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Abstract

Two species of Syntrichia—S. caninervis and S. pseudohandelii—with bistratose leaf lamina and
pedicellate, branched papillae on dorsal side of costae occur in Russia. Syntrichia caninervis is spo-
radically distributed in European Russia in areas with limestone bedrocks, being especially frequent in
its xeric south-eastern regions. In Asian Russia, it is much rarer, known from few localities in Altai,
Buryatia, Taimyr, and Yakutia. Intraspecific variation of S. caninervis includes a development of rhiz-
oidal gemmae, which is more frequent than it was thought previously, being especially regular in
damaged plants. We found no differences in nrITS and cp rp/16 and atpB-rbcL between plants bearing
and lacking gemmae, as well as between plants having almost completely bistratose leaf lamina and
those having predominantly or even totally unistratose leaves. Syntrichia pseudohandelii occurs on
Russia only in south-eastern European Russia and East Caucasus, being very rare in these areas.
Molecular phylogenetic analysis of nrITS resolved S. caninervis in a clade sister to the S. ruralis
complex while in the latter S. pseudohandelii clade is sister to all other species of this complex. The
analysis of plastid atpB-rbcL also supports the species identity of S. pseudohandelii and its position
within S. ruralis complex. Morphologically S. pseudohandelii combines features of S. ruralis s.1. and
S. caninervis, and it is a well delimited species, despite more variable as it was previously thought.

Pesiome

B Poccun Bctpeuarotcs nBa Buna Syntrichia ¢ ABYCIIOWHOM IIACTUHKOM JIMCTA U BBICOKUMHU pPa3-
BETBJICHHBIMH TIAIIMJIIAMU HA IOPCATbHOM CTOPOHE )WIKU — S. caninervis u S. pseudohandelii. Syntrichia
caninervis IMEeT CIIOpaJITIeCKOe pacpoCcTpaHEeHUE B eBpoIielickoit Poccuu, B paiioHax BBIXOJIOB H3BECTHSIKOB,
BCTPEYasich 0COOCHHO YacTo B 3aCYLUIMBBIX PErMOHAX IOT0-BOCTOKA; B a3MaTCKoi yacTu Poccuu 10T BUA
3HAYUTENBHO O0JIee PEIOK, OH U3BECTEH U3 HECKOJIBKUX MECTOHAXOXK IeHUI Ha Antae, B bypstuu, Ha Taiimbipe
¥ B SIkyTnn. 31ech Mbl 00CYyK1aeM BHYTPHBHIOBYIO BApUaOeIbHOCTD S. caninervis Ha IpuMepe o0pasIios
m3 Poccun. BeisiBiieHo, 4t0 y S. caninervis BBIBOAKOBBIE TeJla HAa PU30U/IaX BCTPEUAFOTCS Yallle, Y4eM CIUTAIOCH
paHee; 0COOSHHO YacTo OHM 00Pa3yIOTCs Ha MOBPEKICHHBIX pacTeHusX. Hamu He ObUI0 HaiiieHo oTInauii
B anepHoM ITS Mexay pacTeHHsAMU ¢ BBIBOAKOBBIMU TeJIaMH M 0€3 HHX, a TaKKe MEXKIy PACTCHUSIMH C
ITOYTH ITOJIHOCTBIO }IByCHOFIHOﬁ HHaCTHHKOﬁ JIMCTAa U PACTCHUAMU C IOJTHOCTBIO WJIM NMPEUMYIIECTBEHHO
OJIHOCJIOWHO# TIACTHHKO, UMEIOoNIel eIMHIYHbIC JBYCIIOiHbBIe yuacTKu. Syntrichia pseudohandelii
IPUBOMIIACH IS FOTO-BOCTOKA eBporielickoil Poccuu u poccuiickoii yactu KaBkasa, ofHako OHa O4eHb
pefika B 3TUX peruoHax. MoeKyIapHO-(GUIOreHeTHUECKHI aHaAIM3 TOCIeIoBaTeIbHOCTEH simepHoro I TS
nokasai, 4to S. caninervis o0pasyeT Kiaay, CeCTPUHCKYIO KoMIuiekcy S. ruralis, B KOTOpoM Kiaaa S.
pseudohandelii HaxoquTcst B 6a3aJIbHOM MOJIOKEHHUU [0 OTHOIICHUIO KO BCEM OCTAJIbHBIM BHIAM 3TOTO
KOMILIeKca. AHAJIN3 INIACTH/IHOTO Mapkepa atpB—rbcL Taoke ojiepyKUBaeT BUIOBYIO CAMOMTOSITENIBHOCTD
S. pseudohandelii n ero nonoxenne BHyTpH Komiutekca S. ruralis. B S. pseudohandelii coueraiorcs
Mopdonorndeckue npusHaku S. ruralis s.l. u S. caninervis, 1 oHa SBISETCS CAMOCTOSATEIBHBIM, XOPOLIO
OTTPaHUYCHHBIM BHJIOM, XOTSI M HECKOJIBKO Oojiee BapraOeabHBIM, UM CUHTAIOCh paHee.
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INTRODUCTION (Ignatova & Afonina, 2025), 22 in Europe (Hodgetts et
Syntrichia Brid. is a moderately large genus with 87  al., 2020), and only 6 species in China (Li ef al., 2001).
(Jauregui-Lazo et al., 2022) or 101 (Brinda & Atwood, In temperate and cold regions of Northern Hemisphere,

2026) accepted species. In regional floras of Holarctic,  the most widespread are terrestrial species of the Syntri-
its species diversity is not very high: 17 species in North  chia ruralis (Hedw.) F. Weber & D. Mohr and related spe-
America North of Mexico (Mishler, 2007), 16 in Russia  cies, in some regions being an important component of
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certain types of xerophytic vegetation (Mishler, 1987; Jau-
regui-Lazo et al., 2022). Since the 19th century, taxonom-
ic literature on this group was full of disagreements re-
garding the status of some species, which were accepted
by some authors for areas studied by them, while other
authors in different regions treated them as subspecies or
varieties. The recent morpho-molecular revision of the
Syntrichia ruralis complex in Scandinavia (Hedends et
al.,2019) provided an overview of approaches to such dis-
putable species and demonstrated that the molecular evi-
dences support for most of them a narrow species delimi-
tation, albeit some inconsistences in sequence data may
indicate an occasional hybridization events.

The complex of terrestrial Syntrichia species that are
characterized by bistratose leaf laminae, hereafter Syn-
trichia caninervis complex, was another point of disagree-
ments. Kramer (1980) recognized in this complex, that
time still classified in Tortula, four species: T. caninervis
(Mitt.) Broth., 7. handelii Schiffn., T. pseudohandelii J.
Froehl., and 7. rigescens Broth. & Geh., the two former
species also having infraspecific taxa.

Shortly after that, the Syntrichia caninervis group was
in a focus of special study by Gallego et al. (2002), who
accepted in it three species: S. handelii (Schiffn.) Ba-
churina, S. rigescens (Broth. & Geh.) Ochyra, and S.
caninervis Mitt. with four varieties: var. abranchesii (Lu-
isier) R.H.Zander, var. caninervis, var. gypsophila
(J.J.Amann ex G.Roth) Ochyra, and var. pseudodeser-
torum (Vondr.) M.T. Gallego. The latter variety included
as a synonym S. pseudohandelii (J. Froechl.) S. Agnew
& Vondr., opposing to the opinion of Agnew & Vondracek
(1975) and Kramer (1980) who treated S. pseudohandelii
as a separate species.

Gallego et al. (2002) claimed that intermediates be-
tween typical S. caninervis and S. pseudohandelii occur,
so they are not separate species, while Kramer (1980) con-
sidered the latter as a species of its own, not a hybrid, and
in the subsequent ‘second edition” of his monograph stat-
ed that he could always separate S. pseudohandelii from
S. caninervis and did not see any transitional morpho-
types between them (Kramer, 2023, p. 99).

Recent studies of the genus based on integrative ap-
proach that involved both rich molecular and morpho-
logical investigations accepted S. pseudohandelii as a
separate species. However, its position in the phyloge-
netic reconstructions varied.

The analysis of Hedenés et al. (2019) included 174
samples of Syntrichia; it was addressed mostly to the
Scandinavian plants of the Syntrichia ruralis complex,
but several samples of other species from different re-
gions were also added. Among them were S. caninervis
(3 samples), S. handelii (2), S. pseudohandelii (1), and
S. rigescens (2). The NeighborNet split network for nu-
clear ITS1 and two plastid loci, atpB—rbcL and rp/16
found that S. handelii and S. pseudohandelii are closely
related to the Scandinavian S. ruralis species complex.
At the same time, S. caninervis appeared somewhat sep-

arate from S. ruralis and closely related species. Syntri-
chia caninervis, S. handelii and S. pseudohandelii, how-
ever, were not discussed in detail as they do not occur in
Scandinavia.

Jauregui-Lazo et al. (2022) analysis which included
82 species using GoFlag 408 probe set resulted in the
alignment of 72 263 molecular characters from an aver-
age of 354 loci. This comprehensive analysis found Syn-
trichia ruralis complex and S. caninervis complex closely
related, but nevertheless in separate clades, and S. han-
delii was found within the former clade, while S.
pseudohandelii within the latter one.

Both these studies, however, included only solitary sam-
ples of S. caninervis and S. pseudohandelii, thus the spe-
cific status of the latter species could not be either sup-
ported or rejected. Before these studies, six samples of
Syntrichia caninervis were sequenced in the course of the
revision of Syntrichia submontata / S. sinensis complex
(Afonina et al., 2014). That analysis, based on ITS2 se-
quences only, surprisingly found S. canivervis var. astra-
khanica Ignatov, Ignatova & Suragina and ‘typical’ S.
caninervis from Dagestan and Mongolia in two unrelated
clades. Syntrichia caninervis var. astrakhanica has been
segregated from S. canivervis var. canivervis by the pres-
ence of copious rhizoidal gemmae, which were never re-
ported for this species earlier (Suragina et al., 2002). It
was first discovered in a xeric region of Cis-Caspian low-
land, but later found in other regions of Russia (Afonina
et al., 2014), including some not especially xeric areas,
and this variety was subsequently reported for Estonia (Leis
& Kannukene, 2007) and France (Skrzypczak, 2006).

Until recently, Syntrichia caninervis was considered
the only species of the genus with bistratose leaf lamina
occurring in Russia (Savicz-Lyubitskaya & Smirnova,
1970; Ignatov et al., 2006). The second species, S. pseudo-
handelii, was recorded from Russia by Kramer (2023),
based on two herbarium collections from the eastern
Caucasus, Dagestan Republic, and south-east European
Russia, Astrakhan Province. These records were the first
for Europe; this species was missing in the last Europe-
an checklist (Hodgetts et al., 2020), but included in the
“Moss flora of Russia” (Ignatova & Afonina, 2025).

The main aim of the present study was a better un-
derstanding the Syntrichia caninervis complex in Rus-
sia. Particularly, we attempted to support the species sta-
tus of S. pseudohandelii with the help of more sequences
obtained from samples from Russia and to elucidate its
distinctions from other species. Another aim implied a
molecular delimitation of Syntrichia caninervis var. as-
trakhanica and S. canivervis var. gypsophila from S.
canivervis var. canivervis.

MATERIALS AND METHODS
Dataset

The previous studies of Syntricha ruralis complex
reached a phylogenetic and/or molecular barcoding so-
lution by using ITS1+atpB—rbcL+rpl16 (Hedenés et al.,
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2019), or with only ITS2 (Afonina ef al., 2014). Cur-
rently we obtained new sequences of ITS1-2 for 3 speci-
mens of S. pseudohandelii and 9 of S. caninervis.

Dataset ITS#1 includes ITS data for 74 accessions,
where 23 samples have both ITS1+ ITS2, 41 ITS1 only
and 10 ITS2 only. Outgroup of distantly related species,
according to Jauregui-Lazo et al. (2022), includes Syn-
trichia filaris (Mill. Hal.) R.H. Zander, S. magellanica
(Mont.) R.H. Zander, S. sinensis (Broth.) Ochyra, S. 0b-
tusissima (Miill. Hal.) R.H. Zander, and S. princeps (De
Not.) Mitt. The group of Syntrichia caninervis+S.
pseudohandelii is represented by 23 samples.

Dataset ITS#2 of 102 accessions (21 accessions of
ITS1+ ITS2, 60 of ITS1 only, and 21 of ITS2 only) was
built to expand representation of S. ruralis and S. rural-
iformis lineages from Hedenis ef al. (2019) in order to
exclude possible affinity of S. pseudohandelii with some
rare genotypes of S. ruralis not included in the Dataset
1. This dataset did not include distantly related species;
it was rooted on one of the most peculiar ITS1 of S. rura-
lis (found as most deviating in preliminary analysis). The
group of Syntrichia caninervis+S. pseudohandelii was
represented by 23 samples.

Plastid datasets of atpB—rbcL (76 accessions) and
rpl16 (62 accessions) included an outgroup of distantly
related species, such as Syntrichia sinensis, S. laevipila
Brid., and S. princeps. It contained mainly samples of
various lineages of S. ruralis complex from the study of
Hedenis et al. (2019), with 19 additional samples of Syn-
trichia caninervis+S. pseudohandelii (altogether 23 sam-
ples of this group).

Sequences were aligned using MAFFT v. 7.520 (Ka-
toh et al., 2019) with E-INS-I strategy, 1000 iterative
cycles, and otherwise default settings.

The laboratory and sequencing protocols were essen-
tially the same as in our previous moss studies for ITS1-
2 (Gardiner et al., 2005), for atpB—rbcL as in Chiang et
al. (1998), and for rpl16 as in Jordan et al. (1996) and
Hedenas (2008).

Molecular phylogenetic analysis

Phylogenetic analyses were implemented under Baye-
sian inference (BI) performed using MrBayes v.3.2.6
(Ronquist et al., 2012), with the HKY model, four paral-
lel runs each consisting of six Markov chains, the chain
temperature was set at 0.02, 5,000,000 generations. These
resulted in all ESS higher than 2000, PSRF 1.000.

Morphological study

All sequenced specimens were studied using common
morphological methods of light microscopy. Additional-
ly, herbarium collections of Syntrichia caninervis and S.
pseudohandelii from MHA, MW and selected specimens
from LE were revisited. The photographs were taken un-
der Olympus CX43 light microscope with the Infinity 1-2
camera. Z-stacks of several images were generated using
HeliconFocus 4.50 (Kozub et al., 2008), and stereomicro-
scope Nikon SMZ-25, with Z-stacking with NIS-element.

RESULTS

Molecular phylogenetic analysis

Dataset ITS #1

The analysis with the outgroup of species obviously
outside S. ruralis complex (Fig. 1) resolves the studied
Syntrichia species in two clades; one of them includes
all 17 studied samples of S. caninervis (P=1, BS=100),
while another clade, almost unsupported (P=0.76,
BS<70), includes the remaining samples and forms a
grade where most on internal clades lack a marked sup-
port. Only few internal clades composed of few samples
of the same species are supported, namely: S. calcicola,
5 samples (P=0.91, BS=100); S. rigescens, 2 samples
(P=0.99, BS=100); S. norvegica F. Weber, 3 samples
(P=0.96, BS=100)[but note that some specimens of this
species are outside of this clade].

The earliest divergent clade (P=1, BS=86) in the larger
clade includes six samples. One of them, from Kazakh-
stan, was taken from GenBank, where it was deposited
as ‘S. caninervis’; another sample, from Turkey, also from
GenBank deposited as S. pseudohandelii, is from the
dataset of Hedenis et al. (2019); two samples, from Dag-
estan and Mongolia, were reported by Afonina et al.
(2014) as S. caninervis; and two samples, from Volgo-
grad and Astrakhan Provinces, were newly selected for
DNA study. Four latterspecimens studied by us are illus-
trated in Figs. 4 and 5.

Despite we did not see Kazakh specimen deposited
in GenBank as S. caninervis, and Turkish specimen re-
ferred to S. pseudohandelii in GenBank, we presume,
with a certain reservation, that all six samples belong to
S. pseudohandelii, and will call this clade hereafter “S.
pseudohandelii-clade’.

This clade is subdivided into two subclades: the bet-
ter supported one (P=0.98, BS=97) includes specimens
from Kazakhstan, Mongolia and eastern Caucasus (Dag-
estan Republic). The second subclade (P=0.76, BS=93)
includes samples from Cis-Caspian European Russia
(Astrakhan and Volgograd Provinces) and from Turkey.
In both these clades there are terminal subclades of two
samples from geographically closer regions than the the
third sample (Fig. 1).

Dataset ITS #2

The tree inferred from the Dataset 2 (Supplementary
materials Fig. SM 1) does not include an outgroup of more
distant species, and its main part has only short branch-
es. Within the Syntrichia ruralis-complex sensu Hedenis
et al. (2023), only the clade of S. calcicola includes many
species and has a maximal support. The internal clades
are supported only if they are formed of few samples of
one species.

Syntrichia caninervis forms a maximally supported
clade in a terminal position of the poorly resolved grade
of most accessions. It is on an exceptionally long branch;
there is also a clade on a short branch that includes two
subclades: (1) of S. pseudohandelii and (2) of two acces-
sions of S. montana Nees. The internal structure of “S.
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Fig. 1. Bayesian phylogenetic tree
for Syntrichia ruralis and S.
caninervis groups based on nuclear
ITS region. Baiesian posterior prob-
abilities (>90) and Maximum Like-
lihood bootstrap supports (>70) are
shown at branches. Samples of spe-
cies of S. pseudohandelii-clade are
annotated for their origin. Studied
samples of S. caninervis are anno-
tated for infraspecific taxa: A: var.
astrakhanica, C: var. caninervis, G:
var. gypsophila, ?: not studied
GenBank sample.
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Fig. 2. Bayesian phylogenetic tree for
Syntrichia ruralis and S. caninervis groups
based on plastid atpB-rbcL region.
Baiesian posterior probabilities (>90) and
Maximum Likelihood bootstrap supports
(>70) are shown at branches. Samples of
species of S. pseudohandelii-clade are an-
notated for their origin.
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Fig. 3. Bayesian phylogenetic
tree for Syntrichia ruralis and S.
caninervis groups based on plastid
rpl16 region. Baiesian posterior
probabilities (>90) and Maximum
Likelihood bootstrap supports (>70)
are shown at branches.
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pseudohandelii-clade’, i.e. two groups of three specimens
each, remains the same.

Datasets atpB_rbcL and rpl16

Both trees inferred from plastid sequences with an
outgroup of distant taxa show less resolution than ITS
trees. The S. caninervis clade is the best supported, though
the support itself is rather low: P=0.90 and BS=76 in in
atpB—rbcL tree, and P=0.97 and BS=82 in rpl/16 tree.
Syntrichia pseudohandelii appears in an unresolved poly-
tomy in 7p/16 tree, but in azpB-rbcL tree all studied spec-
imens referred to S. pseudohandelii were found in a clade
with one specimen of S. rigescens from Morocco, with
moderate support (P=0.91, BS=89), which, however, is
at the level of other mono- or oligospecific clades.

Morphological study

The results of morphological observations are pre-
sented in Figs. 4-5, where the differences between the
studied specimens in leaf shape, size and costa structure
are shown for sequenced specimens and some additional
samples of Syntrichia, mainly S. caninervis and S.
pseudohandelii. Their descriptions, as well as a compar-
ison with the results of the molecular phylogenetic study
are given in the Discussion section.

DISCUSSION

Syntichia pseudohandelii

Syntrichia pseudohandelii shares with S. caninervis
partially bistratose leaf lamina, dorsal surface of costa in
distal part covered with pedicellate, branched or stellate
papillae, and costa in transverse section having stereids
with wide lumens or substereids. This similarity caused
numerous misidentifications of the former species, so that
it was stored in herbaria under the latter name. Kramer
(2023) suggested to separate S. pseudohandelii from S.
caninervis mainly by leaf shape: narrow, ovate-lingulate
to lingulate vs. often broad, ovate to ovate-lingulate (cf.
Fig. 4). He also stated that S. caninervis var. caninervis
has totally bistratose leaves, whereas S. pseudohandelii
has leaves partially bistratose to various extent, thus re-
sembling S. caninervis var. gypsophila. He considered
S. pseudohandelii scarcely variable morphologically and
easily recognizable.

Our observations are generally in agreement with
morphological circumscription provided by Kramer
(2023). Three of four specimens resolved in our molecu-
lar-phylogenetic analysis in S. pseudohandelii-clade have
lingulate leaves resembling in shape rather S. ruralis than
S. caninervis (Fig. 4: P1-P3); similar leaves has an ad-
ditional specimen from Dagestan (P5), as well as speci-
mens from Middle Asian countries and Mongolia (see
specimens examined). In the circumscription of S.
pseudohandelii, Kramer (2023) provided some quanti-
tative characters, i.e. leaves 3—4 mm long. However, in
our specimens leaves varied considerably in size: 4.0—
4.2 mm long in specimen from Dagestan (P1 in Fig.4,
isolate OK4569), 3.2-3.4 mm in specimen from Elton
Lake area, Volgograd Province (P2 in Fig. 4, isolate

OK4564), 2.4-3.1 mm in another specimen from Dag-
estan (PS5 in Fig. 4) and only 2.0-2.2 mm in specimen
from Bogdo Mt., Astrakhan Province (P3 in Fig. 4, iso-
late OK4565). Nevertheless, the difference in leaf shape
between S. pseudohandelii and S. caninervis is sufficient
for separating them: the leaves are ovate, with conspicu-
ous constriction at ca. 0.8 the leaf length in S. caninerv-
is, while in S. pseudohandelii leaves are lingulate, round-
ed or broadly acute at apex. The only exception is the
Mongolian specimen (Fig. 4: P4), in which leaves have
the constriction somewhat similar to S. caninervis, but
their size approaches that of S. ruralis, being contrast-
ingly different from S. caninervis. The position of this
specimen within S. pseudohandelii is supported by both
nr ITS (Fig. 1) and cp atpB-rbcL (Fig. 2).

All plants of S. pseudohandelii have partially bistra-
tose leaf laminae and costae with high, branched papil-
lae on dorsal surface (Fig. 5: P1-P3 and less expressed
in P5). In costa structure, they are contrastingly different
from S. ruralis. In the latter species, guide cells are com-
paratively small, hydroids absent, and stereids are uni-
form, very thick-walled, with small lumens (Fig. 5: R).
In studied specimens of S. pseudohandelii, in larger
plants, guide cells are very large, hydroids present, and
substereids or stereids differ in size, sometimes becom-
ing smaller towards the abaxial surface, they have less
thickened walls and larger lumens than in S. ruralis (Fig.
5: P1-P2). In the smallest plant from Astrakhan Prov-
ince, the costae are narrower and thinner, with smaller
guide cells, but otherwise similar in having hydroids and
substereids varying in size (Fig. 5: P3). Thus, in the cos-
ta structure, these specimens also fit S. pseudohandelii
as it is described by Kramer (2023) and Gallego (2002).

Six specimens of Syntrichia pseudohandelii clade, as
it defined above, were subdivided into two subclades,
forming the subclade of specimens from Mongolia+
Kazakhstan+Dagestan and from Turkey+Astrakhan+
Volgograd Provinces (Fig. 1 and Supplementary Materi-
al Fig. SM1), and in atpB-rbcL tree the subclade of spec-
imens from Astrakhan+Volgograd Provinces was maxi-
mally supported (Fig. 2). This subdivision somewhat
correlates with the geographical origin of specimens. This
great heterogeneity might be explained by the fact that
all specimens are from a marginal part of the species
distribution, which is centered in Afghanistan, Iran, coun-
tries of the Middle Asia, and the Middle East.

The present analysis involved two specimens already
studied by Afonina et al. (2014): from Mongolia
(KM381997) and from Dagestan (KM381996); DNA was
also re-extracted from the latter one (isolate OK4569).
These specimens were referred by Afonina ez al. (2014)
to S. caninervis. However, in the present study they were
resolved in the highly supported clade with the GenBank
accession of S. pseudohandelii from Kazakhstan. The
specimen from Dagestan fits well S. pseudohandelii in
morphology (Figs. 2-3: P1), whereas the Mongolian
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Fig. 2. Leaves of Syntrichia species: R: Syntrichia ruralis (Volgograd Prov., MHA9063462); P1-P5: S. pseudohandelii; (P1:
Dagestan, OK4569; P2: Volgograd Prov., OK4564; P3: Astrakhan Prov., OK4565; P4: Mongolia, KM381997; P5: Dagestan, LE);
CA: S. caninervis var. astrakhanica (from: Volgograd Prov., MHA9063478); CG: S. caninervis var. gypsophila (CG1: Volgograd
Prov., MHA9063593; CG2: Volgograd Prov., MHA9063623; CG3: Astrakhan Prov., MHA9063356); CC: S. caninervis var. caninervis
(from: Astrakhan Prov., MHA9063373).
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Fig. 5. Leaf transverse sections of
Syntrichia species: R: Syntrichia ruralis
(Volgograd Prov., MHA9063462); P1-P5:
S. pseudohandelii (P1: Dagestan,
OK4569; P2: Volgograd Prov., 0K4564;
P3: Astrakhan Prov., OK4565; P4: Mongo-
lia, KM381997; P5: Dagestan, Makhach-
kala, Prokhanov, LE); CA: S. caninervis
var. astrakhanica (Volgograd Prov.,
MHA9063478); CC: S. caninervis var. caninervis (Astrakhan Prov., MHA9063373);
~ CGlL:S. caninervis var. gypsophila (Volgograd Prov., MHA9063593); CG2: S. caninervis
@ var. gypsophila (Volgograd Prov., MHA9063623).

-
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plants do not differ in leaf shape and lamina structure
from S. caninervis var. gypsophila (Figs. 4-5: P4). The
only difference between the Mongolian plants and S.
caninervis is the size of plants and leaves: they have stems
ca. 2 cm tall and much larger leaves, to 3.8 mm long
(Fig. 4: P4), i.e. being similar in this respect not to S.
caninervis but to most other specimens of S. pseudo-
handelii and S. ruralis (Fig. 4: R, P1-2).

Since both accessions, KM381997 (Mongolia) and
KM381996 (Dagestan) named by Afonina et al. (2014)
as S. caninervis, are resolved here in the clade with four
other accessions of S. pseudohandelii (two of them from
GenBank), were refer them to that species. However,
contrary to the statement of Kramer (2023) that S.
pseudoihandelii is scarcely variable morphologically, we
observed a considerable variability in size of leaves and
plants in studied specimens. Moreover, the Mongolian
specimen, which was proved by the studied molecular
markers to belong to S. pseudohandelii, disagrees with
its morphological circumscription. We have no explana-
tion of this fact; a hybrid nature of these plants can be
supposed.

In Russia, we confirm the presence of S. pseudohan-
delii in the Caucasus (Dagestan Republic), Crimea, As-
trakhan and Volgograd Provinces. Its records from Sara-
tov Province and Stavropol Territory (Ignatova & Afon-
ina, 2025) were erroneous.

Additional specimens examined: RUSSIA: Crimea: Sol-
nechnaya Dolina settlement, 9.1V. 1976 Luks & Kryukova (LE);
Azovo-Sivashsky Reserve, 10.VI.1950 Parnassky (LE); Dag-
estan: Makhachkala, 27.1X.1957 Prokhanov 2664 (LE);
Buinaksk Distr., Tolgi Valley, 28.V.2010 Fedosov 10-2-433
(MHA9020890); same place and date, Fedosov 10-4-4
(MW9022870). KAZAKHSTAN: Syr-Daryinskaya Prov., Kara-
tau Mt., 9.VIL.1931 Samsel §3 (MW9022882). UZBEKISTAN:
Tashkent Prov.: Zaaminsky Reserve 16.VI.1952 Nazarenko
(LE); Bash-Kyzylsait River 22.V1.1954 Nazarenko (LE); Fer-
gana Distr.: above Khamzaabad, 8.V.1986 Townsend 86/107,
6.V.1986 86/170 (LE); Laidoukhan Canyon, 3.1V.1949 Shafeev
(LE). TURKMENISTAN: Zapadny Kopetdag, c.fr., 13.X.1967,
same, 26.X.1967 Leontieva (LE); Kopetdag, Bakhardensky
Distr., 20.VII.1954; 24.VII1.1954; 25.VI1.1954; 28.VII.1954;
Markova (LE); Krasnovodsk Prov., Boshoi Balkhan IV. 1971
Koshkelova (LE). KYRGYZSTAN: Frunse outskirts, 5.V.1959
Golovanova (MW9022879); Talassky Alatau, Talas outskirts,
23.VI1.2016 Seregin M-3729 (MW9116914). MONGOLIA:
Khbdossky Aimak, Bulugun Somon, 17.1X.1948 Grubov 5272
(LE); Govi-Altai Aimak, Altai somon, Aj Bogd Mt., 4.VI1.2001
Ignatov 01-664 (MHA9065482); same, 5.VI1.2001 Ignatov 01-
667 (MHA9065479).

Syntrichia caninervis

Kramer (2023) keyed out S. caninervis var. canin-
ervis as having ‘lamina towards the leaf tip +completely
with two (to three) layers’. Among its other distinctive
morphological characters, he listed broad-ovate to ovate-
lingulate leaves, awns hyaline from the base, costae with
substereids or stereids with wide lumens, and laminal
cells with dense, thick, horseshoe-shaped or dumbbell-

shaped papillae. Within this species, he also recognized
var. gypsophila having leaf laminae with bistratose por-
tions to various extent, occasionally being totally unis-
tratose, var. abranchesii differing from the latter only in
absence of hyaline awns and known only from the type
locality in Spain, and var. astrakhanica characterized by
the presence of axillary gemmae on rhizoids.

Syntrichia caninervis s.1. occurs in xeric steppe arcas
of South-East European Russia, East Caucasus, and
Crimea; in Asian Russia it is also confined to the dry
arcas with calcareous bedrocks in Altai, Taimyr, and
Yakutia (Ignatova & Afonina, 2025); it was also report-
ed from one locality in Buryatia (Ellis et al., 2019). How-
ever, its intraspecific variability in the country has never
been in the focus of special studies, and only var. astra-
khanica was reported in addition to the type variety.

In 2023-2024, we explored the moss flora of two pro-
tected areas in Cis-Caspian lowland around salt lakes
Elton and Baskunchak. Among others, 11 and 16 speci-
mens of S. caninervis s.l. were identified in collections
from these localities, respectively. Among them, about
an equal number of specimens were referred to var. ca-
ninervis and to var. gypsophila: 6/5 in Elton and 8/7 in
Baskunchak. In specimens referred to the type variety,
leaf laminae were bistratose at large portion from costa
to margins, but always with several rows of unistratose
cells at margins. In another group of specimens identi-
fied as var. gypsophila, leaf laminae were predominant-
ly unistratose with very few or single bistratose strips
one cell wide or, rarer, lamina is unistratose throughout.

Only few transitional morphotypes between these two
variants were observed (Fig. 5: CG1). Almost all leaves
of both varieties were similar in shape and size: ovate to
ovate-lanceolate, ca. 2.0-2.5 mm long, with hyaline awns
equal or longer than laminae, densely spinose, hyaline
from the base. Most these specimens had similar struc-
ture of costae: with moderately large guide cells, occa-
sionally with hydroids, 2—3 layers of substereids or stere-
ids with wide lumens, and with high, pedicellate,
branched at tips papillae on dorsal surface (Fig. 5: CC
and CG1).

However, one specimen strongly deviating in mor-
phology was revealed in collections from Elton area (Vol-
gograd Province); it is shown in Figs. 4-5 as CG2. It
was collected on a slope of a dam at the bank of Elton
Lake, in sparse forb community with rather dense moss
cover of Bryum caespiticium Hedw. and Syntrichia rura-
lis. This specimen (Ignatov et al. 23-161, MHA9063623,
isolate 4579) was also first identified as S. ruralis be-
cause its costae looked smooth dorsally, its leaves were
lingulate (Fig. 4: CG2), and its leaf laminae were totally
unistratose. But when leaf transverse sections were made,
it appeared that they lack stereids and are formed of sub-
stereids with wide lumens (Fig. 5: CG2). Also, their awns
were hyaline from the base, without reddish coloration
below, which agrees better with S. caninervis. A peculiar
was its dorsal surface of costa: it was covered with horse-
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Fig. 4. Syntrichia caninervis tuft, partly formed by a well developed plants with long hyaline awns (A, below), while another
part (A, above and magnified in B and C) is formed by apparently damaged plants, bearing numerous gemmae; some plants in
gemmiferous part of the tuft look more recovered and have small hyaline awns that are serrate in a way similar to the well
developed plants, and dorsal side of their costae are also bearing papillae characteristic for the species.

shoe-shaped papillae similar to the papillae on leaf lam-
ina. In the molecular phylogenetic trees inferred from all
three studied markers, it was resolved within S. canin-
ervis-clade (Figs. 1-3), and we refer it S. caninervis var.
gypsophila due to unistratose leaf laminae. This case is
similar to the case with Mongolian specimen
(MHA9065478), which appeared in molecular phyloge-
netic trees within S. pseudohandelii but fit S. caninervis
in morphology. However, another explanation can be
suggested here: growth in severe environments on the
bank of salty lake, on strongly saline substrate, may cause
such changes in leaf development. The plants were small,
with leaves even smaller than in most studied specimens
of S. caninervis, including var. astrakhanica (Fig. 4),
but they formed normally developed sporophytes.
Syntrichia caninervis var. astrakhanica was described
in 2002 from the Bogdo Mountain area, near the Baskun-
chak Lake, Astrakhan Province and was also reported from
two other localities in Astrakhan Province and one in Vol-
gograd Province (Ignatov et al., 2002). Presence of multi-
cellular axillary gemmae in S. caninervis was never men-
tioned in literature earlier, but we found the remarks on
herbarium labels of Tortula desertorum made by A.A.
Abramova, who pointed that there were brood bodies on
these plants and, in one case, that the plants were depau-
perate (Astrakhan Province, Dasang, 1952, unknown col-
lector (S.D. Erpert?), LE; Kasakhstan, Guriev Province,
Novobogatinsky Distr., 8.VIIL.1951, Nepli, LE).

Later Afonina et al. (2014) proposed that S. canin-
ervis var. astrakhanica deserves elevation to the species
level because it was resolved separately from two other
specimens of S. caninervis in the molecular phylogenet-
ic analysis. That paper aimed to solve another problem
around Syntichia sinensis, and its distinction from S.
submontana was demonstrated, but S. caninervis was not
discussed in details. However, in the present study, two
specimens (from Dagestan and Mongolia) called S. ca-
ninervis by Afonina et al. (2014) were resolved apart from
S. caninervis-clade but together with four specimens of
S. pseudohandelii (see discussion above). Regarding four
samples called °S. caninervis var. astrakhanica’ by Afon-
ina et al. (2014), two of them have rhizoidal gemmae;
these are the samples from Astrakhan (KM381998) and
Ryazan (KM382036) Provinces. However, in the speci-
mens from Taimyr Autonomous District (KM382037) and
Mongolia (KM381997) gemmae are absent and leaf lam-
inae are predominantly bistratose, so they apparently rep-
resent S. caninervis var. caninervis.

In the present study, four accessions of ‘S. caninervis
var. astrakhanica’ from the dataset of Afonina et. al.
(2014) were supplemented by four GenBank accessions
of S. caninervis s.1. and nine newly generated sequences
of this species; the latter represented all three varieties of
S. caninervis known in Russia. In the obtained molecu-
lar phylogenetic tree based on nr ITS, they all were re-
solved in one clade without any clear subdivisions (Fig.
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1). It rejects an assumption about a separate species sta-
tus of var. astrakhanica which was apparently based on
erroneous identifications of some specimens.

In the treatment of Syntrichia in the Moss Flora of
Russia (Ignatova & Afonina, 2025), S. caninervis var.
astrakhanica is also reported from Kalmykia, Ingushe-
tia in the East Caucasus, Saratov, and Voronezh Prov-
inces. This variety was also found in France (Skrzypc-
zak, 2006) and Estonia (Leis & Kannukene, 2007). In
its collections from Russia, a considerable variation of
plants is observed. In the original description, the main
diagnostic characters of var. astrakhanica included small
size of plants, leaves 0.5-0.9 mm long, with predomi-
nantly unistratose lamina, often with short hyaline awns
and weakly papillose laminal cells (especially in leaves
around apical clusters of gemmae). Such specimens were
collected several times in Astrakhan Province. However,
in other collections from the vicinities of Elton and
Baskunchak Lakes, as well as from other localities plants
approaching in habit to typical S. caninervis var. gypso-
phila but having gemmae in leaf axils were also found.
In some specimens such plants were mixed with ‘typi-
cal’ S. caninervis var. astrakhanica having much small-
er, ‘depauperate’ plants with more numerous gemmae
(Fig. 4). The latter were occasionally collected along the
roads, in placed where they could be trampled, and one
can assume that copious production of gemmae is caused
just by the mechanical damage or growth in extremely
severe conditions. Since gemmae were sometimes found
in leaf axils of large, ‘normal’ plants (e.g., in specimen
from Ryazan Province, MW9022890), they can occur
more often in S. caninervis but be scarce, hidden between
leaves and remain not recognized. They are easily ob-
served only when they are abundant and plants look de-
pauperate.

We also revisited herbarium collections in MHA and
MW and found that both var. caninervis and var. gypso-
phila occur in the other areas of lowland European Rus-
sia and Caucasus. However, in Bashkortostan, Altai Re-
public, and Taimyr only var. caninervis was revealed. In
Yakutia, var. caninervis was collected in Oimyakon Dis-
trict, Ust-Nera surroundings and in the lower course of
Yana River, whereas in Central Yakutia, Khangalassky
District, only var. gypsophila was identified. Specimens
from Buryatia are fairly scarce, but they also belong to
var. gypsophila. In all cases, S. caninervis was collected
in places with limestone bedrocks: on xeric slopes with
steppe vegetation in Ust-Nera surroundings and in Yana
River basin, and on dry, open limestone cliffs and xeric
slopes to Lena River in Khangalassky District. In the
latter locality, it was collected only on the S-faced left
bank of Lena River, but not on Lenskie Stolby on the
opposite, N-faced bank, where huge limestone cliffs and
steppe slopes occur. In Buryatia, it grew on S-faced dry
rocky slope with Caragana jubata. In Altai, it was found
in its xeric south-castern area, Kosh-Agach District,

where it grew on dry rock outcrops and rocky slopes. In
Taimyr, it was collected on cliff ledges covered with cal-
careous finesoil on dry slopes.

Selected specimens examined:
Syntrichia caninervis var. caninervis

EUROPEAN RUSSIA: Crimea: Sudak, 1.VI.1975 Sokla-
kova (MW9022866); Bakhchisarai Distr., 18.V.1955 Melnichuk
(MHA9058722). Dagestan, Buinaksk Distr., Tolgi valley,
28.V.2010 Fedosov 10-2-473 (MW9113244). Kalmykia: Iki-
Burul Distr., 10.V.2009 Ukrainskaya (LE). Astrakhan Prov-
ince: Akhtubinsk Distr., Bogdo-Baskunchak Nature Reserve,
7.V.2024 Ignatov & Ignatova 24-1 (MW9134248); Bolshoe
Bogdo Mt., 23.VI1.1952 Nepli (LE). Volgograd Province: Ilov-
linsky Distr., 20.V.1984 Belyanina (MW9022869); Elton Lake,
10.V1.1923 Ilyun & Grigoriev (LE); same place, 1914 Savicz-
Lyubitskaya (LE). Rostov-na-Donu Province: Myasnikovsky
Distr., Nedvigovka, 9.V.2005 Sereda (MHA9020883). Belgorod
Province: Valuiki Distr., VIII.1977 Bedenko (LE). Samara
Province: Samara Distr., 28.111.1926, Sprygin (LE). Voronezh
Province: Kamenka Distr., 15.111.2014 N.N. Popova 47
(MHA9020898). Orenburg Province: Kuvandyk Distr.,
31.V.2004 Spirina & Zolotov (MHA9020901). Bashkortostan:
Abzelilovo Distr., 20.VII.2013 Baisheva 23-13-8
(MHA9022913). ASIAN RUSSIA: Altai Republic: Kosh-Agach
Distr.: Chegan-Uzun, 10.VIIL.2012 Ignatov & Ignatova 12-353
(MW9022877); same place, 25.VII.1966 Bardunov
(MHA9118988). Kuraisky Range, Tabozhok Creek, 23.V1.2021
Ignatov &lgnatova 21-594 (MW9092162). Krasnoyarsk Ter-
ritory: Taimyr Municipal Distr., Kzyl-Khaya Mt., 15.VII.2007
Fedosov 07-408 (MW9022884); Fomich River, 27.VI1.2008
Fedosov 08-304 (MW9022885). Yakutia: Oimyakon Distr.,
Topol Creek, 5.VIIL.2015 Ignatov & Ignatova 15-1515
(MW9022889); Verkhoyansk Distr., 7.VI1.2007 Isakova
(MHA9020886).

Syntrichia caninervis var. gypsophila

EUROPEAN RUSSIA: Dagestan: Buinaksk Distr., Tolgi
valley, 28.V.2010 Fedosov 10-4-5 (MW9022871). Kabarino-
Balkaria: Nalchik, 4.V1.2002 Kharzinov 262 (MW9022872).
Stavropol Territory: Pyatigorsk, 28.1V.1963 Kozlova (LE).
Kalmykia: Priyutnoe Distr., 21.V.2010 Ukrainskaya (LE). As-
trakhan Province: Bogdo-Baskunchak Reserve, 5.V.2002 Sura-
gina (MW9022867); Dosang, 8.X.1949 Erpert (LE). Volgo-
grad Province: Pallasovka Distr., Elton Lake, 1.V.2023 Igna-
tov et al. 23-92 (MHA9063487). Rostov-na-Donu Province:
Myasnikovsky Distr., 11.VII1.2005 Sereda (LE) Voronezh Prov-
ince: Boguchary Distr.,, 4.V.2014 N.N. Popova 52
(MHA9020900). ASIAN RUSSIA: Yakutia: Khangalassky Dis-
tr., Elanka, 1.VII.2016 Ignatov & Ignatova 16-81
(MW9077278). Buryatia: Okinsky Distr., Belyi Irkut River,
12.VIL.2015 Afonina 1615 (LE).

Syntrichia caninervis var. astrakhanica

EUROPEAN RUSSIA: Astrakhan Province: Krasnoyarsk
Distr., Dosang, 20.1X.1951 Erpert (LE); Akhtubinsk Distr., Bog-
do-Baskunchak Nature Reserve, 13.VI1.2002 Suragina
(MHA9020918). Kalmykia: Priyutnoe Distr., 21.V.2010
Ukrainskaya (LE). Volgograd Province: Svetloyarsk Distr.,
Tinguta, 3.V1.1996 Matveev (MHA9020919). Voronezh Prov-
ince: Borisoglebsk Distr., 23.X1.2014 N.N. Popova 46
(MHA9012903). KAZAKHSTAN: Guriev Province, Novobo-
gatink Distr., 8.VIIL.1951 Nepli (LE).
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Comments on Syntrichia caninervis and S. pseudohandelii in Russia

Appendix 1. Specimens of Syntrichia and Genbank accession data for sequenced samples.

Taxa

S. caninervis
var. caninervis

S. caninervis
var. caninervis
PZ537461

S. caninervis
var. caninervis

S. caninervis
var. caninervis
PZ537457

S. caninervis

Isolate  Geolocation

OK4584Russia:

OK4578Russia:

OK687 Russia

OK4570Russia

var. caninervisis OK4571 Spain

S. caninervis
var. caninervis
S. caninervis

OK4184Russia:

var. astrakhanicaOK634 Russia

S. caninervis

var. astrakhanica OK4181Russia

S. caninervis

var. astrakhanicaOK677 Russia

PZ537447
S. caninervis

: Altai Republic

: Altai Republic

: Taimyr

: Yakutia

: Astrakhan Prov.
: Astrakhan Prov.
: Astrakhan Prov.

: Ryazan Prov.

var. astrakhanica OK4575Russia: Astrakhan Prov.

S. caninervis

var. gypsophila
S. caninervis

var. gypsophila
S. caninervis

var. gypsophila
S. caninervis

var. gypsophila
S. caninervis

var. gypsophila
S. caninervis

var. gypsophila
S. pseudohandelii
S. pseudohandelii
S. pseudohandelii
S. pseudohandelii
S. ruralis
S. ruralis

OK636 Mongolia

OK4566Russia;

OK4567Russia

OK4568Russia:

OK4573Russia;

OK4579Russia

: Astrakhan Prov.
: Volgograd Prov.
: Astrakhan Prov.
: Astrakhan Prov.

: Volgograd Prov.

OK637 Mongolia

OK4564Russia
OK4565Russia;
OK4569Russia:
OK3083 Russia

: Volgograd Prov.
: Astrakhan Prov.
: Dagestan Rep.
: Altai Republic

0OK4580Mongolia

Voucher specimen

Ignatov & Ignatova 21-594, MHA9131061

Ignatov & Ignatova 12-364, MHA9118991

Fedosov 05-547, MW9022887

Ignatov & Ignatova 15-1515, MHA9020887

Munos K937, MHA9058725

Collection

date ITS

23.V1.2021

10.VIIL.2012

4.VIL.2005 KM382037

5.VIIL.2015

25.111.2005PZ540514

Ignatov & Ignatova 24-132, MHA9063599 9.V.2024 PZ540506

Suragina s.n., MHA
Ignatov & Ignatova 24-116, MHA

Volosnova s.n., MW9022891

3.V.1997 KM381998

9.V.2024 PZ540505

4.VIIL.2009

Ignatov & Ignatova 24-154, MHA9063334 10.V.2024 PZ540516

Ignatov 01-669, MHA9065476

29.VI.2001KM381999

Ignatov & Ignatova 24-104, MHA9063291 8.V.2024 PZ540509

Ignatov et al. 23-255, MHA9063724

3.V.2023 PZ540510

Ignatov & Ignatova 24-86, MHA9063356 8.V.2024 PZ540511

Ignatov & Ignatova 24-85, MHA9063381

Ignatov et al. 23-161, MHA9063623

Ignatov 01-663, MHA9065478

Ignatov et al. 23-124, MHA9063498

Zemlyanskaya s.n., MHA 9020912

8.V.2024 PZ540515

1.V.2023  PZ540517
9.VIL.2001 KM381997
2.V.2023  PZ540507
9.V.1997 PZ540508

Ignatov & Abakarova 11-102, MHA9118263 11.1V.2011 PZ540512
Ignatov & Ignatova 21-467, MHA9132003 21.V1.2021PZ540519

Ignatov 01-663, MHA9065478

9.VIL.2001 -

rpll6

PZ537425

PZ540513

PZ537435
PZ537427
PZ537421
PZ537426

KM382036

PZ537437
PZ537422
PZ537430
PZ537431
PZ537432
PZ537436
PZ537439
PZ537423
PZ537428

PZ537429
PZ537433

PZ537440
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GenBank accession numbers

atpB-rbcL

PZ537443
PZ537438

PZ537448

PZ537434

PZ537458
PZ537450
PZ537444
PZ537449

PZ537424

PZ537460
PZ537445
PZ537453
PZ537454
PZ537455
PZ537459
PZ537462
PZ537446
PZ537451

PZ537452
PZ537456



