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Abstract

Sphagnum microporum, S. kushiroense and S. subobesum are reported for the first time from
Russia. Molecular phylogenetic analysis based on plastid #7nG marker found them in the clade with
the GenBank accessions of S. microporum and S. kushiroense from China and Japan. Nuclear RAPD-
A sequences also support this position for Russian samples of S. microporum and S. kushiroense.
These two species do not differ from each other in the studied molecular markers, but can be distin-
guished by few morphological traits. Sphagnum kushiroense appeared to be locally common in mires
in the continental southern Russian Far East, extending westwards to the Czara River basin in
Transbaikalia. Sphagnum microporum is currently known in Russia from three localities in Khabarovsk
Territory. Russian specimens referred to Sphagnum subobesum are supposed to be of hybrid origin,
where maternal species is likely S. microporum or S. kushiroense and paternal one is another species
of Sphagnum subgen. Subsecunda. Sphagnum subobesum was found in Russia in few localities, in-
cluding eastern Yakutia, Kamchatka, Khabarovsk Territory, and Kunashir Island, where it grew mainly
in heavily flooded sites of mires at lake shores. Presence of Sphagnum denticulatum in the Russian Far
East region is not confirmed, as the specimen from the Amurskaya Province, where it was collected
deeply submerged in lake, contains the mixture of S. subobesum and S. kushiroense.

Pesiome

Sphagnum microporum, S. kushiroense n S. subobesum TIpUBOATCS BHEPBBIE s TeppuTopru Poccnm.
Tlo pesynsraram (QUIOTEHETHYECKOTO aHAIM3a TTOC/IEI0BATEILHOCTEN XIIOPOILIACTHOTO JIoKyca frnG OHM
OKa3bIBAIOTCS B KJIaJIe BMECTE C IOCNe0BaTeIbHOCTAMU S. microporum uS. kushiroense w3 Kutast u Slonny,
KoTOpBIe ObLIH B3sTHI M3 [enOanka. SnepHsrit 1okyc RAPD-A Takoke HOIep:KUBaeT 3Ty TOIOIOTHIO IS
poccuiickux o0pasuoB S. microporum u S. kushiroense. 11 1Ba Buja He OTIMYAIOTCS JPYT OT JpyTa IO
3THM JIBYM MOJIEKYJSIPHBIM MapKepaM, OJJHAKO OHU MMEIOT OIpeJIeIeHHbIe MOP(OIOTHISCKIe OTINYINS.
Sphagnum kushiroense oka3ancs MecTaMn HepeIKUM Ha 00JI0TaX B KOHTUHEHTAIBHOM 9acT! POCCHICKOTO
Jamsrero Boctoka, nocturas Ha 3amaje Oacceitna pexn Yapa B 3abaiikanse. Sphagnum microporum B
HacTosIIee BpeMs H3BecTeH B Poccnu 13 Tpex MecToHaxoxkaeHuid B XabaposckoM kpae. [Ipenmonaraercs,
YTO poccHiickue 00pa3ipl Sphagnum subobesun NMEIOT THOPHTHOE MPONUCXOXKICHHE; IIPH STOM MaTePHHCKUM
BHJIOM, TIO-BHIUMOMY, sIBIIsieTCs S. microporum i S. kushiroense, a B KauecTBE OTIIOBCKOTO BH/Ia BHICTYIIAET
apyroit Bux u3 moapona Subsecunda. Sphagnum subobesum 6vin Halinen B Poccunm B HeMHOTHX
MECTOHAXOXK/IEHMSX, BKIIIOYast BOCTOUHYIO SIkyTnro, Kamuarky, XabapoBckwuit kpaii u 0. Kynammp, rie on
Yalie BCEro poc B CHIILHO 0OBOHEHHBIX MECTaxX Ha 3a00J104eHHBIX Oeperax o3ep. [Ipucyrcrsue Sphagnum
denticulatum Ha poccuiickom JlaasHem BocToke He OBLTO MOATBEPIKACHO, IIOCKOIBKY €r0 eMHCTBEHHBIH
cOop U3 AMypcKoii 00acTH IpeCTaBIsIeT co00i cMmech S. subobesum u S. kushiroense.

KEYWORDS: molecular barcoding, RAPD-A, #rnG, taxonomy, morphology, S. contortum, S. denticulatum

INTRODUCTION records almost totally from European Russia and the Cau-

The genus Sphagnum remains unevenly studied in  casus, while the data on the distribution of Sphagnum spe-
Russia. First comprehensive catalogue of mosses of the  cies in Asian Russia were fairly scarce. They were based
Russsian Empire (Warnstorf, 1913, 1914) included its  oncollections from the lower course of Yenissey River made
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by H.W. Arnell and J. Sahlberg during the trip of 1876
and published in the “Musci Asia borealis. II”” (Lindberg
& Arnell, 1890). Also, samples of A. Cajander from Lena
River and of A. Sapehin from Irkursk surroundings were
cited. Only two species of Sphagnum sect. Subsecunda—
S. subsecundum Nees and S. platyphyllum (Lindb. ex
Braithw.) Warnst.—were recorded by Warnstorf (1913)
based only on Arnell’s collections.

Later, Savicz-Lyubitskaya (1932) reported S. contor-
tum Schultz from Kamchatka, and then she described
two new species, S. orientale L.1. Savicz and S. perfolia-
tum L.1. Savicz from Asian Russia (Savicz-Lyubitskaya,
1951). The descriptive flora of Sphagnum of the Soviet
Union (Savicz-Lyubitskaya, 1952), included seven spe-
cies of Sphagnum sect. Subsecunda, five of which were
reported for Asian Russia: S. subsecundum, S. platyphyl-
lum, S. contortum, S. orientale, and S. perfoliatum.

The “Handbook of the Sphagnum of the USSR” pub-
lished later (Savicz-Lyubitskaya & Smirnova, 1968) pro-
vided only general information on species distribution,
adding to the previous list S. denticulatum Brid. from
the Russian Far East region, without any reference to
more definite data. The only specimen-based record of S.
denticulatum from the Russian Far East has been pub-
lished by Abramova & Abramov (1977), who identified
it in the collection from Amur Province, gathered in a
lake at two meter deep.

Subsequent publications in the end of the 20th centu-
ry followed mostly the treatment by Savicz-Lyubitskaya
& Smirnova (1968), referring collections with multilay-
ered stem hyalodermis and small, scattered comissural
pores in hyalocysts of branch leaves to S. contortum.

Shortly after Shaw et al. (2008) described from Alaska
one more species of Sphagnum subgen. Subsecunda, S.
beringiense A.J. Shaw, E.R.Andrus & B. Shaw, Maksi-
mov et al. (2016) revised collections from Asian Russia
and found that most samples referred to S. contortum from
the northern part of Asian Russia actually belong to that
species. At the same time, some samples from southern
Russian Far East were found by Maksimov et al. as be-
longing to S. inexspectatum Flatberg, a species similar to
S. contortum by partially 2-layered hyalodermis, though
clearly different in pores in branch leaves, which are most
similar to S. inundatum Russow (Flatberg, 2005).

In 2025, during the field trip in Khabarovsk Territo-
ry, numerous specimens of Sphagnum subgen. Subsecun-
da were collected by E.D. Lapshina and I.V. Philippov
in the course of the study of mire vegetation. An attempt
to identify them revealed that their features do not fit any
species known from Russia, as plants with minute, scat-
tered comissural pores in hyalocysts of branch leaves were
associated with mainly unistratose hyalodermis. Their
identity with S. microporum Warnst. ex Cardot was pre-
sumed; moreover, this species was known from North-
East China (Li & He, 1999) and has been supposed to
occur in Asian Russia (Maksimov, 2023). A considerable
variation of such plants, however, invoked a molecular

phylogenetic study with a broader sampling of similar
specimens from eastern Russia. East Asian species of
Sphagnum subgen. Subsecunda were recently in a focus
of taxonomical studies by, e.g., Flatberg (2005), and var-
ious molecular phylogenetic studies provided a copiose
sequence data (Shaw et al., 2008a, 2008b, 2013, 2015;
Kirkjeeide et al., 2019), which make possible a wider
comparison of Russian and Chinese specimens.

MATERIAL AND METHODS

Sampling

For molecular phylogenetic study we sampled 32 spec-
imens of Sphagnum subgen. Subsecunda from MHA and
HSNU herbaria, which were preliminarily inferred to S.
beringiense (2), S. contortum (1), S. orientale (9), S. sub-
secundum (4), S. perfoliatum (5) and new collections
presumably referred to S. cf. microporum, from Russia
(10) and China (1).

Laboratory protocol

For DNA extraction, one shoot per specimen was
chosen and its capitulum was used. Total genomic DNA
was extracted from dry plants using the NucleoSpin Plant
DNA extraction kit (Macherey-Nagel, Germany) follow-
ing the manufacturer’s instructions. We obtained Sanger
sequences of Sphagnum-specific anonymous nuclear re-
gion identified by Shaw et al. (2003), originally called
RAPDa, but referred here as RAPD-A following Gen-
Bank naming. RAPD-A was demonstrated to be variable
and useful for molecular phylogenic reconstructions at
the species and infraspecific levels (Shaw ez al., 2005a,b,
2008a,b). Additionally, we obtained sequences of trnG
plastid marker. The laboratory protocols of amplifica-
tion follow Fedosov et al. (2016) for #rnG and Shaw et
al. (2003) for RAPD-A regions.

Molecular phylogenetic analysis

Both RAPD-A and #nG sequences are well repre-
sented in GenBank for Sphagnum subgen. Subsecunda,
therefore we added our dataset with 37 sequences of
RAPD-A region representing S. beringiense, S. contor-
tum, S. kushiroense H. Suzuki, S. microporum, S. miya-
beanum Warnst., S. orientale, S. platyphyllum, S. subse-
cundum; and 50 sequences of #7nG of the same species
plus S. denticulatum, S. inundatum Russow, S. X lydiae
Flatber & K. Hassel and S. perfoliatum. As an outgroup,
accessions for one isolate from GenBank and original
sequenses for the one specimen of S. fallax (H. Klinggr.)
H. Klinggr. were added to both datasets. The list of Gen-
Bank accession numbers of the included specimens and
vouchers of specimens studied de novo are provided in
Appendix 1. Sequences were aligned using MAFFT
v.7487 for Windows (Katoh et al., 2002) and then align-
ments were edited manually in BioEdit (Hall, 1999).

Indels in both #7nG and RAPD-A datasetswere scored
using the simple indel coding approach (Simmons &
Ochoterena, 2000) in SegState 1.4.1 (Mduller, 2005) for
Bayesian (BI) reconstructions and in FastGap 1.2 (Borch-
senius, 2009) for Maximum Likelihood (ML) analysis.
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The dataset used for molecular phylogenetic reconstruc-
tions based on #7nG was composed of 82 accessions, 719
positions plus 6 indels.

The trnG alignment lacks ambiguous positions, while
RAPD-A data aligning was hampered by a regular pres-
ence of polymorphic regions in electropherograms of five
samples of plants that are morphologically similar to S.
microporum (Fig. 2), suggesting their putative hybrid
origin (Puglisi et al., 2011; Beike et al., 2014; Schanzer
et al., 2020; Hrazdilova et al., 2023). These five speci-
mens are called hereafter °S. sp. X microporum’. Since
the speciation through hybridization including allopoly-
ploidisation is well known for Sphagnum subgen. Subse-
cunda (Shaw et al., 2005b; Ricca & Shaw, 2010; Ricca
etal.,2011; Shaw et al., 2015, etc.), we reexamined elec-
tropherograms of the RAPD-A sequences obtained for
‘S. sp. X microporum’. For each specimen four partially
overlapping reads (from internal, external, direct and
reverse primers; see Shaw et al., 2003) were analyzed
visually and then combined in consensus sequences where
the 32 positions with double peaks were coded with U-
PAC ambiguity codes (Table 1). Consensus sequences for
the Table 1 are based on the sequences involved in the
analyses of RAPD-A and shown in Figs. 3-4, Addition-
ally, we constructed an artificial sequence of ‘putative
parent 2°, which have in ambiguous positions a nucle-
otide other than that in S. microporum.

The preliminary analyses of the datasets with and
without these five samples brought markedly different
results, as the inclusion of °S. sp. X microporum’ reduced
the resolution of the phylogenetic trees considerably be-
cause of ambiguities at the positions with additive sig-
nals. Therefore, we conducted two analyses, with and
without ‘S. sp. X microporum’.

The first analysis of RAPD-A data was conducted for
a broader sampling, including four accessions of ‘S. sp. X
microporum’ (the fifth, OK2945, was excluded due less
than 75% completeness), generated ‘putative parent 2’ and
accessions of species from five subgenera (Fig. 3). Such
sampling makes possible to check the subgeneric position
of the putative second parent, which might belong not
necessarily to subgenus Subsecunda, as intrasubgeneric
hybrids with species of the subgenera Cuspidata and Acuti-
folia are known (Shaw et al., 2016; Meleshko et al., 2018;
Kyrkjeeide et al., 2019). Altogether, this dataset included
47 accessions, 1140 positions, and 12 coded indels. The
resulted tree was rooted on S. compactum.

The second analysis was conducted without °S. sp. X
microporum’ accessions; it included the dataset of Sphag-
num subgen. Subsecunda species and two accessions of
S. fallax from subgen. Cuspidata as an outgroup. This
RAPD-A dataset included 59 accessions, having 1123
positions of the alignment plus 5 coded indels.

Phylogenetic reconstructions under BI were performed
using MrBayes v.3.2.7 (Ronquist et al., 2012), with two
parallel runs each consisting of eight Markov chains, 5

000 000 generations with default number of swaps and
sampling frequency one tree each 1000 generations, the
chain temperature was set at 0.02 and models were sam-
pled throughout the GTR model space (nst = mixed).
Consensus trees were calculated after omitting first 25%
of trees as burn-in. The convergence between runs previ-
ously assessed as an average split deviation frequency
decreased lower than 0.01 was checked to have reached
after 0.5—-1.5 million generations. Maximum likelihood
trees were estimated using IQ-TREE 3.0.1. application
for Windows (Trifinopoulos et al., 2016) with auto esti-
mation of the best-fit models of nucleotide evolution
which suggested the HKY+G4 model for the nuclear
markers RAPD-A, F81+F for plastid and F81+F+ASC
for indel partitions. Robustness of the nodes was assessed
using 10000 pseudoreplications of the ultrafast bootstrap-
ping algorithm (Minh et al., 2013). The final trees were
visualized using FigTree 1.4.3.

Morphological studies

All sequenced specimens were studied using common
morphological methods, including light microscopy and
SEM observations. For light microscopy, dry plants were
soaked in water and stained with Methylene Blue. Speci-
mens were studied and photographed under light micro-
scope BX-63P with camera DP74, Z-stacks of several im-
ages were generated using HeliconFocus 4.50 (Kozub et
al., 2008). Some photographs were taken with Stercomi-
croscope Nikon SMZ-25, camera Nikon DS-Fi3m stacking
photos with the NIS-element, 05.30.00 version. SEM mi-
crographs were obtained from Ciqtek SM-3200, on herbar-
ium specimens without special preparation except the gold
coating, ca. 30 nm and observed at 20 kv in high vacuum.

RESULTS

Molecular phylogenetic analysis

In the tree inferred from the plastid #nG region, af-
finities within the ingroup (subgen. Subsecunda) are
weakly resolved as a whole, but the monospecific clades
are mostly well supported (Fig. 1). As an exception, nine
involved accessions of S. perfoliatum do not form a clade.
Sphagnum microporum was found in a moderately sup-
ported clade (PP=0.99, BS=89) that included also S.
kushiroense and five specimens of ‘S. sp. X microporum’.
The most Russian specimens have #7nG sequences iden-
tical to those from Japan and China, excepting OK4504
that possesses additional molecular autapomorphies.

The first phylogenetic tree based on RAPD-A (Fig.
3) resolves all subgenera as clades with maximal poste-
rior probability and bootstrap supports varying from 76
to 100. The clade of the subgen. Subsecunda consists of
three subclades, while the ‘S. sp. X microporum’ and
‘putative parent 2’ samples remain in the unresolved poly-
tomy within this clade. At the same time, S. microporum
(including five Russian accessions) and S. kushiroense
form a fully supported clade in the terminal position with-
in the maximally supported clade, which also included
S. pylaesii Brid. and S. contortum.



—//

A.V. SHKURKO, O.I KUZNETSOVA, E.D. LAPSHINA, E.A. IGNATOVA, R.-L. ZHU & M.S. IGNATOV

1/100

fallax OK3183

— // W|_—

fallax SB4725

—//

1/100—— X

—— kushiroense SB4212 Japan
—— kushiroense SB4196 Japan
—— microporum SB4175 Japan
—— microporum SB2660 China
—— microporum SB2493 China

microporum SB4183 Japan

—— microporum SB2455 China

—— microporum SB1339 Japan

—— ‘sp x microporum’ OK2945 RU: Kuril Isl.
—— ‘sp x microporum’ OK4404 RU: Yakutia
—— ‘sp x microporum’ OK4405 RU: Khabarovsk
—— ‘sp x microporum’ OK4406 RU: Yakutia
—— kushiroense OK4440 RU: Khabarovsk

—— microporum OK4441 RU: Khabarovsk

—— kushiroense OK4502 RU: Khabarovsk

—— kushiroense OK4503 RU: Khabarovsk
————— kushiroense OK4504 RU: Khabarovsk
L— ‘sp x microporum’ OK4545 RU: Khabarovsk
platyphyllum SB1388 USA: Alaska
platyphyllum LP98 Sweden

0.99/89
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—— subsecundum SB4238 Japan
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—— orientale OK4443 RU: Khabarovsk
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Fig. 1. Bayesian phylogenetic tree
based on #rnG sequences for the Sphag-
num subgen. Subsecunda. Bayesian pos-
terior probabilities (>70) and Maximum
Likelihood bootstrap supports (>80) are
shown at branches.
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Fig. 3. Bayesian phylogenetic tree based on
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In the second phylogenetic tree (Fig. 4) inferred from
nuclear RAPD-A, subgen. Subsecunda is represented
by two major clades. The first one (PP=1 BS=86) in-
cludes accessions of S. platyphyllum, S. beringiense, S.
orientale, S. subsecundum, and S. miyabeanum; its to-
pology is not considered in details. The second major
clade is maximally supported; it splits into two, not sup-
ported one (PP=0.81, BS=92) with six accessions of .
contortum and maximally supported one with all in-
cluded accessions of S. microporum and S. kushiroense.
Its further topology again does not allow separating these
two: one Russian accession, OK4440, is found in a poly-
tomy with Japanese specimens of the both species and
Chinese specimens of S. microporum, while the rest of
Russian accessions form a grade nested within this poly-
tomy.

Electropherogram analysis

Observation of the polymorphic regions in RAPD-A
electropherograms reveals 32 positions with double peaks
recurrent for the four ‘S. sp. X microporum’ accessions
and 22 in the available part of “S. sp. X microporum’ sam-
ple OK2945, while any polymorphic sites in electrophero-
grams of S. cf. microporum studied de novo are absent
(Table 1, Fig. 2). Since both peaks in these polymorphic
regions are uniformly repeated in the sequences of differ-
ent accessions including overlapping parts of different reads
obtained from the same PCR product, we suggest the pres-
ence of two different copies of the nuclear RAPD-A re-
gion in ‘S. sp. X microporum’ rather than sequencing arti-
fact (Fig. 2). A comparison with some other species of
Sphagnum subg. Subsecunda revealed a clear correspon-
dence between one of the two nucleotide peaks in these
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polymorphic positions and the nucleotides at the same
positions in all sequences of S. microporum and S. kushi-
roense (Table 1). No one of the involved species fully match
the alternative read where S. microporum signal was ex-
cluded from double peaks, and thus represented ‘putative
parent 2’ sequence (Table 1). However, the inclusion of
this ‘putative parent 2’ in the analysis showed its position

in the clade of the subg. Subsecunda (Fig. 3). The most
similar to ‘S. sp. X microporum’ is one of the haplopypes of
S. beringiense, differing from it only by 4 substitutions.
Sphagnum orientale, S. platypyllum, S. subsecundum, S.
miyabeanum and other haplotypes of S. beringiense differ
from the “putative parent 2’ in 5 substitutions, while S. con-
tortum 1is the most distant with 24 substitutions.
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Morphological studies

The samples of S. cf microporum resolved in a clade
with GenBank accessions of S. microporum and S. kushi-
roense in both trnG and RAPD-A trees share some mor-
phological traits. Their stem hyalodermis is mainly 1-
layered, rarely at places 2-layered; the stem leaves have
fibril stubs or, rarely, fibrils in the distal 1/3—1/2 of leaves;
and the branch leaf hyalocysts on the dorsal surface have
few pores of small size arranged in discontinuous rows
(Fig. 5A—F). The few small pores are also typical for S.
contortum (Fig. 6A—C) that, however, can be readily dis-
tinguished by having 3—4-layered stem hyalodermis. Sph-
agnum beringiense possesses pores larger, more even in
size, arranged in more continuous rows (Fig. 6G-1). Sph-
agnum orientale is similar to S. microporum s.1. in smaller
pore size, but its branch leaves are short and subobtuse,
and pores in branch leaves are numerous, arranged in
continuous rows, and more even in size than in the latter
(Fig. 6D-F). However, the studied specimens of S. cf
microporum were found quite variable in pores on the
ventral surface of stem leaves in distal 1/3 leaf part (cf.
Fig. 9). Some of them fit well the circumscription of S.
microporum s. str., while most other specimens corre-
spond to S. kushiroense, as it has been circumscribed
and illustrated by Suzuki (1958) and Kyrkjeeide et al.
(2019).

The plants of “S. sp. X microporum’ are more robust
and have larger stem leaves (1.1-1.5 mm long) than those
of the latter; moreover, their branch leaves are widely
acute and neither strongly falcate nor secund (Figs. 7A—
H, 8A—C). The overall morphology of ‘S. sp. X micro-
porum’ conforms to S. subobesum Warnst. circumscrip-
tion of Suzuki (1958) and Flatberg (2005) and to the Jap-
anese specimens collected and identified by Suzuki (dupl.
from H.S. 23923, 19545; LE).

Morphological study of the only specimen from the
Russian Far East region identified as S. denticulatum
showed that it represents a mixture of two plants differ-
ent in size, but both belonging to the discussed group
with 1(2)-layered stem hyalodermis and discontinuous
rows of minute pores in branch leaf hyalocysts. The larg-
er one, with stem leaves over one millimeter corresponds
to morphology of S. subobesum (Fig. 81, K), while the
smaller one can be referred to S. kushiroense (Fig. 8J, L).

DISCUSSION

Sphagnum microporum and S. kushiroense

The morphological variation of Sphagnum mi-
croporum was discussed in detail by Suzuki (1958), who
found it to be significant and therefore merged with it
two species, S. okamurae Warnst. and S. oligoporum
Warnst. However, the Hokkaido population of this group
was found by him to be morphologically distinct enough
for segregation it to the new species, Sphagnum kushi-
roense. The most detailed study of genetic diversity of S.
kushiroense and S. microporum has been done by Shaw
et al. (2015). Their microsatellite analysis showed that

S. kushiroense is haploid, while S. microporum includes
both haploid and diploid populations. Moreover, haploid
S. microporum specimens from China were found to be
identical with S. kushiroense, while the diploid speci-
mens of S. microporum from Japan differed. Although
they suggested that the new species should be described,
this remains unresolved, as the molecular data for the
type collections of S. microporum from North Korea are
not available.

Since our results also do not contribute to the resolv-
ing of this question, further we treat S. kushiroense and S.
microporum as the two species based on their morpholo-
gy, admitting that they might be conspecific. At the same
time, the morphological variation of S. microporum in
Japan—as can be seen from herbarium collection study
(Fig. 9D-G)—the presence of undescribed species, as pro-
posed by Shaw et al. (2015), is also possible.

The novelty of our results is the considerable range
extension of S. kushiroense that appears to be a wide-
spread species in mires in the lower course of Amur Riv-
er, which remained poorly studied because of difficulty
to access. One studied collection of S. kushiroense is from
Jilin Province of China (Figs. 8D, 91), though that plant
was from a pond side and not optimally developed, thus
reported now only with question mark. At the same time,
plants referred here to S. microporum s. str. according to
Suzuki (1958)” definition were found in a few localities
in Russia and in Heilongjiang in China.

Sphagnum subobesum

Molecular phylogenetic studies conducted by Shaw
(2000) resolved S. subobesum in a clade with S. khasian-
um Mitt., albeit with a low support. The only ITS of S.
subobesum available in GenBank for a plant from Japan
(AF193736) by BLAST search is maximally similar to
the three specimens: S. khasianum from China, Guang-
dong Province, and Japanese specimens of S. microporum
and S. subsecundum.

Despite the lack of molecular references of RAPD-A
and trnG markers for S. subobesum to compare, we sug-
gest referring the putative allopolyploid plants of “S. sp.
X microporum’ to this species based on the morphologi-
cal traits as it was discussed above. Noteworthy, the stud-
ied plants have quite large stem leaves (Figs. 7A-H); in
Russia among species of Sphagnum subgen. Subsecun-
da, leaves of a similar size are known only in S. denticu-
latum and S. platyphyllum. However, the latter species
differs in its constantly 2-layered stem hyalodermis,
branches usually not differentiated into divergent and
pendent, and stem and branch leaves similar in shape,
with fibrils and pores extending almost to the leaf base.
Plants of S. denticulatum differ in larger pores arranged
in continuous rows along the commissures.

lustration of S. subobesum by Suzuki (1958) shows
its branch leaves as ovate-lanceolate and long acuminate,
while in our sequenced plants branch leaves are ovate
and shorter acuminate (Fig. 12K, M—O), and only the
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Fig. 5. Sphagnum kushiroense (A—C): from Khabarovsk Territory, isolate OK4502; S. microporum (D-F) from Khabarovsk
Territory, isolate OK4441; S. subobesum (G-1): from Yakutia, isolate OK4406. All photos are made from dorsal (convex) surface
of branch leaves showing pores in hyalocysts. A, D, G: light microscope; B—C, E-F, H-I1: SEM.
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Fig. 6. Sphagnum contortum (A: from Russia, Moscow Province, MHA9022804; B—C: from Russia, Kamchatka, isolate OK4417),
S. orientale (D-F: from Russia, Yakutia, MHA9015782) and S. beringiense (G-I: from Russia, Yakutia, MHA9015738). All photos
are made from dorsal (convex) surface of branch leaves showing pores in hyalocysts. A, D, G: light microscope; B-C, E-F, H-1: SEM.
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Fig. 7. Leaves (wet) from plants shown in Fig. 8A-H: A-H: Sphagnum subobesum (Russia, Yakutia, Ignatov & Ignatova 18-1629,
MHA9191140); I-N: S. kushiroense (Russian Far East, Primorsky Territory, Ignatov #77, MHA9063731); O-T: S. microporum
(Russia, Khabarovsk Territory, isolate OK4441). A-D, I-K and R-T: branch leaves; E-H and L-Q: stem leaves. Scale bar: 1 mm for all.
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Fig. 8. Habit of herbarium specimens from mire carpet col-
lections (A—H) and from mixed collection of plants growing in
lake at 2 m deep (I-J), and leaves from these submerged plants
(K- L), showing their shape and size variation (red bars near
stem leaves = 1 mm). A—-C: Sphagnum subobesum (Russia,
Yakutia, Ignatov & Ignatova 18-1629, MHA9191140); D-F: S.
kushiroense (D: China, Jilin Prov., Jin Kou 383, ex HSHU; E, F:
Russian Far East, Primorsky Territory, Ignatov #77,
MHA9063731), and G-H: § microporum (G: Russia,
Khabarovsk Territory, isolate OK4441; H: Khabarovsk,
Gambaryan, MHA9063732); I-L: Amurskaya Province:
Umanskoe Lake, 3 July 1974, Katanskaya s.n. (LE). a). Scale
bars: 5 mm for A-H; 1 mm for I-J; 1 mm red bars for K-L.

4

specimen from Khabarovsk Territory collected at 2 m
depth in the lake (Fig. 8I) possesses branch leaves most
similar to Japanese plants.

Our findings also expand the distribution range of S.
subobesum, which up to now was thought to be restricted

to Japan. The species was once reported from Queen Char-
lotte Islands, an archipelago off the northern Pacific coast
of British Columbia, Canada (Schofeild, 1969; Andrus &
Vitt, 1977; Andrus, 1979). In the latter paper, this species
was described and illustrated based on North American
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Fig. 9. Sphagnum microporum (A-D) and S. kushiroense (E-I). Upper part of stem leaf from ventral side with insets, showing whole leaf
and close up of selected cells. Specimens A: Russia, Khabarovsk Territory, Gambaryan (MHA9063732); B: Russia, Khabarovsk Territory,
Lapshina, isolate OK4505; C: Russia, Khabarovsk Territory, Lapshina, isolate OK4441; D: Japan, Honsu, Suzuki 26442 (LE); E-F: two
leaves from same plant from Japan, Suzuki 43182 (LE); G: Japan, Hokkaido, Suzuki 21124 (LE); H: Russia, Khabarovsk Territory Lapshina,
isolate OK4504; I: China, Jilin, Jin Kou 383 (HSNU, dupl. MHA). Scale bars: 0.5 mm (leaf), 50 um (leaf part), 20 um (cells) for all.

specimens and compared with S. subsecunsum. However,
Flatberg (2005) revised these collections and referred them
to S. andrusii (Crum) Flatberg (=S. subsecundum var. an-
drusii Crum), thus returning to S. subobesum the status of
Japanese endemic. He discussed in details and illustrated
the distinctions between S. subobesum, S. andrusii and S.
inexspectatum. Large stem leaves, usually 1.2—-1.6 mm
long, make S. andrusii similar to S. subobesum, but they
are readily distinguished by numerous pores in stem leaves
on dorsal side in the former and on ventral one in the

latter, as well as by large (7-9 um) pores in continuous
rows vs. small (1-2 um) pores in discontinuous rows in
hyalocysts on dorsal surface of branch leaves. However,
later McQueen & Andrus (2007) in their treatment of the
genus Sphagnum in Flora of North America placed S. sub-
secundum var. andrusii into the synonymy of S. inexspec-
tatum;, furthermore, Buck & Goffinet (2024) placed S. su-
bobesum into synonymy of S. miyabeanum Warnst., refer-
ring to Shaw et al. (2015), where S. subobesum, however,
is not mentioned.



14 A.V. SHKURKO, O.I KUZNETSOVA, E.D. LAPSHINA, E.A. IGNATOVA, R.-L. ZHU & M.S. IGNATOV

Fig. 10. A—N: Sphagnum kushiroense (from: Khabarovsk Ter-
ritory, isolate OK4504) and O-R: S. orientale (from: Yakutia,
MHA9015782): A: habit, dry; B: stem transverse section; C: ven-
tral surface of stem leaf near apex; D-E, G: stem leaves; F, H-I,
O-R: branch leaves; J: middle part of branch leaf on dorsal side;
K: middle part of branch leaf on ventral side; L: dorsal side of
stem leaf below apex; M—N: leaf transverse sections. Scale bars:
2 mm for A; 1 mm for D-1, O-R; 100 um for B-C, J-N.

o

TAXONOMY

Sphagnum kushiroense H. Suzuki, Jap. J. Bot. 16:
258. 1958. Figs. 5A-C; 7I-N; 8E-F; 9E-I; 10A—N.

Holotype: Japan, Hokkaido, Prov. Kushiro, Shiranu-
ka, Shiranuka-gun, Shiranuka-machi, Shoro, coll. H. Su-
zuki July 19, 1956, HIRO 21135). Not seen.

Plants medium-sized, in loose tufts, green, yellow-
ish-brown to fuscous. Capitula small, flat to slightly con-
vex, not stellate, apical bud inconspicuous; inner branches
curved and ascending, outer branches arcing downwards,
gradually attenuate. Stems rigid, light green to light
brownish; hyalodermis unistratose to irregularly at plac-
es bistratose, usually with 1-2 pores at distant end. Stem
leaves pendent-spreading or obliquely pendent-appressed,
lingulate-triangular, 0.7-1.0x0.4-0.7 mm, rounded-ob-

tuse at apex, occasionally slightly fringed, narrowly bor-
dered by elongate cells; hyalocists with few septae, in
distal 1/3—1/2 with fibrills or, more often, with fibrill
stubs, on dorsal surface with few pores at cell angles, on
ventral surface in distal 1/3—1/2 with numerous pores
along comissures, 10—15 per cell, unringed, round or ir-
regular in shape, 5-9 um in diameter, in distalmost part
of leaf occupying most of the lumen width. Branch fas-
cicles with 2 divergent and 1-2 pendent branches, not
crouded on stem; divergent branches arcuate, to 8 mm
long; pendent branches slightly thinner, equal in length
or sligtly longer than divergent branches. Branch leaves
loosely appressed, slightly or strongly falcate-secund, 1.2—
1.6x0.5-0.6 mm, lanceolate or ovate-lanceolate, moder-
ately concave; hyalocists on dorsal surface with small,
round, ringed pores 1-2(—3) wm in diameter in discon-
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Fig. 11. A-N: Sphagnum microporum (from: Khabarovsk Territory, isolate OK4441): A: habit, dry; B: stem transverse section;
C: ventral side of stem leaf near apex; D—F: stem leaves; G-H, K: branch leaves; I: middle part of branch leaf on dorsal side; J:
middle part of branch leaf on ventral side; L: dorsal side of stem leaf below apex; M: leaf transverse section. Scale bars: 2 mm for
A; 1 mm for D-H, K; 50 um for B; 100 um for C, I-J, L-M.

tinuous rows along comissures, on ventral surface eporose
or with few round pores at cell angles; chlorocysts in leaf
transverse section elliptic or rectangular, exposed on both
surfaces, with moderaterly thickened outer walls. Dio-
icous. Sporophytes unknown in Russia. [Antheridia on
pendent branches. Capsules 1.87-1.95 mm in diameter.
Spores 30-32 um)].

Distinction. Suzuki (1958) described Sphagnum
kushiroense distinguishing it from S. microporum in sev-
eral sporophytic and gametophytic characters. The sporo-
phytic characters include the dimensions of capsule and
spores: S. kushiroense has larger capsules, 1.87-1.95 mm
vs. 1.3—1.5 mm in diameter in S. microporum, and larg-
er spores, 30—32 um vs. 20-25 pwm, correspondingly.
However, sporophytes were not found in Russia, and also
in China (Li & He, 1999), thus now we may rely only on
the gametophytic distinctions.

Suzuki (1958) included in the key to identification
two gametophytic characters. One of them, anisophyl-
lous vs. hemiisophyllous stem leaves, was found difficult
to apply to our collections from Russia and China, be-
cause plants of both species from China and Russia have
stem leaves markedly smaller than branch leaves (cf. Figs.
71-T, 10, 11), while in Japan, according to Suzuki (1958,
Fig. 3), the hemiisophyllous plants of S. microporum
prevail.

The second gametophytic distinction, the pore pat-
tern on ventral surface of stem leaves in their distal 1/3
subdivide our collections into two groups in a way sug-
gested and illustrated by Suzuki (1958, Fig. 81 and 9H)
for distinguishing S. kushiroense and S. microporum. In
S. microporum, pores are (3—)5—10 per cell, round, not
occupuing most of the lumen width (Fig. 9A-D), while
in S. kushiroense pores are more numerous, (7—)10-15
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per cell, often enlarged and irregular in shape, occasion-
ally fusing and becoming of the whole cell width and
occupying most of the lumen (Fig. 9E-I). Pores them-
selves are either small and regular in shape (Fig. 9D), or
of moderate size, mostly regularly round and few, filling
only a small part of lumen (Fig. 9A-B), or irregular, fill-
ing most on the hyalocyst lumen (Fig. 9D, H), and unlti-
mately with oblate pores prevailing (Fig. 9G).

Suzuki’ key to identification mention only large pores
vs. small pores. Our observation shows that such traits
as the regularly round pore vs. irregularly shaped are
probably also important. This maybe is what Suzuki con-
sidered differently, as his specimen ‘S. microporum, Su-
zuki 43182 (two its leaves are illustrated here in Fig.
9E-F), seems to be better corresponding to his illustra-
tion of S. kishiriense by Suzuki (1958, Fig. 9H) and
Kyrkjeeide et al. (2019, Fig. 5), despite the 43182 spec-
imen is from southern Honshu, Hiroshima area, not Hok-
kaido where the species was thought to be confined.

Distribution and ecology. Sphagnum kushiroense has
been described from Hokkaido, Japan and was hitherto
considered its endemic. However, it appeared to be spo-
radically distributed in the southern Russian Far East
(Primorsky and Khabarovsk Territories, Amurskaya Prov-
ince), reaching north-east of Zabaikalsky Territory west-
wards. We also found one specimen of this species in
China, Jilin Province (growing on soil near the garden
pond). Furthermore, two specimens from Honshu, Hi-
roshima-ken) have numerous pores in distal parts of stem
leaves (Fig. 9E-F) are referred here to S. kushiroense,
not S. microporum, as they were named by Suzuki.

In Khabarovsk Territory, the species occurs in herb-
tussock sedge (Carex cespitosa subsp. minuta) mires in
flood valleys of small rivers and in closed or weakly flow-
ing depressions; it usually grows together with Sphag-
num orientale or, less often, forms pure turfs. It was also
repeatedly noted in small abundance in herb-sedge (Carex
meyeriana) communities of waterlogged hollows in ex-
tensive aapa-like string-flark floating mire systems.
About other localities, only scarce information from la-
bels is available. In Primorsky Territory it was collected
in transitional mires on sea terrace and in river valleys,
and on wet grass meadow; in Zabaikalsky Territory on
flood-valley sedge meadow.

Additional specimens examined: RUSSIA: Zabaikalsky Ter-
ritory, Czara River, 5 Aug 1964, coll. Garashchenko s.n. (LE);
Amurskaya Province: Umanskoe Lake, 2 m deep, left bank of
Bureya River, 3 July 1974, Katanskaya s.n. (LE); Primorsky Ter-
ritory: Posiet District, 1 June 1928 Sewerkin s.n. (LE); [Vladivos-
tok] Vtoraya Reczka 30 June 1932, coll. Luchkin s.n. (LE); [Vladi-
vostok] Lyanchikhe River, 26 Sep 1950, coll. Voroshilov 5180
(MHA9105523); Kavalerovo Distr., mouth of Tadusha (Zerkal-
naya) River, 1 Aug 1973, coll. Kudryashov (LE); Khasan Distr.,
Ryazanovka, 15 Sep 1985, coll. Ignatov #77 (MHA9063731).
CHINA: Jilin Province, Antu Co., Chanbaishan, 11 January 2021,
Jin Kou 383 (ex HSHU). JAPAN: Hokkaido, Suzuki 21124 (LE);
Honsu, Suzuki 43182 (LE, as S. microporum).

Sphagnum microporum Warnst. ex Cardot, Beih.
Bot. Centralbl. 17: 3. f. 1. 1904. Figs. SD-F; 70-T; 8G—
H; 9A-D; 11.

Type: [North Korea, Wonsan], Ouen-San, #61 [coll.
Faurie, from June to October 1901]. Not seen.

Plants medium-sized, in loose tufts, light-green, yel-
lowish-brown to brownish. Capitula small, slightly con-
vex, not stellate, apical bud inconspicuous; inner branches
curved and ascending, outer branches arcing sideway or
downwards, attenuate. Stems rigid, light to brownish to
dark brown; hyalodermis unistratose or, very rarely, at
few places bistratose, usually with one pore at distant
end. Stem leaves pendent-spreading or obliquely pendent-
appressed, triangular-lingulate, 0.7-0.9[—1.0]x0.4—-0.6(—
0.7) mm, rounded-obtuse at apex, occasionally slightly
fringed, narrowly bordered by elongate cells; hyalocists
often with 1-2 septae, in distal 1/3—1/2 with fibrills or,
more often, with fibrill stubs, on dorsal surface eporose
or with few pores at cell angles, on ventral surface in
distal 1/3—1/2 with 5-10 pores per cell along comissures,
unringed, 5-6 wm in diameter. Branch fascicles with 2
divergent and 1-2 pendent branches, not crouded on stem;
divergent branches arcuate, to 8 mm long; pendent
branches slightly thinner, usually longer than divergent
branches. Branch leaves loosely appressed, strongly fal-
cate-secund, 1.3—1.4(—1.6)x0.5-0.6 mm, lanceolate or
ovate-lanceolate, concave, with incurved distal margins;
hyalocists on dorsal surface with small, round, ringed
pores 1-2(=3) wm in diameter in discontinuous rows
along comissures, on ventral surface eporose or with few
round pores at cell angles; chlorocysts in leaf transverse
section elliptic or rectangular, exposed on both surfaces,
with moderaterly thickened outer walls. Dioicous. Sporo-
phytes unknown in Russia. [Antheridia on divergent,
rarely pendent branches. Capsules 1.3—1.5 mm in diam-
eter. Spores 20-25 pm].

Distinction. The differences of S. microporum from
the most closely related and morphologically similar S.
kushiroense are discussed in the comments to the latter
species. Its distinction from other species of subgen. Sub-
secunda are discussed in the Result section.

Distribution and ecology. Sphagnum microporum has
been described from Korea. It is widespread in China:
Fujian, Heilongjiang, Jilin, Jiangsu, Nei Mongol, Yunnan
Provinces (Li & He, 1999) and Japan: Honshu, Shikoku,
Kyushu (Suziki, 1958; Iwatsuki, 2004). In Russia it was
revealed in three localities in Amur River valley (Kha-
barovsk Territory). In Bolshekhekhtsirsky Nature Reserve,
it grew on sedge-cotton-grass meadow; in the vicinity of
the Selgon railway station it was found in dwarf shrub-
sedge (Carex lasiocarpa)-sphagnum fen, and in Sanboli
surroundings it was collected in sphagnum mire with
Chamaedaphne calyculata and Carex lasiocarpa.

Additional specimens examined: RUSSIA: Khabarovsk

Territory: Lazo Distr., Bolshekhekhzirsky Nature Reserve,
11.VIL.1975, Gambaryan (MHA9063732); Amur Distr., Sel-
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Fig. 12. Sphagnum subobesum, A—K: from Yakutia, isolate OK4404; L-N: from Kunashir isolate OK2945; O: from Khabarovsk
Territory, isolate OK4545. A: habit, dry; B: stem transverse section; C—D: leaf transverse sections; E: ventral surface of stem leaf
near apex; F: middle part of branch leaf on dorsal side; G: middle part of branch leaf on ventral side; H: dorsal side of stem leaf
below apex; I, L: stem leaves; J-K, M—O: branch leaves. Scale bars: 2 mm for A; 1 mm for [-O; 100 um for B; 50 um for C—H.

gon surroundings, 4.VII1.2025, Lapshina #069E-1 [07425
YSU]J; Amur Distr., Sanboli surroundings, Alga River valley,
1.VII1.2025, Lapshina #037E-6 [07297 YSU]. JAPAN: Naga-
no Pref., Suwa city, Kirigamine Mt., Kurumayama-moor, ca
1750 m, 29 August 1960, coll. H. Suzuki (LE ex H.S. 26442).

Sphagnum subobesum Warnst., Hedwigia 39: 104.
1900. Figs. 5G-1, 7A-H, 8A-C, I, K; 12.

Type: [Japan. NE Honshu, Prov. Mutsu], Aomori. Fau-
rie No. 56. 18 June, 1897, leg. Urbain Faurie) (Lectotype
KYO, selected by Flatberg, 2005). Not seen.

Plants robust, in loose tufts, often submergent, yel-

lowish-brown to pale brown, sometimes pale green at
places above, with slight metallic luster when dry. Ca-
pitula small, 7-10 mm in diameter, flat to slightly con-
vex, not stellate, apical bud inconspicuous; inner branches
upwards directed and incurved, outer branches arcing
sideway and downwards, gradually attenuate. Stems rig-
id, yellowish below capitulum, brown to dark brown be-
low; hyalodermis unistratose to irregularly bistratose at
places, usually with 1-2 pores or wall thinnings at dis-
tant end. Stem leaves pendent-spreading or pendent-ap-
pressed, ovate-lingulate, 1.0-1.6[-2.6]x0.7-0.9 mm, con-
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cave, rounded-obtuse at apex, margins often involute in
upper part, occasionally slightly fringed, narrowly bor-
dered by elongate cells; hyalocysts with few septae, in
distal 1/4—1/3[2/3] with fibrills or with fibrill stubs, on
dorsal surface with few pores at cell angles, on ventral
surface in distal 1/4—1/3 with numerous, 815 per cell,
unringed pores 5—7(-9) um in diameter along comissures
and, occasionally, on free surface. Branch fascicles with
2 divergent and 1(2) pendent branches, not crouded on
stem; divergent branches arcuate, to 7-10[—15] mm long;
pendent branches slightly thinner and shorter than di-
vergent branches. Branch leaves loosely appressed,
straight or slightly secund, 1.4—1.8[2.5]x[0.7—] 0.9—1.0[—
1.8] mm, ovate, moderately to strongly concave; hyalocists
on dorsal surface with small, round, ringed pores 1-2(—
3) um in diameter in discontinuous rows along comis-
sures and pseudopores scattered along comissures, on
ventral surface eporose or with few small round pores at
cell angles and few pseudopores; chlorocysts in leaf trans-
verse section elliptic or rectangular, exposed on both sur-
faces, with moderaterly thickened outer walls. Dioicous,
plants with pearichaetia were found in Yakutia. Sporo-
phytes unknown in Russia. [Capsules 1.5-1.7 mm in di-
ameter. Spores 36-39 um].

Variability. Plants from Yakutia are more robust, with
larger stem leaves, 1.4-1.6 mm long, having more nu-
merous pores on the ventral surface of hyalocysts in dis-
tal 1/3, whereas plants from Khabarovsk Territory have
stem leaves 1.0—1.3 mm long, with fewer pores. Howev-
er, pores and pseudopores in hyalocysts of branch leaves
are similar in all studied specimens.

Distinction. Sphagnum subobesum is most similar to
a European S. denticulatum; their differences are dis-
cussed above in the Discussion section. It is unlikely to
confuse S. subobesum with another large species occa-
sionally occurring in Asian Russia and being somewhat
similar habitually—S. platyphyllum—since the latter spe-
cies has 2(3)-layered hyalodermis and weakly differenti-
ated branches in fascicles. Differences from the North
American S. andrusii, which is also very similar to S.
subobesum are provided in the Discussion section.

Distribution. In Japan, S. subobesum is known from
Honshu (northern part) and Hokkaido (Suzuki, 1958).
In Russia, it has generally more northern distribution
area than S. kushiroense and S. microporum: it reaches
latitude 64°51°N in Ulakan-Chistai Mt. Range in Yaku-
tia and 53°25°N in Kamchatka, but is also known from
Khabarovsk Territory and Kunashir Island at 44°N (Fig.
13). Records of S. subobesum from North America, in
British Columbia were referred to other species (Flat-
berg, 2005), and not mentioned in the Flora of North
America (McQueen & Andrus, 2007). In Khabarovsk
Territory, the species was found in the vicinity of the
Selgon railway station on dwarf shrub-sedge (Carex lasio-
carpa)-sphagnum fen with S. microporum, S. olafii, S.
subsecundum, and S. imbricatum, in zone of temporary
flooding up to the side of the mire stream; in the second

locality on the territory of the Udyl’ Nature Reserve it
grew in the waterlogged Menyanthes-sedge (Carex mey-
eriana)-Sphagnum hollows together with Sphagnum ori-
entale, S. majus, and S. obtusum on the vast aapa-like
mire system. In Kunashir Island it was found in Carex—
Equisetum—Comarum—Menianthes bog community near
Lake Serebryanoe. In Yakutia and Kamchatka it was col-
lected in heavily flooded sites of mires at lake shores.

Additional specimens examined: RUSSIA: Yakutia: Mom-
sky District, Ulakhan-Chistai Mt. Range, middle course of
Tirekhtyakh River, lake between Chugulukka-Yuryuie and
Meltekh-Yuryuie Creeks, Ignatov & Ignatova 18-1653
(MHA9029596). Kamchatsky Territory: Levyi Kikhchik Riv-
er, 19 Aug 2001 Neshataeva s.n. (LE); Amurskaya Province:
Umanskoe Lake, 2 m deep, left bank of Bureya River, 3 July
1974, Katanskaya s.n. (LE). JAPAN: Honshu, Aomori Pref.,
Kominato-Cho, North of Tsubakiyama, 5 September 1958, col.
H. Suzuki (LE ex H.S. 23923); Aomori Pref., Kamikita-gum,
Yokohama-cho, Fukkoshi, 2 September 1954, coll. H. Suzuki
(LE ex H.S. 19545).
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Appendix 1. Specimens and Genbank Accession data for newly sequenced samples.

Species Isolate Region Voucher RAPD-A trnG

S. beringiense OK4420 Russia, Chukotka, Vrangel Island ~ Obabko d14mi, 2020, MHA PZ450687 PZ450722
S. beringiense 0OK2944 Russia, Khabarovsk Territory Fedosov 16-42-s5, 2016, MHA9120589 PZ450688 PZ450711
S. contortum OK4417 Russia, Kamchatka Klimova & Bakalin K-54-1-21,2021, MHA9131609 PZ450709 PZ450719
S. fallax OK3183 Russia. Moscow Province Fedosov & Shkurko 20-8-20, 2020, MHA9102944 PZ450683 PZ450710
S. kushiroense OK4504 Russia, Khabarovsk Territory Lapshina 72e-1a, 2025, MHA PZ450703 PZ450734
S. kushiroense OK4440 Russia, Khabarovsk Territory Lapshina 8e-3, 2025, MHA PZ450704 PZ450729
S. kushiroense OK4502 Russia, Khabarovsk Territory Filippov 8f-2ab, 2025, MHA PZ450706 PZ450732
S. kushiroense OK4503 Russia, Khabarovsk Territory Lapshina 48e-5a, 2025, MHA PZ450707 PZ450733
S. microporum ~ OK4441 Russia, Khabarovsk Territory Lapshina 33e-2, 2025, MHA PZ450705 PZ450730
S. microporum ~ OK4505  China, Heilongjiang Xiang et al. 20210422-10, 2021, MHA ex HSNU PZ450708 -

S. orientale OK4414 Russia, NE Yakutia Lapshina 136, 2023, MHA PZ450689 PZ450716
S. orientale OK2943 Russia, Taimyr Fedosov & Koltysheva 17-2-22-1,2017, MHA9102994 PZ450690 PZ450713
S. orientale OK4409 Russia, Kuril Islands Shkurko & Fedosov 70-21,2021, MHA PZ450691 PZ450714
S. orientale OK4410 Russia, Kuril Islands Shkurko & Fedosov 70-7,2021, MHA, MW PZ450692 PZ450715
S. orientale OK4415 Russia, Chukotka, Vrangel Island ~ Obabko d20m3nli, 2020, MHA PZ450693 PZ450717
S. orientale OK4416 Russia, NE Yakutia Lapshina 314(03E/4-23), 2023, MHA PZ450694 PZ450718
S. orientale OK4419 Russia, Chukotka, Vrangel Island ~ Obabko d7m5n8, 2020, MHA PZ450695 PZ450721
S. orientale OK4443 Russia, S Yakutia Dudov 606-5, 2024, MHA PZ450696 PZ450731
S. orientale OK4512  China, Heilongjiang Xiang et al. 20210427-51,2021, MHA ex HSNU PZ450697 PZ450735
S. subsecundum OK3998 Russia, Taimyr Pospelov 2-7,2024, MHA PZ450684 PZ450712
S. subsecundum OK4411 Russia, Khabarovsk Territory Lapshina 51e-3a, 2025, MHA PZ450685 PZ450724
S. subsecundum OK4612 Russia, Ryazan Province Volosnova s.n., 2008, MHA9102326 - PZ450737
S. subsecundum OK4619 Russia, Murmansk Province Shkurko & Fedosov x10-1,2024, MHA PZ450686 PZ450739
S. perfoliatum OK4628 Russia, S Yakutia Dudov 394-1, 2024, MHA - P7450741
S. perfoliatum OK4627 Russia, Magadan Province Pisarenko m14-96,2014, MHA ex NSK2007127 - PZ450740
S. perfoliatum OK4618 Russia, Yamalo-Nenetsky Koroleva N22,2017, MHA9102202 - PZ450738

Autonomous District
S. perfoliatum OK4421 Russia, Kamchatka Dudov 335-1, 2024, MHA - PZ450723
S. perfoliatum OK4418 Russia, NE Yakutia Lapshina 26f-1a, 2023, MHA - PZ450720
S. subobesum OK2945 Russia, Kuril Islands Mamontov s18,2020, MHA PZ450702 PZ450725
S. subobesum OK4404 Russia, E Yakutia Ignatov & Ignatova 18-1629, 2018, PZ450698 PZ450726
MHA9121140

S. subobesum OK4405 Russia, Khabarovsk Territory Filippov 41f-4a, 2025, MHA PZ450699 PZ450727
S. subobesum OK4406 Russia, E Yakutia Ignatov & Ignatova 18-1643, 2018, MHA9029382 PZ450700 PZ450728
S. subobesum OK4545 Russia, Khabarovsk Territory Lapshina 160e-5a, 2025, MHA PZ450701 PZ450736



