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A REVISION OF THE DIDYMODON PEROBTUSUS GROUP
(POTTIACEAE, BRYOPHYTA) IN RUSSIA
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Abstract

Morphological and molecular phylogenetic studies of two closely related species of Didymodon,
D. perobtusus and D. subandreaeoides were conducted based on collections from Russia. Nuclear ITS
based phylogenetic tree found D. perobtusus in a maximally supported terminal clade, albeit nested in
a grade of D. subandreaeoides.The presence of D. perobtusus in the Caucasus, Subpolar Urals, Taimyr,
Yakutia and Sakhalin Island was not confirmed; thus, its distribution in the country is restricted to
southern Siberia, from the Baikal Lake area to the Altai Mts, with one disjunct locality on the eastern
macroslope of the Polar Urals. In contrast, D. subandreaeoides, which was previously recorded from
two localities in Russia, appeared to have wider distribution in Siberia, in areas with calcareous bed-
rock. An assignment of numerous collections from Yakutia to D. subandreaeoides was confirmed by
ITS sequences; all these specimens possess both flagelliform innovations with small leaves (main
diagnostic character of this species) and clusters of axillary gemmae (not characteristic for this spe-
cies, only once tentatively mentioned previously) while gemmae were not observed in specimens from
Chukotka, Altai and Sayan Mts, Buryatia, Irkutsk Province, and Zabaikalsky Territory. Mature sporo-
phytes of Didymodon perobtusus are newly described; they were collected in 2022 in Tunkinsky Na-
ture Park (Republic of Buryatia). Morphological distinctions between D. perobtusus and D.
subandreaeoides are discussed, focusing on the differences in the perichaetial leaves and peristome.
Didymodon nigrescens is found in collections from Sakhalin; this is the first record of the species from
Russia. Descriptions, illustrations, and habitat data are provided for the three species, and distribution
maps in Russia are also presented.

Pesiome

[IpoBesieHa peBu3Hs repOapHbIX KOJUICKIMIA ABYX OIHM3KOPOACTBEHHBIX BUIOB U3 poxna Didymodon,
D. perobtusus u D. subandreaeoides, cobpaHHBIX Ha TeppuTOprn Poccuu, ¢ MCIOIB30BAHHEM MOP(O-
JIOTMYECKUX W MOJICKYJISIPHO-TEHETHYEeCKHX MeTojoB. [IpucyrcrBue D. perobtusus na Kaskase, [Tpu-
nossipHoM Ypaie, Taiimbipe, B SIkytuu n Ha Caxanune He ObUIO HMOATBEPIKICHO; TAKUM 00pa3oM, ero
pacnpoctpaneHue B Poccun orpannunBaetcs rorom Cubupwu, ot baiikana 10 Antas, ¢ OHUM JIU3bIOHK-
THBHBIM MECTOHAXOKJICHHEM Ha BOCTOYHOM MakpockioHe [lomsipHoro Ypana. B mpoTHBOIOIOKHOCT
atomy, apean D. subandreaeoides, panee n3sectHOro B POccu TOJIBKO U3 ABYX MECTOHAXOXKICHHUI, OKa3aJicst
3HAYUTCIIBHO 60nee HIMPOKHM: OH BBISBJIIEH BO MHOTUX MECTOHAXOXACHUAX Ha IOTC CPI6I/IpI/I HB ﬂKyTI/IH,
B MECTax, IJIe UMEIOTCsl KapOOHAaTHbIE Topoyibl. [IprHaIIeKHOCTS MHOTOYHCIICHHBIX KOJUTSKIMIT U3 SIKyTHH
K D. subandreaeoides nonteepixiena anaan3om rnocienosaresbaocteil [TS; Bce 9TH 00pasiibl UMEIOT Kak
d)HaFeHHOBI/IﬂHble BETOYKHU C MEJIKUMU JINCTbAMU, CHUTABIIUECA ITIABHBIM JJUATHOCTUYECKHUM IIPU3HAKOM
OTOT0 BU/1a, TaK U KJIACTEPBI BBIBOAKOBBIX TEJI B Ia3yXaX JIMCTHEB, KOTOPBIC IJIA 3TOI'O BH/1a HE XapaKTCPHBbI,
onHako B obpasuax D. subandreaeoides ¢ Yyxorku, Anras, CasH, u3 bypsruu, UpkyTckoii obinactu u
3abalikaJIbCKOTO Kpasi BBIBOAKOBBIC MOYKU OOHApyKeHbl He ObuIH. BriepBble ommcanbl CrOpO(UTHI
Didymodon perobtusus; onu 6bu11 codpansl B 2022 roy B TYHKHHCKOM HalMOHAIBHOM Hapke B bypsTuu.
O6cyxaatorcest Mmopdomorndeckue otnuuns Mmexay D. perobtusus n D. subandreaeoides, NoquepKHYTHI
paznnuust B popMe HepUXeLHalbHbIX JUCTBEB U mepucToMe. Didymodon nigrescens BBISBICH B KOJ-
nekiuax ¢ o. CaxaJiuH; OH BIEpBbIE NPUBOAUTCS Ut Tepputopun Poccuu. lanel onucaHus, WILTIOC-
Tpalnu U CBEJACHUA O MeCTOOGI/ITaHI/IﬂX OTUX TPEX BUAOB, a TAKKE KapTa UX pacCpOCTpaHCHHUS B Poccun.
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! _ Komarov Botanical Institute Rus. Acad. Sci., Prof. Popov Str., 2, St. Petersburg, 197376 Russia. E-mail: stereodon@yandex.ru;
ORCID 0000-0003-3019-6326

2 _ Tsitsin Main Botanical Garden, Russian Academy of Sciences, Botanicheskaya Str., 4, Moscow 127276 Russia; ORCID: 0000-
0002-5513-1329

3 — Lomonosov Moscow State University, Faculty of Biology, Plant Ecology and Geography Dept., Leninskie Gory Str. 1-12,
Moscow 119234 Russia; ORCID: 0000-0001-6287-5660



192 O.M. AFONINA, O.I. KUZNETSOVA & E.A. IGNATOVA

INTRODUCTION

Didymodon perobtusus Broth., D. subandreaeaoides
(Kindb.) R.H. Zander, and D. nigrescens (Mitt.) K. Sai-
to are closely related species sharing such morphologi-
cal characters as the blackish color of plants, non-keeled
leaves, obtuse or blunt leaf apices, crenulate distal leaf
margins, thin costae, and stems with a weak or absent
central strand. Molecular phylogenetic analysis (Jimén-
ez et al.,2022) placed them in a separate maximally sup-
ported clade within Didymodon s.str., in a sister position
to D. rigidulus Hedw. Didymodon perobtusus was de-
scribed from Mongolia (Brotherus, 1928); it is currently
known from China (Li et al.,2001) and NW North Amer-
ica (Zander, 2007). In Russia, it was reported from south-
ern Siberia (Bardunov, 1974; Savicz-Lyubitskaya &
Smirnova, 1970; Ignatov, 1994; Afonina et al., 2017),
Subpolar Urals (Lapshina et al., 2020), Anabar Plateau
(Fedosov et al., 2011), Yakutia (Ignatova et al., 2018,
2020), Sakhalin (Bakalin et al., 2009), and the Cauca-
sus (Ignatov et al., 2010). Didymodon subandreaeoides
was described from British Columbia and is currently
known in NW North America from Alaska, Yukon, Al-
berta, NW Territories, and Colorado (Zander, 2007). Cao
and Gao (1995) in the course of their revision of the ge-
nus Andreaea Hedw. in China synonymized Andreaea
kashyapii Dixon ex Vohra & Wadhwa with D. subandre-
aeoides; they provided an illustration of the latter spe-
cies and circumscribed its distribution in China. Howev-
er, it was not included in the treatment of Didymodon in
China by Li et al. (2001). Kuéera & Kockinger (2000)
found that a European taxon Didymodon rigidulus sub-
sp. andreaeoides (Limpr.) Wijk & Margad. (Grimmia
andreaeoidea Limpr.) is identical to D. subandreaeoides,
so the known distribution of this species was consider-
ably expanded, now including the Alps, Carpathians, and
mountains in Romania. Later it was recorded by K. Has-
sel and H.H. Blom from Norway (Ellis ez al., 2020). The
species was also subsequently reported by Sollman (2005)
from the Himalayan Region (Bhutan, China, Kashmir
in India and Nepal) and Mongolia; he mentioned one
specimen from Nepal with sporophytes, which were un-
known before, but did not provide their full description,
only mentioning that peristome teeth are straight when
wet. This report was, however, doubted by Inoue et al.
(2020) who discovered D. subandreaeoides in collections
from Japan, including fruiting specimens, but with ep-
eristomate capsules, even under the opercula. In Russia,
D. subandreaeoides was recorded for the first time from
Chukotka by Afonina (1989). It was known in the coun-
try only from localities in Beringian Chukotka (Afoni-
na, 2004; Ignatov at al., 2006) until it was found in one
locality from Buryatia (Sofronova et al., 2015). In addi-
tion, one specimen from Altai Mts (duplicate from MHA,
stored as D. perobtusus) was mentioned among sequenced
samples of D. subandreaeoides by Inoue et al. (2020)
and Jiménez et al. (2022). The third species of this group,

D. nigrescens, was never reported from Russia, though
it is known close its boundaries in Japan, as well as it is
widely distributed in China. It also occurs in NW North
America and penetrates into tropical regions in Africa
and Central America (Inoue et al., 2020).

In 2022, the senior author collected several specimens
of Didymodon with mature sporophytes in Tunka District
of Buryatia. They were identified as D. perobusus, and
sporophytes were previously unknown for this species. At
the same time, the record of D. subandreaeoides from Al-
tai by Inoue et al. (2020) made us suspicious that some
other specimens in herbaria may be misidentified. So the
aim of the present study was to revise the herbarium col-
lections stored as D. perobtusus and D. subandreaeoides
in LE, MHA and MW in order to clarify their distribution
in Russia; some collections, including the specimens with
sporophytes, were sampled for molecular study.

MATERIAL AND METHODS

Morphological studies were conducted using tradi-
tional methods of light microscopy. Measurements were
made under an Olympus CX43 microscope with digital
camera Infinity 1-2 and Infinity Analyze software. Illus-
trations were made under the same microscope with an
Olympus drawing tube.

Sequence acquisition

Twelve specimens from Yakutia, Urals, Caucasus and
Sakhalin Island identified as Didymodon perobtusus were
sampled for molecular study. We have chosen an ITS
marker, as it was successfully used for delimitation of
Didymodon species by Inoue et al. (2020). The laborato-
ry protocol and sequencing were essentially the same as
in our previous moss studies, which are described in de-
tail by Gardiner et al. (2005).

Molecular analysis

For comparison three accessions of D. perobtusus,
nine of D. subandreaeoides and seven of D. nigrescens
were taken from GenBank; six accessions from D. rigid-
ulus group, including D. rigidulus and D. validus Lim-
pr., were used as an outgroup. The tree was rooted on
Geheebia gigantea (Funck) Boulay. Sequences were
aligned using Bioedit (Hall, 1999).

Bayesian analyses were performed in MrBayes 3.2.6
(Ronquist et al., 2012), with 5,000,000 generations, and
the chain temperature of 0.02 in all analyses. Conver-
gence of each analysis was evaluated using Tracer1.4.1
(Rambaut et al., 2014). Consensus trees were calculated
after omitting the first 25% trees as burn-in.

Maximum parsimony analysis was performed in Nona
(Goloboft, 1994) in the Winclada shell (Nixon, 1999),
with bootstrap calculations for 2000 replications (N
searches 100, starting trees per rep 100, max trees 100,
do max).

No topological conflict was detected between MP and
Bayesian trees, thus only a Bayesian tree is shown in
Fig. 1. Bayesian probabilities >0.7 and Bootstrap sup-
ports >60% are indicated at branches.
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Didymodon perobtusus KP307523 Irkutsk Kucera D941
Didymodon perobtusus OK3413 Buryatia

Didymodon perobtusus OK3425 Urals

Didymodon perobtusus MW027543 Irkutsk Kucera D15731
Didymodon perobtusus KP307490 Buryatia Kucera D370
Didymodon subandreaeoides KP307519 Yunnan Kucera D354/
Didymodon subandreaeoides MW398604 France MUB 41243
Didymodon subandreaeoides KP307484 Canada NWT Kucera D3571

0,72/-

Didymodon subandreaeoides AY437108 France Skrzypczak 0232017
1/- Didymodon subandreaeoides KP307483 Switzerland Kucera D90!
Didymodon subandreaeoides OK3434 Yakutia Ulakhan-Chistai
Didymodon subandreaeoides LC545517 Altai Zolotukhin et Koroleva s.n.
1792 | . Didymodon subandreaeoides OK3427 Yakutia Suntar-Khayata

4[ Didymodon subandreaeoides OK3428 Yakutia Sette-Daban
- Didymodon subandreaeoides LC545511 Japan Inoue 3652
- Didymodon subandreaeoides LC545513 Japan Inoue 5295

0,97/-

Didymodon subandreaeoides LC545512 Japan Inoue 4070

— Didymodon subandreaeoides OK3426 Yakutia Ulakhan-Chistai
Didymodon subandreaeoides OK3429 Yakutia Sette-Daban
1/95  Didymodon nigrescens OK3430 Sakhalin

0,98/93

Didymodon nigrescens OK3431 Sakhalin

Didymodon nigrescens KP307512 Alaska Kucera D356¢1
o.om! Didymodon nigrescens LC545514 Yunnan MUB 55036
Didymodon nigrescens LC545515 Yunnan MUB 55035

Didymodon nigrescens MW398605 Alaska MUB 55500

1/69

1/88 — Didymodon nigrescens LC545508 Japan Inoue 3664

Didymodon nigrescens KP307505 Bhutan Kucera D359c1
Didymodon nigrescens LC545507 Japan Inoue 3645b

Didymodon rigidulus KP307473 Czech Rep Kucera D44c1

Didymodon rigidulus MW398601 Norway MUB 55472

Didymodon rigidulus MW398602 France MUB 36763
Didymodon rigidulus MW398603 Italy MUB 44569

11100 Didymodon validus MWO027548 Irkutsk Kucera D1604/
L Didymodon validus MW398653 Poland MUB 49716

Geheebia gigantea MW398788 France MUB 41219

0,89/62
1/100

0.02

Fig. 1. Bayesian tree of Didymodon perobtusus-group inferred from nuclear ITS sequences. Posterior probabilities and / MP

bootstrap supports are shown at branches.

RESULTS

DNA analysis

The resulting topology places all accessions of Didy-
modon perobtusus, D. subandreaeoides, and D. nigre-
scens into a well-supported clade (0.98/93) sister to the
D. rigidulus clade. Within this clade, Didymodon nigre-
scens (1/69) and Didymodon subandreaeoides + D. per-
obtusus (1/-) are resolved as sister clades. The clade of
D. nigrescens includes two clades corresponding to
‘groups A and B’ in the analysis of Inoue ef al. (2020).

Two accessions newly obtained from the specimens from
Sakhalin were found within the clade of ‘group A’, close
to accessions from Alaska and Yunnan, thus the first
record of D. nigrescens in Russia is confirmed.

Five accessions of D. perobtusus form a maximally
supported clade nested within a grade of D. subandreae-
oides; it includes two specimens from Buryatia, two from
Irkutsk Province, and one from Polar Urals.

One sample from the Dagestan Republic in Cauca-
sus, morphologically referred to as D. perobtusus, ap-
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Fig. 2. Leaves of Didymodon perobtusus (A-1) and D. subandreaeoides (J-AA). A-J, L, N, P, R, T, V: stem leaves; K, M,0, Q,
S, U, W, Y: leaves from innovations; H-1, Z-AA: perichaetial leaves. All except ‘A’ from Russia. A: Mongolia, isotype, LE; B, H-
I: Buryatia, Tunka Nature Park, Afonina 1222, LE (OK3413); C: Polar Urals, MW9113059 (OK3425); D: Altai, Yaloman,
MHA9108774; E: Altai, Teletzkoe Lake, MHA9108775; F: Irkutsk Prov., Slyudyanka, MHA9027582; G: Irkutsk Prov., Slyudyanka,
MHA9027410; J-K: Chukotka, MHA9109069; L-M: Altai Mts., Shapshal Range, MHA9108772 (LC545517); N-O: East Sayan
Mts., MHA9108778; P-Q, Z: NW Baikal, MHA9108773; R-S, AA: Yakutia, Ulakhan-Chistai Range, MHA 9028965 (OK3426); T-
U: Yakutia, Suntar-Khayata Range, MHA9021523 (OK3427); V-W: Yakutia, Ulakan-Chistai Range, MW9092629 (OK3434); X-
Y: Yakutia, Sette-Daban, MHA9021486 (OK3428). All specimens of D. subandreaeoides from Yakutia possess both flagelliform
innovations and axillary gemmae. Scale bars: 0.5 mm for all.
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peared in the sister position in the D. nigrescens-clade
(not shown in Fig. 1). However, morphologically it does
not fit in this species and will be discussed separately
elsewhere.

According to the molecular data, all sequenced spec-
imens from Yakutia which were previously identified as
D. perobtusus due to the presence of axillary gemmae
belong to D. subandreaeoides. They are resolved within
the polytomy of the latter species represented by acces-
sions from various localities (Europe, North America,
Japan, China, Altai Mts in Russia).

Morphological studies

Specimens of Didymodon nigrescens from Sakhalin
are morphologically similar to the plants from Japan il-
lustrated by Inoue et al. (2020) in Fig. 4, belonging to
‘group B’, and differ from plants of ‘group A’ shown in
Fig 3 in the same paper by wider leaf acumina. However,
molecular phylogenetic analysis places them into the
clade of ‘group A’. Plants from Sakhalin are described
and illustrated below.

Morphological study of the sequenced specimen of
Didymodon subandreaeoides from Altai Mts confirmed
that it fits well within the description of this species. It
possesses ‘normal’ shoots with ovate to ovate-lanceolate
leaves and flagelliform innovations with small, cochle-
ariform leaves. We found some additional specimens with
dimorphic leaves and no axillary gemmae in Sayan Mts,
NW Baikal Lake area and Kodar Range in Zabaikalsky
Territory (see specimens examined below). Specimens
from Chukotka also fit D. subandreaeoides in morphol-
ogy, but they differ from all other specimens by having
small leaves from innovations with dentate margins (see
the description and illustration below). The most intrigu-
ing is the presence of both flagelliform innovations and
axillary gemmae in specimens from Yakutia; their iden-
tity was confirmed by molecular analysis. All specimens
from Yakutia and one specimen from Tokinsky Stanovik
in Amur Province are referred to D. subandreaeoides as
they all possess this combination of characters.

Specimens from the Anabar Plateau (north of Kras-
noyarsk Territory) were not sampled for molecular anal-
ysis as they were reidentified as Molendoa hornschu-
chiana (Hook.) Lindb. ex Limpr. s.l. (M. tenuinervis-
morphotype). A specimen from Khulga River valley (Sub-
polar Urals) which was reported as D. perobtusus (So-
fronova et al., 2015) also belongs to Molendoa horns-
chuchiana s.l.

Sporophytes are newly described for D. perobtusus
below. Fertile plants were recently collected by the se-
nior author in one locality in Buryatia. The identity of
this specimen is confirmed by molecular data (isolate
3413). Its capsules have peristome (see the description
below), while capsules of D. subandreaeoides were de-
scribed as eperistomate by Inoue et al. (2020) who found
fertile specimens of this species in Japan. However, each
of these two species was collected with sporophytes only

once. Some difference in the shape of perichaetial leaves
between these two species was also observed (cf. Fig. 2H-
I and Z-AA), though it was shown on a limited number
of specimens. We refer to D. perobtusus all specimens
with clusters of axillary gemmae but no innovations with
cochleariform leaves.

DISCUSSION

The results of the molecular analysis call for a reval-
uation of morphological distinctions between Didymo-
don perobtusus and D. subandreaeoides. These species
were usually separated mainly by the constant presence
of unicellular gemmae born in clusters in leaf axils in
the former species and dimorphic leaves in the latter spe-
cies (Zander, 2007). A comparison between them was
provided only in the Flora of North America, because
both species occur there in the north-west of the conti-
nent. In China, where both species also occur, only D.
perobtusus was included into the treatment by Li ef al.
(2001). In the treatment of Barbula (including Didymo-
don) for Russia (Savicz-Lyubitzkaya & Smirnova, 1970),
only a single specimen of D. subandreaeoides collected
by L.V. Bardunov in the NW Baikal Lake area (original-
ly identified by Bardunov as Didymodon rigidulus sub-
sp. andreaeoides) was discussed. It was referred to D.
perobtusus, though axillary gemmae were not mentioned
(we did not observe them in this specimen). Since the
assignment of Yakutian specimens with axillary gem-
mae to D. subandreaeoides is confirmed, it makes mor-
phological identification of both species more difficult.
Such plants were also mentioned by Kucera & Kock-
inger (2000) who wrote that the specimen “from Clogw-
yn du’r Arddu (Wales, U.K.) ... is in habit and anatom-
ical and morphological details identical to D. subandre-
aeoides but its numerous axillary gemmae of Didymo-
don rigidulus-type do not fit its known variability”. So,
the presence of flagelliform innovations with small leaves
remains the only reliable morphological character that
helps to distinguish sterile specimens of S. subandreae-
oides from D. perobtusus. Our attempts to separate these
species by leaf shape and size have failed because these
characters are highly variable in both species (see Fig.
2). These facts, as well as the nested position of D. per-
obtusus-clade in D. subandreaeoides may even suggest
merging of D. perobtusus within the latter species. How-
ever, the clade of D. perobtusus is maximally supported,
thus providing an evidence of its separate status; further-
more, there is an obvious difference between peristomate
capsules of D. perobtusus and those lacking peristome of
D. subandreaeoides (cf. Inoue et al., 2020). Plants with
sporophytes are extremely rare in both species, but fe-
male plants with archegonia are occasionally seen in her-
barium collections; the difference in shape of pericha-
etial leaves (cf. Fig. 2H-I and Z-AA) may also be taken
into account as an additional distinction (however, with
some caution, since this character was studied in a limit-
ed number of specimens).



196 O.M. AFONINA, O.I. KUZNETSOVA & E.A. IGNATOVA

Fig. 3. Didymodon perobtusus (from syntype). A: gemmae; B-C, H: leaves; D: upper leaf cells; E: habit, dry; F, J: leaf trans-
verse sections; G: mid-leaf cells; I: axillary hair; K: basal leaf cells. Scale bars: 2 mm for E; 1 mm for B-C, H; 100 um for D, F—
G, I-K.

TAXONOMY

Didymodon perobtusus Broth., Rev. Bryol., n.s. 2:
1. 1928. — Barbula perobtusa (Broth.) P.C. Chen, Hed-
wigia 80: 194. 28 f. 1-5. 1941. Figs. 3-5,2A-1, 10

Plants in low, dense tufts, dark brown to black, dull.
Stems 3—6 mm, sparsely branched, hyalodermis absent,
cortical cells in 1-2 rows, medullar cells in 2—-3 rows,
+ thick-walled, central strand narrow or well-developed.
Leaves loosely to tightly appressed when dry, erect when
moist, the middle part of stems 0.3-0.5%0.15-0.25 mm,
upper and subperichaetial leaves 0.6—1.0x0.3-0.4 mm,
ovate to ovate-lanceolate, gradually tapered to apex or
with shoulders, rounded-obtuse at apex, concave, not
keeled distally; margins plane or widely recurved in mid-

leaf, crenulate distally; costa thin, ca. 20-25 um wide at
base, not narrowed distally, ending a few cells before apex,
semicircular in transverse section, with 2 guide cells,
ventral and dorsal epidermis and 0—1 layered dorsal stere-
id band; laminal cells thick-walled, upper and middle
laminal cells round or transversely ovate, 5—15x7—10 um,
papillose, papillae simple, 1-2 per cell, or smooth; basal
juxtacostal cells quadrate to short rectangular, 10—20x8—
11 um, smooth, basal marginal cells in several rows
rounded-quadrate, ovate or transversely ovate. Special-
ized vegetative reproduction by 1(2)-celled gemmae 17—
23 pum in diameter, born in clusters in leaf axils. Dio-
icous, sporophytes rare. Male plants smaller than female,
with several perigonia per stem. Perigonial leaves wide-
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Fig. 4. Didymodon perobtusus (from: Russia, Buryatia, Tunka Nature Park, Afonina 1222, LE). A: plant with sporophyte, dry;
B: capsule; C: sterile plant, wet; D: part of peristome; E-G: leaf transverse sections; H: upper leaf cells; I: annulus; J: exothecium;
K: mid-leaf cells; L: male plant, wet; M, O: perigonial leaves; N: stem transverse section: P: part of perigonium; Q: inner perichaetial
leaf; R: basal leaf cells; S: gemmae; T-X: leaves. Scale bars: S mm for A; 1 mm for B-C, L; 0.5 mm for M, O—Q, T-X; 100 um for
D-K, N, R.
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ly ovate, strongly concave, rounded at apex, with hya-
line basal part. Perichaetial leaves 1.2—1.4x0.3-0.4 mm,
oblong-lanceolate, gradually tapered to apex. Setae ca. 4
mm, reddish-brown, flattened and spirally twisted when
dry. Urn cylindrical, 0.8 mm long, 0.2 mm wide, gradu-
ally narrowed to the mouth, dark cherry-red, smooth.
Annulus deciduous. Operculum long rostrate, ca. 0.6 mm
long. Peristome teeth slightly twisted when dry, straight
when wet, 130—170 mm long, horizontally striolate and
finely papillose. Spores 9—11 pm.

Distribution and ecology. In Russia Didymodon per-
obtusus occurs in the mountainous areas of southern Si-
beria. It is most frequent in the East Sayan Mts and is
known from several localities in NE surroundings of
Baikal Lake, Transbaikalia, Tyva Republic, and Altai Mts.
It was also collected on limestone massif Yanganape on
eastern slope of Polar Urals. It occurs in altitude range
600-2300 m, growing on base-rich rock outcrops on
slopes and on river banks, on rocky slopes, on wet cliffs
and rocks near waterfalls.

Differentiation. Didymodon perobtusus differs from
most species of Didymodon by having dark-brown color
of plants, ovate leaves with crenulate upper margins, and
mostly unicellular axillary gemmae. Its distinction from
the similar D. subandreaeoides is discussed under that
species. It can be also confused with Bryoerythrophyl-
lum inaequalifolium (Taylor) R.H. Zander, which has sim-
ilar leaf shape and unicellular gemmae. The latter spe-
cies differs in having leaves with more strongly recurved
margins, densely papillose laminal cells, with c-shaped
papillae, and costaec with two well-developed stereid
bands.

Specimens examined: MONGOLIA: Kosogol [Khubsugul]
Lake, 27 July 1902 Elenkin (LE) (Syntype). RUSSIA: Yamalo-

Fig. 5. Didymodon perobtusus (Russia, Buryatia,
e Tunka Nature Park, Afonina 1222, LE). A: part of peris-

.| tome; B: middle part of peristome teeth; C: lower part
/_k of peristome, showing a low basal membrane. Scale bars:
| 50 um for A; 10 um for B; 20 um for C.

B

Nentzky Autonomous District: Eastern slope of Polar Urals,
Yanganape limestone massif, Fedosov 17-1005, MW9113061.
Altai Republic: Ongudai Distr., Maly Yaloman Creek, 31 July
1991 Ignatov & Ignatova 25/170, MHA9108774; Teletzkoe
Lake, Izvestkovaya Mt., 12 July 1989 Ignatov s.n.,
MHA9108775. Irkutsk Province: Slyudyanka Distr., Slyudy-
anka River valley, right bank, Ignatov et al. 18-4503,
MHA9027592; same place, left bank, Ignatov et al. 18-4620,
MHA9027423. Zabaikalsky Territory: Kalar District, Kodar
Range: Valley of Syulban River, left bank of Khadatkan River,
22 June 2015 Afonina 3215, LE B-0039664; Priargynsky Dis-
trict, Byrka Settl., 30 June1989 Bardunov s.n., LE B-0039680.
Republic of Buryatia: East Sayan Mts: Okinsky District, East
Sayan Mts.: valley of Belyi Irkut River, 12 July 2015 Afonina
1615, LE B-0039682; Upper of Oka River, Dodo-Zhahna vil-
lage, 10 km NE of Orlik Settlement, 2 July2008 Afonina 00708,
LE B-0039691; Upper Oka River, valley of Sorok River, 7 July
2008 Afonina 02208, LE B-0039673; same place, 10 July 2008,
Afonina & Tubanova (Bryophyta Rossica et Civitatum Collim-
itanearum Exsiccata, Fasc. VIII, Ne296), LE B-0039694; same
place, 7 July 2008 Afonina 02108, LE B-0039688; same place,
10.07.2008 Afonina 03608, LE B-0039680, LE B-0039681;
Valley of Oka River, Zambbolok Creek, Sailag waterfall, Afon-
ina s.n., LE B-0039704; Tunkinsky National Park, mouth of
Bugovek River (right tributary of Irkut River), Afonina 1222,
LE B-0039699; Tunka Distr., Mondy, 24 Aug 1960 Bardunov
s.n., LE B-0039677; Tunka Range, Khubuta River, 3 Aug 1960
Bardunov s.n., LE B-0039678.

Didymodon subandreaeoides (Kindb.) R.H. Zander,
Phytologia 41: 23. 1978. —Barbula subandreaeoides
Kindb., Rev. Bryol. 32: 36. 1905. — Barbula andreae-
oides Kindb., Rev. Bryol. 32: 36. 1905. — Grimmia an-
dreaeoides Limpr., Laubm. Deutschl. 1: 776. 1889.

Figs. 6-8, 2J-AA, 10.

Plants in low, dense tufts, dark brown to black, dull

green at shoot tips. Stems 5-8 mm, sparsely branched,
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Fig. 6. Didymodon subandreaeoides (from: Russia, Chukotka, 2 Sept 1975, Afonina s.n., MHA9109069). A: mid-leaf cells; B:
upper leaf cells; C—D, G, M—N: stem leaves; E-F: leaf transverse sections; H: basal leaf cells; I: habit, dry; J, L: leaves from
innovations; K: basal marginal cells of innovation leaf; O: stem transverse section. Scale bars: 2 mm for [; 0.5 mm for C-D, G, M—

N; 100 um for A-B, E-F, H, K, O.

hyalodermis absent, cortical cells in 1-2 rows, medullar
cells in 1-2 rows, thick-walled, central strand narrow or
absent; flagelliform innovations with small, cochleari-
form leaves always present, scarce to numerous. Leaves
on main stems loosely to tightly appressed when dry, erect
when moist, 0.35-0.55%0.25-0.4 mm, ovate to ovate-lan-
ceolate, gradually tapered to apex, rarely with shoulders,
rounded-obtuse at apex, concave, not keeled distally;
margins plane or widely recurved in midleaf; costa thin,
ca. 20 um wide at base, not narrowed distally, ending
few cells before apex, semicircular in transverse section,
with 2 guide cells, ventral and dorsal epidermis, 1-2 rows
of substereids between guide cells and dorsal epidermis;

laminal cells thick-walled, upper and middle laminal cells
round or transversely ovate, 7-16x7—-12 um, papillose,
papillae low, branched, 1-2 per cell, basal juxtacostal
cells 10-20x8-11 um, smooth, basal marginal cells in
several rows round, transversely ovate or ovate. Leaves
from flagelliform innovations 0.20—0.25x0.18-0.23 um,
round to widely ovate, strongly concave, costa single,
ending below apex or short, occasionally absent; mar-
gins entire or, in specimens from Chukotka, with ‘dou-
ble’ teeth formed by protruding lower angle of upper cell
and upper angle of adjacent lower cell. Specialized veg-
etative reproduction absent or present (in specimens from
Yakutia and north of Amur Province), by 1(2)-celled gem-
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Fig. 7. Didymodon subandreaeoides (from: Russia, Altai Mts, 15 July 1990, Zolotukhin & Korolyeva s.n., MHA9108772). A:
leaf transverse section; B: upper leaf cells; C-D, F: stem leaves; E: mid-leaf cells; G, J: leaves from innovations; H: habit, dry; I:
basal marginal cells of innovation leaf; K: perichaetial leaf; L: basal leaf cells. Scale bars: 2 mm for H; 0.5 mm for C-D, F-G, J—

K; 100 um for A-B, E, I, L.

mae 17-23 um in diameter, born in clusters in leaf axils.
Dioicous, female plants with archegonia occasionally
present, male plants not seen. Sporophytes unknown in
Russia. [Capsules eperistomate (cf. Inoue et al., 2020)].

Distribution and ecology. Like Didymodon perob-
tusus, D. subandreaoides occurs in Russia in southern
Siberia from Altai to Buryatia and Transbaikalia; it was
also found in several localities in Yakutia: Sette Daban,
Suntar-Khayata and Ulakhan-Chistai Mt. Ranges, and
in Beringian Chukotka. It is also known from single lo-
cality in Tokinsky Stanovik Range (Amur Province). The

species grows at low altitudes in Chukotka and Yakutia,
50-1000 m a.s.l., while in the mountains of southern
Siberia it was found between 1200 and 1700 m. It occurs
in arctic and mountain tundra of forb-sedge type, on rock
outcrops in moss-lichen community, on boulders in larch
forest, on rocky banks of creeks and rivers, on wet lime-
stone cliffs near waterfalls and in places with dripping
water (melting permafrost), in Yakutia occasionally in
places where Andreaeobryum macrosporum Steere &
B.M. Murray was collected.
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Fig. 8. Didymodon subandreaeoides (from: Russia, Yakutia, Sette Daban Range, /vanov 17-605, MHA9027661). A: habit, dry;
B-C: leaf transverse sections; D: gemmae; E: upper leaf cells; F, K: lower stem leaves; G: leaf from innovation; H: stem transverse
section; I: mid-leaf cells; J: perichaetial leaf; L: subperiachaetial leaf; M: basal leaf cells. Scale bars: 2 mm for A; 0.5 mm for F—

G, J-L; 100 um for B-E, H-I, M.

Differentiation. Didymodon subandreaeoides is very
similar to D. perobtusus in plant color, leaf shape, crenu-
late upper leaf margins, and thick-walled, papillose lam-
inal cells; it even possesses unicellular axillary gemmae
in some populations. However, the presence of innova-
tions with small, strongly concave leaves is a unique fea-
ture of D. subandreaeoides. It also separates this species
from similar species of Didymodon and other genera of
the Pottiaceae.

Specimens examined: RUSSIA: Chukotka: Lavrentiy Bay,
Krauze Cape, 2 Sept 1975. Afonina s.n., LE B-0039663; Che-
gitun’ River basin, 24 July1972 Razzhivin s.n., LE B-0039662;

same place, 1 km upstream from Putukuneiveem River mouth,
24 July 2003, Razzhivin s.n., LE B-0039661. Republic of Sa-
kha/Yakutia: Momsky Distr., Ulakhan-Chistai Mt. Range,
western foothill of Mramornaya Mt., Ignatov & Ignatova 18-
1360, MW9091288; same place, 930 m alt., Ignatov & Ignato-
va 18-1815, MHA9029531; Pravy Dzhapkychan Creek, Igna-
tov & Ignatova 18-2712, MHA9028794; Tomponsky Distr.: left
bank of Vostochnaya Khandyga River opposite Segenyakh Creek
moutyh, Ivanov 17-729, MHA9027663; Sette Daban Range,
right slope of Vostochnaya Khandyga River valley between
Shaman and Segenyakh Creeks, Ignatov & Ignatova 16-1563,
MHA9021499; same place, Shaman Creek, Ignatov & Ignato-
va 17-32, MHA90256925. Republic of Buryatia: Okinsky
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Fig. 9. Didymodon nigrescens (from: Russia, Sakhalin Island, Ignatov & Teleganova 06-3543, MW9036033). A: habit, dry; B:

habit, wet; C—D: upper leaf cells; E-H, J-K: stem leaves; F: mid-leaf cells; G: stem transverse section; I: basal leaf cells; L-O: leaf
transverse sections. Scale bars: 2 mm for H; 0.5 mm for C-D, F-G, J-K; 100 um for A-B, E, I, L.
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Fig. 10. Distribution of Didymodon perobtusus (circles), D. subandreaeoides (triangles) and D. nigrescens (rectangle) in Russia.

District, East Sayan Mts.: upper of Oka River, Valley of Sorok
River, alt. 1755 m, 9 July 2008 4fonina 03008, LE B-0039657;
Okinsky District, East Sayan Mts, Valley of Belyi Irkut River,
12 July 2015 Afonina 1715, LE B-0039656; Kurumkan Dis-
trict, Dzherginskiy State Reserve. Upper Barguzin River, | Aug
2013 Mamontov YuSM-386-1, LE B-0039659 & LE B-0039660;
NE Baikal, Tompuda River, 19 Aug 1956 Bardunov s.n., LE B-
0039658; East Sayan Mts, Kadyr-Os River near Chuglyma
Creek mouth, 13 July 1961, Bardunov s.n., MHA9108778.
ZABAIKALSKY TERRITORY: Kalar District, Kodar Range:
Levyi Syulban River, 10 June 2015 Afonina 0715, LE B-
0039665; Syulban River, Zolotoi Klyuch Creek, 12 July 2015
Afonina 0915/1, 0915/2 & 0915/3, LE B-0039666, LE B-
0039669, LE B-0039670; same place, 13 June 2015 Afonina
1515, LE B-0039667; Kalar District, Kodar Range: Valley of
Syulban River, left bank of Khadatkan River, 22 June 2015
Afonina 3215, LE B-0039668; valley of Syulban River, upper
of Oleniy Rog Creek, 16.06.2015 Mamontov 536/2b, LE B-
0039671; AMUR PROVINCE: Zeya Distr., Stanovoy Ridge,
Tokinsky-Stanovoy National Park, vicinity of the Tas-Balagan
pass, Dudov TSMF005, MW9092493.

Didymodon nigrescens (Mitt.) K. Saito, J. Hattori
Bot. Lab. 39: 510. 1975. — Barbula nigrescens Mitt., J.
Proc. Linn. Soc., Bot., Suppl. 1: 36. 1859. Figs. 8-9

Plants rigid, in dense tufts, dark brown, occasionally
green at tips, dull. Stems 10-25 mm, repeatedly branched;
hyalodermis absent, cortical cells in 1-2 rows, medullar
cells in 3-4 rows, thick-walled, central strand absent.
Leaves appressed when dry, erect when moist, in lower
and middle parts of stems 0.5-0.7x0.3-0.4 mm, upper
leaves to 1.0x0.4 mm, from ovate bases + abruptly nar-
rowed into triangular acumina, subobtuse at apex, con-
cave, not keeled distally; margins narrowly recurved from
base to midleaf; costa moderately thick, ca. 40 um wide
at base, not or slightly narrowed distally, subpercurrent,

semicircular in transverse section, with two guide cells,
dorsal and ventral epidermis, dorsal stereid band absent
or 1-layered in lowermost portion of costa; cells thick-
walled, upper and middle laminal cells 8—11x8—15 um,
papillose, papillae low, branched, 1-2 per cell; basal jux-
tacostal cells ovate, 10-25x8—11 um, smooth, in upper
leaves in oblique rows, basal marginal cells shorter, ovate
to transversely ovate. Specialized vegetative reproduc-
tion absent. Dioicous, only plants with archegonia were
seen. Sporophytes unknown in Russia.

Ecology. The species was collected on one locality
on Sakhalin Island, at the top of low calcareous ridge, in
crevices and on surfaces of dry cliffs.

Specimens examined: RUSSIA: Sakhalinskaya Province, Sa-
khalin Island, Smirnykh Distr., Nature Reserve “Vaida Moun-
tain”, 900 m alt., Ignatov & Teleganova 06-3543, MW9036033;

same place, 920 m alt., Ignatov & Teleganova 06-3544,
MW9036034.
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Appendix: Voucher specimens and GenBank accessions of Didymodon.

ISECECACECRCRCRS R

. perobtusus OK3413 Russia, Buryatia, Afonina 1222 LE B-0039699

perobtusus OK3425 Russua, Yamal-Nenetz Autonomous District, Fedosov 17-1007, MW9113059
subandreaeoides OK3426 Russia, Yakutia, Ulakhan-Chistai Mts, Ignatov & Ignatova 18-2176, MHA9028965
subandreaeoides OK3427 Russia, Yakutia, Suntar-Khayata Mts, Ignatov & Ignatova 16-1452, MHA9021523
subandreaeoides OK3428 Russia, Yakutia, Sette-Daban Mts, Ignatov & Ignatova 16-1526, MHA9021486
subandreaeoides OK3429 Russia, Yakutia, Sette-Daban Mts, Ivanov 17-605, MHA9027661

. nigrescens OK3430 Russia, Sakhalin, Ignatov & Teleganova 06-3543, MW9036033

. nigrescens OK3431 Russia, Sakhalin, Ignatov & Teleganova 06-3544, MW9036034

. subandreaeoides OK3434 Russia, Yakutia, Ulakhan-Chistai Mts, Ignatov & Ignatova 18-2712, MW9091629
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