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NOTES ON THE GENUS CHIONOLOMA DIXON (POTTIACEAE, BRYOPHYTA)
IN THE RUSSIAN FAR EAST

3AMETKU O POJAE CHIONOLOMA DIXON (POTTIACEAE, BRYOPHYTA)
HA POCCHUICKOM JAJIBHEM BOCTOKE
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BJiiAUMUAP 3. ®EJIOCOB!, OJIbIA FO. [TMCAPEHKO?, AJIMHA B. ®EJIOPOBA?, EJIEHA A. UITHATOBA!

Abstract

Chionoloma stenocarpum is newly recorded from Russia; it was collected in 2024 in three locali-
ties in Khasansky District of Primorsky Territory, close to its only known locality in Asia, Mt. Chang
Bai in northeastern China. Molecular data confirm its segregation from C. tenuirostris; it occupies an
orphaned position in a clade where C. minus, C. hibernicum, C. cylindrotheca and C. tenuirostris fall;
its disjunct distribution in East Asia and East North America is considered as typical for relicts of
Arcto-Tertiary flora. Two morphologically identical specimens of C. cylindrotheca collected in close
sites in southern extremity of Primorsky Territory possessed different ITS sequences, suggesting clas-
sification within C. cylindrotheca s.l. for one specimen and within C. fenuirostre s.l. for another.
According to the ITS data, the latter specimen groups with two GenBank accessions of C. cf. tenuirostre
from Indian Ocean islands; however, according to the plastid data, these three specimens and the
second specimen from Primorsky Territory appear in a clade sister to C. cylindrotheca s. str.-clade,
thus showing a supported conflict of topologies. Therefore ancient reticulation event might have un-
derlie the origin of this lineage, which we consider as a cryptic species within C. cylindrotheca. Mor-
phological differentiation of C. cylindrotheca from similar C. tenuirostris is discussed. Descriptions
and illustrations of C. stenocarpum and C. cf. cylindrotheca based on specimens from Russia are
provided; they are supplemented by the key to identification of Chionoloma species known in Russia.

Pesiome

Chionoloma stenocarpum BriepBbIe IpuBOANTCs 111 Poccun; ona Oblia codpana B 2024 1. B Tpex
MECTOHAXOX/ICHUSIX B XacaHCKOM pailioHe Ha 1ore [IpuMopckoro kpas, HelaJleKo OT eANHCTBEHHOTO
H3BECTHOTO MECTOHAXOXKAEHHS 3TOTO BUJA B A3UH, HA INIOCKOrophe YaHOalIaHb Ha CEBEPO-BOCTOKE
Kuras. MonekynspHble JaHHBIE TOATBEPKIAIOT eT0 BhIenenue u3 C. tenuirostris; BUJ 3aHUMAET H30-
JTMPOBaHHOE MOJIOXKEHUE B KJaje, Kyaa taoke nonanaiotr C. minus, C. hibernicum, C. cylindrotheca n
C. tenuirostris, 1 €ro IU3bIOHKTUBHOE paclpocTpaHeHue B Boctounoit Asum u Boctounoil yactu Ce-
BEpPHOI AMEPHKH CUUTAeTCs THIIMYHBIM IS PEJIUKTOB ApKkTo-Tpetiuanoit giropsl. [[Ba Mopgomornaeckun
uueHTHaHbIX obpasua C. cylindrotheca, cobpaHHbBIE B OJIM3KUX MECTOHAXOXK/ICHUSIX Ha I. MpamopHast
u r. [Ipnosepras B 10)kHOH OKOHeYHOCTH lIpmMopckoro kpas, o0nagaroT pa3HBIMH IIOCIE[0BA-
tensHOCTSIMU [ TS: otue monanaer B knany C. cylindrotheca s.l., a npyroit — B xnany C. tenuirostre s.l.
B nmocnenueit nam o6pasern GpopMupyeT H30IHMPOBAHHYIO KAy C IByMs 00pasiaMu ¢ ocTpoBoB Muanii-
CKOTO OKeaHa, HO 110 IUTAaCTUAHBIM JAHHBIM BCE TPU 3TH 00pasiia, a Takke BTopoit [Ipumopckuit o6pasery
(dopmupytoT Kkay, cectpunckyto C. cylindrotheca s.str. Ilonnep>xaHHBII KOHQIUKT TOIOIOTHI MOXKET
CBHJIETEIILCTBOBATH O TOM, UTO IPOUCXOXK/ICHHUE STOH JIMHUH, KOTOPYIO MBI ITpeIaraeM paccMaTpHBaTh
Kak ckpbIThIit Bun B C. cylindrotheca, MOTIIO COPOBOXKIAThCS PETUKYIISAIMEH. B KOHTEKCTE 9TOM HAXOAKK
obcyxnatorcst ormuuust C. cylindrotheca ot mopdonornuecku noxoxeit C. tenuirostris. IlpuBoasrcs
ommcanns n mwomoctpaun C. stenocarpum u C. cf. cylindrotheca mo obpa3uam u3 Poccnm, a Taxxke
KIIIOY JJIsT OTIpesieNieHys Berpedaromuxcs B Poccuu Bunos Chionoloma.

KEYWORDS: rare species; Arcto-Tertiary relicts; biogeography; Primorsky Territory; trnL-
ITS, trnF; atpB-rbcL; trnG; cryptic species; reticulation

! — Lomonosov Moscow State University, Biological Faculty, Geobotany Dept., Moscow 119234 Russia. fedosov_v@mail.ru,
arctoa@list.ru; ORCID (VF) 0000-0002-5331-6346 (EA) 0000-0001-6287-5660.

2 — Central Siberian Botanical Garden, Zolotodolinskaya 101, Novosibirsk 630090 Russia. o_pisarenko@mail.ru; ORCID 0000-
0003-4108-4821

3 _Tsitsin Main Botanical Garden, Russian Academy of Sciences, Botanicheskaya 4, Moscow 127276 Russia. alina_77777@mail.ru;
ORCID 0000-0001-7362-2124.



118 V.E. FEDOSOV, O.YU. PISARENKO, A.V. FEDOROVA & E.A. IGNATOVA

INTRODUCTION

The genus Chionoloma Dixon was established in 1922
to accommodate several species from SE Asia. Its rela-
tionships with such genera as Trichostomum Hedw., Oxy-
stegus (Limpr.) Hilp. and Pseudosymblepharis Broth.
remained unclear until molecular-phylogenetic and mor-
phological studies by Alonso et al. (2016, 2019) demon-
strated that the latter two genera have to be combined
with Chionoloma. They provided a worldwide revision
of this genus, which resulted in recognizing within it 22
species and one variety. Most these species are distribut-
ed in tropics and southern hemisphere, with few excep-
tions, including a cosmopolitan Chionoloma tenuirostre
(Hook. & Taylor) M.Alonso, M. J. Cano & J. A. Jimén-
ez, which is widespread in boreal areas of Holarctic. Until
recently, only the latter species was known in Russia,
named as Oxystegus cylindricus (Bruch) Hilp. (Abram-
ova et al., 1961; Bardunov, 1969; Savicz-Lyubitskaya &
Smirnova, 1970; Bardunov & Cherdantseva, 1982) or
Oxystegus tenuirostris (Hook. & Taylor) A.J.E. Smith
(Ignatov & Ignatova, 2003; Ignatov et al., 2006). Two
other species which are now referred to Chionoloma were
added to the moss flora of Russia by Ignatova ez al. (2012),
both found in the Russian Caucasus. First of them was
Oxystegus daldinianus (De Not.) Kdckinger, O. Werner
& Ros (=Chionoloma cylindrotheca (Mitt.) M. Alonso,
M.J. Cano & J. A. Jiménez); it was collected in the Black
Sea coastal area, near Lazarevskoe Settlement (Sochi
District of Krasnodar Territory). The second species, from
Gunib District in Dagestan, was tentatively identified as
Pseudosymblepharis bombayensis (Miill. Hal.) P. Soll-
man, with a note that the Caucasian plants deviate con-
siderably from typical morphotype of this species. The
latter specimen was revisited by Alonso et al. (2019) and
referred to Chionoloma orthodontum (Mill. Hal.) M.
Alonso, M.J. Cano & J. A. Jiménez. The second record
of this species from the Caucasus, Ingushetia, was pub-
lished by Kuznetsova et al. (2024). Since then, several
attempts to identify Oxystegus daldinianus in the Rus-
sian Far East and Transbaikalia were made, but these
specimens were confirmed to belong to C. fenuirostre by
molecular markers.

In September of 2024, during a short field trip to the
southern extremity of Primorsky Territory, VF and OP
collected several puzzling specimens of a pottiaceous
moss with oblong-obovate, crisped in dry condition
leaves, which did not belong to any species known in
Russia; these collections contained mature sporophytes
with long, yellowish setae, long cylindrical capsules and
comparatively short, straight peristome without basal
membrane. Morphologically these plants agreed the de-
scription and illustrations of the poorly known C. steno-
carpum, provided by Alonso et al. (2019). Also in the
southernmost extremity of the Primorsky Territory, in
Mramornaya and Priozernaya Mts, several specimens of
large Tortella-like plants of Chionoloma, which did not

resemble widespread in the area C. tenuirostre, were col-
lected. We decided to apply a combined morpho-molecu-
lar approach in order to test the identity of the aforemen-
tioned specimens.

MATERIAL AND METHODS

Phylogenetic part of study is based on the nuclear
ITS region and plastid markers atpB, ##nG and trnL-F,
earlier studied for many species of the genus by Alonso
et al. (2016). The laboratory protocols of DNA extrac-
tion, PCR, and sequences for ITS were essentially the same
as in previous moss studies, described in detail by, e.g.,
Gardiner et al. (2005), PCR protocol for #zrnG followed
Bakalin & Vilnet (2014) and for apB & trnL-F Alonso
et al. (2016). Newly obtained sequences of nr ITS were
added in the dataset used by Ignatova et al. (2012), and
additional sequences representing other species of Chion-
oloma were downloaded from GenBank to assess the af-
finity of Chionoloma stenocarpum in a broader phyloge-
netic context. Plastid data were concatenated and added
in the alignment with a selection of the other species of
Chionoloma presented in GenBank. Voucher data of the
originally studied specimens and GenBank accession
numbers for the newly generated sequences are provided
in the Table 1. For Genbank accessions involved in the
plastid dataset, GenBank accession numbers of the all-
four markers are also provided in the Table 1. Datasets
were realigned manually using BioEdit (Hall, 1999), and
six accessions of Tortella were added for rooting the ITS
tree, so the final dataset included 92 terminals and 969
positions; for rooting the plastid tree, originally obtained
sequence of Tortella fragilis was used; plastid dataset
included 31 terminals and 1645 positions. Indel data were
scored using the simple indel coding (SIC) approach
(Simmons & Ochoterena, 2000) in SeqState 1.4.1.
(Miiller, 2005) and added to the datasets prepared to
Bayesian inferences. Bayesian analyses in MrBayes 3.2.7.
(Ronquist et al., 2012) were set for 5 million generations
and sampling frequency one tree each 1000 generations,
average standard deviations of split frequencies were
checked to have decreased below 0.01 after first 1.5 mil-
lion of generations for ITS tree and after 0.2 million gen-
erations for plastid dataset. The chain temperature was
set at 0.02 in all analyses, and GTR model with sam-
pling throughout the model space (setting nst = mixed)
was used in all analyses. Convergence of the analyses
was assessed via ESS values, checked using Tracer
v.1.7.2. (Rambaut et al., 2018) to be higher than 200.
Consensus trees were calculated after omitting the first
25% trees as burn-in. ML trees were computed in iQ-
tree (Trifinopoulos ef al., 2016) via the web server http:/
/iqtree.cibiv.univie.ac.at/ with 1000 generations of ultra-
fast bootstrap, GTR+G+I model of nucleotide substitu-
tions and otherwise standard settings. Due to conflicts of
topologies in the ingroup, the nuclear and plastid data
were not concatenated, and we present trees inferred from
these two datasets separately.
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1/100 Pleurochaete squarrosa KT380388
_l_—Pleurochaete squarrosa KT380415
1/100[ Tortella alpicola KT380403
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Tortella alpicola HM049809

1/1m|——//— Tortella humilis KT380404
Tortella humilis KT380405

1/100) C. duidense KT380421
_EC. arboreum Peralta 12224
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11 C. schlimii Soares et al. 2255
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C. schlimii KT380417

1/100) C. crassicostatum Muller NC367
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Fig. 1. Bayesian phylogenetic tree of
Chionoloma, showing affinities of target
specimens (boldfaced) inferred from the
nr TS sequences. Bayesian posterior pro-
babilities inferred from the datasets with
indels coded using simple indel coding ap-
proach and Bootstrap values obtained
from 1000 pseudoreplicates of ultrafast
bootstrapping as implemented in iQ-tree
are shown above the branches. Accessions
included in the plastid dataset are anno-
tated with isolate codes (for the originally
studied specimens) and specimen vouch-
ers (for GenBank accessions). Other ter-
minals are annotated with accession num-
ber of sequence.

0.92/92]

70|

0.9/

C. crassicostatum KT380451

C. duriuscula Long 35145

0.8/

C. orthodontum HM049777
1/100— C. dubium Muller NC383
C. dubium Koponen 34350
wstatum Vital & Buck 19678
C. angustatum KT380419
[ C. leptocylindricum Soares et al. 2042
| 087/76—C. leptocylindricum KT380393

1/99) C. orthodontum OK3926
C. orthodontum KC121312

1/99) ———C. richardsii Allen 19066
1/99 C. richardsii KT380435
C. richardsii KT380430

C. orthodontum KT380456

0.81/78 C. leptocylindricum KT380412
Miﬂl- Lt _EC. leptocylindricum KT380457

C. leptocylindricum Soares et al. 2004
C. stenocarpum BF174

0.93/86|
17100~ C. minus HM049793
C. minus Long 29105

1/100
C. stenocarpum OK4018

1196~ C. hibernicum HM049790
C. hibernicum Long 30538

1/100

C. hibernicum KT380423

C. hibernicum HM049789

C. hibernicum HM049786
C. hibernicum HM049787
C. hibernicum HM049788
C. hibernicum Hakelier s.n.

0.96/-

C. cf. cylindrotheca BF175

C. cf. cylindrotheca HM049782

C. recurvifolium HM049794

C. recurvifolium HM049795

C. cylindrotheca HM049778

C. cylindrotheca HM049780

C. cylindrotheca Hedenas s.n.

C. cylindrotheca Long & Hodd 41071
C. cylindrotheca KC121302
C. cylindrotheca HM049784
C. cylindrotheca HM049783

C. cylindrotheca HM049781
C. cylindrotheca KT380446
083/ . ¢cylindrotheca HM049779

11100 — C- cf. tenuirostre BF176
_EL—C. cf. tenuirostre Hedderson 16717
1100L-C. cf. tenuirostre Porley REU9766

1/ C. cf. tenuirostre OK322
1/92| 4@_—0 cf. tenuirostre Long 42872
C. cf. tenuirostre HM049804

C. tenuirostre HM049800
— C. tenuirostre HM049801
1198 C- tenuirostre KC121311
C. tenuirostre Soares et al. 1783
C. tenuirostre Cano 2687¢c
- C. tenuirostre HM049799
C. tenuirostre KC121305
0.08787] C- tenuirostre BF193
—C. tenuirostre KC121309
—C. tenuirostre KC121310

— C. tenuirostre KC121306
0.81/69)| ———C. tenuirostre BF173
—C. tenuirqstre HM049805
0.90/06 —C. tenuirostre HM049806

—— C. tenuirostre HM049807
—C. tenuirostre HM049808
—C. tenuirostre KT380444

0.02

o.9m_c' tenuiros(re KT380447

— C. tenuirostre JX679948
— C. tenuirostre KT380414

r— C. tenuirostre HM049797
- C. tenuirostre HM049802
I~ C. tenuirostre HM049803
—C. tenuirostre KC121304
76/ |~ C. tenuirostre KC121307

= C. tenuirostre KC121308

- C. tenuirostre Hedenés s.n.
_ECA tenuirostre HM049798
/96

C. tenuirostre KM020644
C. tenuirostre Cano 7875

0.9



120 V.E. FEDOSOV, O.YU. PISARENKO, A.V. FEDOROVA & E.A. IGNATOVA

C. arboreum Peralta 12224

C. schlimii Soares et al. 2255

11100 — C. leptocylindricum Soares et al. 2042

C. orthodontum OK3926

C. leptocylindricum Soares et al. 2004

— C. angustatum Vital & Buck 19678
199" C. dubium Muller NC383

1 |
C. dubium Koponen 34350

C. minus Long 29105
— C. hibernicum Hakelier s.n.

—— C. hibernicum Long 30538
11100 — C- stenocarpa BF174

C. stenocarpa OK4018

0.998s— C- cylindrotheca s.str. Long & Hodd 41071
— C. cylindrotheca s.str. Hedenés s.n.
1977 C. cf. tenuirostre BF176

C. cf. cylindrotheca BF175

— C. cf. tenuirostre Porley REU9766
—— C. cf. tenuirostre Hedderson 16717
— C. tenuirostre Soares et al. 1783

Tortella fragilis BF193
0.84/80
1/99
| — C. crassicostatum Muller NC367
C. duriuscula Long 35145
0.99/81
y 1/92
// . s
C. richardsii Allen 19066
0.86/72
0.99/92 0.94/71
0.97/83
1/100
0.99/89
1/99
0.93/75| 0.99/83
1 |
1/98
0.004 — 0.99/89

1/99

Fig. 2. Bayesian phylogenetic tree of Chionoloma,
showing affinities of target specimens (boldfaced) in-
ferred from the combined cp atpB-rbcL, trnG & trnL-
trnF sequences. Bayesian posterior probabilities inferred
from the datasets with indels coded using simple indel
coding approach and Bootstrap values obtained from
1000 pseudoreplicates of ultrafast bootstrapping as
implemented in iQ-tree are shown above the branches.
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RESULTS

In the tree inferred from nuclear ITS sequences (Fig.
1), accessions of Chionoloma group in several not sup-
ported or weakly supported clades. The clade composed
of C. arboreum (Mitt.) M. Alonso, M.J. Cano & J.A.
Jiménez and C. duidense (E.B. Bartram) M. Alonso, M.J.
Cano & J.A. Jiménez splits first, followed by the clade
consisting of C. schlimii (Mill. Hal.) M. Alonso, M.J.
Cano & J.A. Jiménez and C. crassicostatum (D.H. Nor-
ris & T.J. Kop.) M. Alonso, M.J. Cano & J.A. Jiménez,

leaving remaining accessions of Chionoloma in two large
groupings. First of them (PP 0.92, BS 92) includes ac-
cessions of the predominantly tropical species, C. angus-
tatum (Mitt.) M. Menzel, C. dubium (Thér.) M. Alonso,
M.J. Cano & J.A. Jiménez, C. leptocylindricum (Mill.
Hal.) M. Alonso, C. orhtodontum, and C. richardsii (E.B.
Bartram) M. Alonso, M.J. Cano & J.A. Jiménez down-
loaded from GenBank. The second grouping (PP1, BS96)
includes four major clades composed largely of species
distributed in temperate climates of northern Hemisphere,
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affinities among which, as assessed by supports of the
backbone nodes, got no support. Sequences obtained from
specimens referred to C. stenocarpum appeared in the
not supported grouping with those of European C. minus
(Kockinger, O. Werner & Ros) M. Alonso, M.J. Cano &
J.A. Jiménez, which splits first within this large clade,
followed by the maximally supported clade of C. hiber-
nicum (Mitt.) M. Alonso, M.J. Cano & J.A. Jiménez.
Remaining accessions form two moderately supported
clades; one of them (PP1, BS93) contains accessions of
C. cylindrotheca including those of C. recurvifolium (Tay-
lor) M. Alonso, M.J. Cano & J.A. Jiménez, which form a
nested clade within it; the second clade corresponds to
C. tenuirostre s.1. The first of the latter two clades com-
prises three clades. One of them, composed of two acces-
sions of C. cf. cylindrotheca (PP1, BS98), including the
specimen from the southernmost part of Primorsky Ter-
ritory BF175 and GenBank accession HM049782 (Ho-
lyoak 14-176), splits first, leaving maximally supported
clade of C. recurvifolium sister to the highly supported
(PP1, BS9S) C. cylindrotheca-clade. Finally, within the
C. tenuirostre s.1. clade, three clades appear. One of the
two minor clades, which includes the second “problem-
atic” specimen from the southern extremity of Primor-
sky Territory (BF176), gets maximal support, while most
other accessions land within the major clade (PP1, BS75)
corresponding to C. tenuirostre, which has complex in-
ner phylogenetic structure and includes specimens from
Europe, Russian Caucasus, Siberia, and Russian Far East.

In the tree inferred from the concatenated dataset of
three plastid markers (Fig. 2), strongly supported clade
of C. schlimii and C. crassicostata forms not supported
clade with the single involved accession of C. arboreum,
leaving remaining members of Chionoloma in not sup-
ported clade. It includes the same two supported major
clades, as in the tree inferred from the nuclear data: one
clade (PP1, BS92) includes “southern”, predominantly
tropical species C. angustatum, C. dubium, C. duriuscu-
la, C. leptocylindricum, C. orhtodontium and C. rich-
ardsii, and the second clade (PP1, BS99) is composed of
temperate and widespread species C. minus, C. hiberni-
cum, C. cylindrotheca, C. tenuirostre and C. stenocar-
pum. The topology within the second clade differs from
that inferred from the nuclear data. Maximally support-
ed clade of two European species, C. hibernicum and C.
minus is sister to the not supported clade where acces-
sions of the three other species appear. Maximally sup-
ported C. stenocarpum is sister to not supported clade
composed of the highly supported (PP1, BS98) clade of
C. tenuirostre and weakly supported (PP0.99, BS83) clade
of C. ¢cylindrotheca s.1. Within the later clade, three spec-
imens from the clade “C. cf. tenuirostre”, i.e., BF176
from Russian Far East, REU9766 from Reunion and Hed-
derson 16717, form a highly supported clade where an-
other specimen from Primorsky Territory, BF175 appear,
and this clade is sister to the weakly supported “C. cylin-
drotheca s.str.” clade. Two representatives of the second

small “C. cf. tenuirostre” clade, Ignatov & Ignatova 05-
3381 and Long 42872, appeared deep nested within the
C. tenuirostre s.str. clade, while two newly studied spec-
imens of C. tenuirostre from the Russian Far East (BF173)
and Yakutia (BF194) form a highly supported clade.

DISCUSSION

Our molecular results based both on the nuclear ITS
and plastid data are not suggestive regarding the affini-
ties of the East Asian specimens referred on the morpho-
logical ground to C. stenocarpum. In general, fast evolv-
ing nr ITS often fails to provide reasonable resolution of
the backbone phylogeny in large genera, but, at the same
time, it is useful for identifying closely related species
and infraspecific segregates (Alvarez & Wendel, 2003).
Probably this is a reason, why the topology inferred from
the nuclear ITS does not reveal close affinity of C. minor
and C. hibernicum, which appears in the tree inferred
from the plastid dataset and also in the tree published by
Alonso et al. (2016); otherwise, absence of this grouping
in the ITS-based tree might have originated from the ar-
tifact of the alignment. At the same time, regarding tax-
onomic position and affinities of C. stenocarpum, two
datasets largely agree, confirming its orphaned position.
Nevertheless, the results obtained for C. stenocarpum
show that this poorly known species (1) belongs to Chion-
oloma, as was concluded by Alonso et al. (2019) based
on morphology; (2) is well distinct from all the previous-
ly sampled taxa of Chionoloma, including C. tenuiros-
tre, where it was placed by Zander (1982); (3) represents
one of the lineages within the clade of Chionoloma, which
underwent radiation in temperate North Hemisphere.
Thus, we confirm the taxonomic solution made by Alon-
so et al. (2019) by considering C. stenocarpum as a sep-
arate species, which was followed by Brinda & Atwood
(2023). Moreover, Alonso et al. (2019) mentioned mor-
phological similarity of C. stenocarpum and C. minus,
which got partial support in the obtained topology. At
the same time, these two species differ in morphology
and distribution: C. minus is known so far exclusively
from Central Europe and Scotland (Kockinger et al.,
2010; Alonso et al., 2019), while C. stenocarpum was
recorded for East Asia, East North America and Central
America (see below). Such distribution occurs in bryo-
phytes which are supposed to represent relicts of Arcto-
Tertiary flora (Kryshtofovich, 1929; Iwatsuki, 1958;
Schofield, 1980).

With few records in the southernmost part of the Pri-
morsky Territory and isolated localities in Northern Chi-
na, North America and Mexico, it appears to be one of
the rarest species in this group. However, distribution of
this species, at least in East Asia, likely was strongly
underestimated. First, it represents a complex and, until
recently, weakly understood group, being rather close to
the extremely morphologically polymorphic C. tenuiros-
tre and also resembling insufficiently understood East
Asian species of Weissia, recently considered by Ignato-
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va et al. (2024). On the other hand, broad-leaved forest
and forest-steppe biomes in the southernmost part of
Russian Far East remain weakly covered by bryological
studies (Bardunov & Cherdantseva, 1982; Cherdantse-
va, 1989; Pisarenko & Bakalin, 2017), and just a miser-
able amount of specimens from this area is represented
in herbaria. The degree of bryological exploration of
Northern China is probably also quite low.

At the same time, in the southern extremity of the Pri-
morsky Territory many thermophilous plants that do not
occur further north are concentrated (Komarov, 1923;
Kolesnikov, 1963; Valova, 1963; Chubarj, 2000; Kozhevni-
kov et al., 2019). The schemes of botanical zoning high-
light the phenomenon of the peculiarity of the flora and
vegetation of the Russian Far East southwest. The territo-
ry located south of latitude 44°N is distinguished at high
hierarchical level (Kolesnikov, 1955, 1969; Nikolskaja et
al, 1969; Kurenzova, 1968; Kozhevnikov & Kozhevniko-
va, 2014). At the next level of division, the southwest tip
of the area is again designated as a particular district; the
border is drawn along the watershed of the rivers Riaza-
novka and Gladkaya, ~42.44°—42.52°N (Vorobiev, 1949;
Kolesnikov, 1961; Kurenzova, 1968). This phenomenon
takes place largely due to the unique characteristics of the
climate (Krestov & Nakamura, 2007; Krestov et al, 2009).
The proximity to the warm Sea of Japan and the terrain
features of the district contribute to the formation of a warm
and humid climate (Valova, 1963; Climate Data, 2024).
The sum of positive temperatures, average annual air tem-
perature, and average annual soil surface temperature also
are the highest for Primorsky Territory. Winters are al-
most snowless, and soil is often almost completely exposed
during the winter months. As the results of our field trip
show, a unique climatic conditions support populations of
many thermophilous species of mosses, and further pro-
cessing of the collection may increase the number of such
interesting findings.

In the course of this account preparation, we man-
aged to uncover the identity of another mysterious in-
habitant of this area, represented by specimens BF175
and BF176. Although formally they fit morphological
circumscription of C. cylindrotheca, they represent phy-
logenetically isolated lineage, possessing ITS sequences
closer to C. fenuirostre, albeit also remarkably diverged
from the latter. Thus, at the moment we see no better
option than considering them as representatives of a cryp-
tic species within C. cylindrotheca. Due to a supported
conflict of topologies between nuclear and plastid data
regarding affinities of this lineage, its hybridogeneous
origin might be proposed. At the same time, the diver-
gence from both potentially parental species indicates that
the supposed reticulation took place when ancestors of
C. tenuirostre and C. cylindrotheca had diverged less
than they have at the moment, and original ITS haplo-
type also persisted as exemplified by the specimen BF175.
Nevertheless, the occurrence of this third entity does not

simplify the already difficult delimitation of these spe-
cies and may suggest a possibility of their further hy-
bridization.

TAXONOMY

Chionoloma stenocarpum (Thér.) M. Alonso, M. J.
Cano & J. A. Jiménez, Ann. Missouri Bot. Gard. 194:
616. 2019. — Weisiopsis stenocarpa Thér., Smithso-
nian Misc. Collect. 85: 14, fig. 8. 1931. — Oxystegus
tenuirostris (Hook. & Taylor) A. J. E. Sm. var. stenocar-
pus (Thér.) R.H. Zander, Misc. Bryol. Lichenol. 9: 73.
1982. Fig. 3.

Plants small to medium-sized, in low, loose patches,
green or light-green. Stems to 1 cm long, simple, with-
out hyalodermis, with weak or well-developed central
strand. Leaves contorted and crisped when dry, erect-
spreading to spreading when wet, not fragile, linear-lan-
ceolate or oblong-lingulate, slightly widened distally, (1.8-)
2.2-3.3%0.3-0.45 mm, rounded at apices, with weakly
differentiated bases, often constricted above base; mar-
gins plane, entire or finely papillose-crenulate; costa
strong, excurrent into short, smooth mucro, 50-85 um
wide at leaf base, smooth on dorsal surface, papillose
from above leaf base on ventral surface, in transverse
section with one layer of guide cells, dorsal stereid band
larger than ventral one or equal to it in size, with differ-
entiated ventral epidermis and without dorsal epidermis;
upper and median laminal cells quadrate and short trans-
verse rectangular, 9-10(—12) pm wide, with moderately
dense, simple and bifid papillae, 3—7 per cell; basal lami-
nal cells rectangular, 25-65x11-17 um, smooth, hyaline;
transition from hyaline basal cells to chlorophyllose me-
dian cells gradual (hyaline cells change into smooth chlo-
rophyllose cells and then into papillose cells), with straight,
not V-shaped boundary. Autoicous, specimens from Rus-
sia with sporophytes. Setae 0.5-1.0 cm, yellowish. Cap-
sules cylindrical, 1.0-1.5(-2.3) mm long, straight, occa-
sionally slightly asymmetrical. Peristome with very low
basal membrane, teeth straight, 145—170 um long, oblique-
ly striolate. Opercula 0.5-0.6 mm long. Spores 11-14 pm.

Distribution and ecology. This species was described
from Mexico; it is considered to be rare worldwide, known
from Wiskonsin in eastern North America (holotype of
Trichostomum spirale Grout, referred to synonymy of Ox-
ystegus tenuirostris var. stenocarpus by Zander,1982) and
one locality in NE China (Mt. Chang Bai in Jilin Prov-
ince, Koponen et al.,1983). Alonso et al. (2019) did not
see the specimens from China and thus considered the
presence of C. stenocarpum in Asia as unconfirmed.
However, our findings provide an additional evidence
that this rare species has a disjunctive distribution be-
tween East Asia and Atlantic North America and there-
fore likely indeed could have been found in Chang Bai
Mt. In Russia this species was collected in three locali-
ties. In the vicinity of Kravtsovka Village this species
occurs on rocks near Kravtsovskie waterfalls along with
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Fig. 3. Chionoloma stenocarpum (from: Russia, Primorsky Territory, Khasansky District, Fedosov & Pisarenko, MW9133380).
A, C: capsules; B: habit, dry; D: peristome; E, L-N: leaves; F: stem transverse section; G: mid-leaf laminal cells; H: upper laminal
cells; I: habit, wet; J: cells at transition from base to acumen; K: basal laminal cells; O—P: leaf transverse sections. Scale bars: 3
mm for B; 2 mm for A, C, I; 1 mm for E, L-N; 100 um for D, F-K, O-P.

Timmiella anomala. In the vicinities of Andreevka Town  Syneilesis aconitifolia, etc.) on oak trunks. In the latter

it grows in the disturbed oak (Quercus mongolica, Q. locality this species probably is not rare: three collections
dentata) forest with Aralia continentalis, Coryllus het-  were made along the single path rising up the hill in quite
erophylla, Lespedeza bicolor and admixture of herbs  typical for this area ecotope, which covers hills around
(Aster scaber, Hieracium umbellatum, Melampyrum ro-  Andreevka and settlements nearby on the altitudinal range

seum, Micranthes manchuriensis, Saussurea grandiflora, — 30-250 m. Koponen et al. (1983) mentioned that Chinese
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Fig. 4. Chionoloma cylindrotheca (from: Russia, Primorsky Territory, Khasansky District, Fedosov & Pisarenko, MW913339).
A: habit, wet; B: habit, dry; C: leaf transverse section; D, H: leaves; E: basal laminal cells; F: mid-leaf laminal cells; G: upper
laminal cells. Scale bars: 2 mm for A-B; 1 mm for D, H; 100 um for C, E-G.

specimen of this species grew at base of a tree trunk, un-
like American specimens collected from rotten wood and
limestone. In the vicinity of Kravtsovka village rock out-
crops indeed have base-rich composition, so that many
representatives of Pottiaceae occurred there alongside with
C. stenocarpum. In the vicinity of Khasan Settlement, on
foothills of SW slope of Mramormaya Mt., it was collect-
ed in cracks of boulders with whin layer of soil (Fig. 6A).

Differentiation. Chionoloma stenocarpum has a
unique combination of morphological characters which
is unknown in other mosses occurring in the Russia. It
can be already recognized by its oblong-lingulate leaves,
slightly widened distally, with rounded apices, often con-
stricted above bases, in combination with straight, ob-
liquely striolate peristome teeth without basal membrane.
Other species of Chionoloma known in Russia have leaves
not widened distally and acute or acuminate at apices.
Some species of Weissia from the Russian Far East pos-
sess leaves crisped when dry, with almost flat margins,
rounded apices and shortly excurrent costa, but they are
smaller in size, have much shorter capsules and shorter,
papillose peristome teeth.

Specimens examined: Primorsky Territory: Khasansky
Distr.: vicinity of Kravtsovka village, Black mountains (East
Mandzhurian Mountains eastern spurs), Kravtsovskie Water-
falls (43.36475N, 131.64184E, ca. 150 m alt., polydominant
forest with rock outcrops along the creek, on rocks with 7imiella
anomala,24.1X.2024, Fedosov & Pisarenko (MW9133380%*, iso-
late BF174); vicinity of Andreevka Town (42.66236N, 131.12833E,
ca. 35 m alt.), forested slope of hill, dry oak dominated forest
with Lespedeza, on oak bases, 17.1X.2024, Fedosov & Pisarenko
(MW9133385*, isolate OK4018, MW9133386, MW9133387);
ibid, Andreevka River valley (42.6608N, 131.1549E, ca. 70 m
alt.), grassy S-faced slope with scattered oaks, on oak bases,
19.1X.2024, Fedosov & Pisarenko (NSK2010480); vicinity of
Khasan Settl., Reid Pallady Bay southern shore, Mramornaya
Mt. foot of SW-slope (42.56856N, 130.80402E, 47 m alt.),
boulders among thickets of tall grasses and shrubs, in cracks
with thin layer of soil, 21.1X.2024, Fedosov & Pisarenko
(NSK2010481); ibid (42.5652N, 130.8003E, 183 m alt.), in
cracks of the rocks 21.1X.2024, Fedosov & Pisarenko
(NSK2010484).

Chionoloma cf. cylindrotheca (Mitt.) M. Alonso, M.
J. Cano & J. A. Jiménez, Ann. Missouri Bot. Gard. 194:
582.2019. — Tortula cylindrotheca Mitt., J. Proc. Linn.
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Fig. 5. Map of the geographi-
cal distribution of Chionoloma cy-
lindrotheca (red dots) and C. steno-
carpum (blue triangles) by Alonso
et al. (1916) with additions.

Soc., Bot., Suppl. 1: 30. 1859. — Oxystegus daldinianus
(De Not.) Kockinger, O. Werner & Ros, Nova Hedwigia
Beih. 138: 39. 2010. — Didymodon cylindricus (Brid.)
Bruch & Schimp. var. daldinianus De Not., Atti Reale
Univ. Genova 1: 563. 1869. Fig. 4.

Plants medium-sized, in low, dense or loose tufts,
green or dark-green. Stems to 3(5) cm long, simple or
branched, without hyalodermis and central strand. Leaves
incurved and twisted when dry, erect spreading to patent
when wet, not fragile, linear-lanceolate, 4—6x0.5—0.6 mm,
often cuspidate at apices, with short, canaliculate apiculi
(at least in some leaves) or acute, with weakly differenti-
ated bases; margins plane, entire or weakly papillose-
crenulate, occasionally also distantly denticulate in up-
per and middle portion; costa strong, percurrent or short
excurrent, 80—100 um wide at leaf base, smooth on dor-
sal surface, papillose on ventral surface above base, in
transverse section with one layer of guide cells, dorsal
stereid band larger than ventral one or equal to it in size,
with differentiated ventral epidermis and without dorsal
epidermis; upper and median laminal cells quadrate and
short transverse rectangular, 8-12(-15) um wide, mod-
erately densely papillose; basal laminal cells rectangu-
lar, 20-65x8—17 um, smooth, hyaline; transition from
hyaline basal cells to chlorophyllose median cells more
or less abrupt, straight, not V-shaped. Dioicous, sporo-
phytes unknown in Russia.

Distribution and ecology. Chionoloma cylindrothe-
ca was described from India; it occurs also in Nepal,
Buthan, China, Japan, Malaisia, Thailand in Asia, in
subatlantic and central regions of Europe, and eastern
North America. In Russia it was known only in the west-
ern Caucasus, near Sochi. Its finding in Primorsky Ter-
ritory could be expected, as it occurs in neighboring Ja-
pan and China; however, its presence here is confirmed
by molecular barcoding for the first time. It was collect-
ed in Khasansky District on southern slope of Mramor-
naya Mt., on rock outcrops under crooked oak canopy
(Fig. 6B).

Differentiation. Alonso et al. (2019) consider the
shape of leaf apex to be the main diagnostic character of
C. cylindrotheca; however, such attenuate, canaliculate
apiculi are usually found only in some leaves of its plants.
In some cases, it is very difficult to separate C. cylin-
drotheca from C. tenuirostre. The latter species possess-
es a combination of morphological characters similar to
that of C. cylindrotheca, including linear-lanceolate
leaves, costa with dorsal stereid band larger than ventral
one, weakly differentiated leaf base, and border between
hyaline basal cells and chlorophyllose median cells
straight, not V-shaped. It is interesting to note that Alon-
so et al. (2019) do not mention leaf fragility among mor-
phological characters of C. tenuirostre; in the key to iden-
tification, they separate mainly tropical C. hyalinoblas-
tum (Broth.) M. Alonso, M.J. Cano & J.A. Jiménez with
strongly fragile leaves from C. tenuirostre with usually
intact leaves. This contradicts the description of the lat-
ter species in some European and Russian handbooks
(Guerra, 2006; Hallingbéck et al., 2008; Savicz-Lyu-
bitskaya & Smirnova, 1970; Ignatov & Ignatova, 2003),
where its leaves are described and illustrated as having
sinuose upper margins, with constrictions marking plac-
es of breaking. Actually, specimens of C. fenuirostre with
strongly fragile leaves prevail in herbarium collections
from Russia, and only in the Russian Far East and, par-
tially, Transbaikalia, plants with non-fragile leaves were
frequently collected. Both C. cylindrotheca and C.
tenuirostre occasionally have distantly and faintly den-
ticulate upper leaf margins. Dorsal surface of costa is
always formed of elongate, smooth cells in C. cylindroth-
eca, but, according to Alonso et al. (2019) it can be
smooth or papillose (throughout or only distally) in C.
tenuirostre. Unfortunately, this characters not very help-
ful for separation these species in the Russian Far East,
since most specimens of C. tenuirostre have costae with
smooth dorsal surface. Thus, study of more leaves and
evaluating shape of their apices is the only possibility to
separate these species in doubtful cases.
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Fig. 6. Habitat of Chionoloma stenocarpa and C. cf. cylindrotheca in southern extremity of Primorsky Territory, Mramornaya
Mt. A: rock outcrops on SW slope of Mramornaya Mt.; B: rocks with Lycopodioides tamariscina, a characteristic ecotope of C. cf.
cylindrotheca.

Specimens examined: Primorsky Territory, Khasansky Dis-
tr., vicinity of Khasan Settl., Reid Pallady Bay southern shore,
Mramornaya Mt. SW slope near ridge (42.56695N,
130.80278E, 170 m alt.), meadow with oaks, bushes and rock
outcrops, on boulder covered by thin layer of soil with Lycopo-
dioides tamariscina, Grimmia pilifera, Hypnum leptothallum
and Campylopus subulatus, 21.1X.2024, Fedosov & Pisarenko
(MW9133399*, isolate BF175).

Putative hybridogeneous species with C. tenuirostre:

Primorsky Territory, Khasansky Distr., vicinity of Khasan
Settl., Reid Pallady Bay southern shore, Priozernaya Mt. NW
slope (42.54342N, 130.70530E, 64 m alt.), meadow with, rock
outcrops, inniche, 22.1X.2024, Fedosov & Pisarenko (MW 133390%,
isolate BF176).

KEY TO IDENTIFICATION OF CHIONOLOMA SPECIES
OCCURRING IN RUSSIA

1. Leaves acute at apices, often fragile, with sinuose
upper leaf margins, or not fragile, with papillose-
crenulate or weakly and distantly denticulate upper
leaf margins; costa papillose on dorsal surface in dis-
tal leaf portion or smooth throughout .....................

¢ ettt ettt eneas 1. C. tenuirostre

— Leaves rounded, acuminate or cuspidate at apices,
not fragile, with entire, papillose-crenulate or weak-
ly and distantly denticulate upper leaf margins; cos-
ta smooth on dorsal surface from base to apex .... 2

2. Leaves oblong-lingulate, slightly widened distally,
rounded at apices, often with constriction above base
.................................................. 4. C. stenocarpum

— Leaves linear-lanceolate or oblong-lanceolate, acute,
acuminate or cuspidate at apex, not constricted above
DASE ..o 3

3. Leaves often cuspidate and canaliculate at apex; leaf
margins often faintly and distantly denticulate in
upper and middle leaf portion; dorsal stereid band
usually larger than ventral one; smooth basal cells
do not form V-shaped pattern.. 2. C. cylindrotheca

— Leaves acute or acuminate at apex, but never cuspi-
date; leaf margins entire; dorsal stereid band small-
er or equal to ventral one; smooth basal cells form
V-shaped pattern ..........c............ 3. C. orthodontum
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Appendix 1. Specimen voucher information and GenBank accession numbers for the newly obtained sequences and GenBank
accessions involved in the plastid dataset (accession numbers for ITS sequences, representing specimens, not involved in the

plastid dataset are shown in Fig. 1).

Isolate  Species Locality specimen_voucher ITS atpB trnG trnL-trnF
- Chionoloma angustatum - Vital & Buck 19678 KT380398 KT380172 KT380244 KT380319
(as Chionoloma schimperiana)

- Chionoloma arboreum - Peralta 12224 KT380432 KT380204 KT380278 KT380357
- Chionoloma cf. tenuirostre - Hedderson 16717 KT380455 KT380225 KT380298 KT380377
- Chionoloma cf. tenuirostre - Long 42872 KT380441 KT380212 KT380286 KT380365
OK322  Chionoloma cf. tenuirostre - Ignatov & Ignatova 05-3381 KC121303 - - -
- Chionoloma cf. tenuirostre - Porley REU9766 KT380454 KT380224 KT380297 KT380376
- Chionoloma crassicostatum - Muller NC367 KT380449 KT380219 KT380292 KT380371
BF175  Chionoloma cylindrotheca Russia: Primorsky ~ MW9133399 PQ659507 - PQ778423 -

Terr., Mramornaya Mt.
- Chionoloma cylindrotheca s.str. - Long & Hodd 41071 KT380442 KT380213 KT380287 KT380366
- Chionoloma cylindrotheca s.str. - Hedenis s.n. KT380461 - KT380304 KT380383
- Chionoloma dubium - Muller NC383 KT380450 KT380220 KT380293 KT380372
- Chionoloma dubium - Koponen 34350 KT380458 KT380228 KT380301 KT380380
- Chionoloma duriuscula - Long 35145 KT380448 KT380218 KT380291 KT380370
- Chionoloma hibernicum - Hakelier s.n. KT380460 KT380230 KT380303 KT380382
- Chionoloma hibernicum - Long 30538 KT380424 KT380196 KT380271 KT380349
- Chionoloma leptocylindricum - Soares et al. 2042 KT380392 KT380167 KT380239 KT380313
- Chionoloma leptocylindricum - Soares et al. 2004 KT380391 KT380166 KT380238 KT380312
- Chionoloma minus - Long 29105 KT380453 KT380223 KT380296 KT380375
0K3926 Chionoloma orthodontum Russia: Ingushetia, MHA9026821 PQ066787 - PQ778426 -

Erzi Nature Reserve
- Chionoloma richardsii - Allen 19066 KT380418 KT380192 KT380267 KT380343
- Chionoloma schlimii - Soares et al. 2255 KT380416 KT380190 KT380265 KT380341
BF174  Chionoloma stenocarpum Russia: Primorsky ~ MW9133380 PQ659508 - PQ778424 -

Territory, Kravtsovka
OK4018 Chionoloma stenocarpum Russia: Primorsky ~ MW9133385 PQ659509 - PQ77842 -

Territory, Andreevka
- Chionoloma tenuirostre - Soares et al. 1783 KT380394 KT380168 KT380241 KT380315
- Chionoloma tenuirostre - Cano 2687¢ KT380395 KT380169 - KT380316
- Chionoloma tenuirostre - Cano 7875 KT380436 KT380208 KT380282 KT380361
- Chionoloma tenuirostre - Hedends s.n. KT380462 - KT380305 KT380384
BF173  Chionoloma tenuirostris Russia: Primorsky ~ MW9133383 PQ659504 - PQ778420 -

Territory, Vladivostok

City
BF194  Chionoloma tenuirostris Russia: Ingushetia, MW9090762 PQ807500 - PQ778421 -

Dzeirakh Distr
BF176  Chionoloma tenuirostris Russia: Primorsky ~ MW9133390 PQ659506 - PQ778422 -

Territory, Priozernaya Mt
BF193  Tortella fragilis Russia: Krasnodar ~ MW9092410 PQ807499 - PQ778427-

Territory, Utrish



