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Abstract

The aim of the study is an expanded molecular phylogenetic analysis of the
Holarctic taxa traditionally classified to the families Lophoziaceae, Scapaniaceae,
Gymnomitriaceae and Jungermanniaceae. Also we will provide a justification of
some nomenclatural changes suggested recently by Konstantinova & Vilnet (2009).
The nuclear ITS1-2 and chloroplast trnL-F DNA sequences of 134 taxa (189 samples)
from suborders Jungermanniineae and Cephaloziineae were analyzed. The topolo-
gies of phylogenetic trees constructed from combined sequences by maximum par-
simony and Bayesian methods are congruent. The separation of family
Diplophyllaceae from Scapaniaceae is not supported. The recently described family
Solenostomataceae appears to be paraphyletic: the genus Nardia is in a sister rela-
tion to Gymnomitriaceae. The inclusion of the genus Isopaches in the family Anastro-
phyllaceae is questionable. Position of Obtusifolium and Protolophozia elongata in
Scapaniaceae is not strongly supported. Phylogenetic relations within the genus
Scapania are not fully resolved, but monophyly of sections Undulatae and Calcicolae
is supported. Species assigned by some authors to a separate genus Scapaniella are
scattered in different clades of the genus Scapania. Macrodiplophyllum imbricatum
and M. plicatum can either be treated as Douinia or all these taxa included in
Scapania. The distribution of species from the family Gymnomitriaceae on phylo-
genetic trees is congruent with the level of development or reduction of the perianth
and perigynium. Taxonomically the species of Marsupella with reduced perianth
are referred to Gymnomitrion, whereas the species called G. apiculatum that has a
distinct perianth is transferred to Marsupella. The species status for Scapania
tundrae, S. paludosa, S. crassiretis and Marsupella aquatica is supported. Genera
Lophozia s.str., Schistochilopsis, Tritomaria, Protolophozia, Orthocaulis and
Crossogyna are polyphyletic. The data support segregation of the recently described
genera Pseudotritomaria, Heterogemma, Lophoziopsis, Pseudolophozia, Schlja-
kovianthus, Schljakovia and Biantheridion.
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aceae, Gymnomitriaceae u Jungermanniaceae. B pabote npuBoanTcs 060CHOBaHUE
HEKOTOPBIX TAKCOHOMUYECKHX M3MEHEeHNit, ony0ankoBaHHbIX panee (Konstantinova
& Vilnet, 2009). Hamu npoananu3upoBansl mocieaosarensHocts ITS1-2 sg/IHK u
trnL-F xn/IHK 134 BuIOB U BHYTPUBHIOBBIX TaKCOHOB IEYCHOYHHUKOB, Mpea-
cTaBneHHBIX 189 0Opasnamu, u3 noamopsiakoB Jungermanniineae u Cephaloziineae.
Tormosornu (GUIOreHEeTHYECKUX JePEBHEB, MOCTPOSHHBIX 110 KOMOMHUPOBAHHOM
MaTpHIle MOCICA0BATEIBHOCTEH METOJOM MaKCHMaIbHONH SKOHOMHH M METOI0M
Baiieca, Bo MHOrOM cxonHbl. Beinenenune cemeiictBa Diplophyllaceae n3 Scapaniaceae
HelenecooOpa3Ho. HexaBHo omucanHoe cemeiicTBo Solenostomataceae momnu-
¢unernyno: pox Nardia popmupyer Kiaay, CeCTpPHHCKYI0 cemeiicTtBy Gymno-
mitriaceae. Bxirouenue pona Isopaches B cemeiictBo Anastrophyllaceae He Hario
TBEPO# MOAACPIKKH, TaK XxKe Kak nojoxenue Obtusifolium u Protolophozia elongata
B cemeiicTBe Scapaniaceae. OuioreHeTH4ECKHE CBI3M B poe Scapania BbISBICHbI
HE YEeTKO, OJJHAKO MOAAepKaHo BhiaeneHue cekiuit Undulatae u Calcicolae. Buas
pona Scapaniella 1oxanu30BaHbI B pa3HbIX Kiaaax poaa Scapania v He 060CO0TECHBI
ot Hero. Macrodiplophyllum imbricatum w M. plicatum MOryT OBITH OTHECEHBI K
pony Douinia, 1100 BCe 9TH TaKCOHBI CIICAYET BKIIOUUTH B Scapania. PactipeneneHue
BHUJIOB 13 ceMeiicTBa Gymnomitriaceae Ha pUIIOreHETHYECKUX ACPEBbIX COIIACYETCS
C MIPU3HAKOM Pa3BUTHA UIIU pe}IyKL[I/II/I NEPpUAHTUA U IEPUTUHUA. Takconomuueckun
BUIBI pona Marsupella ¢ peayuupoBaHHBIM IEPUAHTHEM OTHECCHBI K POIY
Gymnomitrion, B TO BpeMsl KaK BHJ], TPaJUIHOHHO OTHOCUBIIMHCS K MOCIETHEMY
pony, G. apiculatum, XapakTepu3yIOIHIACs Pa3BUTBHIM IepruaHTueM — K Marsupella.
Ponel Lophozia s.str., Schistochilopsis, Tritomaria, Protolophozia, Orthocaulis n
Crossogyna nonudpuneTudHsl. [lonydeHHbIe AaHHBIC MOATBEPXKIAIOT Ileie-
co00pa3HOCTh BBICIEHUS HOBBIX ponioB Pseudotritomaria, Heterogemma, Lopho-
ziopsis, Pseudolophozia, Schljakovianthus, Schljakovia w Biantheridion. Bunosoii
craryc Scapania tundrae, S. paludosa, S. crassiretis n Marsupella aquatica
HOJ/IePXKaH.
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INTRODUCTION

Families Scapaniaceac Mig., Gymnomitriaceae
H. Klinggr. and Jungermanniaceae Reichenb.
(including Lophoziaceae Cavers) were for a long
time treated in suborder Jungermanniineae R.M.
Schust. (Schuster, 1984). However Schuster
(1966) wrote, “the suborder Jungermanniineae is
the most difficult of the groups of Jungermanni-
ales H. Klinggr. to circumscribe, perhaps because
it is “still heterogeneous”. One of the largest fam-
ilies, Lophoziaceae, was distinguished as a dis-
tinct one by Schuster (1969), Kitagawa (1965,
1966), Schljakov (1980) and Grolle & Long
(2000) or it was included in Jungermanniaceae
(Schuster, 1984; Grolle, 1983). Results of mod-
ern molecular phylogenetic studies were mainly
unexpected but allowed to clarify relation within
this group. Both suborder Jungermanniineae sen-
su Schuster (1984) and many families and gen-
era were shown to be polyphyletic (Davis, 2004;
Yatsentyuk et al., 2004; Heinrichs et al., 2005;

Forrest et al., 2006; He-Nygren et al., 2006;
Hentschel et al., 2007). Taxa that were previous-
ly treated in the family Jungermanniaceae, are
classified now in suborders Jungermanniineae
and Cephaloziineae Schljakov (Crandall-Stotler
et al., 2009).

Solenostoma Mitt., Plectocolea (Mitt.) Mitt.
and Nardia Gray were excluded from the Junger-
manniaceae s. str. and combined in a new fam-
ily Solenostomataceae Stotler & Crand.-Stotl.
in suborder Jungermanniineae (Crandall-Stot-
ler et al., 2009). Heinrichs et al. (2005) sug-
gested to include family Lophoziaceae into
Scapaniaceae and He-Nygren et al. (2006) trans-
ferred the latter taxon into suborder Cephalo-
ziineae. The genus Jamesoniella (Spruce) F.
Lees s. lat. was transferred from Jungermanni-
aceae to the Jamesoniellaceae (He-Nygren et
al., 2006) or to the Adelanthaceae (Joerg) Grolle
subfam. Jamesonielloideae (De Roo et al., 2007)
that was placed in suborder Cephaloziineae.
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The inclusion of Lophoziaceae into Scapani-
aceae (Heinrichs et al., 2005) was questionable
due to only Lophozia (Dumort.) Dumort. s. str.,
Tritomaria Loeske, Saccobasis H. Buch and
Schistochilopsis (Kitag.) Konstant. were clustered
with Scapaniaceae, whereas other genera com-
posed a robust clade (Vilnet et al., 2009a) that
was described as a separate family Anastrophyl-
laceae L. Soderstr., De Roo & Hedd. (Soderstrom
et al., 2010).

It was shown that chloroplast t7nL-F sequence
data on Lophozia, Anastrophyllum (Spruce)
Steph. and Jungermannia L. support the narrow
generic concept (Yatsentyuk et al., 2004). Never-
theless, some genera, for example, Lophozia s.str.,
Schistochilopsis, Tritomaria, etc. even in narrow
sense (Buch, 1933; Schljakov, 1980) appear to
be polyphyletic (De Roo et al., 2007; Vilnet et
al., 2009a).

In this paper we discuss taxonomic rearrange-
ments within the largest boreal hepatic families
basing on analysis of nuclear ITS1-2 and chloro-
plastic #rnL-F sequences. The present set of taxa
is expanded comparatively with the previous anal-
ysis being enlarged by a number of taxa and sam-
ples that include recently described and rare arc-
tic species.

MATERIAL AND METHODS

Taxa

The ITS1-2 nrtDNA and #nL-F cpDNA se-
quences of 134 taxa (189 samples) of jungerma-
niioid liverworts were analyzed (Table 1). Many
species were represented by two specimens col-
lected mainly in geographically distant regions.

DNA isolation, amplification and sequencing

DNA was extracted from dried liverwort tis-
sues using the NucleoSpin Plant Kit (Macherey-
Nagel, Germany). The t7nL-F region of the chlo-
roplast genome, including the part of the 5’-ter-
minal exon, intron, the 3’-terminal exon of the
trnL gene, the trnL-F intergenic spacer and part
of the #nF gene, was amplified and sequenced
using primers suggested by Taberlet et al. (1991).
The ITS1-2 region of the nuclear genome con-
taining part of the 26S rDNA gene, ITS1, 5,8S
rDNA gene, ITS2 and part of the 18S rDNA gene
was amplified and sequenced using pairs of ex-
ternal and internal primers (White et al., 1990).

PCR were carried out in 20 mkl volumes ac-

cording to the following procedure: 3 min at 94°C,
30 cycles (30s 94°C, 40s 58°C, 60s 72°C) and 2
min of extension time at 72°C. Amplified frag-
ments were visualized on 1% agarose TAE gels
by EthBr staining, purified using the GFX™ PCR
DNA and Gel Band Purification Kit (Amersham
Biosciences, U.S.A.), and then used as a template
in sequencing reactions with the ABI Prism Big-
Dye Terminator Cycle Sequencing Ready Reac-
tion Kit (Applied Biosystems, USA) following the
standard protocol provided for 3100 Avant Genetic
Analyzer (Applied Biosystems, USA). GenBank
accession numbers are in Table 1.

Phylogenetic analyses

Phylogenetic reconstructions are based on the
combined ITS1-2 and #nL-F data. Combined
sequences for Lophoziopsis (Lophozia) polaris,
Lophozia silvicola, L. silvicoloides (Spitsbergen),
Obtusifolium obtusum, Douinia ovata are derived
from two specimens of each (cf. Table 1). Nucle-
otide data for both samples of Schistochilopsis
incisa include the #7nL-F sequences only. The
ITS1-2 of Heterogemma (Schistochilopsis) laxa
and Scapania tundrae are presented by two par-
titions ITS1 and 5.8SrDNA-ITS2, sequenced
from one sample. The sequences were aligned
manually using the BioEdit program (Hall, 1999).
All positions of alignment were included in the
phylogenetic analyses.

Two analytical procedures were implemen-
ted for the analyses: a maximum parsimony meth-
od (MP) with the TNT program (Goloboff et al.,
2003) and Bayesian method with the MrBayes v
3.1.2. (Ronquist & Huelsenbeck, 2003). In both
cases Herbertus dicranus was used as an out-
group. The parsimony analysis with TNT in-
volved a New Technology Search with search
minimal length tree by five reiterations and 1000
bootstrap resamplings, for other parameters the
default setting was used. Gaps were treated as
missing data, indels were taken into account by
amodified complex coding algorithm in SeqState
(Miiller, 2005).

For Bayesian (BA) analysis initially a best-fit
evolutionary model of nucleotide substitutions
was determined using the Modelgenerator soft-
ware (Keane et al., 2004). The general time-re-
versible model with invariable sites and a gamma-
distributed rate heterogeneity parameter
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Fig. 2. Phylogenetic tree for
Jungermanniineae and Cephaloziineae,
based on combined nucleotide sequences
of ITS1-2 nrtDNA and #rnL-F cpDNA by
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(GTR+G+I) was selected. Sequence alignment
was divided into six partitions: 5.8S plus trnF,
ITS1, ITS2, trnL 5’-terminal exon plus t7nL 3’-
terminal exon, trnL intron and #nL-F spacer.
Each of these partitions was separately assigned
the GTR+G+I model, gamma distributions were
approximated using four categories. Two inde-
pendent runs of the Metropolis-coupled MCMC
were used to sample parameter values in propor-
tion to their posterior probability. Each run in-
cludes three heated chains and one unheated, and
two starting trees were chosen randomly. The
number of generations was 10,000,000, and trees
were saved once every 100 generations. The first
25000 trees were discarded in each run, and
15000 trees from both runs were sampled after
burning. Bayesian posterior probabilities were
calculated as branch support values. The genetic
p-distances referred anywhere in a text below
calculated by MEGA 3.1 (Kumar et al., 2004)
(see supplement at the electronic version on
www.arctoa.ru).

RESULTS

ITS1-2 sequences for 147 samples and trnL-
F sequences for 129 samples were determined in
this study. Additionally, 41 sequences of ITS1-2
and 61 sequences of t#7nL-F were taken from pre-
vious studies (Yatsentyuk et al., 2004; Vilnet at
al., 2007a; Vilnet at al., 2008). The ITS1-2 align-
ment consists of 1365 positions. Among them,
787 (57.7%) are variable and 644 (47.2%) are
parsimony informative. The #7nL-F alignment
consists of 660 sites, the 335 (50.8%) positions
are variable and 260 (39.4%) are parsimony in-
formative. The entire alignment of 189 sequen-
ces consists of 2025 sites that were included in
the analyses. There are 1122 (55.4%) characters
that are variable, and 904 (44.1%) are parsimo-
ny informative. In the MP analysis the alignment
contained 78 additional indel coded positions.

The MP analysis with TNT yielded from 11
to 20 equally parsimonious trees at different runs
with a length of 6076 steps, the tree resulted af-
ter 1000 bootstrap resamplings with indicated
bootstrap support values (BS) is shown in Fig. 1.

In the BA analysis, trees were sampled after
reaching stationarity; average standard deviation
of split frequencies between two runs was 0.008618.
Arithmetic means of Log likelihoods for runs sam-

pled were -30551.73 and -30534.00. 95% and 99%
credible sets contain 64794 and 70794 trees, re-
spectively. The BA tree with means of posterior
probabilities (PP) is presented in Fig. 2.

The topologies of MP and BA trees are in a
good agreement. The discrepancies are caused
by unresolving of some groupings in MP tree (see
below) and by low supports in MP tree positions
of some species inside highly supported clades.
Taxa with different position in MP and BA trees
are marked by asterisk in Figs. 1-2. Three main
clades A, B and C are found in both analyses
(Figs. 1-2). Clade A (BS=31, PP=1.00) is sub-
divided into subclades Al and A2 in BA tree
(Fig. 2), while Al is partly presented as an un-
resolved polytomy in MP tree (Fig.1). Family
Scapaniaceae in its traditional circumscription
is resolved as a monophyletic group, Al, with
PP=0.97 in the BA analysis (Fig. 2), whereas in
MP tree the genus Diplophyllum (Dumort.)
Dumort. is segregated in unsupported clade with
Schistochilopsis section Incisae (C.E.O. Jens-
en) Potemkin (Fig. 1). The latter taxon com-
poses a small clade sister to the rest of Al sub-
clade in BA tree (Fig. 2). The genus Saccobasis
and Pseudotritomaria (Tritomaria) heterophyl-
la, traditionally assigned to the family Lopho-
ziaceae, either form separate branches within
unresolved polytomy in A-clade in the MP tree
(Fig.1), or compose a low supported clade
(PP=0.56) in the BA tree (Fig. 2). The genera
Lophozia, Lophoziopsis, Tritomaria and Hetero-
gemma compose the second subclade, A2
(BS=34, PP=0.88).

Other taxa refered usually to Lophoziaceae
(excluding Leiocolea (Miill. Frib.) H. Buch) com-
pose clade B (PP=0.96) with two subclades. The
first subclade, B1 (PP=1.0) contains Barbilopho-
zia Loeske, Pseudolophozia (Protolophozia) de-
biliformis and P. (Lophozia) sudetica, and the
second subclade, B2 (PP=0.89) includes Anas-
trophyllum s.1., Gymnocolea Dumott., Anastrepta
(Lindb.) Schiffn., Orthocaulus H. Buch, Schija-
kovia Konstant. & Vilnet, Schljakovianthus Kon-
stant. & Vilnet, Biantheridion (Grolle) Konstant.
& Vilnet, Tetralophozia (R.M. Schust.) Schlja-
kov, Plicanthus R.M. Schust.

Three genera of Gymnomitriaceae studied
here compose a robust subclade in the clade C
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(BS=93, PP=1.0) sister to taxa traditionally
placed to Jungermanniaceae s.str. The genera
Gymnomitrion Corda and Marsupella Dumort.
are resolved as not monophyletic, but composing
of two intermingled subclades. The family Juger-
manniaceae s.str. is found to be polyphyletic:
Nardia is a sister to the Gymnomitriaceae
(BS=67, PP=0.99), while Solenostoma and Plec-
tocolea form a clade (BS=46, PP=1.00). The
close relationship of Mesoptychia (Lindb.) A.
Evans., Eremonotus Lindb. & Kaal. ex Pearson,
Liochlaena Nees and Leiocolea to Jungerman-
nia s. str. is evident in both obtained topologies
(BS=74, PP=1.00). The genus Mylia Gray has a
basal position in both trees.

Protolophozia elongata and Obtusifolium
obtusum are located as two separate lineages at
the base of clade A in the BA tree (with PP=1
and PP=0.74 consequently) or form a weekly
supported clade (BS=35) in unresolved relation
to clade A and B in the MP tree.

DISCUSSION

The obtained results allow to modify the latest
classification of the Jungermanniales (Crandall-
Stotler et al., 2009), by including in the analysis
many additional northern taxa and samples. There
are two main clades within Scapaniaceae (includ-
ing Lophoziaceae) that allow us to recognize two
families, Scapaniaceae and recently discribed
Anastrophyllaceae (Soderstrom et al., 2010) op-
posite to Scapaniaceae sensu Heinrichs et al.
(2005). The family Solenostomataceae with inclu-
sion of Nardia (Crandall-Stotler et al., 2009) is
not supported by topologies obtained here. In our
analysis, the genera Lophozia s.str., Schistochilop-
sis, Tritomaria, Protolophozia, Orthocaulis, Gym-
nomitrion, Marsupella, and Crossogyna are found
to be polyphyletic, which resulted in a segrega-
tion some new genera (Konstantinova & Vilnet,
2009). We understand that the taxa sampling for
some genera is still insufficient, especially for those
occurred mainly in South Hemisphere, so only a
more reliable results are discussed below.

Clade A

Clade A embraces species of traditionally cir-
cumscribed Scapaniaceae and several genera of
Lophoziaceae, particularly Tritomaria, Pseudo-
tritomaria, Saccobasis, Schistochilopsis, Heter-
ogemma, Lophozia and Lophoziopsis (PP=1). It

is divided into subclades Al (PP=0.97, Fig. 2)
and A2 (PP=0.88). In MP tree subclade Al is
represented by four separate linages (Fig. 1). Sim-
ilar taxa relation was found earlier by De Roo et
al. (2007) and mainly agree with a new circum-
scription of the family Scapaniaceae suggested
by Soderstrom et al. (2010).

The two genera in their former broader cir-
cumspriptions, Tritomatia and Schistochilop-
sis, are distributed among both subclades Al
and A2, which suggest to split them. So now
Pseudotrotomaria (Tritomaria) heterophylla
specimens form a branch in A1, while all oth-
er Tritomaria species form a clade (with nest-
ed Heterogemma (Schistochilopsis) capitata
and H. laxa, see below) in subclade A2. The
genus Saccobasis that had been treated as sub-
genus of Tritomaria by many authors (Schuster,
1969; Grolle & Long, 2000; Damsholt, 2002;
Schumacker & Vana, 2005; etc.) is located in
a separate branch in Al in MP (Fig. 1) or com-
bined in a clade (PP=0.56) with Pseudotroto-
maria (Tritomaria) heterophylla in BA (Fig.
2). Close affinity of the latter taxon to Sacco-
basis was suggested by Schuster (1969: p.695),
however they have a number of important dif-
ferences in mophology: Pseudotritomaria (Tri-
tomaria) heterophylla differs from Saccoba-
sis (1) by simply transversly inserted leaves
versus leaves attached by a complex and sinu-
ous line slightly decurrent both antically and
postically in Saccobasis; (2) constant presence
of red-brown or purplish stellate gemmae ver-
sus absent or rare ellipsoidal gemmae in Sac-
cobasis; (3) short dentate perianth mouth ver-
sus entire one in Saccobasis. Also Pseudotrit-
omaria differs from both Saccobasis and Trit-
omaria in spinose-dentate to ciliate-dentate
margins of lobes of female bracts (edentate in
Saccobasis and Tritomaria) and often apicu-
late or cuspidate lobes of leaves versus obtuse
in Saccobasis and obtuse to subacute or acute
in Tritomaria. Taking into account the posi-
tion in phylogenetic trees, relatively high val-
ues of genetic distances (see supplement at the
electronic version on www.arctoa.ru) between
Saccobasis and other Tritomaria species count-
ed by studied DNA loci and quite distinct mor-
phological features some of which were men-
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tioned above we have proposed to segregate 7.
heterophylla in a monotypic genus Pseudotri-
tomaria Konstant. & Vilnet (Konstantinova &
Vilnet, 2009).

The section Incisae of the genus Schis-
tochilopsis is located in Al subclade, while S.
capitata and S. laxa from the section Heterogem-
ma are nested within Tritomaria in A2 subclade
(Figs. 1-2). The morphological differences be-
tween both Schistochilopsis sections were dis-
cussed in Vilnet et al. (2008), and later Hetero-
gemma (Joerg.) Konstant. & Vilnet was rised to
generic rank (Konstantinova & Vilnet, 2009).
According to our unpublished data, the #nL-F
sequences of S. cornuta (Steph.) Konstant., the
type species of the genus Schistochilopsis, is high-
ly similar to species of the section Incisae, so the
latter should be kept in this genus.

Subclade A1

Majority of taxa in subclade Al belongs to
the former Scapaniaceae. The ITS1-2 and #rnl-
F sequences from 30 species of Scapania (Du-
mort.) Dumort. reveal that their distribution in
the clades corresponds partially to the subdivi-
sion of the genus based on morphological data,
but, as a whole, phylogenetic relation within
Scapania stays unclear due to the dubious posi-
tion of some clades on the trees (Fig. 1-2).

Scapania undulata, S. paludosa, S. subalpina,
S. rufidula compose a robust clade (BS=100,
PP=1.00) that agrees with the section Undulatae
sensu H. Buch (1928). Thus, the separation of S.
rufidula in section Rufidula together with S. spits-
bergensis by Schuster (1974) is not supported.

Scapania calcicola and S. gymnostomophila
form a clade (BS=100, PP=1.00) that corresponds
to section Calcicolae Miill. Frib. ex R.M. Schust.
as it was circumscribed by Potemkin (2002).

All species from the commonly recognized
section [rrigua (Miill. Frib.) H. Buch (S. Ay-
perborea, S. paludicola, S. tundrae) (Arnell,
1956; Schuster, 1974; Grolle & Long, 2000;
Schljakov, 1981), except the type species, S.
irrigua, were found in one clade (BS=100,
PP=1.00). Scapania irrigua was combined with
species from section Curtae sensu Potemkin
(2002) i.e. S. curta, S. obcordata, S. helvetica,
S. mucronata, although without a high support
(BS=88, PP=0.85). This arrangement never had

been assumed before. Differences between nu-
cleotide sequences of S. irrigua and S. helveti-
ca include a single substitution in ITS1 and one
indel of one nucleotide that corresponds to a lev-
el of infraspecific variability in both species. The
affinity of S. uliginosa to S. mucronata revealed
in our analysis (BS=98, PP=1.00) is unexpected
because their morphology as well as ecology are
quite distinct. It is worth to note however, that
genetic distance between these species is rather
high.

Scapania kaurinii, S. sphaerifera and S.
verrucosa were classified variously by differ-
ent authors and even were segregated in mo-
notypic sections by Potemkin (2002). In our
analysis they compose a clade with S. ameri-
cana and S. spitsbergensis with high support
(BS=97, PP=1.00).

Scapania apiculata and S. glaucocephala,
classified as a subgenus by Schuster (1974) or
genus Scapaniella by Buch (1928), were found
in different subclades, so they are likely not close-
ly related and should not be considered as con-
generic (cf. Crandall-Stotler et al., 2009).

Three morphologically similar pairs of spe-
cies, Scapania hyperborea and S. tundrae, S.
paludosa and S. uliginosa, S. crassiretis and S.
nemorea, sometimes treated as conspecific (e.g.
Potemkin, 1994; 1999a) are clearly separated
genetically (Vilnet et al., 2006). Nucleotide se-
quence data confirm these taxa as distinct spe-
cies, as was suggested by Buch (1928).

Previous molecular analyses did not clarify
the relationships of Diplophyllum, Macrodiplo-
phyllum (H. Buch.) Perss. and Douinia H. Buch
(Schill et al., 2004; Yatsentyuk et al., 2004; De
Roo et al., 2007). Our results indicate more def-
initely that the recently described Diplophyllaceae
Potemkin (Potemkin, 1999b) is a paraphyletic
assemblage. The genus Diplophyllum comprises
its own clade with a highest possible support,
whereas Douinia is combined with Macrodiplo-
phyllum imbricatum and M. plicatum, also with
a high support (BS=99; PP=1.00), while M. mi-
crodontium 1is placed at the base of the Scapa-
nia-clade (Figs. 1-2). Thus, it is reasonable to
treat M. microdontium in Scapania as proposed
by Potemkin (1999b). However, contrary to the
latter publication, M. imbricatum and M. plica-
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tum are better be placed within Douinia, not
Scapania, unless both species and Douinia are
included in Scapania.

Subclade A2

The genera Lophozia, Lophoziopsis, Trito-
maria and Heterogemma are forming this sub-
clade. In our previous study (Vilnet at al., 2008),
Lophozia s. str. (excluding L. sudetica), was re-
solved as a monophyletic group with a relatively
high support (90% and more). Analysis of en-
larged species set shows that the Tritomaria+
Heterogemma-clade split Lophozia s.str. into two
clades that have the highest possible posterior
probability in BA. Based on tree topologies, we
segregated the species of Lophozia s.str. with red,
purplish and red-brown gemmae to a new genus
Lophoziopsis Konstant. & Vilnet (Konstantino-
va & Vilnet, 2009).

Clade B

This clade is formed by genera that were seg-
regated from Lophoziaceae into Anastrophylla-
ceae by Soderstrom et al. (2010) that was called
as «a new undescribed family». in the Checklist
of liverworts of Russia (Konstantinova, Bakalin
et al., 2009).

Subclade Bl

This subclade composed only by two genera:
Barbilophozia and recently described Pseudolo-
phozia Konstant. & Vilnet (Kostantinova & Vi-
net, 2009). All four studied species of Barbilo-
phozia compose a clade although without high
support (PP=0.77). Recently described B. rubes-
cens (Schuster & Damsholt, 1987) appears to be
a hybrid between B. barbata and B. hatcheri due
to inheritance of the ITS1-2 from the first spe-
cies and the trnL-F from the second species (Vil-
net et al., 2009b). Barbilophozia hatcheri and B.
lycopodioides, the species that have been con-
sidered as closely related or even conspecific
(Schljakov, 1980), are clearly separated in both
MP and BA analyses.

Psedolophozia (Protolophozia) debiliformis
and P. (Lophozia) sudetica form a clade (BS=100;
PP=1.00) sister to Barbilophozia clade. Soder-
strom et al. (2010) suggested to segregate them
as Barbilophozia subgen. Sudeticae (Schljakov)
L. Soderstr., De Roo et Hedd. However p-distanc-
es between P. debiliformis + P. sudetica and the
genus Barbilophozia is 1.8-4.2%, whereas they

are only 1.2% between Barbilophozia species.
Morphological differences and the level of ge-
netic distances in comparison with other taxa
from clade B, convinced us to describe a new ge-
nus Pseudolophozia Konstant. & Vilnet (Kostan-
tinova & Vinet, 2009). The sequence variation
within Pseudolophozia is ca. 1%, that is two times
higher than in Barbilophozia spp., so we hesi-
tate to combine Pseudolophozia (Lophozia) su-
detica and P. debiliformis in one species as it was
proposed by Soderstrom et al. (2010).

Subclade B2

Majority of genera assigned earlier to the
Lophoziaceae is located here. The genus Ortho-
caulis in its traditional circumscription includes
ca. 10 species (Schaljakov, 1981), but as it is ev-
ident from the obtained trees, this genus is poly-
phyletic. The studied species previously referred
to the genus occur in three clades, accepted as
genera: Orthocaulis (O. floerkei+O. attenu-
atus+O. binsteadii), Schljakovianthus (S. quadri-
lobus) and Schljakovia (S. kunzeana) (Figs. 1-
2). This correspondes with the quite distinct habi-
tus of taxa. Schljakovianthus quadrilobus differs
from Schljakovia and Orthocaulis s. str. in very
deeply divided 4-lobed leaves with distinctly re-
flexed margins and sinus vs. less deeply divided
2-lobed, slightly reflexed margins in Schljakovia
kunzeana and 3-lobed no reflexed margins in O.

floerkei+O. attenuatus+O. binsteadii. Further-

more Schljakovianthus quadrilobus develops
brownish or blackish brown pigmentation and has
coarsely verrucose cuticle while the rest of stud-
ied taxa have yellow-brown to chestnut brown
secondary pigmentation and faintly delicately (O.

floerkei+O. attenuatus) to slightly striate-verru-

culose cuticle (Schljakovia kunzeana, O. binstea-
dii). The means of p-distances between these
clades (1.2-3%) (see supplement) together with
quite distinctive morphology encourage us to sep-
arate the monospecific genera Schljakovianthus
and Schljakovia from Orthocaulis (cf. Konstanti-
nova & Vilnet, 2009). In trees constructed by De
Roo et al. (2007), the genus Orthocaulis was also
divided into three clades: O. floerkei+O. attenua-
tus, O. atlanticus+O. cavifolius and O. quadrilo-
bus. Later a new genus Neoorthocaulis L Soder-
str., De Roo & Hedd. was described (Soderstrom
et al., 2010). It includes O. floerkei, O. attenuatus
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and O. binsteadii whereas O. atlanticus and O.
cavifolius are left in Orthocaulis. There is no cer-
tainty now in the relation between Neoorthocau-
lis and Orthocaulis due to differences of species
sampling in our and De Roo et al. (2007)’ studies.
The topology of trees obtained in the present
analysis supports the narrow generic concept for
the genus Anastrophyllum s.l. with segregation
of three genera: Anastrophyllum s.str., Sphenolo-
bus (Lindb.) Berggr. and Crossocalyx Meyl. that
was previously suggested on cpDNA loci data by
Yatsentyuk et al. (2004) and De Roo et al. (2007).
Plicanthus birmensis was found within 7e-
tralophozia (R.M. Schust.) Schljakov, although
differences between nucleotide sequences of these
taxa are relatively high (1.8%) and correspond
with differences between genera in clade B. Due
to insufficient species sampling the taxonomical
status of Plicanthus is not discussed here.
Jamesoniella, a genus with predominantly
South Hemispheran distribution, has been placed,
in a distinct subfamily of Jungermanniaceae by
Schuster (1970) and Schljakov (1980) or in a
subfamily of Lophoziaceae by Grolle & Long
(2000). Two Northern Hemisphere species, Jame-
soniella undulifolia and J. autumnalis, were
placed in the subgenus Crossogyna by Schuster
(1969) and later in the genus Crossogyna by Schl-
jakov (1981). Molecular phylogenetic studies sug-
gested to place Jamesoniella in a separate family
Jamesoniellaceae (He-Nygren et al., 2006) or in
the family Adelanthaceae (Feldberg et al., 2010).
The genus Jamesoniella was shown to be poly-
phyletic with one of the two mostly North
Hemisphaeran species J. autumnalis separated in
its own lineage (De Roo et al., 2007; Hentschel
et al., 2007) or clustered with morphologically
similar J. nipponica (Feldberg et al., 2010). Re-
cently based on molecular data the most species
of Jamesoniella were transferred to the genus
Syzigiella Spruce (Feldberg et al., 2010). We have
studied two predominantly Holarctic species of
genus/subgenus Crossogyna including worldwide
rare and morphologically isolated C. undulifolia
that was never analyzed molecularly before. In
obtained trees C. undulifolia forms a separate lin-
eage within clade B, whereas C. autumnalis is
found in basal grade as a separate lineage or to-
gether with Iwatsukia Kitag. (Figs. 1-2). Based

on these data as well as on morphological pecu-
liarities of C. undulifolia that were discussed by
Schuster (1969) and Schljakov (1981), this spe-
cies is segregated in monotypic genus, Bianthe-
ridion (Grolle) Konstantinova & Vilnet (Konstan-
tinova & Vilnet, 2009).

The systematic position of oligotypic genus
Isopaches H. Buch is questionable. Both MP and
BA analyses put it at a base of (A+B) clade
(BS=100, PP=1.00) (Figs. 1-2). De Roo et al.
(2007) found it within “Anastrophyllaceae-clade
only in BA tree, whereas in MP tree it is located
in “Scapaniaceae”-clade. Soderstrom et al. (2010)
placed Isopaches in Anastrophyllaceae. Addition-
al study is needed to resolve the problem with
this genus.

The treatment of Obtusifolium obtusum and
Protolophozia elongata as a members of Scapa-
niaceae (Soderstrom et al., 2010) is not confirmed
due to unstable position of these taxa in obtained
trees.

Clade C

Clade C is composed by members of the fam-
ilies Gymnomitriaceae, Jungermanniaceae s.str.
and recently described Solenostomataceae (Cran-
dall-Stotler et al., 2009). The terminal position
in this clade is occupied by the family Gymnomi-
triaceae. Earlier, with more limited taxa sam-
pling, this family was recognized as monophy-
letic (Yatsentyuk et al., 2004; Schill et al., 2004).
However, the genus Eremonotus classified for a
long time in the Gymnomitriaceae (Schuster,
1984; Grolle, 1983; etc.), was found here within
the clade formed by Jungermannia s. str., Me-
soptychia, Leiocolea and Liochlaena (Figs. 1-
2), which generally agrees with the results of Hen-
stchel et al. (2007) and with the placement of
Eremonotus in Jungermanniaceae by Crandall-
Stotler et al. (2009).

The genera Gymnomitrion and Marsupella
are found to be polyphyletic, with the species in-
termingled and distributed into two main clades
(Figs. 1-2) that have some morphological defini-
tion. The main Marsupella clade is formed by
species with well-developed perianth and perigy-
nium, including Marsupella apiculata (previous-
ly treated as Gymnomitrion apiculatum) that has
perianth and perigynium similar to that in most
Marsupella species. Contrary to that, three spe-
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cies with more or less reduced perianth and peri-
gynium, Gymnomitrion alpinum, G. brevissimum
and G. commutatum, which usually are placed
in Marsupella, are located in the Gymnomitrion
clade. Based on these results the rearrangement
of Gymnomitriaceae species was made in Check-
list of liverworts of Russia (Konstantinova, Baka-
lin et al., 2009) and later accepted in the study of
Gymnomitriaceae by Vana et al. (2010).

Three morphologically allied species, Mar-
supella arctica, M. aquatica and M. emargina-
ta, are combined in a clade. Marsupella aquati-
ca has been classified as a variety of M. emargi-
nata by some authors (e.g. Schuster, 1974; Grolle
& Long, 2000). The #rnL-intron of M. emargin-
ata is characterized by unique 43 base pairs de-
letion compared to both M. aquatica and M. arc-
tica (Vilnet et al., 2007b). The value of p-dis-
tances between M. arctica and M. emarginata is
higher than between M. aquatica and M. emar-
ginata (2.4 and 1.2% correspondingly). Never-
theless, it would be more reasonable to recog-
nize these taxa at one rank taking into account
morphological features listed by Schuster (1972),
Schljakov (1981) etc., and to accept Marsupella
aquatica as a distinct species.

The monotypic genus Prasanthus Lindb. is
characterized by presence of fleshy perigynium
and lacking of perianth. It forms a basal lineage
in a clade composed by Gymnomitriaceae spe-
cies with developed perianth and perigynium in
both trees (Figs. 1-2).

The studied species of Nardia compose a clade
sister to Gymnomitriaceae with 0.99 support in BA
tree (Fig. 2) and a low support (BS=67%) in MP
tree (Fig. 1). Crandall-Stotler et al. (2009) placed
Nardia in the recently described family Solenosto-
mataceac. However our data show that the inclu-
sion of Nardia makes Solenostomataceae paraphy-
letic and suggest either to place Nardia in Gym-
nomitriaceae or segregate it to its own family.

In the trees obtained here and those of Hent-
schel et al. (2007), Solenostoma and Plectocolea
compose an intermingled clade. Majority of au-
thors included Plectocolea in Solenostoma fol-
lowing modern molecular data (Crandall-Stotler
etal., 2009; Vana & Long, 2009). However, spe-
cies sampling seems to be not enough for the fi-
nal decision on taxonomic position of Solenos-
toma and Plectocolea.

Genera Jungermannia s.str., Eremonotus,
Mesoptychia, Leiocolea and Liochalena form a
subclade within clade C. In general it corresponds
to Jungermanniaceae sensu Hentschel et al.
(2007), although differs from the family circum-
scription of Crandall-Stotler et al. (2009) that
placed Liochalena and Delavayella in a separate
oligotypic family Delavayellaceae.

CONCLUSIONS

Our molecular data support segregation of the
family Anastrophyllaceae, but the position of the
genus Isopaches remains uncertain, as well as
the position of Obtusifolium and Protolophozia
elongata in the family Scapaniaceae.

The position of the genus Nardia within So-
lenostomataceae is not supported; this genus is
better be placed in Gymnomitriaceae or to its own
family.

The genera Lophozia s.str., Schistochilopsis,
Tritomaria, Protolophozia, Orthocaulis and Cros-
sogyna in their traditional circumscription are
found to be polyphyletic. The segregation of gen-
era Pseudotritomaria, Heterogemma, Lophoziop-
sis, Pseudolophozia, Schljakovianthus, Schljak-
ovia and Biantheridion are suggested by molec-
ular data.

Species of Marsupella with more or less re-
duced perianth and perigynium should be referred
to Gymnomitrion, whereas G. apiculatum that has
distinct perianth and perigynium is transferred
to Marsupella.

The subdivision of the genus Scapania based
on morphological data is partially supported.

The segregation of Scapaniella as a genus is
not supported. Macrodiplophyllum imbricatum
and M. plicatum could be placed in the genus
Douinia, unless all of these taxa be included in
Scapania.

The status of Scapania tundrae, S. paludosa,
S. crassiretis and Marsupella aquatica as a sep-
arate species is supported.
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Table 1. The list of taxa, specimens vouchers and GenBank accession numbers

Taxon Herbariumvoucher

Anastrepta orcadensis (Hook.) Schiffn.

Anastrophyllumassimile (Mitt.) Steph.

A. michauxii (F. Weber) H.Buch

A. sphenoloboidesR.M. Schust. 1

A. sphenoloboidesR.M. Schust. 2

Barbilophozia barbata (Schmidel ex Schreb.)
Loeskel

B. barbata (Schmidel ex Schreb.) Loeske2

B. hatcheri (A. Evans) Loeske 1

B. hatcheri (A. Evans) Loeske2

B. lycopodioides (Wdllr.) Loeske 1

B .lycopodioides (Wdlr.) Loeske 2

B. rubescens(R.M. Schust. & Damsh.)
Kartt.et L. Soderstr. 1

Russia, Buryatia, Konstantinova, 59-1-01 (KPABG)

USA, Kongtantinova, A 137-18-95 (KPABG)

Russig, Buryatia, Konstantinova, 17-1-02 (KPABG)
Norway, Spitsbergen, Konstantinova, K 50-3-06 (KPABG)
Russia, Murmansk Prov., Bakalin, 23-03-01 (KPABG)

Netherlands, Konstantinova, 3b-5-99 (KPABG)

Russia, KamchatkaProv., Bakalin, 56-8-01-VB (KPABG)
Russig, KamchatkaProv., Bakalin, K 7-3-03 (KPABG)
Norway, Spitsbergen, Konstantinova, K 60-4-06 (KPABG)
Russia, Kuril Is., Paramushir, Bakalin, K 100-13-04 (KPABG) EU791673 EU791783
Russia, Murmansk Prov., Kongtantinova, 16-4-00 (KPABG) EF090627 EF090632

Russia, Murmansk Prov., Konstantinova, 409-92 (KPABG)

Accessonno.

trnL ITS
DQ875088 DQ875126
EU791664 EU791776
DQ875087 DQ875125
EU791662 EU791777
EU791663 EU791778

EU791676 EU791779
EU791677 EU791780
EU791675 EU791782
EU791674 EU791781

EF090628 EF090633
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Taxon Herbariumvoucher Accessonno.
trnL ITS
B. rubescens(R.M. Schust. et Damsh.) Russia, Magadan Prov.,

Kartt.et L. Soderstr. 2 Mochalova& Bakalin, G106852 (KPABG) EU791678 EU791784
Biantheridion undulifolium (Nees)

Konstant. & Vilnet 1 Russia, Kemerovo Prov., Konstantinova, 56-1-00 (KPABG) EU791671 EU791794
B. undulifolium(Nees) Konstant. & Vilnet) 2 Russia, Buryatia, Konstantinova, 85-1-02 (KPABG) EU791672 EU791795
Crossocalyx hellerianus (Nees) Meyl. Russig KardiaRep., Bakalin, 6.V111.1997 (KPABG) AY 327780 EU791788
Diplophyllumalbicans (L.) Dumort. 1 Russia, Caucasus, Karachayevo-Cherkessian Rep.,

Konstantinova, K446-7-05 (KPABG) EU791659 EU791773
D. albicans(L.) Dumort. 2 Norway, Spitsbergen, Konstantinova, K 121-6-06 (KPABG)  EU791660 EU791774
D. obtusifolium (Hook.) Dumort. Russia, Amur Prov., Bakdin, 14.V11.2000 (KPABG) AY 327782 EU791775
D. taxifolium(Wahlenb.) Dumort. Russia, Karelia, Bakalin, 28.V11.1998 (KPABG) AY 327762 EUT91772
Douinia ovata (Dicks.) H. Buch USA, Washington, A. Potemkin, 95/401 (KPABG) AY 327778 —
D. ovata (Dicks.)) H. Buch USA, Washington, Konstantinova, A116-95 (KPABG) — EU791771
Eremonotus myriocarpus (Carrington) Russia, Caucasus, Karachayevo-Cherkessan Rep.,

Pearson Konstantinova, K446-6-05 (KPABG) EU791716 EU791839
Gymnocolea inflata (Huds,) Dumort. 1 Norway, Spitsbergen, Konstantinova118-1-04 (KPABG) EU791661 EU791787
G. inflata (Huds.)) Dumort. 2 Russia, Nizhny Novgorod Prov..

Konstantinova, 129-2a-03 (KPABG) GQ220785 GQ220783
Gymnomitrion al pinum (Gottscheex
Husn.) Schiffn. 1 Russia, Buryatia, Kongtantinova, 83-2-02 (KPABG) EU791707 EU791828
G. alpinumGottscheex Husn.) Schiffn. 2 Russia, Sakhdin Prov., Bakalin, 58-30-05 (KPABG) EU791706 EU791827
G. breviss mum (Schleich. ex

Dumort.) Warnst. 1 Russia, Murmansk Prov. Kongtantinova, G8171(KPABG)  EU791711 EU791833
G. breviss mum (Schleich. ex

Dumort.) Warnst. 2 Russia, KamchatkaProv., Bakdin, HRE EU791712 EU791834
G. commutatum (Limpr.) Schiffn. Russia, Khabarovskiy Kray, Ignatov, 97-1025 (KPABG) EU791708 EU791829
G. concinatum (Lightf.) Corda 1 Russia, Murmansk Prov., Konstantinova, 366-00 (KPABG)  AF519202 EU791832
G. concinatum (Lightf.) Corda2 Russia, Caucasus, Karachayevo-Cherkessian Rep.,

Konstantinova, K465a-05 (KPABG) EU791710 EU791831
G. concinatum (Lightf.) Corda3 Russia, Caucasus, Karachayevo-Cherkessan Rep.,

Konstantinova, K493-05 (KPABG) EU791709 EU791830
G. corallioidesNees Norway, Spitsbergen, Kongtantinova, 155-04 (KPABG) EU791705 EU791826
G. pacificumGrolle Russiag, Commander |s,, Bakdin, K-26-4-02-VB (KPABG) EU791713 EU791835
Herbertusdicranus (Tayl.) Trev. Russia, Primorskiy Kray, Bakdin, P-74-15-05 (KPABG) EU791724 EU791849
Heterogemma capitata (Hook.) Russia, Nizhny Novgorod

Konstant. & Vilnet Prov., Konstantinova, 132-03 (KPABG) DQ875080 DQ875119
H. laxa (Jorg.) Konstant. & Vilnet) Russia, Murmansk Prov., Konstantinova, 40-6-94 (KPABG) DQ875084 DQ875053
| sopaches bicrenatus (Hoffm.) H. Buch Russia, Yakutia, Bakalin, 18.V11.2000 (KPABG) AY 327788 EUT791797
|. decolorans (Limpr.) H. Buch Russia, Caucasus, Karachayevo-Cherkessan Rep.,

Konstantinova, K464-3-05 (KPABG) EU791680 EU791798
Iwatsukiajishibae (Steph.) Kitag. Russia, Buryatia, Kongtantinova48-1-01 (KPABG) EU791680 EU791798
Jamesonidla autumnalis (DC.) Steph. 1 Russia, Maryi-El Rep., Konstantinova, K 448-5-04 (KPABG) EU791720 EU791844
J. autummalis (DC.) Steph. 2 Russia, Buryatia, Konstantinova, 103-1-01 (KPABG) EU791721 EU791845
Jungermannia atrovirens Dumort. 1 Russia, Caucasus, Karachayevo-Cherkessian Rep.,
Ignatov & Ignatova, 4.V111.2002 (KPABG) GQ220766 GQ220782
J. atrovirens Dumort. 2 Russia, Caucasus, Karachayevo-Cherkessian Rep.,
Konstantinova, K 421- 6-05 (KPABG) GQ220763 GQ220779
J. atrovirens Dumort. 3 Russig, KamchatkaProv., BakalinK-74-13a-04 (KPABG)  GQ220764 GQ220780
J. atrovirens Dumort. 4 Russia, Buryatia, Konstantinova, 21-4-02 (KPABG) GQ220765 GQ220781
Leiocolea badensis (Gottsche) Jorg. 1 Russia, Amur Prov., Bakdin, 33-1-00 VB (KPABG) EU791718 EU791842
L. badens's (Gottsche) Jorg. 2 Russig, Komi Rep., Dulin, Konstantinova, 101313 (KPABG) EU791717 EU791841
Liochlaenalanceolata Nees Russia Murmansk Prov., Konstantinova, 206-2-02 (KPABG) EU791719 EU791843
Lophoziaascendens(Warnst.) R.M. Schust.  Russia, Buryatia, Konstantinova, 109-3-01 (KPABG) DQ875054 DQ875089
L. austro-sibirica Bakdin Russia, Buryatia, Bakalin, B 15-9-99 (KPABG) DQ875069 DQ875105
L. heteromorpha R. M. Schust. Russia, KamchatkaProv., Bakain, K-47-3-02 (KPABG) DQ875068 DQ875104
L. cf. lacerataN. Kitag. Russia, Commander Idand, Bakalin, K-3-2-02-VB (KPABG) DQ875071 DQ875107

L. lantratoviae Bakain Russia, Buryatia, Bakdin, 76-7-01 (KPABG) DQ875055 DQ875090



Phylogeny of Lophoziaceae, Scapaniaceae, Gymnomitriaceae and Jungermanniaceae 47

Taxon

L. schusteriana Schljakov
L. slvicolaH. Buch
L. slvicolaH. Buch

L. slvicoloidesN. Kitag. 1
L. slvicoloidesN. Kitag. 2
L. slvicoloidesN. Kitag. 3
L. slvicoloidesN. Kitag. 3
L. cf. wenzdlii (Nees) Steph.
var. groenlandica (Nees) Bakalin
L. ventricosa (Dicks.) Dumort. var.

guttulata (Lindb. et SW. Arndll) Bakalin

L. ventricosa (Dicks.) Dumort.
var. longiflora (Nees) Macoun
L. wenzdlii (Nees) Steph.
var. groenlandica (Nees) Bakain
L. wenzdlii (Nees) Steph.
var. lapponica H. Buch et SW. Arndll
L. wenzelii (Nees) Steph.
var. litoralis (SW. Arndll) Bakalin
L. wenzdlii (Nees) Steph.
var. massularioides Bakalin
Lophoziopsisexcisa (Dicks.)
Konstant. & Vilnet 1
L. excisa(Dicks)) Konstant. & Vilnet 2
L.longidens(Lindb.) Kongtant. & Vilnet
L. pdlucida (R. M. Schust.)
Konstant. & Vilnet 1
L. pellucida (R. M. Schust.)
Konstant. & Vilnet 2
L. polaris(R. M. Schust.)
Konstant. & Vilnet) 1
L. polaris(R. M. Schust.)
Konstant. & Vilnet) 1
L. polaris(R. M. Schust.)
Konstant. & Vilnet 2
L. propagulifera (Gottsche)
Kongtant. & Vilnet)

Macrodiplophyllumimbricatum M. Howe

M. microdontium(Mitt.) Perss.
M. plicatum(Lindb.) Perss.
Marsupella apiculata Schiffn. 1
M. apiculata Schiffn. 2

M. aquatica (Lindenb.) Schiffn. 1
M. aquatica (Lindenb.) Schiffn. 2

M. arctica (Berggr.) Bryhnet Kaal.
M. boeckii (Austin) Kaal. 1

M. boeckii (Austin) Kaal. 2

M. digtichii Steph.

M. emarginata (Ehrh.) Dumort. 1
M. emarginata (Ehrh.) Dumort. 2
M. emarginata (Ehrh.) Dumort. 3
M. funckii (F. Web. et D. Mohr) Dumort.

Herbarium voucher Accessionno.
trnL ITS
Russia, Murmansk Prov., Bakalin, G331 (KPABG) DQ875067 DQ875103
Russia, Kardlia, Bakain, 02.V111.1998 (KPABG) AF519197 —
Russia, Nizhny Novgorod Prov.,
Konstantinova, 124-1-03 (KPABG) — DQ875102

Russia, Murmansk Prov., Kongtantinova, 356-4-00 (KPABG)  DQ875064 DQ875099
Russia, KamchatkaProv., Bakalin, K -57-23-02-VB (KPABG) DQ875063 DQ875098
Norway, Spitsbergen, Konstantinova, 150-6-04 (KPABG)  DQ875065 —

Norway, Spitsbergen, Kongantinova, 150-2-04 (KPABG)  — DQ875100

Russia, Kemerovo Prov., Konstantinova, 67-3-00(KPABG) DQ875070 DQ875106

Russig, Buryatia, Konstantinova, 81-1-01 (KPABG) DQ875072 DQ875108
Russia, ChitaProv., Bakalin, 11-5-00 (KPABG) DQ875066 DQ875101
Russia, Murmansk Prov., Konstantinova, 9329 (KPABG) DQ875073 DQ875109
Norway, Spitsbergen, Konstantinova, 124-2-04 (KPABG)  DQ875076 DQ875112
Russia, Murmansk Prov., Bakalin,12-3-02 (KPABG) DQ875074 DQ875110
Russia, Caucasus, V. Onipchenko, 31.VI11.83 (MHA) DQ875075 DQ875111

Russia, Murmansk Prov., Kongtantinova, 41-2-97 (KPABG) DQ875057 DQ875092
Norway, Spitshergen, Konstantinova, K-21-2-05(KPABG)  DQ875058 DQ875093
Russia, Murmansk Prov., Konstantinova, 360-2-00 (KPABG)  DQ875059 DQ875094
Russia, Komi Rep., M. Dulin, 103640 (KPABG) EF065686 EF065694

Russia, Murmansk Prov., Kongtantinova, 39-2a-03 (KPABG) EF065687 EF065695

Russia, KamchatkaProv., Bakain, 30-01-02 (KPABG) DQ875060 —
Norway, Spitshergen, Konstantinova, K-9-2-05(KPABG)  — DQ875095
Russia, Yakutia, Bakalin, 23-11-00 (KPABG) DQ875061 DQ875096

Russia, KamchatkaProv., Bakdin, K-53-6-02-VB (KPABG) DQ875062 DQ875097
USA, Alaska, Kongtantinova, 110-2-92a(KPABG) EU791658 EU791770
Russia, Buryatia, Konstantinova, 146/12-01 (KPABG) AF519199 EU791769
Russig, KamchatkaProv., Bakain, 22.V111.2001 AF519198 EU791768
Norway, Spitsbergen, Konstantinova, K93-1-06 (KPABG)  EU791699 EU791819
Russia, ChitaProv., Bakalin, 5-13-00 (KPABG) EU791698 EU791818
Russia, Murmansk Prov., Konstantinova, 152/5-87 (KPABG) AF519201 EU791813
Russia, Caucasus, Karachayevo-Cherkessan Rep.,

Konstantinova, K 517-4-05 (KPABG) EU791694 EU791814
Norway, Spitshergen, Konstantinova, 128-04 (KPABG) EU791695 EU791815
Russia, Murmansk Prov., Kongtantinova, 367-2-00 (KPABG) EU791696 EU791816
Norway, Spitsbergen, Konstantinova, K93-2a-06 (KPABG) EU791697 EU791817
Japan, Deguchi & Yamaguchi,

Bryophytesof Asia#170 (2000) (KPABG) EU791703 EU791824
Russia, Murmansk Prov., Kongtantinova, 354-4-00 (KPABG)  EU791693 EU791812
Russig, Buryatia, Konstantinova, 44-01 (KPABG) EU791691 EU791810
Russig, Buryatia, Konstantinova, 23-4-02 (KPABG) EU791692 EU791811
Russia, Caucasus, Karachayevo-Cherkessian Rep.,

Kongantinova, K 516-1-05 (KPABG) EU791700 EU791820
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Taxon

M. sphacdata (Giesskeex Lindenb,) Dumort. 1
M. sphacdata (Giesskeex Lindenb,) Dumort. 2
M. sprucel (Limpr.) Bernet
Mesoptychia sahlbergii (Lindb.) A. Evans
Myliataylorii (Hook.) Gray

Mylia verrucosa Lindb.

Nardia assamica (Mitt.) Amak.

Nardia compressa (Hook.) Gray

Nardia insecta Lindb.
Obtusifoliumobtusum (Lindb.) SW. Arnell
Obtusifoliumobtusum(Lindb.) SW. Arnell
Orthocaulis attenuatus (Mart.) A. Evans 1
O. attenuatus (Mart.) A. Evans 2

O. bingteadii (Kaal.) H. Buch 1

O. bingteadii (Kaal.) H. Buch 2

O.floerkei (E. Weber & D.Mohr) H.Buch 1
O. floerkei (E. Weber & D. Mohr) H. Buch 2
Plectocolea obovata (Nees) Mitt. 1

P. obovata (Nees) Mitt. 2

P. obovata (Nees) Mitt. 3

P. subdlliptica (Lindb. Ex Kaal.) A. Evans
Psp.1

P.sp.2

P.s.3
Plicanthusbirmensis(Steph.) R.M. Schust.
Prasanthus suecicus (Gottsche) Lindb.
Protolophozia € ongata (Steph.) Schijakov
Pseudol ophozia debiliformis (R.M. Schust.
& Damsh.) Konstant. & Vilnet 1
P. debiliformis(R.M. Schust. & Damsh.)
Konstant. & Vilnet) 2
P. debiliformis(R.M. Schust. & Damsh.)
Kongant. & Vilnet) 3
Pseudolophozia sudetica (Neesex
Huebener) Kongtant. & Vilnet) 1
P. sudetica (Neesex Huebener)
Kongtant. & Vilnet 2
P. sudetica (Neesex Huebener)
Kongant. & Vilnet) 3
P. sudetica (Neesex Huebener)
Kongtant. & Vilnet) 4
Pseudotritomaria heterophylla
(R.M. Schust.) Konstant. & Vilnet 1
P. heterophylla (R.M. Schust.)
Konstant. & Vilnet 2
Saccobasispolita (Nees) H. Buch
S polymorpha (R.M. Schust.) Schijakov 1
S polymorpha (R.M. Schust.) Schijakov 2
Scapania americana Mll. Frib.
S apiculata Spruce
S asperaBernet et M. Bernet
S bolanderi Austin
S calcicola(H. Arnell et J. Perss) Ingham
S crasdiretisBryhn.
S curta (Mart.) Dumort.
S cuspiduligera (Nees) M{ll.Frib.

A.A. VILNET, N.A. KONSTANTINOVA & A.V. TROITSKY

Herbarium voucher Accessionno.
trnL ITS

Russia, Kemerovo Prov., Kongtantinova, 65/1-00 (KPABG)  AF519200 EU791821
Russia, Murmansk Prov., Kongtantinova, 58-5-97 (KPABG) EU791701 EU791822
Russia, Kemerovo Prov., Konstantinova, 54-1-00 (KPABG) HQ833031EU791823
Russia, Chukotka, Afonina, 10.V111.1979 (KPABG) AF519189 EU791840
Russia, Buryatia, S. Kazanovsky, 26.V11.1990 (LE) AY 327779 EU791847
Russig, Primorskiy Kray, Bakdin, P-73-9-05 (KPABG) EU791723 EU791848
Russia, Kuril Idands, Iturup, Bakadin, K 54-1a-05 (KPABG) EU791715 EU791838
Canada, Konstantinova, A97/1-95 (KPABG) AF519188 EU791837
Belgium, Kongtantinova, 102077 (KPABG) EU791714 EU791836
Russig, Murmansk Prov., Bakalin, 1.V11.2001 (KPABG) AY 327769 —

Russia, Permskiy Kray, Konstantinova, K-315-1-04 (KPABG)— DQ875118
Russia, Sekhdin Prov., Harpdl, Cherdantseva, 105728 (KPABG) EU722343 EU727538
Russia, Murmansk Prov., Kongtantinova, 29-3-97 (KPABG) EU722344 EU727539
Russia, Amur Prov., Bakalin, 34-3-00VB (KPABG) EU722345 EU727540
Russia, Murmansk Prov., Bakalin, 8-3-02 (KPABG) EU722346 EU727541
Russia, Murmansk Prov., Kongtantinova, 191-1-02 (KPABG) EU722348 EU727543
Russia, Permskiy Kray, Konstantinova, K 322-4-04 (KPABG) EU722347 EU727542
Russia, Murmansk Prov., Kongtantinova, 196-6-02 (KPABG) GQ220754 GQ220770
Russig, Kemerovo Prov., Kongtantinova, 72-2-00(KPABG) GQ220753 GQ220769
Russia, Permskiy Kray, Konstantinova, K 324-1-04 (KPABG) GQ220755 GQ220771

Russia, KamchatkaProv., Bakalin, K-48-13-03 (KPABG)  GQ220752 GQ220768
Russig, MurmankaProv., Kongtantinova, 30-1-97 (KPABG) GQ220761 GQ220777
Russia, Caucasus, Karachayevo-Cherkessian Rep.,

KonstantinovaK 495-2-05 (KPABG) GQ220762 GQ220778
Russia, Buryatia, Konstantinova, 70-2-01 (KPABG) GQ220751 GQ220767

EU791668 EU791791
EU791704 EU791825
DQ875078 DQ875116

Russia, Primorskiy Kray, Bakain, P-76-5-05 (KPABG)
Norway, Spitsbergen, KongtantinovaK 121-5-06 (KPABG)
Russiag, Murmansk Prov., Bakalin, 3-1-02 (KPABG)
Russia, Caucasus, Karachayevo-Cherkessian Rep.,
Kongtantinova, K 510-1-05 (KPABG) EF065685 EF065692

Russia, KamchatkaProv., Bakdin, K 20-2-04 (KPABG) DQ875079 EF065693

Russia, Murmansk Prov., E. Borovichev, 22.VI11.04 (KPABG) EF090623 EF090629

Russia, Murmansk Prov., Bakalin, 4.V1.1998 (KPABG) AF519195 DQ875113

Russia, Commander Idand, Bakalin, K-41-5-04 (KPABG)  EF090624 DQ875115

Norway, Spitsbergen, Kongtantinova, K 91-4-06 (KPABG)  EU791679 EU791796

Russia, Kemerovo Prov., Kongtantinova, 90-7-00 (KPABG) DQ875077 DQ875114

Russia, Yakutia, Zolotov & Sofronova, 13.V11.2003(KPABG) EU791686 EU791805
Russig, Krasnoyarskiy Kray, Fedosov, 107960 (KPABG)
Russia, Kemerovo Prov., Konstantinova, 61-1-00 (KPABG)
Russia, Murmansk Prov., Kongtantinova, 21-30-96 (KPABG)
Russia, Murmansk Prov., Kongantinova, 315-8-00 (KPABG)
USA, Washington, Konstantinova, A 22-6a-95 (KPABG)
Russig, Buryatia, Konstantinova, HRE 1 49 (KPABG)
Belgium, Kongtantinova, 2-20-3-99 (KPABG)

USA, Washington, Konstantinova, A10-4a-95 (KPABG)
Germany, Kongtantinova, 28.V111.86

Russa Murmansk Prov., Kongtantinova, 354-5b-00 (KPABG)
Russia, Murmansk Prov., Konstantinova, 358-3-00 (KPABG)
Russia, Buryatia, Konstantinova, 24-1-02 (KPABG)

EU791687 EU791806
EU791690 EU791809
EU791688 EU791807
EU791689 EU791808
EU791655 EU791764
EU791633 EU791741
EU791627 EU791735
EU791657 EU791767
EU791648 EU791757
EU791646 EU791755
EU791628 EU791736
EU791643 EU791752
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Taxon Herbariumvoucher Accessonno.
trnL ITS
S ferruginea (Lehm. & Lindenb.)

Gottsche, Lindenb. & Nees India, Sikkim, D. Long, 22492 (KPABG) AF519193 EU791766
S glaucocephala (Taylor) Austin Russig, Buryatia, Konstantinova, 64-5-02 (KPABG) EU791644 EU791753
S gymnostomophila Kaal. Russia, Murmansk Prov., Kongtantinova, 13-1-98 (KPABG) EU791649 EU791758
S helvetica Gottsche 1 Russia, Caucasus, Karachayevo-Cherkessian Rep.,

KongtantinovakK414-1-05 (KPABG) EU791620 EU791728
S helvetica Gottsche 2 Russia, Caucasus, Karachayevo-Cherkessian Rep.,

Kongantinova, 488-3-05 (KPABG) EU791619 EU791727
S hyperborea Jorg. 1 Russia Murmansk Prov., Kongtantinova, 509-3a:04(KPABG) EU791635 EU791744
S hyperborea Jorg. 2 Russia, Yakutia, Bakalin, 1-10-00 (KPABG) EU791636 EU791745
Sirrigua (Nees) Nees1 Russia,Permskiy Kray, Konstantinova, K 372-5-04 (KPABG) EU791624 EU791732
Sirrigua (Nees) Nees2 Russia, Murmansk Prov., Kongtantinova, 219-4-02 (KPABG) EU791625 EU791733
S kaurinii Ryan Russia, ChitaProv., Bakalin, 11-1-00 (KPABG) EU791650 EU791759
S mucronata H. Buch 1 Russia, TuvaRep., Bakalin, 100854 (KPABG) EU791629 EU791737
S mucronata H. Buch 2 Russig Kardlia, 43-8-01 (KPABG) EU791630 EU791738
S nemorea (L.) Grolle Belgium, Konstantinova, 1-20-9-99 (KPABG) EU791645 EU791754
S obcordata (Berggr.) SW.Arndl Norway, Spitsbergen, Kongtantinova, 123-1-04 (KPABG) EU791626 EU791734
S paludicola Loeskeet Mdill. Frib. Russia, Karelia, Bakdin, 11.V111.1997 AF519196 EU791743
S paludosa (Mill.Frib.) Mll. Frib. 1 Russia, Permskiy Kray, Konstantinova, K316-2-04 (KPABG) EU791639 EU791748
S paludosa (MUll.Frib.) Mll. Frib. 2 Russia, Kemerovo Prov., Kongtantinova, 4-3-00(KPABG)  EU791638 EU791747
S rufidula Warnst. Russia, Yakutia, Bakalin, 35-3-00 (KPABG) EU791637 EU791746
S smmonsii Bryhnet Kaal. Russia, Murmansk Prov., Konstantinova, 45-9-98 (KPABG) EU791653 EU791762
S sphaerifera H.Buch et Tuom. Russia, Buryatia, Kongantinova, 92-2-01(KPABG) EU791656 EU791765
S gpitshergensis (Lindb.) MUll. Frib. 1 Russig, Buryatia, Kongtantinova, 121-6-02 (KPABG) EU791651 EU791760

S spitsbergensis (Lindb.) Mull. Frib. 2 Norway, Spitsbergen, Konstantinova, K 90-2-06 (KPABG)  EU791652 EU791761
S subalpina (Neesex Lindenb.) Dumort. 1 Russia, Permskiy Kray, Kongtantinova, K379-04 (KPABG) EU791641 EU791750

S subalpina (Neesex Lindenb.) Dumort.2  Russia, Buryatia, Konstantinova, 136-4-01 (KPABG) EU791640 EU791749
S tundrae (Arnell) H. Buch Norway, Spitsbergen, Konstantinova, 140-1-04 (KPABG)  EU791634 EU791725
& EU791742
S uliginosa (Sw. ex Lindenb.) Dumort. Russia, Murmansk Prov., Bakdin, 25-7-01 (KPABG) EU791631 EU791739
S umbrosa (Schrad.) Dumort. Russia, Komi Rep., M. Dulin, MD 139-1-99 (KPABG) EU791632 EU791740
S undulata (L.) Dumort Russia, Murmansk Prov., Konstantinova, 208-2-02 (KPABG) EU791642 EU791751
S verrucosa Heeg Russia, Caucasus, Karachayevo-Cherkessan Rep.,
Konstantinova, 609/6-05 (KPABG) EU791654 EU791763
Schistochilopsisincisa (Schrad.) Russia, Caucasus, Karachayevo-Cherkessan Rep.,
Konstantinoval Kongtantinova, K411-1-05 (KPABG) EF065689 —
S incisa(Schrad.) Konstantinova2 Russia, Murmansk Prov., Konstantinova, 187-1-02 (KPABG) DQ875083 —
S grandiretis(Lindb. Ex Kaal.) Schiffn. Russia, KamchatkaProv., Bakain, 99-5-01-VB (KPABG)  DQ875081 DQ875122
& DQ875120
S opacifolia(Meyl.) Konstant. 1 Norway, Spitshergen, Konstantinova, K-43-2-05(KPABG)  DQ875082 DQ875121
S opacifalia(Meyl.) Konstant. 2 Russia, Caucasus, Karachayevo-Cherkessan Rep.,
Konstantinova, K 468-6b-05 (KPABG) EF065688 GQ220784

Schljakovia kunzeana (Huibener)

Konstant. & Vilnet 1 Russia, KamchatkaProv., Bakdin, K 56-9-02VB (KPABG) EU722350 EU727545
S kunzeana (Hibener) Kongtant. & Vilnet2 ~ Russiag, Murmansk Prov., Kongtantinova, 181-02 (KPABG)  EU722349 EU727544
Schijakovianthus quadrilobus (Lindb.)

Kongant. & Vilnet 1 Russia, TuvaRep., Otnyukova, Bakalin, 100805 (KPABG) EU791666 EU791786

S quadrilobus(Lindb.) Kongtant. & Vilnet2  Russia, Komi Rep., Dulin, 101302 (KPABG) EU791665 EU791785
Solenogomaconfertissmum (Nees) Schljakov Russia, Cauicasus, Karachayevo-Cherkessian Rep.,

Konstantinova, K 459-8a-05 (KPABG) GQ220758 GQ220774

S fusiformis (Steph.)Steph. Russia, KamchatkaProv., Bakalin, HRE 42 (KPABG) GQ220757 GQ220773

S handdlii (Schiffn.) Mll. Frib. Japan, M. Itouga, Bryophytesof Asia194 (KPABG) GQ220756 GQ220772

S pseudopyriflorumBakalin & Vilnet Russia, Buryatia, Konstantinova, 30-2-01 (KPABG) GQ220759 GQ220775
S Russia, Caucasus, Karachayevo-Cherkessian Rep.,

Konstantinova, K 419- 05 (KPABG) GQ220760 GQ220776

Sphenolobusminutus (Schreb.) Berggr. 1 Russia, Karelia, Bakalin, 24.V11.1998 (KPABG) AY 327766 EU791790

S minutus (Schreb.) Berggr. 2 Norway, Spitsbergen, Kongtantinova, K 68-1-06 (KPABG)  EU791667 EU791789
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Taxon Herbariumvoucher Accessonno.
trnL ITS
S saxicola (Schrad.) Steph. Russia, Buryatia, Konstantinova,123-3-02 (KPABG) DQ875086 DQ875124
Tetralophozafiliformis (Steph.) Urmi Russig, Buryatia, Konstantinova, 13-24-01 (KPABG) EU791669 EU791792
T. setiformis (Ehrh.) Schljakov Russia, Buryatia, Konstantinova, 123-2-02 (KPABG) EU791670 EU791793
Tritomariaexsecta (Schhmidel) Loeske Russia, Nizhny Novgorod Prov.,
Konstantinova, 103-1-03 (KPABG) EU791682 EU791800

T. exsectiformis (Breidl.) Loeske Russia, Buryatia, Konstantinova, 83-4-01 (KPABG) EU791683 EU791801
T. quinquedentata (Huds.) H. Buch Russia, Kardlia, Bakdin, 02.V11.1997 (KPABG) AY 327786 EU791804
T. quinquedentata

f. gracilis(Jens) R.M. Schust. 1 Norway, Spitsbergen, Konstantinova, K 118-2-06 (KPABG) EU791684 EU791802
T. quinquedentata

f. gracilis(Jens,) R.M. Schust. 2 Norway, Spitsbergen, Kongtantinova, K 72-2-06 (KPABG)  EU791685 EU791803

Tritomariascitula (Tayl.) Jarg. Russia, Komi Rep., Dulin, G101301 (KPABG) EU791681 EU791799



