalocrustatum, Bropudtibie MeTabOIUTBI, PACIIPOCTPAHEHIE, TAKCOHOMUS, (hrIOTe-

nus, Jlanbauii Boctok Poccnu.

The lichen genus Stereocaulon Hoftm. is
a cosmopolitan group consisting of approximately
140 species (e. g., Lamb, 1977, 1978; Purvis, James,
1985; Fryday, Coppins, 1996; Timdal, 2002; Fry-
day, Glew, 2003; Huang, Wei, 2004; Qvstedal
et al., 2009; Qvstedal, Elix, 2010; Spribille et al.,
2010; McCune et al., 2019, 2023; Vanéurova et al.,
2021). Traditionally, it included fruticose species
with dimorphic thalli: a primary granular, areo-
late or squamulose crustose thallus, and a second-
ary fruticose, consisting of usually very distinctive,
tall, and branched pseudopodetia with phyllocla-
dia (or phyllocladoid branchlets), apothecia, and,
in most species, cephalodia (Lamb, 1951).

Fries (1857, 1858) introduced the concept of
the intrageneric classification of Stereocaulon,
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and his papers can be considered the first mono-
graphic treatment of this genus. Subsequently,
alternative concepts have been presented (e. g.,
Nylander, 1858—1860; Riddle, 1910; Magnusson,
1926; Dodge, 1929; Résinen, 1943). In the mid-
dle of the 20 century, the English lichenologist
I. M. Lamb (1951, 1977, 1978) laid the base for the
classic worldwide concept of the genus Stereocau-
lon. However, crustose species were not included
in this interpretation.

The traditional view of Stereocaulon changed
when species without the secondary thallus were
transferred here from the other genera (e. g., Bacidia
De Not., Bilimbia De Not., Muhria P. M. Jorg.,
Toninia A. Massal., Rhizocarpon Ramond ex
DC.), namely S. cumulatum (Sommerf.) Timdal,
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S. leucophaeopsis (Nyl.) P. James et Purvis, S. ni-
vale (Follmann) Fryday, S. plicatile (Leight.) Fry-
day et Coppins, S. tornense (H. Magn.) P. James et
Purvis, and S. urceolatum (P. M. Jorg.) Hognabba
(Purvis, James, 1985; Fryday, Coppins, 1996; Tim-
dal, 2002; Fryday, Glew, 2003; Hognabba, 2006).
Later, molecular studies showed that these crus-
tose species form a sister group to the fruticose Ste-
reocaulon species (Myllys et al., 2005; Hognabba,
2006; Hognabba et al., 2014). Recently, several ad-
ditional crustose Stereocaulon species have been
described from North America, namely S. areola-
tum McCune et al., S. cephalocrustatum McCune
et al.,, S. fecundum McCune et al., S. hypothalli-
num McCune et al., S. oregonense McCune et al.
(McCune et al., 2019).

At present, crustose Stereocaulon species still
remain poorly studied. Their external similarity
to other genera (e. g., Lecidea Ach., Miriquidica
Hertel et Rambold, Porpidia Korb., Rhizocapon),
as well as insufficient knowledge of the ecology of
species in the region (e. g., Fryday, 2006, 2010)
have led to their underrepresentation in the re-
gional floristic treatments. So far, only four crus-
tose Stereocaulon species, S. cumulatum, S. leuco-
phaeopsis, S. plicatile, and S. tornense, have been
recorded in Russia (Makarova, Katenin, 20009;
Melekhin, 2010; Kristinsson et al., 2010).

In 2021, a crustose Stereocaulon specimen was
collected on Paramushir I. and then identified as
S. cf. tornense (Zueva et al., 2024). Tts further mo-
lecular analysis showed that it belongs to S. cepha-
locrustatum. This discovery motivated us to inves-
tigate the crustose Stereocaulon species in Russia
and compile a key for their identification.

Material and Methods

Sampling, morphology, and chemis-
try. This study is based on published data and
the examination of material deposited in LE and
KPABG. The laboratory analyses were conducted
following standard techniques (The lichen..., 2009)
at the Laboratory of Lichenology and Bryology
of the Komarov Botanical Institute of the Rus-
sian Academy of Sciences and the Laboratory of
Flora and Vegetation of the Polar-Alpine Botani-
cal Garden-Institute of the Kola Science Centre
of the Russian Academy of Sciences. Microscopic
observations were performed using Motic SMZ-
171-LED, MBS-10, Zeiss Primo Star, Olympus
BX51 microscopes. The Axio Scope Al micro-
scope with polarization filters was used to exa-
mine crystalline granules in the apothecial section.
Photographs of the species were taken with a ste-
reoscopic microscope Motic SMZ-171-LED with
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an attached MotiCam S6 camera and Axio Scope.
A1 with Axiocam 506 color camera. Secondary me-
tabolites of Stereocaulon cephalocrustatum, S. leu-
cophaeopsis, and S. tornense were studied by thin-
layer chromatography (TLC) in solvent system
C (Orange et al., 2001). Specimens redefined by
S. V. Chesnokov and L. A. Konoreva are marked
with the annotation “det. Chesnokov, Konoreva”
in the lists of the examined specimens; otherwise,
the specimens were identified by the collector.

DNA extraction, PCR amplification,
and DNA sequencing. DNA was extracted
directly from the pieces of thalli or apothecia
using the modified CTAB-based method (Gu-
zow-Krzeminska, Wegrzyn, 2000). PCR amplifi-
cation and sequencing were performed for nrITS
rDNA with primers ITS1F (Gardes, Bruns, 1993)
and ITS4 (White et al., 1990). The PCR program
consisted of an initial denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at
94°C for 30 sec, annealing at 52°C for 45 sec, and
extension at 72°C for 105 sec, with a final exten-
sion at 72°C for 5 min (McCune et al., 2019). Am-
plicons were cleaned up using the Cleanup Stan-
dard (Evrogen, Moscow, Russia) and sequenced
in Evrogen. The newly generated sequence was
deposited in NCBI GenBank database (https://
www.ncbi.nlm.nih.gov /).

Sequence alignment and phylogenetic
analysis. The newly obtained sequence was edi-
ted using FinchTV 1.4.0 (Geospiza, Inc.; Seattle,
Washington, USA; http://www.geospiza.us) and
BioEdit 7.2.5 (Hall, 1999). In addition to the new
sequence, our phylogenetic analysis included se-
quences of 10 crustose Stereocaulon species ret-
rieved from NCBI (Table 1). Lepraria jackii Tons-
berg and L. membranacea (Dicks.) Vain. were used
as an outgroup following Hognabba et al. (2014).
The GenBank accession numbers and other key
information about the sequences are provided in
Table 1.

The dataset was aligned online using MAFFT
v. 7 (Katoh, Standley, 2013), employing the
L-INS-i method (Katoh et al., 2005), which was
selected automatically by the program. The align-
ments were manually trimmed to remove unaligned
terminal regions. The final nrITS alignment con-
sisted of 24 sequences with 565 sites, of which
382 were conserved. Phylogenetic relationships
based on nrITS were inferred using the Maximum
Likelihood (ML) method. The TIM2+F+G4 sub-
stitution model was identified as the best-fit model
by ModelFinder (Kalyaanamoorthy et al., 2017).
The phylogenetic tree was constructed using
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Table 1

GenBank accession numbers and additional information for the specimens used in the phylogenetic analysis

Taxon name Location Source Collector and Herbarium nrlTS
Lepraria jackii Finland Hognabba et al. (2014) | Myllys, Lohtander 273, TUR | KF682450
L. membranacea Finland Hognabba et al. (2014) | Myllys, Lohtander 272, TUR | KF682452
Stereocaulon areolatum | USA, Alaska McCune et al. (2019) McCune 35498, OSC MK570470
S. areolatum USA, Alaska McCune et al. (2019) | McCune 36370, OSC MK570471
S. areolatum USA, Alaska McCune et al. (2019) Tonsberg 44269b, BG MK570472
S. cephalocrustatum USA, Alaska McCune et al. (2019) | McCune 36244, OSC MK570474
S. cephalocrustatum Sweden Svensson et al. (2020) | Svensson 3546, UPS MT614342

L-960851

S. cephalocrustatum Russia, Paramushir L. | this paper Chesnokov 36, LE 1L-25831 |PV876118

S. cumulatum Finland McCune et al. (2019) | McCune 37055, OSC MK570475
S. fecundum USA, Alaska McCune et al. (2019) | McCune 36117, OSC MK570476
S. fecundum USA, Alaska McCune et al. (2019) | McCune 36276, OSC MK570477
S. hypothallinum USA, Alaska McCune et al. (2019) Tonsberg 42884, BG MK570478
S. leucophaeopsis USA, Alaska McCune et al. (2019) | McCune 36249, OSC MK570479
S. leucophaeopsis U.K,, Scotland McCune et al. (2019) | Phinney 308b, E MK570480
S. leucophaeopsis U.K,, Scotland McCune et al. (2019) | Phinney309b, E MK570481
S. nivale USA, Washington Hognabba et al. (2014) | Glew 020928-3, H KF682455

S. nivale USA, Washington Hognabba et al. (2014) | Glew 020928-1, WTU KF682456

S. nivale USA, Alaska McCune et al. (2019) McCune 37008, OSC MK570482
S. oregonense USA, Oregon McCune et al. (2019) | McCune 32588b, OSC MK570483
S. oregonense USA, Oregon McCune et al. (2019) McCune 35906a, OSC MK570484
S. oregonense USA, Oregon McCune et al. (2019) | McCune 37514, OSC MK570485
S. plicatile Sweden Hognabba et al. (2014) | Nordin 6510, UPS KF682454

S. plicatile USA, Alaska McCune et al. (2019) | Tonsberg 42994, BG MK570488
S. tornense Norway Hognabba (2006) Dahlkild s. n., H DQ396975

Note: newly generated sequence is in bold.

I1Q-Tree with 1000 bootstraps replicates (Nguyen
et al., 2015; Trifinopoulos et al., 2016).

Results and Discussion

Five crustose species of the genus Stereocau-
lon are known to Russia, namely S. cephalocrus-
tatum, S. cumulatum, S. leucophaeopsis, S. plicatile,
and S. tornense, of which S. cephalocrustatum is
reported here as new to Russia and Asia. For the
latter species, a detailed description of the studied
specimen is provided.

Stereocaulon cephalocrustatum McCune et al.,
2019, The Bryologist 122(2): 205. — Type: U.S.A,,
Alaska, Kenai Peninsula Borough, Kenai Fjords
National Park, east side of Harris Bay, 59.72898N,
149.83408W, alt. 6 m, steep chasm, granitic clifts
and boulders at base of rocky chute, 8 July 2015,
McCune 36244, OSC holotype (not seen), ALA
isotype (not seen). (Fig. 1A, B)

Our sample is characterized by a well-de-
veloped areolate thallus. Areoles are convex or

bullate, roundish or irregular. On sun-exposed
areas of the thallus, the upper surface of the areo-
les is whitish, matte, epruinose, the dark centers of
the areoles are faintly visible, appearing as small
spots or thin lines. At shaded areas, the dark cen-
ters of the areoles are more distinct, brighter, and
expanded. According to McCune et al. (2019), la-
minal or marginal whitish or brownish soredia are
sometimes formed, and numerous primitive cepha-
lodia containing Stigonema C. Agardh ex Bornet et
Flahault may be present. In our specimen, soredia
and cephalodia, as well as associations with free-li-
ving Stigonema, are not observed. Apothecia up to
1.5 mm diam., rounded, sessile, and dark brown to
black; the apothecial margin is distinct and raised,
dark brown. Exciple dark brown in the central part
and somewhat paler near the edge, radiate, lacking
algae. Epihymenium orange-brown with brownish
granules; hymenium hyaline, up to 100 pm thick;
hypothecium dark brown, K+ yellow. Ascospores
hyaline, fusiform, 3-septate, 20-23 X 6-7 um
(n=20).
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Fig. 1. Stereocaulon cephalocrustatum (LE L-25831): A — areoles without dark centers with apothecia, B — section of

apothecium in polarized (left) and transmitted light (right). Stereocaulon cumulatum (KPABG): C — thallus with large
clusters of apothecia between the squamules, D — cluster of apothecia between the squamules.
Scale bars: A, C — 2 mm, B =100 pm, D — 1 mm.

Crystals (observation with polarizer).
Crystals in epihymenium and exciple present
(POL+) (Fig. 1B).

Chemistry. Cortex contains atranorin, K+
yellow, C—, Pd— or Pd+ faintly yellow. Medulla
contains stictic acid, K+ yellow, C—, Pd+ orange.

Ecology and substrate. In North America,
Stereocaulon cephalocrustatum occurs on non-cal-
careous rock near sea level, typically on steep
rocky areas along somewhat sheltered ocean bays
(McCune et al., 2019). In Sweden and Scotland,
the species is known from the alpine belt, where
inhabits on periodically wet ground, hard sili-
ceous rocks and pebbles and mosses over rocks in
a late snow areas (Svensson et al., 2020; Yahr et
al., 2025). Our specimen was collected at the foot
of the Ebeko volcano, on small siliceous stones, on
a slope near a stream, far from the sea coast.

Distribution. Until now, this species has
been known from the coastal zone of Alaska (Mc-
Cune et al., 2019), as well as from the alpine zone in
Scotland (Yahr et al., 2025), and Sweden (Svens-
son et al., 2020). Our discovery on Paramushir I.
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suggests that the distribution of species is likely
restricted to the coastal areas and islands. Here
we report Stereocaulon cephalocrustatum as new to
Russia and Asia.

Specimen examined. Russia, Sakhalin Region:
Paramushir 1., Plateau Yagodnoe, trail to the Ebeko Vol-
cano, 50°40'52.4"N, 156°04'49.6"E, 396 m a. s. 1., slope near
the stream with stones, on stones, 7 X 2021, Chesnokov 36,
det. Chesnokov, Konoreva, LE L-25831.

Discussion. Due to the absence of soralia and
cephalodia the studied specimen was previously
identified as Stereocaulon cf. tornense (Zueva et
al., 2024). Nevertheless, the phylogenetic analysis
showed that the nrITS sequence of this specimen
forms a well-supported clade (ML BP = 98) with
S. cephalocrustatum from North America and Swe-
den (Fig. 2).

Morphologically and chemically similar Stereo-
caulon tornense difters by the absence of crystal-
line granules in the apothecium section (POL-).
It seems that the presence vs. absence of cephalo-
dia is not a reliable feature for distinguishing these
species. Phylogenetically related S. leucophaeopsis
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Fig. 2. A phylogenetic tree for crustose Stereocaulon species inferred from nrITS sequences. Numbers on branches
represent maximum likelihood bootstrap values (> 70%). New sequence is indicated in bold.

can be easily distinguished from S. cephalocrus-
tatum by the presence of lobaric acid in the thallus.

Stereocaulon cumulatum (Sommerf.) Tim-
dal, 2002, The Lichenologist 34(1): 7. = Lecidea
cumulata Sommerf., 1826, Suppl. FL. lapp. (Oslo):
157. = Lecidea sabuletorum . cumulata (Sommert.)
Torss., 1843, Enum. Lich. Byssac. Scandin. (Up-
saliae): 38. = Biatorina cumulata (Sommerf.) Th.
Fr., 1861, Nova Acta R. Soc. Scient. upsal., Ser. 3 3:
287. = Biatora cumulata (Sommerf.) Tuck., 1872,
Gen. lich. (Amherst): 161. = Toninia cumulata
(Sommerf.) Th. Fr., 1874, Lich. Scand. (Upsaliae)
(2): 341. = Thalloidima cumulatum (Sommerf.)
Hellb., 1884, K. svenska Vetensk-Akad. Handl., ny
foljd 20(8): 78. — Type: Norway, Nordland, Salt-
dal, in terra uda alpis Solvaagtinden, July 1823,
S. C. Sommerfelt, O 1.38 holotype (not seen).

= Lecidea paracarpa Nyl., 1859, in Nylander,
Saelan, Herb. Mus. Fenn.: 111. — Type: Finland,
Lapponia, 1856, E. Nylander, H-NYL 18668 holo-
type (not seen).

= Lecidea perfidiosa Nyl., 1861, Lich. Scand.: 244.
Type: Finland, Enari Lapponiae, 1856, E. Nylander,
H-NYL 18674 holotype (not seen); H possibly iso-
type (not seen). (Fig. 1C, D)

The studied samples correspond to the descrip-
tion in the paper by Timdal (2002) and are cha-
racterized by a greyish-white or pale grey squa-
mulose thallus. Squamules lacking dark spots and
soralia, scattered or forming a more or less contin-
uous crust, flat to weakly convex, crenulate to lo-
bate. Numerous dark brown apothecia are present,
combined in large clusters between squamules
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(Fig. 1C, D). The ascospores are 1-septate, ellip-
soid to fusiform.

Chemistry. Cortex contains atranorin, K+
yellow, C—, Pd— or Pd+ faintly yellow. Medulla
contains lobaric acid, K—, C—, Pd— (Timdal, 2002).

Ecology and substrate. The species grows
on soil, sand, gravel, and more rarely in rock cre-
vices in open situations. It is mainly found in arc-
tic-alpine environments and occurs on both calca-
reous and siliceous substrates.

Distribution. Among crustose Stereocaulon
species, S. cumulatum is the most widespread. Arc-
tic-alpine species known from Greenland, Scot-
land, Norway, Sweden, Finland (Timdal, 2002),
and Svalbard (Qvstedal et al, 2009). In Russia, it
is widespread and recorded from the Republics of
Altai, Khakassia, Tyva (Sedelnikova, 2013), Bury-
atia (Kharpukhaeva, Lishtva, 2020), Karelia (Fa-
deeva et al., 2007), Komi (Hermansson et al., 1998),
and the north area of Yakutia (Kristinsson et al.,
2010), as well as from the Leningrad (Himelbrant et
al., 2018), Murmansk (Urbanavichus et al., 2008),
Arkhangelsk (Tarasova et al., 2021), and Perm (Se-
livanov, 2005) regions, Yamal-Nenets Autonomous
Area (Zhdanov, 2009), and Krasnoyarsk Territory
(Kristinsson et al., 2010; Sedelnikova, 2013).

Specimens examined (selected). Russia, Mur-
mansk Region: Lovozersky District, Nemetskaya Mrt.,
67°26'18.6"N, 37°03'22.3"E, 250 m a. s. |, N slope exposure,
on soil, 18 VII 1965, A. V. Dombrovskaya 131, KPABG
11365; ibid., Sukhaya River, 67°43'28.6"N, 37°20'14.6"E,
upper part of a stream valley with steep slopes, NW slope
exposure, tundra, rocks, on soil, 23 VII 1965, A. V. Domb-
rovskaya 216, KPABG 6683; ibid., Purnach River,
66°51'57"N, 39°25'25"E, 200 m a. s. 1., tundra, on soil, 2 VII
2009, A. V. Melechin Pu160, KPABG 12099; Kandalaksha
District, Kandalaksha Mts, Domashnie Mts, 1.5 km to the
east from the mark 547, 67°07'06.3"N, 32°51'27.7"E, 400 m
a. s. L, mountain tundra at the edge of the forest, rock
outcrops of NE exposure, on soil among the liverworts,
4 VIII 2000, I. S. Zhdanoo 5, KPABG 6682; Monchegorsk
District, Lapland Nature Reserve, Chuna-Tundra Ridge,
slope of Elnyunchorr Mt., 67°40'54.2"N, 32°32'35.9"E,
400 m a. s. ., mountain tundra, on soil over boulder, 2 VIII
2005, A. V. Melechin 220, KPABG 2190, 2304; ibid., slope
of Chuna-Tundra Mt., 67°40748.2"N, 32°31'24.4"E, moun-
tain tundra, on a moss clump in a crack in a boulder, 2 VIII
2005, A. V. Melechin 173, KPABG 2286; ibid., Nyavka-Tun-
dra Ridge, the top of the mountain opposite the Nyav-
ka-Tundra Mt., 67°55'38"N, 32°06'36"E, 550 m a. s. I,
mountain tundra, on soil, 3 VII 2008, A. V. Melechin 5087,
KPABG 2834; ibid., Volch’i Tundry Ridge, mountain top,
68°01'40.4"N, 32°20'53.5"E, 400 m a. s. ., mountain tundra
with Betula nana L., on soil, 19 VIII 2012, A. V. Melechin
vol24, KPABG 10596, 10599.

Discussion. Combination of a pale grey thal-
lus and small, aggregated apothecia makes it easily
recognizable in the field.
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Stereocaulon leucophaeopsis (Nyl.) P. James
et Purvis, 1985, The Lichenologist 17(3): 235.
= Lecidea leucophaeopsis Nyl., 1873, Flora, Regens-
burg 56(2): 20. = Toninia leucophaeopsis (Nyl.)
Th. Fr., 1874, Lich. Scand. (Upsaliae) (2): 334.
= Bilimbia leucophaeopsis (Nyl.) A. L. Sm., 1911,
Monogr. Brit. Lich. 2: 147. — Type: Scotland, Mid
Perth, Ben Lawers, alt. 2500 ft., on walls, Septem-
ber 1871, J. M. Crombie, BM holotype (not seen).

= Bilimbia cambrica Wheldon, 1920, J. Bot., Lond.
58: 15. = Bacidia cambrica (Wheldon) Zahlbr.,
1932, Cat. Lich. Univers. 8: 399. = Toninia cambrica
(Wheldon) Walt. Watson, 1933, J. Bot., Lond. 71:
329. — Type: [Great Britain, North Wales, Snow-
donia National Park], on rocks of volcanic ash on
Snowdon, above 3000 ft, Wheldon, BM holotype
(not seen). (Fig. 3A-F)

The studied samples correspond to the descrip-
tion in the paper by McCune et al. (2019) and
Yahr et al. (2025). They are predominantly sterile
(6 out of 10 studied specimens) and characterized
by the areolate thalli. Areoles scattered to conti-
guous, grey, darkening in the center, with slightly
thickened, pale margins. At shaded areas of the
thallus, the dark centers of the areoles are more
distinct, and expanded. Soralia are numerous, lo-
cated both at the margins and on the surface of the
areoles (10 specimens) (Fig. 3B—D). Cephalodia
absent, but cyanobacteria are often abundant be-
tween the areoles (8 out of 10 studied specimens)
(Fig. 3A, B). Only four specimens had apothecia
(3 specimens from Russia and 1 specimen from
Scotland). Exciple dark brown in the central part
and somewhat paler near the edge (POL+); epi-
hymenium (POL+) and hypothecium brown.
In Russian material, ascospores were absent or
poorly developed; in the Scottish specimen, asco-
spores hyaline, fusiform, mostly 3-septate, 2740 x
6-8 um (n=10).

Crystals (observation with polarizer).
Crystals in epihymenium and exciple present
(POL+) (Fig. 3E).

Chemistry. Cortex contains atranorin, K+
yellow, C—, Pd— or Pd+ faintly yellow. Medulla
contains lobaric acid, K-, C—, Pd-.

Ecology and substrate. The species oc-
curs on small and crushed stones in wet habitats,
rarely grows on soil near stones. In Europe, it usu-
ally grows on metal-rich rocks, especially mine
dumps, and occasionally on calcareous substrata in
upland areas (Purvis, James, 1985; Wirth, 2021).
Material from Asia and North America is con-
fined to mountainous areas (Fryday, 2010; Huang,
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Fig. 3. Stereocaulon leucophaeopsis (LE): A — areoles with the dark centers, apothecium and free-living Stigonema
between areoles, B — areoles with the dark centers, apothecia and soralia, C — soralia at the margins of areoles,
D — soralia on the surface of areoles, E — section of the apothecium in polarized light, F — section of the apothecium
in transmitted light. Scale bars: A~D — 1 mm, E, F — 100 um.

2010; McMullin et al., 2017; McCune et al., 2019).
Russian specimens were found in various types of
mountain tundra at altitudes ranging from 270 to
992 m a. s. 1., primarily on northern exposures and
in areas with long-lasting snow cover.
Distribution. Rare species known from
Europe [Norway, Sweden, Great Britain (Purvis,
James, 1985), France, Germany (Wirth, 2021)],
Asia [China (Huang, 2010)] and North America
[Greenland (Kristinsson et al., 2010), U. S. A.
Alaska, New Hampshire; Canada: Quebec (Fry-
day, 2010; McMullin et al., 2017; McCune et al.,

2019)]. In Russia, it is recorded only from the
Murmansk Region (Melechin, 2010).

Specimens examined. Russia, Murmansk Re-
gion: Monchegorsk District, Lapland Nature Reserve,
Monche-Tundra Ridge, moraine, 67°56'15"N, 32°37'31"E,
730 m a.s. 1., mountain tundra, pebbles on soil, 24 VII 2008,
A. V. Melechin 5139, det. Chesnokov, Konoreva, KPABG
3894; ibid., ridge of Vershinnyy ostanets Mt., 67°59'49"N,
32°26'01"E, 755 m a. s. |., mountain tundra, NE exposure,
on pebbles on a boulder, 11 IX 2010, A. V. Melechin sal119,
det. Chesnokov, Konoreva, KPABG 9732; Kola District,
Lapland Nature Reserve, Salnye Tundry Ridge, middle
reaches of Suabvoy River, NE slope exposure, 68°08'48"N,
31°32'21"E, 450 m a. s. |., mossy tundra, on boulder on soil
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among mosses, 31 VIII 2010, A. V. Melechin sal64, KPABG
12176; ibid., source of the Watsuoi River, rock ledge,
68°05'46"N, 31°41'45"E, 520 m a. s. ., grass-moss tundra,
on pebbles on soil, 3 IX 2010, A. V. Melechin sal77, det.
Chesnokov, Konoreva, KPABG 12173; Pechenga District,
slope on the bank of the Suokerjoki River, 69°25'27.7"N,
30°31'06.2"E, 270 m a. s. 1., moss clump on a boulder, on
soil, 21 VI 2013, M. Semichaevskaja pe8, det. Chesnokoo,
Konoreva, KPABG 10886; ibid., N exposure slope of Kuor-
pukas Mt., 69°22'35.4"N, 30°27'45.4"E, 550 m a. s. I,
mountain tundra, mosses on a rock at snowpatch, 22 VI
2013, A. V. Melechin pe12, KPABG 10881, 10978; Khi-
biny, Rasvumchorr Mt., 67°38'56.9"N, 33°51'31.2"E,
992 m a. s. 1., tundra, on cliff, 31 VII 2023, A. V. Melechin
2023m333, KPABG 20983; ibid., slope of Rasvumchorr
Mt. in Podjemny circus, 67°36'57.5"N, 33°49'16.9"E,
723 m a. s. 1, tundra belt, on pebble on soil near cliff,
15 VIII 2024, A. V. Melechin 2024m321a, KPABG 21346.
Additional specimen examined. Britain, Scot-
land: Argyllshire, Ardnamurchan paeninsula, Strontian,
Upper Strontian River, 11 VII 1966, P. W. James, LE s. n.

Discussion. During our wok, 16 specimens
labeled in herbaria as “Stereocaulon leucophaeop-
sis” were studied using TLC. Of these, six speci-
mens contained lobaric acid and were confirmed
as S. leucophaeopsis. The rest contained stictic
acid and was redefined as S. tornense. According to
Gilbert et al. (2009) and McCune (2017), S. leu-
cophaeopsis differs from S. tornense by marginal
soralia and presence of lobaric acid and atranorin.
However, the position of soralia is seemingly a va-
riable feature [McCune et al. (2019) and our obser-
vations], therefore TLC is strongly recommended
for distinguishing these two species. Additionally,
fertile specimens of S. leucophaeopsis can be distin-
guished from S. tornense by the presence of crystals
in the exciple and epihymenium (POL+) (Figs 3E
and 4E).

Stereocaulon plicatile (Leight.) Fryday et
Coppins, 1996, The Lichenologist 28(6): 513.= Le-
cidea plicatilis Leight. 1869, Ann. Mag. nat. Hist.,
Ser. 4 4: 201. = Rhizocarpon plicatile (Leight.)
A. L. Sm., [as ‘plicatilis’] 1911, Monogr. Brit. Lich.
2:197. — Type: [ Britain], Wales, [V.C. 48, Merio-
neth] Cader Idris, Llyn-y-Cae, on schistose rocks,
1869, W. A. Leighton, BM holotype (not seen).

The species is characterized by the areolate,
sorediate thallus with whitish, matte or glossy
areoles without dark centers, unless it becomes
sorediate, blackish apothecia with a brown tinge,
presence of crystals in the exciple and epihyme-
nium (POL+), submuriform to muriform asco-
spores, and by producing of stictic acid (Fryday,
Coppins, 1996; McCune et al., 2019). Unfortu-
nately, we have not studied any specimens of S. pli-
catile since they were found either in LE, where
they should be kept, or in KPABG.
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Ecology and substrate. This saxicolous spe-
cies occurs on siliceous rocks in wet habitats, espe-
cially in areas with deep snow (Fryday, Coppins,
1996; McCune et al., 2019).

Distribution. Rare species known from Great
Britain (The lichens..., 2009), Sweden (Westberg
et al., 2021), and Alaska (McCune et al,, 2019). In
Russia, it is recorded only from the Chukotka Pen-
insula (Makarova, Katenin, 2009).

Discussion. Stereocaulon plicatile clearly dif-
fers from other crustose species of the genus by ha-
ving submuriform to muriform ascospores, which
are transversely (1)3—5-septate in other species
(Jorgensen, Jahns, 1987; Purvis, James, 1985; Tim-
dal, 2002; McCune et al., 2019). Sterile specimens
are difficult to distinguish from S. tornense. Ac-
cording to Friday and Coppins (1996), S. plicatile
tends to have a thinner, less developed thallus with
more dispersed and flatter areoles, compared to
other crustose Stereocaulon species.

Stereocaulon tornense (H. Magn.) P. James et
Purvis [as ‘tornensis’], in Purvis, James, 1985,
The Lichenologist 17(3): 236. = Bacidia tornensis
H. Magn., 1952, Ark. Bot., Ser. 2 2(no. 2): 144. —
Type: Sweden, Torne Lappmark, Oppstignin-
gen til Vassitjakko fra Vassijaure, VII 1950, E.
Dahl, O L holotype (not seen), UPS isotype
(not seen). (Fig. 4A-F)

The studied samples of S. tornense correspond
to the description in the paper by McCune et al.
(2019) and Yahr et al. (2025) and are very simi-
lar to S. leucophaeopsis. Among them are predomi-
nantly sterile (24 out of 38 studied specimens).
They are characterized by the areolate thalli; are-
oles scattered or confluent, grey with slightly
thickened, pale margins and darkening in the cen-
ter. Soralia usually cover the entire surface of the
areoles, sometimes developing along the margins
(Fig. 4B—D). Cephalodia absent, but cyanobacte-
ria are often abundant between the areoles (13 out
of 38 studied specimens). Only 14 specimens have
apothecia, which are mostly poorly developed
and rare. Exciple dark brown in the central part
and somewhat paler near the edge (POL-), epi-
hymenium (POL-) and hypothecium brown
(Fig. 4E, F). Ascospores hyaline, fusiform, mostly
3-septate, 18.0-27.5 % 5.0-7.5 um (n = 10).

Crystals (observation with polarizer).
Crystals in epihymenium and exciple absent
(POL-) (Fig, 4E).

Chemistry. Cortex contains atranorin, K+
yellow, C—, Pd— or Pd+ faintly yellow. Medulla
contains stictic acid, K+ yellow, C—, Pd+ orange.
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Fig. 4. Stereocaulon tornense (LE s. n.): A — areoles with the dark centers and apothecium, B — soralia at the margins of
areoles with dark centers and free-living Stigonema between areoles, C and D — soralia at the margins of areoles,
E — section of the apothecium in polarized light, F — section of the apothecium in transmitted light.
Scale bars: A, D — 1 mm, B, C — 0.5 mm, E, F — 100 pm.

Ecology and substrate. The species mainly
grows on stones, but rarely occurs on soil and es-
pecially associated with persistent snow patches.
Russian material was found in the various types of
mountain tundra at altitudes 130-1030 m a. s. |, in
areas with long-term snow cover.

Distribution. Rare species known from Nor-
way (including Jan Mayen 1.), Sweden, and Great
Britain (Purvis, James, 1985; Gilbert et al, 2009).
In Russia, it is recorded only from the Murmansk
Region (Melechin, 2010).

Specimens examined (selected). Russia,
Murmansk Region: Lovozersky District, East coast of

Lumbovsky Bay, plateau to the southeast of the Lumbovka
village, 67°41'54"N, 40°33'02"E, 130 m a. s. I, tundra, bot-
tom of the fault with a snowfield and a stream, moss cover
on a boulder (on alayer of soil), 16 VII 2007, A. V. Melechin
2326, det. Chesnokov, Konoreva, KPABG 7449; ibid., Mas-
sif Lovozerskie tundry, pass, 67°47'48.3"N, 34°35'17.0"E,
888 m a. s. L, subnival community, pebble on the ground,
2 VII 2015, A. V. Melechin lovo7, det. Chesnokov, Kono-
reva, KPABG 12492; Monchegorsk District, Lapland Na-
ture Reserve, Monche-Tundra Ridge, moraine near the
Vite River, 67°56'15"N, 32°37'31"E, 730 m a. s. ., moun-
tain tundra with lichens and dwarf shrubs, on stone, 24 VII
2008, A. V. Melechin 5139, LE L-6927; ibid., Volch’i tundry
Ridge, NW exposure slope, 68°04'40.1"N, 32°23'15.4"E,
640 m a. s. 1., nival moss-grass community among rocks, on
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pebbles among mosses, 18 VIII 2012, A. V. Melechin vol62,
det. Chesnokoov, Konoreva, KPABG 10565; ibid., Chu-
na-Tundra Ridge, outcrop on slope S of the exposure of the
Naplagchorr Mt., 67°52'40"N, 32°28'13"E, 1030 m a. s. L.,
mountain tundra, pebbles on soil at the foot of the out-
crop, 19 VIII 2011, A. V. Melechin chu44, det. Chesnokoo,
Konoreva, KPABG 10147; ibid., canyon between Nam-
lagchorr Mt. and peak 1072.9 m, 67°53'28"N, 32°28'14"E,
900 m a. s. 1., rocks on the slope of N exposure, mountain
tundra, moss cover on a boulder, 19 VIII 2011, A. V. Mele-
chin chu54, det. Chesnokov, Konoreva, KPABG 10298,
10299; Pechenga District, N exposure slope of Kuorpukas
Mt., 69°22'35.4"N, 30°27'45.4"E, 550 m a. s. 1., mountain
tundra, pebbles among mosses, 22 VI 2013, A. V. Melechin
pel4, det. Chesnokov, Konoreva, KPABG 10963; ibid., moss
cover on a rock at snowpatch, A. V. Melechin pe12, det.
Chesnokov, Konoreva, KPABG 10962.

Additional specimens examined. Norway,
Finnmark: Hammerfest commune, Island Soroja, sur-
roundings of the village Akkarfjord, slope of mountain,
70°48'23.4"N, 23°23'02.8"E, 200 m a. s. 1., tundra, place be-
low of snowpatch, on boulder, 11 VII 2012, A. V. Melechin
s0130, det. Chesnokov, Konoreva, KPABG 10654, 10674;
ibid., Hordaland, inter Fribotn et Vasagjelet in par. Gran-
vinensi, in saxis humilibus in locis subhumidis, 600—700 m.
s.m., VI 1947, J. J. Havaas 250, LE s. n.

Discussion. Stereocaulon tornense is mor-
phologically similar to S. cephalocrustatum, S. leu-
cophaeopsis, and S. plicatile. However, S. cepha-
locrustatum can be distinguished by the presence
of crystalline granules in the apothecium section
(POL+); S. leucophaeopsis is distinguished by its
lobaric acid content; S. plicatile is distinguished
by its submuriform to muriform ascospores and
thinner, less developed thallus with flatter areoles
without dark centers.

Key to crustose Stereocaulon species published
for Russia

1. Soredia absent...........ccccccovvuviunnnne.

— Soredia present
2. Areoles with darker centers, medulla Pd+ orange (stic-

tic acid) .o S. cephalocrustatum
— Areoles without darker centers, medulla Pd— or Pd+
yellow (lobaric acid) ......cccoeververerrreerinne. S. cumulatum
3. Medulla and/or soralia Pd— or Pd+ yellow (lobaric
FTC ¢ ) J OO S. leucophaeopsis
— Medulla and /or soralia Pd+ orange (stictic acid) ........ 4
4. Ascospores submuriform, areoles without darker
CENEETS oo S. plicatile
— Ascospores mostly 3-septate, areoles with darker
CENEETS oottt sttt s st ss e 5
5. Epihymenium POL— .......ccccoovverivererrerrnn. S. tornense
— Epihymenium POL+ ......coccovverrene. S. cephalocrustatum

Although fruticose species of the genus Stereo-
caulon are easily recognizable in the field, its crus-
tose taxa are less well known and can be confused
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with species of Porpidia and Lecidea s. lat., espe-
cially when sterile. However, crustose Stereo-
caulon can be distinguished from these genera by
having septate ascospores (simple in Porpidia and
Lecidea s. lat.) and by the areoles mainly with the
dark centers (only Stereocaulon cumulatum and
S. plicatile have areoles without dark centers).

The absence of pseudopodetia and a well-de-
veloped primary thallus in fruticose Stereocaulon
species [e. g., S. curtatum Nyl., S. glareosum (Sa-
vicz) H. Magn., S. rioulorum H. Magn.] can be mis-
leading when identifying crustose Stereocaulon
species. During our investigation of crustose Ste-
reocaulon species, we realized that the presence of
primitive cephalodia, combined with the absence
of pseudopodetia, is a useful character for distin-
guishing crustose species from other members of
the genus Stereocaulon. However, the presence of
cephalodia is not a constant character and relying
solely on this feature without considering others
can result in misidentification as, for example, in
case of S. cephalocrustatum vs. S. tornense (Zueva
etal., 2024).

Although some authors use the position of sora-
lia to distinguish Stereocaulon leucophaeopsis and
S. tornense (Gilbert et al., 2009; McCune, 2017),
this trait may not consistently support accurate
identification. In Russian material of both these
species soralia occur both on the surface and at the
margins of the areoles. In contrast, the presence or
absence of crystalline granules in the exciple and
epihymenium appears to be a more reliable charac-
ter for distinguishing species, although its applica-
tion depends on the availability of fertile specimens.

These findings underscore the importance of
a comprehensive approach to the identification of
crustose Stereocaulon species and refine the mor-
phological criteria used for their differentiation.
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