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TOWARD A NEW UNDERSTANDING OF SYNTRICHIA SUBMONTANA
(POTTIACEAE, BRYOPHYTA)
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Abstract

Syntrichia submontana (Broth.) Ochyra has been previously reported from Tajikistan, Kyrgyzstan
and Mongolia. It was considered to be dioicous, with sporophytes unknown. Our study of extensive
herbarium collections from Mongolia, southern Siberia and the Caucasus, as well as some collec-
tions from China revealed that this species has a much wider distribution in Asia. Its sexual condi-
tion is polyoicous: autoicous plants are most frequent, with antheridia and paraphyses lacking
perigonial leaves, forming a group just below the perichaetium, but occasionally also male, female
and, more rarely, synoicous plants are found in the same tuft. Mature sporophytes are rare in Mon-
golian collections, but they are frequent in China, southern Siberia and the Caucasus. Peristomial
basal membrane is very low, consisting of 1-2(-3) cell rows. S. submontana is similar in gameto-
phytic characters to S. sinensis (Miill. Hal.) Ochyra, and their close relationship was confirmed by
molecular study (n7ITS2). A description of S. submontana is amended and supplemented by sporo-
phyte characteristics. Syntrichia longimucronata (X.J. Li) R.H. Zander is synonymized with S.
submontana. Descriptions, illustrations, distribution and ecological data are provided for S.
submontana and S. sinensis. Our molecular data also found two distinct entities within the morpho-
logically variable S. laevipila Brid., which tentatively confirms recognizing of S. pagorum Milde as
a separate species. Specimens of S. caninervis var. astrakhanica Ignatov, Ignatova & Suragina from
distant localities are also resolved in a clade separated from S. caninervis var. caninervis; thus the
variety likely deserves being raised to the species level.

Pesrome

Syntrichia submontana (Broth.) Ochyra Obl1a 10 HacTOsIIIIEr0 BpeMeHH n3BecTHa u3 TaKUKUCTaHa,
Keipreizcrana u Monronuu. Bua cuurancs AByIOMHBIM, €r0 CIOPOGUTHI He ObLTH onucaHbl. M3yuenne
MHOTOYHCIICHHBIX TepOapHbIX 00pa3noB 13 MoHronuy, roxHoi Cubupu u ¢ Kapkasa, a Takke HEKOTOPBIX
Koyeknuit 3 Kuras nokasano, 4To BUa MMeEET ropaso Oojee mupokoe pacinpocTpanenHue B Azun. Ox
SBJIAETCA MHOTOJOMHBIM, IIPU 3TOM 4Yallle BCETO MPEACTABIEHbI OJHOAOMHBIE PACTEHHS, Y KOTOPBIX
TIEPUTOHNU HE TIOYKOBHU/IHbIE, TPYIINa aHTEPUIHEB U mapadu3 6e3 MOKPOBHBIX TMCTOUKOB PACTIONAraeTCst
HEMHOTO HMKE TepUXelys, HO MHOT/a B TOM ke caMOi JePHOBHHKE BCTPEUAIOTCS TAKXKe JKEHCKHE,
MYKCKHE H, Pexe, 000ernoble pacTeHus. 3penble CIopoMUTHI PEAKU B KOIIEKIHAX 13 MoHronuu, Ho
o0bryHbI B 0Opasuax u3 Kuras, roxuoit Cubupu u ¢ Kaskasa. Ilepuctom xapakTepusyeTcss HU3KOH
OazanpHOI MeMOpaHoH, cocTosei u3 1-2(-3) psinos kierok. Ilo npusnakam rametoduta S. submontana
cxonna ¢ S. sinensis (Miill. Hal.) Ochyra, u ux 6113k0€ pPOACTBO MOATBEPIKAACTCS TAKKE MOJCKYIISIP-
HeiMH  JaHHBIME (n7rITS1-2). Onucanue S. submontana UCIPaBICHO U JOMOJTHEHO XapaKTEPUCTUKON
crniopoduros. Syntrichia longimucromata (X.J. Li) R.H. Zander cunonnmusuposana ¢ S. submontana.
Hns S. submontana and S. sinensis TPUBOAATCS ONMUCAHUS, WIITIOCTPALIUH, 00CYKAAETCA SKOJIOTUS U
pacrpocTpaHenue. Hamm MosekysipHble JaHHBIE TAKKe MOKA3bIBAIOT, YTO BHYTPH MOP(OIOTHYECKH
BapuabenpHoii S. laevipila Brid. ecTh JBe YeTKUX IPYIIIBI, YTO MPEAMNOIOKUTEIEHO CBUICTEIbCTBYET
B monb3y BeiaeneHus S. pagorum Milde B kadecTBe camocTositenbHoro Buaa. O0pasisl S. caninervis
var. astrakhanica Ignatov, Ignatova & Suragina u3 oT/1aleHHBIX MECTOHAXO0XKICHHUI 00pa30BaIi KiIasy,
OTZENBHYIO OT S. caninervis var. caninervis; TaKUM 00pa3oM 3Ta pa3HOBUIHOCTh, BEPOATHO, 3aCITyKHUBAET
BHUJIOBOTO CTaTyca.

KEYWORDS: mosses, Pottiaceae, Syntrichia, taxonomy, new synonyms, new records, Russia, Mongolia,
China, ITS.
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Fig. 1. Bayesian tree of Syntrichia based on 5.8RNA andITS2 sequence data. Posterior probabilites are shown at branches.
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INTRODUCTION

The genus Syntrichia Brid. is known as a difficult
one for species identification, and there have been con-
troversial taxonomic approaches to some species and their
groups. The genus has been a subject of a thorough tax-
onomic treatment of Kramer (1980) for Palearctic, Gal-
lego (2005) for Mediterranean region and Macaronesia,
and Mishler (2007) for North America. The group of spe-
cies around S. /laevipila has been additionally revised by
Gallego et al. (2004, 2005) for Europe.

In the territory of Russia, 10 species and 2 intraspe-
cific taxa of Syntrichia were listed (Ignatov, Afonina,
Ignatova et al., 2006). However, some unresolved prob-
lems with specimen identification were revealed during
moss flora exploration in the southern Siberia and the
Caucasus. In particular, a number of specimens similar
to S. sinensis (Mill. Hal.) Ochyra have been found to
have leaves with an unusually long hair point, basal mem-
brane of peristome lower than in this species, and naked
perigonia (which are usually bud-like). For clarifying a
relationship of these specimens and S. sinensis we under-
took a combined molecular and morphological study of
this group, involving also S. laevipila and S. pagorum
Milde, as the ‘atypical S. sinensis’ also could be interpret-
ed as very large forms of these species in case if sporo-
phytes are lacking.

MATERIAL AND METHODS

Morphological studies were based on collections from
LE, MHA, MW and PE.

For molecular study 9 specimens of “typical S. sinen-
sis” and 8 specimens of “atypical S. sinensis” were se-
lected, representing geographically distant localities of
both. In addition, 11 specimens of S. laevipila s.1. (i.e.,
including S. pagorum) from different areas of Asiatic Rus-
sia and the Caucasus were studied, 3 specimens of S.
princeps (De Not.) Mitt., and a number of other more
distantly related species of the genus. GenBank data were
borrowed for nine Syntrichia specimens, mostly of S.
ruralis and closely related species. Totally 53 sequences
were included in the analysis.

Only ITS2 is included in the study by three reasons:
(1) ITS1 was unavailable in GenBank for these species;
(2) ITS1 sequences of species even within one genus can-
not be unequivocally aligned; and (3) ITS2 has numer-
ous substitutions, clearly correlating in most cases with
the species as they are currently known based on mor-
phology. Specimen vouchers and GenBank accessions are
in Appendix 1.

Laboratory protocol was essentially the same as in
previous moss studies, described in detail by, e.g., Gar-
diner et al. (2005). ITS sequences were aligned indepen-
dently using MUSCLE (Edgar, 2004), and modified man-
ually using BioEdit 7.0.9.0 (Hall, 1999).

For the rooting of trees Syntrichia princeps was cho-
sen, because it was difficult to align ITS sequences of
Syntrichia with any ITS sequences of related genera, e.g.,

Tortula Hedw., and sequences of S. princeps visually were
the most distinct from other major groups of sequences.
Supplementary analyses with the rooting on S. norvegi-
ca both by Bayesian methods and maximum parsimony
in TNT (not shown) found S. princeps to be distant from
S. sinensis—S. laevipila s.|.—complex, which is in the main
focus of the present study.

Bayesian analyses were performed using MrBayes
(Huelsenbeck et al. 2001), version 3.2.0, running in two
parallel analyses, consisting each of six Markov chains
of 10,000,000 generations with a sampling frequency of
one tree each ten thousand generations and the chain
temperature at 0.05. Parameters of the substitution mod-
el were estimated during the analysis (six substitution
categories, a gamma-distributed rate variation across sites
approximated in four discrete categories and a propor-
tion of invariable sites). Convergence of the analyses was
evaluated using Tracer 1.4.1 (Rambaut & Drummond
2007) to check that ESS values were all greater than 200
(default burning). The consensus tree was then combined
after first 25% of trees were discarded as a burn-in. All
analyses were performed on the Cipress Science Gate-
way (http://www. phylo.org/portal2).

RESULTS

Phylogenetic analysis resulted in a Bayesian tree (Fig.
1) consisting of two well-supported clades, one includ-
ing species of S. ruralis—S. caninervis—S. virescens—com-
plex, and another composed of S. sinensis—S. laevipila
s.l.—complex.

The species of the former clade will be the subject of
a separate analysis. Here we just point out that this pre-
liminary analysis of the group supports the elevation of
S. caninervis var. astrakhanica to the species level.

Syntrichia sinensis—S. laevipila s.]—clade consists of
two maximally supported subclades. The first of them
represents typical S. sinensis and a species in question,
each forming a clade. Nine specimens of S. sinensis from
geographically distant localities (from Primorsky Terri-
tory in Russian Far East, Inner Mongolia in China and
westward to Dagestan in the Caucasus) form the clade
with the posterior probability 1.00; another clade with
the support 0.98 consists of six specimens of “atypical S.
sinensis” from southern Siberia, one form Dagestan in
the eastern part of Caucasus, one specimen of S. sub-
montana from Mongolia and one specimen from Tibet,
collected not far from the type locality of S. longimucro-
nata (cf. Fig. 3). Being largely sympatric with S. sinen-
sis, this taxon has also small, but fairly stable morpho-
logical distinction from it.

A second subclade is formed by specimens of S. lae-
vipila s.1. The present Bayesian analysis subdivides them
in two clades, both with support P=1.00. One of them
includes dioicous plants, referred here to S. pagorum,
while another comprises autoicous plants, correspond-
ing to S. laevipila s. str. in its common circumscription.
Within polytomy of six Siberian and Mongolian plants



14 O.M. AFONINA, E.A. IGNATOVA, V.E. FEDOSOV & O.1. KUZNETSOVA

of S. pagorum, a moderately supported (PP=0.96) nested
clade occurs, composed by Central Caucasian and Aus-
tralian plants. The S. laevipila s.str. subclade includes
one Norwegian specimen clearly differentiated from three
Caucasian specimens (though all three from a relatively
restricted area).

DISCUSSION

As soon as it became clear that the plants of unknown
Syntricha in question cannot be just a marginal pheno-
type of S. sinensis, an expanded search for appropriate
name has been undertaken yielding a possible attribu-
tion of the former to S. longimucronata (X.J. Li) R.H.
Zander. This species was described from Xizang Prov-
ince of China (Li, 1981), and our plants in question were
in agreement with its description in most gametophytic
and sporophytic characters (i.e., presence of central strand
in stem and hydroids in costa, highly recurved leaf mar-
gins, long and weakly denticulate hair-point, low basal
membrane of peristome, as well as autoicous sexual con-
dition, though perigonia were not described in details).
The only character which we did not observe in our plants
was leaf marginal border “consisting of several rows of
thick-walled, or sometimes elongated cells, yellowish or
brownish” (Li et al., 2001). Nevertheless, the illustra-
tion on p. 219 (Plate 132: 2) shows an unbordered leaf
margin. This character is known to be variable in other
species of Syntrichia, i.e., S. laevipila, representing both
clearly bordered and totally unbordered leaves in differ-
ent specimens. In all collections from China available
for our study, including a locality from Xizang Province,
leaves were not bordered.

Another species name, which could be attributed to
our plants was S. submontana (Broth.) Ochyra. This spe-
cies was described from Issyk Kul Lake vicinity in Kyr-
gyzstan (Brotherus, 1931). The description indicates a
dioicous sexual condition and absence of sporophytes in
the type specimen. Later, S. submontana was reported
also from several localities in Pamir Mts of Tajikistan
(Mamatkulov, 1990). Sporophytes were not found as well
in this area. This fact did not allow us to use this name
for the plants, which were autoicous in most of our col-
lections, and often bearing capsules. However, there was
much in common in gametophytic structure between our
plants and the description and illustrations of S. submon-
tana (Brotherus, 1931; Savicz-Lyubitzkaya & Smirno-
va, 1970; Mamatkulov, 1990; Kramer, 1980). Among di-
agnostic characters of this species, erecto-patent spatu-
late leaves with rounded apices and narrowly recurved
margins, long and weakly denticulate hyaline hair-point,
weakly scabrous dorsal side of costa, presence of stem
central strand and costal hydroids were listed.

In 1970, S. mongolica Boros was described from
Mongolia. Shortly afterwards it was synonymized with
S. submontana by Kramer (1980), despite the former spe-
cies being described as autoicous. This synonymization
was accepted by Abramov & Abramova (1983) and

Tsegmed (2001, 2010). Tsegmed (2010) in “Moss flora
of Mongolia” describes S. submontana as a dioicous spe-
cies with sporophytes unknown and with rather wide dis-
tribution in the country. We have studied a syntype of S.
mongolica in LE and numerous Mongolian collections
in MHA made by M.S. Ignatov during an expedition to
Gobi-Altai area in 2001 and identified as S. submontana.
These specimens were very similar to an “unknown spe-
cies” from southern Siberia and the Caucasus in gameto-
phytic characters, although the plants from Gobi were
smaller and looked damaged with respect to unfavorable
growth conditions in the dry area. According to Ignatov
et al. (2004) this plant is one of the most common in the
xeric environments and also commonly produces sporo-
phytes, which naturally not always successfully come to
maturity, thus often seen as immature ones. Our study of
gametangia distribution revealed a wide variation in plant
sexual condition. The most common result of study of a
large specimen is that the female, male and autoicous
plants occur in the same tuft; more rarely synoicous and
sterile plants were found.

Very characteristic are the naked antheridia in S. sub-
montana, sitting on stem among paraphyses, without
perigonial leaves, contrary to bud-like perigonia of S.
sinensis and many other species. The latter case, i.e., when
bud-like perigonia are developed on a separate very short
branch, has been reported by Zander (1993) as the only
possible in the description of Syntrichia. Thus, S. sub-
montana is obviously an exceptional case in the genus.

Numerous collections from Mongolia helped us to un-
derstand why S. submontana was described as dioicous.
Its sexual condition is variable, thus small collection from
extreme environments may often have only one sex ex-
pressed, if any. The ITS sequence data of the polyoicous
Mongolian specimen was identical with mainly autoicous
plants from south Siberia and Caucasus.

The holotype of Syntrichia (Tortula) submontana has
naked perigonia, grouped with paraphyses laterally near
shoot apex and subapical innovations. This fact confirms
the applicability of this name for plants under question.
No female plants were seen in the holotype, although we
hesitated to investigate every shoot due to paucity of
material in the specimen. However, considering the vari-
ation of sex expression in bigger collections of the spe-
cies, the absence of females both agrees with the original
diagnosis and does not contradict the amended circum-
scription of the present study.

Curiously, Syntrichia sinensis has also been described
originally as dioicous, likely due to the fact that perigo-
nia are not always found in specimens of this species.
They are rather inconspicuous being quite similar to
young sterile innovations, albeit found in all sufficiently
large collections we studied. The holotype of this species
is the collection made in June 1894 by Giraldi from
Schaanxi (‘Schen-si’), In-kia-puo (‘Iu-kia-po’ in proto-
logue is an obvious misprinting, as it is clear from nu-
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merous labels in H, S, FI for other species, and also Chen’
text). It has beed studied by Chen (1941) but then likely
destroyed in Berlin during the 2d World War. Neither
holotype, nor isotypes were located by Kramer (1980)
and Gallego (2005), who at the same time did not substi-
tute it by neotype. However, as the distinction between S.
submontana and S. sinensis involves a character not de-
scribed in the original description, thus neotypification
of S. sinensis is proposed.

Miiller (1896) originally described Barbula (Syntri-
chia) sinensis from one collection, but later, in the sec-
ond part of the “Bryologia provinciae Schen-si Sinesis”
(Miiller, 1897, page 254) again labeled Barbula (Syntri-
chia) sinensis as ‘nova species’, and cited two more spec-
imens. The second of them, from Lun-san-huo is anno-
tated as a specific form, although without any formal rec-
ognition ‘forma foliis teniuter pungentibus’, thus the first
specimen, from Lao-y-san, collected by Giraldi in March
1896 is the reasonable candidate for the neotype. Fortu-
nately this specimen is present in H-BR. Being in full
agreement with the protologue, it is proposed here as the
neotype of S. sinensis. The plants of the neotype have
antheridia surrounded by perichaetial leaves, i.e., hav-
ing the structure common for the genus Syntrichia, ex-
cept for S. submontana. At the same time, this neotype
has leaves with a relatively long hair point, which some-
what disagrees with the most common current under-
standing of this species as one with a short hyaline awn
(Savicz-Lyubitskaya & Smirnova, 1970; Kramer, 1980;
Gallego, 2005; Mishler, 2007), although Li (2001) de-
scribed the hair point as ‘rather long’.

This problem is complicated also due to the fact, that
in addition to ‘Barbula (Syntrichia) sinensis’ Miiller
(1898) described also two other species, Barbula (Syn-
trichiae albipilae) brachypila Miill. Hal. and Barbula
(Syntrichiae rubripilae) erythrotricha Miill. Hal. from
about the same area. Later, P.-C. Chen (1941) in his mono-
graph of East-Asiatic Pottiaceae reduced both of them into
synonymy of Syntrichia alpina Jur., a European species,
which however appeared to be illegitimate, and corre-
sponds to the current understanding of S. sinensis. How-
ever, in a view of the segregation of Syntrichia submon-
tana both taxa were checked, especially Barbula eryth-
rotricha, as it has been described as having long hyaline
hair-point, the character more characteristic to S. sub-
montana than to at least the most common phenotypes of
S. sinensis in Russia and Europe. Nevertheless, the peri-
gonial structure of the plants, selected as lectotype by
Chen (1941), it is not different from the neotype of S.
sinensis, thus the earlier synonymization is simply con-
firmed here.

The studied syntype of Barbula brachypila has the
same perigonial structure, and we are currently inclined
to confirm this synonymization too, although the discus-
sion below explains less definite situation in case of this
name.

We found that specimens of S. sinensis from Russia
show variation in hair-point length. Most specimens
match the description of Gallego (2005), who estimates
its length at 0.1-0.5 mm. At the same time, several spec-
imens possessed leaves with longer hair-points, up to 0.9
mm long in upper leaves. Furthermore, three such spec-
imens, one from Primorsky Territory and two from Al-
tai, formed a separate subclade within S. sinensis-clade
in the nrITS Bayesian tree (Fig. 1, see also Fig. 4: 11-
13). According to the description (Miiller, 1998), B. brac-
hypila is characterized by costa excurrent in a short awn,
whereas awns of B. sinensis and B. erythrotricha are de-
scribed as “foliorum pilo plus minus longo tenui denticu-
lato”. We have studied 3 specimens of B. sinensis and 3
specimens of B. erythrotricha from H-BR identified by
Carl Miiller, as well as a specimen of B. brachypila cited
in protologue from LE. All these specimens of B. eryth-
rotricha and B. sinensis, as well as other specimens from
Schen-si identified by V.F. Brotherus (H-BR) possess awns
0.6-0.8 mm long, while they are shorter, up to 0.4 mm, in
the specimen of S. brachypila (see Fig. 5). In other essen-
tial characters, i.e., peristome basal membrane height (3-
6 cells high) and autoicous sexual condition with bud-like
perigonia, all studied specimens are uniform and fit well
the concept of S. sinensis accepted by most authors.

The molecular data suggest a slight differentiation
between long- and short-awned phenotypes, but this prob-
lem cannot be solved with the present sampling and lim-
ited study of Chinese material. Therefore we are accept-
ing S. sinensis in a broad sense at the moment, in agree-
ment with Chen (1941), Kramer (1980), Gallego (2005),
Li et al. (2001), pending the solution in a specifically
addressed study.

Although not specifically addressed to other groups
of Syntrichia, the present analysis highlights a need of
additional study of S. laevipila—complex. Recent publi-
cations of Gallego et al. (2004, 2005) demonstrated a
continuous variation of morphological and molecular
characters within S. laevipila s.1., including S. pagorum,
which was recogniozed by, e.g., Crum & Anderson (1981)
and Stone (1971). Our molecular phylogenetic analysis
however found two maximally supported clades that are
hundred-percent congruent with the sexual condition, a
character often used as a main one for differentiation of
S. laevipila and S. pagorum. The present limited sam-
pling precludes a convincing conclusion, but calls atten-
tion to further studies.

Tree topology suggests also a need of more narrow
species distinction in S. caninervis-group, as S. canin-
ervis var. astrakhanica, a taxon described only recently
(Ignatov et al, 2002), constitutes another lineage, not
closely related to var. caninervis (Fig. 1). It seems that
the former is no less widespread in Russia than the lat-
ter. The re-evaluation of the type of S. caninervis, de-
scribed from Tibet in China, will be essential, as both
taxa occur in nearby Mongolia.
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Fig. 2. Syntrichia submontana (Broth.) Ochyra (from: Russia, Zabaikalsky Territory, Sokhondinsky Biosphere Reserve, Agutsa
River, Afonina A3510, LE): 1, 3 — habit, dry; 2 — capsule; 4 — habit, wet; 5, 7 — leaves; 6 — perichaectial leaf; 8 — leaf hair-point; 9
— cells at leaf margin in distal part; 10 — leaf transverse section at margin; 11 — transverse section of costa; 12 — stem transverse
section; 13 — antheridia and paraphyses without perigonial leaves; 14 — median laminal cells; 15 — basal laminal cells. Scale bars:
1 cm for 4; 5 mm for 1; 2 mm for 2, 3; 1 mm for 5-7; 0.5 mm for 8; 200 um for 13; 100 um for 9-12, 14-15.
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Fig. 3. Distribution of Syntrichia submontana (Broth.) Ochyra, based on specimens studied (solid circles) and literature data

for S. longimucronata from Li et al. 2001 (open circles).

TAXONOMIC TREATMENT

Syntrichia submontana (Broth.) Ochyra, Fragm.
Florist. Geobot. 37: 213. 1992. — Tortula submontana
Broth., Trudy Bot. Sada Akad. Nauk S.S.S.R. 42(2): 168.
1931. Holotype: Turkestan. Ur-Tokai — Kutemaldy. 1896
7/6 leg. V.F. Brotherus (H 3148373).

Syntrichia mongolica Boros, Trans. Brit. Bryol. Soc.
6: 70. f. 1-2. 1970. Type: Mongolia or. In rupestribus sil-
icat. prope Baronurt. Alt. ca. 1000 m. 23.VIIL.1967. R.
Moldvai (isotype in LE!). Synonymized by Kramer (1980).

?Syntrichia longimucronata (X.J. Li) R.H. Zander,
Bull. Buffalo Soc. Nat. Sci. 32: 269. 1993. — Tortula
longimucronata X.J. Li, Acta Bot. Yunnan. 3: 107. f. 4.
1981. Type: ‘China, Xizang, Jia-li Co., D.-D. Tao 5313a’
(holotype in HKAS, not seen).

Figs. 2-3,5: 2-3, 8

Plants medium-sized, in rather loose turfs, dull green,
yellowish- or brownish-green in upper part, reddish
brown below. Stem 0.5-2.0 mm, erect, simple or irregu-
larly branched, loosely tomentose throughout, with weak
central strand, thickened cortical cells in 2-3 layers and
weakly differentiated hyalodermis. Leaves contorted or
twisted when dry, spreading to weakly recurved when
moist, oblong-elliptic to oblong-lingulate, 2.0-3.5x0.6-
1.2 mm, not constricted at midleaf, weakly keeled in upper
part, sometimes with longitudinal folds, rounded at apex;
margins recurved from above leaf base to near apex, un-
bordered, smooth or crenulate distally due to bulging
cells; costa strong, 65-90 um wide at base, weakly taper-
ing distally, reddish-brown, smooth on dorsal side, ex-
current in an awn 0.5-1.5 mm long, weakly and distant-

ly denticulate, reddish-brown at base and hyaline at most
of its length or, occasionally, yellowish or brownish at
most length except small apical portion; costa in trans-
verse section with one layer of guide cells, two layers of
smaller adaxial cells, ventral surface papillose, abaxial
stereid band of 3(-4) layers, with hydroids; leaf lamina
unistratose; upper and median laminal cells rounded-
quadrate or hexagonal, thin-walled, 12.5-20x(10-)12-20
um, papillose, with 3-6 papillae per cell, papillae bifur-
cate, not pedicellate, 2.5 um high; basal laminal cells
forming a clearly differentiated hyaline area, rectangu-
lar, smooth, thin-walled, sometimes weakly collenchy-
matous, basal juxtacostal cells 50-115x17.5-35 um, bas-
al marginal cells shorter and narrower. Polyoicous: male,
female, autoicous and, more rarely, synoicous plants are
occasionally found in same or different collections. Per-
ichaetial leaves similar to stem leaves, but sometimes
inner perichaetial leaves smaller and narrower than stem
leaves. In autoicous and male plants, antheridia and para-
physes in clusters just below perichaetium or below shoot
apex, perigonial leaves lacking. Seta erect, reddish brown,
1.0-2.0 cm long, spirally twisted to the right distally. Urn
reddish brown, 2.5-3.5x0.7-0.8 mm, cylindrical, straight
or slightly curved; operculum long conical, 1.2-1.4 mm
long; peristome 0.9-1.4 mm high, with basal membrane
of 3-6 cell rows. Spores 12-15 pum, finely papillose.
Taxonomy. By studying the isotype of Syntrichia
mongolica, we confirm Kramer (1980)° conclusion on
the identity of this species with S. submontana. Although
we did not see type material of S. longimucronata, we
presume its identity with S. submontana basing on: (1)
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coincidence with description and illustrations, (2) same
ITS2 sequence and the presence of naked antheridia in
specimen from the area near the type locality.

Variation. The most variable character of S. submon-
tana is sexual condition of plants. Collections from south-
ern Siberia and the Caucasus, as well as from China and
some areas of Mongolia, are autoicous and bear mature
sporophytes. However, some plants with only female ga-
metangia are also found in the same specimens. At the
same time, Mongolian samples from harsh environments
are mostly polyoicous, with a mixture of female, male,
autoicous and, more rarely, synoicous plants in the same
specimen. According to the description of S. submon-
tana (Brotherus, 1931; Mamatkulov, 1990), specimens
from Middle Asia were only dioicous.

There is some variation in hair-point color: in most
specimens from Russia and Mongolia hair-points are hy-
aline, with a small basal portion brownish, while in a
specimen from Xizang and a few ones from Transbaika-
lia hair-points are brownish-colored on most of their
length, with only small distal portion being hyaline.

We did not observe the leaf marginal border in any
studied specimen, but, as its presence is reported for S.
longimucronata (Li, 1981; Li et al., 2001), this charac-
ter may show variation.

Differentiation. Collections from Russia which we
attribute now to Syntrichia submontana were previously
mostly identified as S. sinensis. They are similar to the
latter species in size of plants, leaf shape and size, pres-
ence of stem central strand and hydroids in costa, and
autoicous sexual condition. At the same time, plants with
mature sporophytes could be easily recognized even un-
der stereomicroscope: they differ in the height of basal
membrane of peristome (very low, 1-2 cell rows in S.
submontana vs. higher, 3-6 cell rows in S. sinensis, see
Fig. 5: 1-2) and, in most cases, in the hair-point length
(0.5-1.5 mm in S. submontana vs. 0.1-0.3 mm in S. sin-
ensis). Leaf margins are more strongly recurved almost
to the apex in S. submontana, whereas they are less re-
curved in proximal 1/2-2/3 of leaf length in S. sinensis.
There is also a stable difference in structure details of
male inflorescences. In S. submontana, perigonial leaves
are lacking and antheridia with paraphyses form a com-
pact group just below the perichaetium (Fig. 5: 3), more
rarely at some distance below. In S. sinensis, perigonia
are bud-like, covered by small, obtuse perigonial leaves
(Fig. 5: 4), usually situated at some distance below per-
ichaetia. If the plants of S. submontana are dioicous, male
inflorescences are also naked, lateral or subterminal. The
most difficult case is if sporophytes are lacking or imma-
ture, perigonia are not found and awns exceed 0.5 mm:
such plants can be attributed both to S. submontana and
to long-awned S. sinensis. In this case, leaf margin re-
curvation (longer in S. submontana) can be helpful, but
such plants cannot be identified with certainty.

Ecology. The species grows in similar habitats to S.

sinensis, but generally in more xeric areas. In Transbaika-
lia, it prefers dry cliffs and rock outcrops at slope bases,
boulders and rocks in open birch forests, more rarely it
grows on trunk bases of birch and elm trees and once it
was found on woody roof of a shed. In Altai it was col-
lected on dry rocks and cliff crevices, both open and for-
ested, once it was found on soil along a road and at base
of birch trunk. In Dagestan it grows exclusively on dry
calcareous rocks and cliffs, contrary to S. sinensis wich
is often found also on trees in this area. Elevations range
was documented between 600-1200 m in Transbaikalia,
450-2100 m in Altai and 1700-2300 in the Caucasus.

Distribution. The distribution of Syntrichia submon-
tana includes mountain areas of China (Xizang, Yun-
nan, Shaanxi, Sichuan, Gansu, Hebei and Xinjiang Pro-
vincies), Mongolia (almost throughout the country), Kyr-
gyzstan and Tajikistan. In Asiatic Russia, the species is
common in southern part of Zabaikalsky Territory and
was also found in western part of Irkutsk Province and
Buryatia, in Tyva and in several localities in Altai Re-
public, mostly in rather xeric areas along tributaries of
Chuya River and Chulyshman Rivers. It is also common
at places in eastern Caucasus (Dagestan) and found once
in Karachaevo-Cherkessian Republic.

Specimens examined: CHINA: Kansu occidentalis, ad fluv.
Bardun-fischii, 11.V.1886, Potanin s.n. (LE); [Hebei Prov.],
Weichang, X. 1899, Palibin s.n. (LE); prov. Kansu occ., ad. fl.
Solomo vallis fl. Bardun, 16.V.1886, Polunin s.n. (LE); Prov.
Szechuan, Mt. Omei, Ching-ding, ca 3000 m. ad rupes regions
subalpinae, subskiophila, Photophila. c.sp., VIII. 1942, Chen
s.n. (LE); Xizang (31°18.5°N, 97°58.54°E), 3.VIIL.2001, Miwa
& Y. Yia 3825 (PE). MONGOLIA: Kosogol Lake, 2.VIL.1902,
Elenkin s.n. (LE); Hangai, 20.V11.1972, Tsogt & Kukk 32 (LE);
Selenginsky aymag, Buteleeliyn nuruu Ridge, 25.VIII.1974,
Tsegmed 2171 (LE); Ubsu-Nurski aymag, Turgen Ridge,
7.VIIL.1973, Tsegmed 380 (LE); Arkhangai Aimag, Sumein-am
Mt., 9.VIL.1970, Tsogt s.n. (MHA); Bayankhongor Aimag, 43
km W of Bayan-Undur somon, 27.VII1.1972, Tsogt & Kukk 393
(MHA); Bayan-Hongor Province, between Ikh-Bogd and Baga-
Bogd Mts, Ignatov 01-652 (MHA); Khangai Mts, Egiin-Daba
pass, Chulutu-gol River, 5.VIII.1973, Golubkova & Tsogt s.n.
(MHA); Khangai, 7 km N of Tarialei somon, 22.VI1.1972, Tsogt
& Kukk 32 (MHA); Bulgan Aimag, Khutag somon, Altaid Riv-
er mouth, 7.VI11.1974, Tsegmed 1768 (MHA); Omnogovi Prov-
ince, Gurvansaikhan National Park, Ignatov 01-658, 01-661,
01-654 (MHA); Ovorhangai Province, 10 km N of Arvanheir,
Ongi River, Ignatov 01-651, 01-656 (MHA); Dungovi Prov-
ince, Aerdaenaedalai somon, Ignatov 01-660 (MHA).

ASIATIC RUSSIA: Irkutsk Province: Tunkinsky District,
Sayan Mts, Nilova pustyn’, 30.V.1902, Elenkin s.n. (LE); west-
ern shore of Baikal Lake, Bolshie Koty, 11.1X.1981, Filin s.n.
(MW); Slyudyanka District, Kultuk, Kosovich-Anderson B-741
(MHA). Republic of Buryatia: East Sayan Mts, upper Oka River,
Dodo-Zhahna village, 2.VI1.2008 (with S. sinensis), Afonina
00708 (LE); Arshan Settlement (51°46°N, 102°27°E), 1100 m
alt., 15.VIIL.1993, Shevyreva & Konovalova s.n. (MHA). Za-
baikalsky Territory (selected specimens): Aksha District, Tsa-
gan-Olui Settlement, 12.X.1909, Mikhno s.n. (LE); near Agin-
skoe Settlement, left bank of Aga River (51°07°N, 114°40’E),
15.VI1.2006, Afonina 4706 (LE); right bank of Ingoda River 5
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1"
Fig. 4. Syntrichia sinensis (MUll. Hal.) Ochyra (1-10, 14-16 — from: Russia, Dagestan, Gunib, Ignatov & Ignatova #09-2535,
MW; 11 — from: Russia, Altai, Chemal, Ignatov & Ignatova 34/109, MHA; 12 — from: Russia, Primorsky Territory, Chandolaz,
Ignatov et al. 06-2825 MHA; 13 — from: Russia, Altai Republic, Teletzkoe Lake, 3.V1.1989, Ignatov s.n. (MHA). 1 — habit, dry;
2 — capsule; 3 — habit, wet; 4 — transverse section of costa; 5 — leaf transverse section at margin; 6 — median laminal cells; 7, 9,
15 — leaves; 8 — bud-like perigonium; 10 — basal laminal cells; 11-14 — leaf hair-points; 16 — stem transverse section. Scale bars:
1 em for 3; 2 mm for 1-2; 1 mm for 7, 9, 15; 0.5 mm for 11-14; 200 um for §; 100 wm for 4-6, 10, 14.
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km S of Darasun railway station (51°52°N, 113°43’E), 658 m
alt., on rocks, 14.VI1.2007, Afonina 05107 (LE); National Park
“Alhanay” (50°50°N, 113°22°E), 1048 m alt., 24.VI1.2007, Afon-
ina 08307 (LE); Sokhondinsky Reserve, Enda River
(49°26°39”N, 110°50°55”E), 1162 m alt., 24.VII1.2011, Afonina
5911 (LE); same place, 24.VI11.2011, Afonina 6011 (LE); Enda
River, Khukhe-Baytsa Creek (49°28°17”N, 110°51°58”E), 1214
m. alt., 27.VIIL.2011, Afonina 7511 (LE); Tyva Republic: Erzin-
sky District, Tara-Khol” Lake, 13.1X.2003, Korobkov s.n. (LE).
Altai Republic: Argut canyon, 23.VIL.1903, Krylov s.n. (LE);
Ongudai District, Malyj Yaloman Creek (50°28°N, 86°33’E),
900 m alt., 31.VIL.1991, Ignatov & Ignatova 25/119 (MHA);
Chulyshman River valley, Yazula (50°38°N, 88°58’E), 1700 m
alt., 25.V1.1989, Ignatov 0/1547 (MHA); Ongudai District, Chuya
River, Belyj Bom, Sadaklar Creek (50°22°10”N, 87°02°20”E),
920 m alt., Seregin & Seregina M-2222 (MW); Kosh-Agach
District, Severo-Chuisky Mt. Range, Chibit, Oroi Creek
(50°15°00”N, 87°29°30”E), 2060 m alt., Seregin & Seregina M-
2164 (MW). CAUCASUS: Dagestan: Charoda District, Gunukh
(42°13°N, 46°41°E), 2200 m alt., Abakarova & Ignatov 11-2012
(MHA); Charoda District, Urukh-Sota (42° 18°N, 46°46’E), 2300
m alt., Ignatov & Abakarova 11-7 (MHA); Gunib District, Gunib
(42°25°N, 46°55°E), 1760 m alt., Ignatov & Ignatova 09-56,
09-542 (MHA). Karachaevo-Cherkessian Republic, Gudgora,
(43°43°N, 42°19’E), 2200 m alt., on soil in cracks of rock,
14.VI11.2010, Ukrainskaya s.n. (LE).

Syntrichia sinensis (Miill. Hal.) Ochyra, Fragm. Flo-
rist. Geobot. 37: 213. 1992. — Barbula sinensis Miill.
Hal., Nuovo Giorn. Bot. Ital., n. s. 3: 100. 1896. — Tortu-
la sinensis (Mill. Hal.) Broth., Nuovo Giorn. Bot. Ital.
13: 279. 1906. Neotype: China interior, Provincia Shen-
si sept., in monte Lao-y-san, Mart. 1896, legit Rev. Jos.
Giraldi, determ. Prof. C. Miller sub n. 1382 (H-BR
4205016).

Barbula alpina Bruch & Schimp., Bryol. Eur. 2: 101.
1842, nom. illeg. [non Barbula alpina Steud., Nomencl.
Bot. 2: 71. 1824.]. — Tortula alpina (Bruch & Schimp.)
Bruch., Musci Frond. Exsic.: 163. 1843. — Syntrichia
alpina (Bruch. & Schimp.) Jur., Laubm.-F1. Oesterr.-
Ung.: 1939. 1882.

Barbula brachypila Miill. Hal., Nuovo Giorn. Bot.
Ital., n.s. 5: 181. 1898.

Barbula erythrotricha Miill. Hal., Nuovo Giorn. Bot.
Ital., n.s. 5: 181. 1898. Lectotype (designated by Chen,
1940): China interior, Provincia Shen-si sept., in monte
Lao-y-huo prope Schan-gen-ze, 12 Mart. 1897, legit Rev.
Jos. Giraldi, determ. Prof. C. Mller sub n. 1800 (H-BR
4205010).

Figs4,5: 1, 4-7

Plants small to medium-sized, in dense or loose tufts,
dark green above, reddish-brown below. Stem 4-15 mm,
erect, irregularly branched, weakly tomentose, with cen-
tral strand, sclerodermis of 1-2 layers of cells with slightly
thickened brownish walls and weakly developed hyalo-
dermis. Leaves densely arranged, appressed and spirally
twisted when dry, generally spreading or patent when
moist, lingulate-spathulate, not or weakly constricted at
midleaf, 2.0-3.5%0.7-1.5 mm, apex rounded; margins en-

tire, plane in distal part and weakly recurved at proxi-
mal 1/2(-2/3) or only at mid-leaf; costa strong, reddish-
brown, 60-90 um wide at base, weakly tapering distally,
smooth on dorsal side, ending in a short or, occasional-
ly, moderately long, 0.1-05(-0.8) mm, weakly denticu-
late reddish-brown awn, strongly convex dorsally, in
transverse section with one layer of guide cells, two lay-
ers of smaller adaxial cells, ventral surface papillose,
abaxial stereid band of 3-4 cell layers, with hydroids;
lamina unistratose, upper and mid-lamina cells round-
quadrate or hexagonal, 12.5-20x(10-)12-20 um, with 6-
8(-12) papillae per cell, bifurcate, not pedicellate, 2.5
pm high; basal juxtacostal cells rectangular, 50-
115%17.5-35 pum, thin-walled, sometimes weakly col-
lenchymatose, forming a clearly differentiated hyaline
area, basal marginal cells shorter and narrower, chloro-
phyllose. Autoicous. Inner perichaetial leaves smaller
and narrower than stem leaves (ca. 1.5x0.6 mm). Anther-
idia bud-like, perigonial leaves with blunt apices, peri-
gonia situated at some distance below perichaetium. Seta
erect, reddish brown, 1-1.5 cm long, spirally twisted.
Capsule reddish brown, 2.5-3.5 mm, cylindrical, straight
or slightly curved; operculum long conical, 1.2-1.4 mm
long; basal membrane of 3-6 rows of cells, 0.09-0.16(-0.2)
mm high. Spores 12-18 pum, finely papillose.

Variability. Syntrichia sinensis possesses a consid-
erable variability of leaf hair-point (see also discussion
on p. 16). In all specimens from Europe available for
our study length of hair-points do not exceed 0.5 mm in
perichaetial leaves and they are usually shorter, 0.1-0.3
mm, in stem leaves. It is in an agreement with descrip-
tions by European authors, e.g., Gallego, 2005). At the
same time, in specimens from China hair-points are of-
ten longer, up to 0.8 mm. In Russia, specimens with
short hair-points are much more frequent; only few long-
pointed collections were made in the Russian Far East,
Khakassia and Altai (in the latter mostly at places with
milder and wetter climate).

Differentiation. Differences from S. submontana are
discussed under the latter species. A combination of short
awns (to 0.3 mm in most cases), mostly reddish-brown,
and comparatively low basal membrane of peristome
(consisting of 3-6 rows of cells) readily separates it from
fruiting S. laevipila s. str., which is characterized by
longer (0.5-1.0 mm) and mostly hyaline awns and high-
er basal membrane (10-20 rows of cells). However, it is
more difficult to separate sterile plants of S. sinensis from
dioicous and always lacking sporophytes S. pagorum;
most helpful characters are recurved leaf margins to 2/3
the leaf length in S. sinensis vs. mostly plane or only
weakly recurved at mid-leaf margins of S. pagorum, as
well as absence of brood leaves in S. sinensis vs. their
frequent occurrence in S. pagorum, formed in abundance
in axils of upper leaves and on the top of shoot.

Ecology. The species occurs in mesic to rather xeric
environments. In Siberia, it largely prefers rocks, espe-



Fig. 5. 1, 4 — Syntrichia sinensis (MUll. Hal.) Ochyra (from: Rus-
sia, Dagestan, Gunib, Ukrainskaya 14110, LE): 2-3 — S. submontana
Broth. (from: Russia, Zabaikalsky Territory, Afonina 5811, LE); 5 —
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Barbula brachypila Miill. Hal. (China interior, Provincia Shen-si sept.,
prope In-Kia-po, 23 Aug. 1846, legit Rev. Jos. Giraldi, determ. Prof.

C. Muller sub n. 1804, LE); 6 — neotype of Barbula sinensis MUII.

Hal. (China interior, Provincia Shen-si sept., in monte Lao-y-san, Mart. 1896, legit Rev. Jos. Giraldi, determ. Prof. C. Muller sub
n. 1382, H-BR 4205016); 7 —lectotype of Barbula erythrotricha MUll. Hal. (China interior, Provincia Shen-si sept., in monte Lao-y-huo
prope Schan-gen-ze, 12 Mart. 1897, legit Rev. Jos. Giraldi, determ. Prof. C. MUller sub n. 1800, H-BR 4205010); 8 — holotype of Tortula
submontana Broth. (Turkestan, Or-Tokai — Kutemaldu, 7.VI.1898 leg. & det. V.F. Brotherus, H 3148373). 1-2 — peristomes; 3—4 —
perigonia; 5-8 — distal portions of leaf with hair-point. Scale bars: 0.5 mm for 5-8; 200 um for 1-4.
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cially rock outcrops in open forests, more rarely in open
places. It was collected mostly at middle elevations (500-
900 m in Zabaikalsky Territory, to 1400 m in Buryatia,
400-1000 m in Altai Mts, and 1100-2200 m in the Cau-
casus). In Manhan Mountains in Inner Mongolia, Chi-
na, however, S. sinensis is a common epiphyte and in
Altai Mts there are also collections from Salix, Populus,
Sorbus, and Betula. Even more common this species is
on trees in Dagestan: on Juglans, Pyrus, Prunus, Salix
and Carpinus.

Distribution. Syntrichia sinensis has its main distri-
bution in Central and Northern Asia, including China
(Lietal.,2001), Japan (Noguchi & Iwatsuki, 1988), Mon-
golia (Tsegmed, 2010), Kazakhstan, Turkmenistan, Tajik-
istan and Kyrgyzstan (Mamatkulov et al., 1998; Igna-
tov, Afonina, Ignatova et al., 2006), with its northern
limit in continental part of the southern Russian Far East
and southern Siberia from Transbaikalia to Altai Repub-
lic, being not rare in Transbaikalia and Altai. In the Cau-
casus, S. sinensis was reported from Georgia (Chikovani
& Svanidze, 2004), Armenia (Manakyan, 1995), and Az-
erbaijan (Lyubarskaya, 1986). In Europe it is known from
Germany (Diill & Meinunger, 1989), Austria (Kockinger
et al., 2008), Poland (Ochyra ef al., 2003) and Mediterra-
nean countries (Cyprus, Italy, France, NE Spain, Slove-
nia, Tunisia and Turkey: Gallego, 2005; Pavleti¢, 1955;
Ros et al.,2013). Syntrichia sinensis also occurs in a restric-
ted area in North America, Rocky Mountains in Colorado
and New Mexico, where it was only recently discovered
(Mishler, 2007).

Selected specimens examined: Specimens collected by J.
Giraldi in Schen-si Province, China: sub Barbula sinensis
Miill. Hal.: in monte Lao-y-san Mart 1896, det. C. Miiller 1382
(H-BR 4205016); in monte Fui-Kio-san,18 Oct.1896, det. C.
Miiller 1805 (H-BR 4205015); in monte Kuan-tou-san, 5 Nov.
1896, det. C.Miiller 1810 (H-BR 4205019); in monte Tui-Kio-
san, 20 Oct.1896, det. Brotherus (H-BR4205017); in monte
Tui-Kio-san, 7 Sept. 1896, det. Brotherus (H-BR 4205021); in
monte Tui-Kio-san, 19 Oct. 1896, det. Brotherus (H-BR
4205022); in monte Tui-Kio-san, 17 Sept.1896, coll. det. Broth-
erus (H-BR 4205024); sub Barbula erythrotricha Miill. Hal.:
Lao-y-huo prope Schan-gen-ze, 12 Mart 1897, det C. Miiller
1800 (H-Br 4205010); in loco dicto Zu-lu, 27.0kt. 1896, det.
C. Miiller 1803 (H-Br 4205012, FI); in loco non notato, Sept
1896, det. C. Miiller 1802 (H-Br 4205011, FI); prope In-Kia-
po, 25 Aug 1896, det. Brotherus (H-Br 4205001); in monte
Kuan-tou-san, Oct.1897, det. Brotherus (H-Br 4205014); in
monte Kan-y-san (calena Sao-y-san), 2 May 1899, det. Broth-
erus (H-Br4205020); prope In-Kia-po, 16 Oct. 1897, det. Broth-
erus (H-Br 4205002, FI); Zu-lu, 13 Oct. 1898, det.Brotherus
(H-Br 4205003, FI); Sao-y-san, 1897, det. Brotherus (H-Br
420500); in monte Miao-Wang-san, Jul.1899, det.Brotherus (H-
Br 4205005); Han-sun-fu, Oct.1899, det. Brotherus (H-Br
4205006); Han-sun-fu, Sept.1898, det. Brotherus (H-Br
4205007, FI); prope In-Kia-po, 27 Mart 1896, det. Brotherus
(H-Br 4205008, FI); prope In-Kia-po, 22 Oct 1897, det. Broth-
erus (H-Br 4205009, FI); sub Barbula brachypila Miill. Hal.:
prope In-Kia-po, 23 Aug. 1896, det. C. Miiller 1804 (LE).

CHINA: Inner Mongolia: NE of Huhhot, Yingshan Moun-
tains, Manhan Mt., Ignatov 08-510 (MW). MONGOLIA: Khub-
sugul aimag, Renchinlkhumbe somon, Arasain gol River, Ul-
aankhal Mt., Enkhzhargal 1753 (MHA); Khubsugul aimag, Tsa-
gaan nuur somon, Darkhat depression, Enkhzhargal 1200 (MHA).

ASIATIC RUSSIA: Altai Republic: Teletskoe Lake,
3.V1.1989, Ignatov 87 (LE, MHA); Chulyshman River valley
8-10 km upstream Chulcha River mouth, Ignatov & Ignatova
12-460 (MW); Chulcha River valley, Ignatov 9/20 (MHA); On-
gudai District, Malyj Yaloman, 4.VII1.2000, Ignatova s.n.
(MW); Ongudai District, Chuya River, Belyj Bom, Sadaklar
Creek, Seregin & Seregina M-2228 (MHA); Katun River val-
ley 2 km upstream Bijka Creek, Ignatov & Ignatova 34/54
(MHA); Shebalino District, Katun River valley 10 km upstream
Chemal, Ignatov & Ignatova 34/118 (MHA); Shebalino Dis-
trict, Katun River valley near Ust-Sema, Ignatov & Ignatova
24/52 (MHA). Khakassia: Shirinsk District, Efremenko Set-
tlement, 6.V1.1970, Vasil'ev s.n. (LE). Irkutsk Province: west-
ern shore of Baikal Lake, Bol’shie Koty, 11.1X.1981, Filin s.n.
(MW). Buryatia: Kyahta District, vicinity of Chikoy Settle-
ment, 2.VI.1985, Bardunov s.n. (IRK, LE); East Sayan Mts,
upper of Oka River, Dodo-Zhahna village, 2.VII.2008 (with S.
longimucronata), Afonina #0708 (LE). Zabaikal’sky Territo-
ry: Akscha District, Bukukun Settlement, 2.111.1910, Mikhno
s.n. (LE); Gazimurovsky Zavod, limestone outcrops, 23.VIII.1963,
Bardunov s.n. (IRK, LE); Nerchinsky Zavod District, Serebry-
anka Creek, 1.IX.1963, Bardunov s.n. (IRK, LE); Nerchinsky
Zavod, 7.VII1.1989, Bardunov s.n. (IRK, LE); Duldurga Dis-
trict, National park “Alkhanay”, 8.VI1.2006, Afonina # 1606
(LE); Nizhny Tsasuchei, rocks along bank of Onon River,
18.VIL.2006, Afonina 5306 (LE); Kyra District, 8 km NW of
Mangut Settlement, 25.VI1.2006, Afonina 7306 (LE); right bank
of Ingoda River 5 km S of Darasun railway station (with S.
longimucronata), 14.V11.2007, Afonina 05107 (LE) Kyra Dis-
trict, Sokhondinsky Reserve (with S. longimucronata), 24. VII11.2011,
Afonina 6011 (LE); Sretensk District, Kyrenga River, 19.VI1.2012,
Afonina 1812 (LE); Gazimuro-Zavodsky District, circa 12 km
SW of Batakan Settlement, 23.VI1.2012, Afonina 3512 (LE);
Kalar District, right bank of Vitim River near hassing point
“Vitim River”, 29.VI. 20013, Afonina 0113 (LE). Amurskaya
Province: Zeisky Nature Reserve, Tukuringra Mt. Range, Du-
dov & Kotel 'nikova 2013 Br 0341 (MW). Primorsky Terri-
tory: Suchuan River Basin, Ekaterinovka Settlement,
4.1X.1913, Komarov s.n. (LE); Chernigovsk District, Lunza Set-
tlement, 3.X.1934, Lazarenko s.n. (LE); Partizansk District,
Lozovyj Range, Chandolaz Mt., Ignatov et al. 06-2778 (MW);
Lozo District, Gavrilov Klyuch, Ignatov 07-73 (MW); Chu-
guevka District, Izvilinka River 5 km downstream Bereznyaki,
Ignatov 07-500 (MHA). CAUCASUS: Adygeya: Malaya Laba,
Pastbischnyi Range, 27.VII1.1945, Karpov s.n. (LE); Dagestan:
Gunib, 25.V.2009, Ukrainskaya 14286 (LE); same place, sur-
roundings of Mountain botaniacal garden, Ignatov & Ignatova
09-680, 09-582, 09-213, 09-255 (MW); Gunib District, Keger,
Ignatov & Abakarova 11-153 (MW); Charoda District, Gunukh,
Ignatov & Abakarova 11-4, 11-159 (MW); Charoda District,
Urukh-Sota, Ignatov & Abakarova 11-334 (MHA); Tsudakhar,
Sana Creek, Ignatov & Abakarova 11-385 (MHA). Kabardino-
Balkaria: Cherek-Balkarsky River valley, Verkhnyaya Balkar-
ia, Ignatov et al. 05-1862 (MW); Cherek-Bezengijsky, 3 km up-
stream Bezengi, 3.VII1.2004, Ignatov et al. s.n. (MHA). Kara-
chaevo-Cherkessian Republic: Dolina narzanov, 12.VI1.2010,
Ukrainskaya 14716 (LE); Teberdinsky Nature Reserve, Shumka
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Creek, Ignatov & Ignatova 05-1041 (MW); Verkhnayaya Teber-
da, Onipchenko 45/95 (MW); Karachaevsk surroundings,
4.V.2001, Onipchenko s.n. (MW).
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Appendix 1. Genbank accession numbers and voucher specimen data of Syntrichia specimens other than taken from

Genbank.

S. caninervis

S. caninervis

S. caninervis
var. astrakhanica
S. caninervis
var. astrakhanica
S. caninervis
var. astrakhanica
S. caninervis
var. astrakhanica
S. laevipila

S. laevipila

S. laevipila

S. montana

S. pagorum

S. pagorum

S. pagorum

S. pagorum

S. pagorum

S. pagorum

S. pagorum

S. pagorum

S. papillosissima
S. princeps

S. princeps

S. princeps
ruralis
ruralis

. Sinensis
sinensis
sinensis
sinensis
sinensis
sinensis
sinensis
sinensis
sinensis
submontana
submontana
submontana
submontana
submontana
submontana
submontana
submontana

. virescens

. virescens

. virescens

M hhnnhhhhnhn

O.M. AFONINA, E.A. IGNATOVA, V.E. FEDOSOV & O.1. KUZNETSOVA

Dagestan
Mongolia

Astrakhan
Mongolia
Taimyr

Ryazan
Krasnodarsky 1
Krasnodarsky 2
Krasnodarsky 3
Dagestan
Australia

Kabardino-Balkaria

Khakassia
Mongolia
Yakutia
Zabaikalsky 1
Zabaikalsky 2
Zabaikalsky 3
Dagestan
California
Kazakhstan
Turkmenistan
Altai

Taimyr

Altai 1

Altai 2
Amurskaya
Dagestan
Primorsky
Zabaikalsky 1
Zabaikalsky 2
Zabaikalsky 3
China

Altai
Dagestan
Tyva
Zabaikalsky
Irkutsk
China
Khakassia
Mongolia
Kaliningrad
Krasnodarsky
Orenburg

Russia, Dagestan, Ignatov & Abakarova 11-102 (MHA)
Mongolia, Ignatov 01-663 (MHA)

Russia, Astrakhan Province, 3.V.1997, Suragina s.n. (MHA)
Mongolia, Ignatov #01-669 (MHA)
Russia, Taimyr, Fedosov 05-547 (MW)

Russia, Ryazan 4.VII1.2009 Volosnova s.n. (MHA)

Russia, Krasnodar Territory, Ignatov & Ignatova 05-598 (MW)
Russia, Krasnodar Territory, Ignatov & Ignatova 05-68 (MW)
Russia, Krasnodar Territory, Ignatov & Ignatova 05-466 (MW)
Russia, Dagestan, Fedosov 10-2-335 (MW)

Australia, 18.X11.1993, Streimann 53305 (MHA)

Russia, Kabardino-Balkaria, Ignatov et al. 05-1540 (MW)

Russia, Khakassia, Abakan, Ignatov & Spirina 11-5033 (MHA)
Mongolia, Ignatov 01-768 (MHA)

Russia, Yakutia, Lenskie Stolby, 20.VIIL.2001, Krivoshapkin s.n.(MW)
Russia, Zabaikalsky Territory, 9.VIIL.2011, Afonina s.n. (LE, MHA)
Russia, Zabaikalsky Territory, Afonina 1711 (LE, MHA)

Russia, Zabaikalsky Territory, Afonina 1011 (LE)

Russia, Dagestan, Abakarova 11-168 (MHA)

U.S.A., California, 5.VIII.1989, Ignatov s.n. (MHA)

Kazakhstan., Aksu-Dzabagly, IV.1979, Neshataeva s.n. (MHA)
Turkmenistan, Syunt-Khasardag, 13.1V.1989, Levitskaya s.n. (MHA)
Russia, Altai Republic, Bogoyash, Ignatov 36/266 (MHA)

Russia, Taimyr, Ereechka, Fedosov 13-3-0905 (MW)

Russia, Altai Republic, Teletzkoe Lake, 3.V1.1989, Ignatov s.n. (MHA)
Russia, Altai Republic, Chemal, Ignatov & Ignatova 34/109. (MHA)
Russia, Amurskaya Province, Dudov & Kotel nikova 2013_Br 0341 (MW)
Russia, Dagestan, Abakarova & Ignatov 11-361 (MHA)

Russia, Primorsky Territory, Chandolaz, Ignatov et al. 06-2825 (MHA)
Russia, Zabaikalsky Territory, Afonina 5306 (LE)

Russia, Zabaikalsky Territory, Afonina 7206 (LE)

Russia, Zabaikalsky Territory, 7.VII.1989, Bardunov s.n. (LE)
China, Inner Mongolia, Manhan Mt., Ignatov 08-510 (MHA)
Russia, Altai, Malyj Yaloman, Ignatov & Ignatova 25/119 (MHA)
Russia, Dagestan, Abakarova & Ignatov 11-477 (MHA)

Russia, Tyva, 13.1X.2003, Korobkov s.n. (LE)

Russia, Zabaikalsky Territory, Afonina 1110 (LE)

Russia, Irkutsk Province, Baikal Lake, 14.1X.1982, Filin s.n. (MW)
China, Xizang, Miwa & Y. Yia 2004080324 (PE)

Russia, Khakassia, Abakan, Ignatov & Spirina 11-5042 (MHA)
Mongolia, Gurvan-Saikhan, Ignatov 01-658 (MHA)

Russia, Kaliningrad Province, 10.VIL.2005, Dolnik s.n. (MHA)
Russia, Krasnodar Territory, Ignatov & Ignatova 05-206 (MHA)
Russia, Orenburg Province, 3.V.2005, Notov s.n. (MHA)

KM381996
KM381997

KM381998

KM381999

KM382037

KM382036
KM382000
KM382001
KM382002
KM382003
KM382004
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KM382008
KM382009
KM382010
KM382011
KM382012
KM382013
KM382014
KM382015
KM382016
KM382017
KM382018
KM382019
KM382020
KM382021
KM382022
KM382023
KM382024
KM382025
KM382026
KM382027
KM382028
KM382029
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KM382038
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