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Abstract

The genus Asterella P. Beauv. includes four species in Russia: 4. leptophylla and A. cruciata
are restricted to the southern flank of the Russian Far East and two others, A. saccata and A.
lindenbergiana occur mostly in the subartcic zone of Asia and the northern part of European
Russia. Asterella cruciata is recorded for the first time in Russia. The study of the ribosomal LSU
(or 26S) gene and #rnL-F cpDNA intron confirmed the placement of Asterella gracilis in the genus
Mannia and revealed the close relationship of A. leptophylla and A. cruciata, and the rather
unrelated position of A. saccata and A. lindenbergiana. The phylogenetic tree includes robustly
supported terminal clades, however with only weak support for deeper nodes. In general, Asterella
species and M. gracilis from Russia show low levels of infraspecific variation. An identification
key and species descriptions based on Russian specimens are provided, along with details of
specimens examined, ecology and diagnostic characters of species.

Pesrome

Pon Asterella P. Beauv. npeactasner B Poccun getsippMs Bunamu: A. leptophylla v A. cruciata
OTpaHUYEHbI B PAaCIpPOCTPAaHEHUH I0roM poccuiickoro JlansHero BocToka, a 1Ba Apyrux Buaa, 4.
saccata u A. lindenbergiana, pacpocTpaHEeHbl NPEUMYIIECTBEHHO B Cy0apKTHUECKOH A3UM U
CeBepHOI yacTu eBponeiickoil Poccun. Asterella cruciata Buepsble BoisiBieHa B Poccun. Ananmus
HYKJICOTUIHBIX mocnenoBarenbHocTedl yactu rena LSU (wm 26S) ag/IlHK u trnL-F xn/IHK
MIOATBEPXKIAeT NoJoKeHue Asterella gracilis B pone Mannia n noxassiBaeT, uto A. leptophylla n
A. cruciata sBasioTcs QuiloreHeTHYeCKn OMM3KUMM BuAaMu. OJIHAKO, MOCJICIHUE BHJBI YETKO
ommyaTcs Mopdonoruuecku. Bee yetsipe n3Bectusie B Poccun Buna Asterella v M. gracillis
XapaKTepU3yIOTCsl HU3KUM YPOBHEM BHYTPHUBHUI0BOH BapHaOeNbHOCTH IO M3yYEHHBIM IOCIIE-
nosarenbHocTaM JIHK, o0pasubl BuJ0B GOpMHUPYIOT HAJEKHO MOJAEPKAHHBIC KIabl, YTO
OJIHO3HAYHO ITOITBEPIKIACT BUJIOBOH CTATYC ITHX TAKCOHOB. B TO ke Bpems, nosryueHHas GHIoreHus
pona Asterella xapakTepusyeTcs HU3KHMHU TOIJEPKKAMU BHYTPEHHHX Y3JI0B Ha HOCTPOSHHBIX
(unoreHeTHYECKNX AePeBbAX. [IPUBOAATCS KIIOY IS ONPEeICHNs POCCUICKHUX BUJIOB, CIIMCOK
U3y4eHHBIX 00Pa3II0B, a TAKXKE MOP(OIOrHIECKIE ONUCAHUS C yKa3aHHEM 0COOCHHOCTEH H3yUeHHBIX
BHUJIOB U IIPEJIIOYMTAEMBIX HIMH MECTOOOHTaHUH, COCTABICHHBIE IO POCCHHCKOMY MaTepuaiy.
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LSU, 268, trnL-F

INTRODUCTION
Asterella is one of the largest genera of the order
Marchantiales, including 45-50 species worldwide with
15 taxa occurring in Eurasia (Long, 2006). The check-
list of Russian liverworts (Konstantinova, Bakalin et al.,
2009) reported four Asterella species: A. gracilis (F.

Weber) Underw., A. leptophylla (Mont) Grolle, A. lin-
denbergiana (Corda ex Nees) Arnell and A. saccata
(Wahlenb.) A. Evans. However, since then, Asterella gra-
cilis was transferred to Mannia (Schill et al., 2010), bas-
ing on two estimations of molecular phylogeny of the
family Aytoniaceae based on matK and ¢rnL-intron cpD-
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NA (Long et al., 2000) and LSU (or 26S) gene and trnL-
F cpDNA (Schill et al., 2010). In another DNA barcod-
ing study including a single sample of Asterella gracilis,
this was also found among Mannia species by the test of
rbcL cpDNA (Hollingsworth et al., 2009). However, this
taxonomic transfer is quite incongruent with morpho-
logical evidences. The traditional differentiating feature
between Asterella and Mannia is presence of an individ-
ual preudoperianth around each sporophyte in Asterella
(Miiller, 1954; Schljakov, 1982; Schuster, 1992; etc.). A
pseudoperianth is found in 4. gracilis, but not in any
other Mannia species. In this case, the results of molecu-
lar study demonstrate the problem of morphological de-
limitation of the two genera. Some differences between
Mannia gracilis (Asterella gracilis) and other Asterella
were found in spore morphology (Long, 2006). In the
present study, we treat 4. gracilis as a member of the
genus Mannia, but include it in discussion on morpholo-
gy and key, so it will not be overlooked during specimen
identification.

In the course of recent studies on the liverwort flora
of Russia we examined (both morphologically and ge-
netically) material of Asterella from Russia available to
us, clarifying the distribution of previously recorded taxa.
The main goal of the present study is to revise this genus
in Russia utilizing an integrative taxonomic approach,
and to provide keys, morphological descriptions and il-
lustrations of species based on collections from Russia.

MATERIAL AND METHODS

Taxon samping

The morphological study was based on ca. 70 speci-
mens of Asterella from Russia kept in KPABG, VBGI,
LE, MHA, TUR, KW and IRK.

For molecular studies, nucleotide sequences were newly
obtained for 37 specimens of the family Aytoniaceae, 33
of them were gathered mostly in geographically remote
regions of Russia and four from neighboring countries:
Norway, Ukraine, Japan and China (Table 1). The genus
Asterella was represented by 8 specimens referred by mor-
phology to the 4 species known in Russian liverwort flora.
Additionally, 20 specimens from 6 taxa of the genus Man-
nia, 6 specimens from 2 species of Plagiochasma and 3
specimens of Reboulia hemisphaerica were tested.

For phylogenetic testing the partial nuclear ribosom-
al LSU gene (ca. 1100 bp fragment from the 5’-end of
the gene) and #rnL-F cpDNA were selected due to suit-
able taxa sampling in Long et a/. (2000) and Schill et al.
(2010). The part of rbcL gene cpDNA suggested by Holl-
ingsworth et al. (2009) is almost twice as short as the
part of the nuclear ribosomal LSU gene in Schill ef al.
(2010), but the number of variable and parsimony infor-
mative positions in this rbcL region is significantly low-
er than in part of LSU gene (in two and 1.5 times, conse-
quently). All analyzed specimens are listed in Table 1,
including data on morphological identification, GenBank
accession numbers and voucher details. The newly gen-

erated data were combined with 78 GenBank accessions
(LSU and trnL-F) belonging to 39 specimens of 24 march-
antioid liverworts taxa from Schill ef al. (2010: Appen-
dix 1) and 18 GenBank accessions (zrnL-intron) of 16
Asterella species from Long et al. (2000). Following these
studies, Targionia hypophylla L. was used as an outgroup
taxon for the phylogenetic analyses.

DNA isolation, PCR amplification and DNA
sequencing

DNA was extracted from dried liverwort tissue using
the NucleoSpin Plant Kit (Macherey-Nagel, Germany).
The amplification and sequencing were performed using
primers suggested by Taberlet et al. (1991) and Shaw
(2000) for the #rnL-F and LSU, respectively.

PCRs were carried out in 20 pl volumes according to
the following procedure: 3 min at 94°C, 30 cycles (30 s
94 °C, 40 s 56 °C for trnL-F or 50°C for LSU, 60 s 72 °C)
and 2 min of extension time at 72 °C. Amplified frag-
ments were visualized on 1 % agarose TAE gels by EtBr
staining, purified using the GFX PCR DNA and Gel Band
Purification Kit (Amersham Biosciences, USA), and then
used as a template for sequencing reactions with the ABI
Prism BigDye Terminator Cycle Sequencing Ready Re-
action Kit (Applied Biosystems, USA) following the stan-
dard protocol provided for 3100 Avant Genetic Analyzer
(Applied Biosystems, USA).

Phylogenetic analysis

Two datasets, LSU and #rnL-F, were automatically
aligned using BioEdit 7.0.1 (Hall, 1999) with ClustalW
option and then manually corrected. The strict-consen-
sus trees of non-parametric bootstrap analyses revealed
a lack of incongruence between both datasets and subse-
quently they were combined.

The combined LSU+#nL-F dataset for 76 specimens
(with exclusion of specimens with #nL-intron data only)
was analyzed by the maximum parsimony method (MP)
with the TNT program (Goloboff et al., 2003). This anal-
ysis involved a New Technology Search with a search for
the minimum-length tree by one reiteration and 1000
bootstrap resamplings; the default settings were used for
other parameters; indels were taken into account by a
modified complex coding algorithm in SeqState (Miiller,
2005). The Bayesian method (BA) with MrBayes v. 3.2.1
(Ronquist et al., 2012) and the maximum likelihood
method (ML) with PhyML 3.0 (Guindon et al., 2010)
were implemented for full dataset with 94 specimens,
absent data were treated as missing.

The program ModelGenerator (Keane et al., 2004)
determined the GTR+I+G model as the best-fit evolu-
tionary model of nucleotide substitutions for LSU+z#nL-
F dataset. This model of nucleotide substitutions was used
and the rate heterogeneity among sites was modeled us-
ing a gamma distribution with four rate categories. Boot-
strap support (BS) for individual nodes was assessed us-
ing a resampling procedure with 500 replicates. Accord-
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ing to stopping frequency criterion (FC) for bootstrap-
ping procedure (Pattengale et al., 2010) for our dataset
even 200 replicates are enough for reaching BS conver-
gence with Pearson average ¢100=0.992940 realized in
RAXML v7.2.6 (Stamatakis, 2006).

For the Bayesian analysis each of the partitions of
the combined alignment (LSU and #nL-F) was separately
assigned the GTR+I+G model, and gamma distributions
were approximated using four categories. Two indepen-
dent runs of the Metropolis-coupled MCMC were used
to sample parameter values in proportion to their poste-
rior probability. Each run included three heated chains
and one unheated chain, and the two starting trees were
chosen randomly. The number of generations was 3 mil-
lion, and trees were saved every 100th generation. Aver-
age standard deviation of split frequencies between two
runs was 0.005226. The software tool Tracer (Rambaut,
Drummond, 2007) reveals effective sample size (ESS) is
1832,5766 and auto-correlation time (ACT) is 2946,6817
for our data. The 3000 trees as determined by Tracer were
discarded in each run, and 54000 trees from both runs
were sampled after burning. Bayesian posterior proba-
bilities were calculated as branch support values from
trees sampled after burn-in.

The infrageneric and infraspecific variability of each
DNA locus (LSU, trnL-F, trnL—intron) for all included
in the full dataset Asterella species was estimated as the
value of the p—distances between specimens and species,
as calculated in Mega 5.1 (Tamura et al., 2011) using
the pairwise deletion option for counting gaps.

RESULTS

In total, 22 sequences of partial LSU gene and 36
sequences of trnL-F for 37 Aytoniaceae specimens were
obtained and combined in a newly produced alignment
with accessions from Schill ef al. (2010) and Long et al.
(2000). The combined alignment for 94 specimens of
marchantioid liverworts consists of 1958 character sites;
among them 1185 sites belong to LSU, 773 sites to the
trnL-F region. The number of constant positions in the
LSU region and frnL-F region are 930 (78.48 %) and
415 (53.69 %), variable positions are 221 (18.64 %) and
284 (36.74 %), parsimony informative positions 150
(12.66 %) and 207 (26.78 %). Totally, in combined align-
ment there are 1345 (68.69 %) constant positions, 505
(25.79 %) are variable and 357 (18.23 %) are parsimony
informative positions. Thus, the variability of #7nL-F re-
gion almost in two times higher than variability of par-
tial LSU gene, evidently, this cpDNA locus is more suit-
able for phylogenetic reconstruction.

The MP analysis yielded two equally parsimonious
trees with a length of 2465 steps, with CI=0.615019
and RI = 0.832159 calculated in Mega 5.1. The ML cal-
culation resulted in a single tree, the arithmetic means of
Log likelihood was -9294.95184. Arithmetic means of
Log likelihoods in the BA analysis for both runs sam-
pled were -9208.32 and -9208.82 respectively.

The trees topologies achieved by three methods are
highly congruent. The MP tree for 76 specimens with
indication of bootstrap support values (BS) is shown in
Fig. 1, the ML tree for 94 specimens with indication of
BS and posterior probabilities (PP) calculated in BA anal-
ysis — in Fig. 2.

The constructed topologies are quite similar to the
trees published in Schill ez al. (2010). The phylogenetic
affinity among Asterella species resembles those obtained
by Long ef al. (2000). The robustly supported subclades
with multiplied sampled five species of the genus Man-
nia and Asterella gracilis compose a terminal clade on
obtained trees (BS=93% in ML, PP=1.00 in BA) (Fig. 1.
2). Seven Russian accessions of 4. gracilis comprise a
subclade with three previously analyzed specimens from
Europe (BS=99% in ML, PP=1.00 in BA) in relation to
Mannia triandra and M. pilosa (BS=93% in MP, BS=97%
in ML, PP=1.00 in BA) that supports its treatment as
Mannia gracilis as concluded by Schill ef al. (2010).
Based on DNA analysis the morphological identification
of four Mannia specimens was corrected: Mannia an-
drogyna (instead erroneously M. fragrans) was suggest-
ed for Russian Far East, two specimens were referred to
M. triandra, specimens of erroneously determined Man-
nia androgyna from the Republic of Adygeia was found
in a subclade along with Austrian samples of M. califor-
nica that as suggested in Schill ef al. (2010) could be an
evidence of cryptic speciation in this taxon.

Asterella californica and A. grollei compose their own
separated phyla with support on phylogenetic trees part-
ly resembling results of Schill ef al. (2010) and Long et
al. (2000). Other Asterella species were placed in an un-
supported clade with genera Plagiochasma and Reboul-
ia in MP tree (Fig. 1) or dispersed among two clades on
ML/BA trees (Fig. 2): A. lindenbergiana+A.saccata+8
species of Asterella represented by single specimen
(PP=0.77 in BA) and A. leptophylla+A. cruciata+A.
khasyana+A. africana+A. tenella+A. wallichiana
(PP=1.00 in BA). Thus, our estimation demonstrate poly-
phyly of the genus Asterella as previously achieved also
by Schill et al. (2010) and Long ef al. (2000).

Four species of Asterella from the Russian flora were
found in one clade in the MP tree (Fig. 1) or as a result of
ML/BA analyses of extended taxa sampling A. linden-
bergiana and A. saccata were placed in a distinct clade
from A. leptophylla and A. cruciata (Fig. 2). All studied
specimens of A. lindenbergiana from Russia compose one
subclade and possess a common nucleotide sequence of
trnL—intron with Norwegian specimen (BS=100% in MP,
BS=96% in ML, PP=1.00 in BA). A Russian specimen
of A. saccata is similar to those from Switzerland
(BS=100% in MP, BS=100% in ML, PP=1.00 in BA).
The specimens of A. leptophylla from Primorsky Terri-
tory of Russia and from Japan compose a clade with
moderate support (BS=65% in ML, PP=0.89 in BA). The
clade that shows a sister position of A. cruciata to A.



A review of the genus Asterella P. Beauv. in Russia

9

100
e
Russia: Primorsky Territory

297

93 France GQ910727+GQ910688
India GQ810721+GQ910682
India GQ910720+GQ910681
China GQ910726+GQ910687

r— |ndia GQ910724+GQ910685
L— Namibia GQ810723+GQ910684
e USA GQ910725+GQ910686
100 Austria GQ810722+GQ910683
——{— Wannia sp. Russia: Adygei Rep.
88 M. controversa Austria GQ910728+GQ910689
Mannia sp. India GQ910735+GQ910696
M. sibirica USA GQ910734+GQ910895
Portugal GQ910718+GQ910679
Namibia GQ910719+GQ910680

Mannia californica

100

Mannia androgyna

Russia: Primorsky Territory 1
89 Russia: Primorsky Territory 2
China
Russia: Kasnoyarsk Territory

b Russia: Adygei Rep 1.
b Russia: Adygei Rep. 2
e Ukraine

100

Mannia fragrans

97

— Japan GQ910730+GQ910691

India GQY10729+GQY10690
e Switzerland GQY10731+GQY10692

France GQ910708+GQI10669
Russia; Komi Rep.

Romania GQ810707+GQ910668
Russia: Murmansk Prov. 2
Russia: Murmansk Prov. 3

Russia: Primorsky Territory

Mannia gracilis
80

9

93

84

100

100
ﬂEEaE,a GQ910736+GQ910698
Russia: Kemerovo Prov. C25b
100
L o
Russia: Komi Rep.

— Asterella californica USA GQ910706+GQ910667

85 Russia: Sakhalin Prov.
_C: Russia: Kamchatka Prov.
Russia: Murmansk Prov. 1
b Russia: Chukotka N.O.

Norway: Svalbard
USA GQ910737+GQY10697

l Mannia triandra

Austria GQ910732+GQ910693

Austria GQ910733+GQY10694 | Mannia pilosa

Russia: Primorsky Territory
i:: Russia: Altay Rep. I Plagioch
Plagiochasma wrightii Mexico GQ910740+GQg10701 | 1agiochasma

| 51— Russia: Trans-Baikal Territory 1 Ijaponicum
Russia: Trans-Baikal Territory 2
Japan

Russia: Khabrovsk Territory I Plagiochasma pterospermum

100

100

100

100 100

C

Portugal GQ810742+GQ910703
USA GQ910743+GQ9Y10704

b Flagiochasma rupestre Portugal GQ910739+GQ910701

100 58 Russia: Perm Territory
Russia: Primorsky Territory
Switzerland GQ910741+GQ910702

1

95

=

b Russia: Caucasus 1
e Asterella grollei China GQ910709+GQ810670
Cryptomitrium tenerum Mexico GQ910716+GQ910677
Cryptomitrium himalayense Nepal GQ210717+GQ310678
ryptomitrium sp. Peru GQ910715+GQ910676
e Athalamia hyalina Austria GQ910714+GQ910675

| Targionia hypophylla

e Plagiochasma japonicum India GQ910738+GQ910699
Russia: Murmansk Prov.

Reboulia hemisphaerica

B9 Asterella leptophylla Russia: Primorsky Territory

Asterella cruciata Russia: Primorsky Territory
Asterella africana Portugal GQ910705+GQ910666

Asterella tenefla USA GQ910712+GQY10673
Asterella wallichiana Nepal GQ810713+GQ910674
Switzerland GQ910711+GQ910672
Russia: Chukotka N.O. I Asterella saccata
Asterella lateralis Mexico GQ910710+GQ910671
Russia: Krasnodar Territory
Russia: Adygel Rep.
Russia: Caucasus 2
Russia: Kamchatka Prov.

63
00

100

Asterella lindenbergiana

Fig 1. Phylogram obtained in a maximum parsimony calculation for the family Aytoniaceae and related taxa based on combined
nucleotide sequences dataset of LSU nrDNA and #nL-F cpDNA (76 specimens). Bootstrap support values more than 50% are
indicated. Samples sequenced for this study are in bold, for specimens from Schill et al. (2010) the GenBank accessions numbers

are provided (LSU+#rnL-F).
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Fig 2. Phylogram obtained in a maximum likelihood calculation for the family Aytoniaceae and related taxa based on combined
nucleotide sequences dataset of LSU nrDNA and #rnL-F cpDNA (94 specimens). Bootstrap support values of maximum likelihood
analysis and Bayesian posterior probabilities more than 50% (0.50) are indicated. The values of length for cut branches are shown.
Samples sequenced for this study are in bold, for specimens from Schill et al. (2010) and Long et al. (2000) the GenBank
accessions numbers are provided (LSU+#nL-F or trnL-intron, consequently).
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Table 1. The list of taxa, specimens vouchers and GenBank accession numbers for sequenced in this study specimens.
Taxon Voucher specimen GenBank accession numbers
trnL-F LSU (26S)

Asterella cruciata Russia: Primorsky Territory, Bardunov, s.n., 9.1X.1978 (VBGI, KPABG) KR024222 KR024186
A. leptophylla Russia: Primorsky Territory, Bakalin, P-40-24-12 (VBGI, KPABG) KR024221 KR024185
A. lindenbergiana Russia: Adygei Rep., Konstantinova, K409-3-12 (KPABG) KR024219 KR024183
A. lindenbergiana Russia: Kamchatka Prov., Karagynsky Isl., Bakalin, K-18-20-05 (VBGI, KPABG)  KR024215 —
A. lindenbergiana Russia: Krasnodar Territory, Konstantinova, K437-1-07 (KPABG) KR024218 KR024182
A. lindenbergiana Russia: Caucasus, 1, Konstantinova, K409-3-12 (KPABG) KR024217 KR024181
A. lindenbergiana Russia: Caucasus, 2, N. Konstantinova, K427-12 (KPABG) KR024216 KR024180
A. saccata Russia: Chukotka N.O., Afonina, s.n., 14.VIII.1979 (LE, KPABG) KR024220 KR024184
Mannia androgyna Russia: Primorsky Territory, Gambaryan, 16.VI1.1997 (VBGI, KPABG) KR024188 —
M. fragrans China: Great Khingan Range, Bakalin, China-33-3-10 (KPABG) KR024191 —
M. fragrans Russia: Adygei Rep., 1, Konstantinova & Savchenko, K104-4-09 (KPABG) KR024194 KR024168
M. fragrans Russia: Adygei Rep., 2, Konstantinova & Savchenko, K168-2-09 (KPABG) KR024193 KR024167
M. fragrans Russia: Krasnoyarsk Territory, Stolby NSR, Vasil’ev, s.n., 3.VIIL.1985 (KPABG)  KR024192 KR024166
M. fragrans Russia: Primorsky Territory, 1, Bakalin, P-1-5-11 (VBGI, KPABG) KR024189 —
M. fragrans Russia: Primorsky Territory, 2, Kozhevnikov, s.n., 13.1X.2000 (VBGI, KPABG) KR024190 —
M. fragrans Ukraine, Zerov, s.n., 10.VL.1953 (KW, KPABG) — KR024169
M. gracilis Russia: Kamchatka Prov., Bakalin, K-62-2-03 (KPABG) KR024202 —
M. gracilis Russia: Komi Rep., Dulin, MVD-1113 (KPABG) KR024198 KR024172
M. gracilis Russia: Murmansk Prov., 1, Borovichev, B23-1-06 (KPABG) KR024199 —
M. gracilis Russia: Murmansk Prov., 2, Borovichev, BE17-1-06 (KPABG) KR024200 KR024173
M. gracilis Russia: Murmansk Prov., 3, Borovichev, P-305-6-13 (KPABG) KR024203 KR024174
M. gracilis Russia: Primorsky Territory, Bakalin, P-84-1-07 (VBGI, KPABG) KR024204 —
M. gracilis Russia: Sakhalin Prov., Sakhalin Isl., Bakalin, S-60-17-09 (VBGI, KPABG) KR024201 —
M. pilosa Russia: Komi Rep., Dulin, s.n., 21.V1.2007 (KPABG) KR024205 KR024175
M. sp. Russia: Adygei Rep., Konstantinova, K105-2-09 (KPABG) KR024187 KR024165
M triandra Norway: Svalbard, Borovichev, BE171-5-09 (KPABG) KR024195 KR024170
M. triandra Russia: Chukotka N.O., Vangelya Isl., Polozova, s.n., 1.1X.1985 (LE, KPABG) KR024196 —
M. triandra Russia: Kemerovo Prov., Konstantinova, 82-1-00 (KPABG) KR024197 KR024171
Plagiochasma japonicum Russia: Altay Rep., Zolotuchin, s.n., 23.V.1982 (KPABG, MHA) KR024206 —
P. japonicum Russia: Primorsky Territory, Gambaryan, 148d (VBGI, KPABG) KR024209 —
P. japonicum Russia: Trans-Baikal Territory, 1, Mamontov, YuSM-265-3-9 (KPABG) KR024208 KR024177
P. japonicum Russia: Trans-Baikal Territory, 2, Mamontov, YuSM-278-2-1 (KPABG) KR024207 KR024176
P. pterospermum Japan, Yamaguchi, Bryophytes of Asia #147 (KPABG) KR024210 —
P. pterospermum Russia: Khabarovsk Territory, Bakalin, Kh-72-22-09 (VBGI, KPABG) KR024211 —
Reboulia hemisphaerica  Russia: Perm Territory, Konstantinova, K391-4-04 (KPABG) KR024213 KR024179
R. hemisphaerica Russia: Primorsky Territory, Gambaryan, s.n., 4.VII1.1995 (VBGI, KPABG) KR024214 —
R. hemisphaerica Russia: Murmansk Prov., Borovichev, BE13-6-07 (KPABG) KR024212 KR024178

leptophylla is supported in the MP tree (Fig. 1, BS=89%),
while in the ML/BA analysis these species appears in a
polytomy with other species (Fig. 2).

The p—distances in the genus Asterella indicate ro-
bust species differentiation by #rnL-F and trnlL—intron
sequences whereas variation of LSU is quite low to dis-
tinguished closely related species (Table 2). Asterella lin-
denbergiana and A. saccata reveal the low level of in-
fracpecific variation among the studied loci (z7nL—intron/
trnL-F/LSU: 0/0.1/0.1 and 0/0/0.3 consequently) where-
as M. gracilis appears to be a more variable species even
within Europe (z7nL—intron/trnL-F/LSU: 1.1/0.7/0.3) and
could be a candidate taxon for cryptic species estima-
tion. The differences in trnl—intron sequences between
two specimens of 4. leptophylla are absent, but their dif-
ferentiation from A. cruciata partially exceeds the level
of infraspecific variation found in a sufficiently sampled
species (trnL—intron/trnL-F/LSU: 1.6/1.3/0.4). Similar

level of infrageneric p—distances was obtained for relat-
ed species A. africana and A. khasyana. 1t should be
mentioned that two specimens from China of 4. lepto-
phylla and A. cruciata are also only slightly differentiat-
ed from rbcL cpDNA (Hollingsworth ef al., 2009). How-
ever morphologically A. cruciata and A. leptophylla are
well differentiated.

The implemented study does not resolve the deep nodes
in Asterella phylogeny, but supported terminal clades ap-
peared to be useful for practical taxonomy. The results
confirmed the position of Asterella gracilis in Mannia,
the close relationship of 4. leptophylla and the newly re-
ported for Russian flora 4. cruciata. The single specimen
of Asterella saccata from Russia was found in a clade with
a specimen of this species from Switzerland, being clearly
separated from other Asterella species and supporting the
presence of Asterella saccata in Russia. Asterella lindber-
giana and M. gracilis reveal a low level of infraspecific
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Table 2. The values of p-distances within species (INT, shaded) and between species (INF) of Asterealla (calculated with data on LSU and t7nL-F by Schill et al. (2010) and ¢rnL-intron

by Long et al. (2000). Three values are given for three loci as follow: frnL-intron/frnL-F/LSU. Dashes mark non calculated values due to single specimen only.

INF

innov. macr.

INT

wallichiana  grollei

afric. mult. leptoph. cruciata khas. tenella

saccata

palmeri californ.

bachm. lateralis bolan.

syng.

austr.

lindenb.

gracilis

Taxon

1.1/0.7/0.3
lindenbergiana 0/0.1/0.1

gracilis
australis

6.7/6.9/2.8
8.3/-/-

4.7/-I-

-

/- 7.6/-I- 3.7/-- 1.8/-/-

-

syngenesica

2.9/--

4.4/-1- 3.2/-/-

7.5

bachmannii

lateralis

4.1/-/-

2.8/-/-

717.7/33 3.8/41/20 38-/-

-
-

39/ 51/ 1.9-/-

4.1/-/- 4.9/-1-

7.2/-I-

bolanderi

0.5/-/-

/- 8.1/-/- 4.7/-I- 51-/- 46/-/- 59-- 25/--

-

innovans

3.0/--

2.9/-I-

3.8/-- 45/-- 29/

35/-- 3.7/--

7.3/-I-

macropoda

palmeri
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9.9-/- 9.6/

9.3/-/-

80-- 90/-- 88-/-

8.7/-I- 8.7/-I-

9.0/-/-

-

6.5/-/- 6.6/-/-

6.7/-/- 6.3/6.035 6.2/-I- 7.0/-/-

6.5/-1-

5.9/6.4/3.7 55/4.4/30 7.2/--

0.2/-/-

californica
saccata

7.2/6.2/2.9

7.1-- 95/--

83-/- 686516 6.8/-- 7.6/--

8.2/-/-

88/8.6/28 6.8/56/21 83/-/-

0/0/0.3
-
-

5.7/-- 84/-/- 55/5.3/4.3 6.0/6.0/2.6
6.1/-/-

6.4/-1-

5.4/6.1/2.4 5.7/

6.6/-/-
3.8/-I-

6.5/-/-

6.6/8.1/4.1 4.3/4.0/25 7.4/--

7.7/

africana

4.9/-1-

5.2/-/-

47/-- 3.8/-- 95/--

4.0/-/-

48/-/- 58/

5.0/-/-

3.9--

multiflora

5.2/5.3/4.0 6.2/6.3/2.3 1.9/1.9/0.6 4.9/-/-

6.4/-- 5.7/-- 9.2/-/-

5.4/6.025 5.7/-/-

6.6/-/-

7.0/--

6.6/8.1/40 4.3/4.2126 7.4/-/-

0/-/-

leptophylla
cruciata

1.6/1.3/0.4
0.8/-/-

10.3/-/- 6.2/6.1/4.3 7.7/7.5/2.6 3.0/2.9/0.6 6.4/-/-

7.4-1-
9.8-/-

7.9/-1-

6.9/7.2/26 7.1--

8.1/--
6.0/-/-

8.5/-/-

6.8/8.4/39 5.8/5525 89-/-
6.6/-/-

-
-

1.9/-/-

6.2/-/- 5.8/-I- 6.8/-/- 2.1-/- 5.5/-/-

7.0/-I-

6.2/-I-

76/-I-  7.2/--

8.0/-/-

49/-/-

khasyana
tenella

4.4/42/1.0 5.6/5.3/1.1 5.0/-/-

11.6/-/- 8.2/6.5/4.5 8.8/7.7/2.4 4.4/35/0.8 7.0/-/-

8.0/-/-
9.3/-I-

7.2/7025 80/-/- 87/--

8.7/-I-

8.6/-/-

9.1/9.2/39 6.7/51/2.7 9.0/--

0.3/-/-

6.8/5.7/1.5

47/4.8/1.8 6.2/6.1/2.2 5.1/-/-

6.3/5.3/4.0 6.8/6.5/2.4 4.1/4.3/1.8 5.5/-/-

6.4/-1-

6.2/5.8/20 6.4/-/- 7.0/--

7.5/-I-

6.9/-/-

6.8/6.9/3.6 4.5/4.3/22 7.7/--

1.2/
0/-/-

wallichiana

grollei

11111330 7.6/10.0/4.0

86/10.4/33100/11.536 9.2/-/-

7.7/9.1/3.8 9510031 81/9.5/3.6 9.1/-/-

7.0/-/-

10.0/-/- 9.5/-/-

9.3/104/33 9.5/-/-

10.3/-/-

9.6/-/-

9.9/12.4/39 83/9.1/39 10.0/-/-

sequence variation in studied DNA loci, thus confirming
barcoding ability of the latter.

TAXONOMIC TREATMENT

Asterella P. Beauv. in Cuvier (ed.), Dict. Sci. Nat. 3:
257. 1805. — Fimbraria Nees, Horae Phys. Berol.: 44.
1820.

Type: Asterella tenella (L.) P. Beauv. in Cuvier (ed.),
Dist. Sci. Nat. ed. 1, 3: 257. 1805. — Marchantia tenella
L., Sp. PL, ed. 1, 2:1137. 1753.

Thalli medium-sized to relatively large; prostrate;
forming more or less pure patches or mats; without or
with smell of rotten fish; regularly dichotomously
branched, sometimes with stipitate-based ventral inno-
vations; segments linear to oblong or obcordate; upper
surface almost flat or with air chambers slightly con-
vex; color of upper surface pale green to green, some-
times with reddish tint; not rarely in older parts becom-
ing reddish- to brownish; thallus margins undulate to
crispate; reddish to purplish, thin, slightly to strongly
enrolled in dry condition. Dorsal epidermis delicate to
firm, mostly colorless, with cells thin-walled, with small
to distinct trigones; pores simple, not stellate, one per
air chamber, slightly to moderately elevated above epi-
dermis, surrounded by 2-3(—4) concentric rings of 68
cells in each; oil-cells usually scattered. Aerenchyma
well-developed, loose, occupying ca. 1/4 to 1/2 of the
thallus height in the middle and all of height in the wings,
with oil-cells scattered; air chambers isodiametric in
cross section to slightly transversely elliptic, 1-3(—4)-
layered in the middle, and 1(-2)-layered in the wings,
with or without free secondary filaments. Ventral tissue
parenchymatous, consisting of cells with slightly thick-
ened walls, with oil-cells scattered. Oil-bodies lacking
or present in both aerenchyma and ventral tissue, one
per specialized oil cell, filling cell lumen. Midrib weak-
ly to strongly prominent beneath. Rhizoids smooth and
pegged, hyaline, covering ventral surface of midrib of
thallus. Ventral scales in two rows on midrib, covered
by dense rhizoids; small to large, colorless to dark red or
purplish. Gemmae lacking. Sexual condition monoicous.
Antheridia arising dorsally on leading thallus shortly
behind the female receptacle or forming dorsal compact
cushions on small heart-shaped ventral branches. Gyno-
ecia terminal, arising in apical notch of leading thallus;
stalk of receptacle delicate to rigid; erect; pale green to
purplish or dark brown, with single rhizoidal furrow.
Archegonial scales numerous at apex and forming con-
spicuous reddish cluster or absent, almost linear and with
ring of reddish linear scales around stalk base or absent.
Carpocephalum green to reddish-tinged, conical, coni-
cal-hemispheric to flattened and disk-like or umbrella-
shaped; dise convex, divided into 2—6 lobes, with each
involucre often expanded, narrow to broad, containing
and partly sheathing a single pseudoperianth and sporogo-
nium; free margin entire or bilobed; pseudoperianth
colorless to pinkish; lobes hyaline, brownish or pinkish,



A review of the genus Asterella P. Beauv. in Russia 301

delicate; exerted from involucre, 5-16 in number, lan-
ceolate. Capsule globose, purplish to black, outer wall-
cells thin, lacking thickenings. Spores yellow, yellowish
red, carrot-red to dark purple; alveolate. Elaters 1-2-
spiral.

The genus is subdivided into five subgenera (Grolle,
1976, 1983; Long, 2001, 2005); three of them (A4sterel-
la, Saccatae (Grolle) D.G. Long, and Phragmoblepharis
Grolle) are known in Russia. The main features for in-
frageneric classification include characters of the pseudo-
perianths and carpocephalum as well as spore morphol-
ogy (Long, 2005). One of the valuable features for iden-
tification of Russian members of the genus is the sex
distribution types which are sometimes different from
those recognized in leafy liverworts. Below we provide
the sex distribution types recognized in Aytoniaceae, fol-
lowing Long (2006) with our modifications:

paroicous — the type, as in leafy liverworts, charac-
terized by position of male organs behind the female ones
on the same thallus. Antheridia situated dorsally on lead-
ing thallus behind female receptacle;

terminal autoicous — antheridia borne on main
branches of the thallus (the same with bearing female
receptacles);

female-ventral autoicous — female gametangia borne
on ventral, often reduced branches, male ones — on the
main branches;

male-ventral autoicous — antheridia borne on ven-
tral, often reduced branches, female ones on the main
branches;

dioicous — male and female branches are born on sep-
arate thalli;

pseudodioicous — any case of the monoicous inflo-
rescence which appears to be dioicous due to early-de-
caying thallus bases that give the appearance of dioicy.

KEYS TO THE SPECIES OF ASTERELLA AND RELATED
SPECIES RECORDED IN RUSSIA

Key to species in Russia for specimens in fertile
conditions and ripe spores

1. Sexual condition female-ventral autoicous; thalli thin

and semi-translucent ............. Asterella leptophylla
— Sexual condition predominantly paroicous; thalli
more or 1ess firM ........coccevereieieieiec e 2

2. Female receptacle hemispherical; spores proximally
alete; distally irregularly and incompletely areolate
....................................................... Mannia gracilis

— Female receptacle conical, conical-hemispheric or
disk-shaped; spores proximally trilete; distally with
regular complete areolae .........cceceevveierieieneennnn, 3

3. Plants in fresh condition with strong smell of rotten
fish; appendages of ventral scales not forming a clus-

ter at apex;, thalli with not or only slightly enrolled
margins in dry condition ...........cceecveveecvenireiennnnn. 4

— Plants have not smell of rotten fish in fresh condi-
tion; ventral scales with conspicuously projecting ap-

pendages that form noticeable cluster at the apex;
margins of thallus strongly inrolled when dry........
..................................................... Asterella saccata

4. Thalli relatively large, 826 mm long and 4-8 mm
wide; upper surface of thallus commonly with strong
reddish to brownish secondary pigmentation; ven-
tral scales rounded triangular to ovate with 1-2 ap-
pendages; stalk of female receptacle 10—15 mm long
and longer; spores dark purple, (76-)80-90 um in
diameter, distal face with many small alveoli.........

......................................... Asterella lindenbergiana

— Thalli smaller, 8-15 mm long and 2—-5 mm wide;
upper surface of thallus mostly pale green to green,
rarely with reddish tint; ventral scales triangular to
lanceolate with single appendage per ventral scale;
stalk of female receptacle 2—6 mm length; spores yel-
lowish-red to carrot red, (55-)60-70 pm in diame-
ter; distal face with not many larger alveoli ...........

................................................... Asterella cruciata
Key to species in Russia for sterile specimens
(not applicable for some deviant modifications)

1. Thalli mostly thin and delicate; specimens from

South of the Russian Far East only ....................... 2
— Thalli mostly thick and leathery; predominantly arc-
tomontane sub- to circumpolar............ccceeereenee 3

2. Plants in fresh condition with strong smell of rotten
fish; lacking xeromorphic branches and tubers ......
................................................... Asterella cruciata
— Plants have not smell' of rotten fish in fresh condi-
tion; thalli segments have both hygroshoots and veg-
etative xeroshoots or tubers ... Asterella leptophylla

3. Appendages of scales not forming a cluster at apex;

thalli with not or only slightly enrolled margins in

dry condition ........coceveeniiieniiieceeee 4

— Ventral scales with conspicuously projecting append-
ages that form noticeable cluster at the apex; mar-
gins of thallus strongly enrolled when dry .............
..................................................... Asterella saccata

4. Plants in fresh condition with strong smell of rotten
fish; thalli relatively large, 826 mm long and 4-8
mm wide; ventral scales rounded triangular to ovate
with 1-2 appendages ....... Asterella lindenbergiana

— Plants have not smell of rotten fish in fresh condi-
tion; thalli smaller, 6-15 mm long and 1.5-3 mm
wide; ventral scales semicircular with single elon-
gated appendage .........coceevevennnnn, Mannia gracilis

Asterella subgenus Phragmoblepharis Grolle, Fed-
des Repert. 87: 246. 1976.

Thalli thick, relatively large; aromatic or non aro-
matic; regularly dichotomously branched, sometimes with
stipitate-based ventral innovations. Aerenchyma well-

' — According to personal correspondence of David Long, in
Indian region this species does smell of rotten fish, which
however never observed in Russian plants
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developed; air chambers isodiametric in cross section
to slightly transversely elliptic, (1-)2-3(—4)-layered in
the middle; without free secondary filaments. Ventral
scale appendages 1-2 per scale; lanceolate to oblong-
lanceolate; hyaline or reddish; not- to weakly constrict-
ed at base. Sexual condition paroicous. Carpocephalum
conical, deeply 2—4-lobed, involucres margin free, deeply
sinuate-lobed; pseudoperianth pinkish, tubular, fringed
at apex into 12—16 equal reddish-brown lanceolate seg-
ments, connate at apex. Spores dark purple; outer face
with many small alveoli. Elaters 1-2-spiral; purplish to
red-violet.

Type: Asterella elegans (Spreng.) Trevis. Reale Ist.
Lombardo Sci., Rendiconti 7: 785. 1874.

Asterella lindenbergiana (Corda ex Nees) Arnell,
Lebermosstud. Nordl. Norwegen: 2. Jonkoping. 1892. —
Fimbraria lindenbergiana Corda ex Nees, Naturg. Eu-
rop. Leberm. 4: 266, 283. 1838. — Fimbraria lindenber-
giana Corda ex Nees var.  angustior Nees, Naturg. Eu-
rop. Leberm. 4: 283. 1838 — Fimbraria major Hampe in
Nees, Naturg. Europ. Leberm. 4: 283. 1838. — Marchan-
tia alpina Schleich., Cat. Pl. Helv., ed. 3, 36. 1815. —
Fimbraria bonjeanii De Not., Mem. Reale Accad. Sci.
Torino, ser. 2, 1: 335. 1839. — Asterella bonjeanii (De
Not.) Trevis., Rendiconti Reale Ist. Lombardo Sci. 7: 785.
1874. — Hypenantron bonjeanii (De Not.) Trevis., Mem.
Reale Ist. Lombardo Sci., 4: 397. 1877. (Fig. 3).

Ilustrations: Frye & Clark, 1937 (p. 80); Miiller,
1954 (p. 359, fig. 70); Schljakov, 1982 (p. 94, fig. 34 (3
a-a); Damsholt, 2002 (p. 725, pl. 273); Long, 2006 (p.
92, fig. 22; p. 128, fig. 32b). Maps: Soderstrom, 1995
(p- 9, map 22); Damsholt, 2002 (p. 727, fig. 290); Long,
2006 (p. 195, fig. 45).

Description (Fig. 3): Thalli thick, relatively large,
8-26 mm long, 4-8 mm wide (wider in the area of bifur-
cation), prostrate, forming more or less pure patches or
mats, not xeromorphic habit, with smell of rotten fish
both in fresh condition and in the course of short-time
boiling of herbarium specimens, regularly dichotomous-
ly branched, sometimes with stipitate-based ventral in-
novations; segments oblong to lingulate-obcordate; leath-
ery; apex strongly notched; upper surface not reticu-
late, almost flat or with air chambers slightly convex;
color of upper surface pale-green to green, sometimes
with reddish tinged, in older parts becoming reddish to
brownish; thallus margins undulate to crispate; reddish
to purplish; thin, often only slightly enrolled in dry con-
dition. Dorsal epidermis delicate to firm, mostly color-
less; cells (25-)30-35(—40)x(20-)25-30 pm; thin, with-
out trigones; oil-cells scattered in epidermis; cuticule
smooth; pores simple, slightly to moderately elevated
above epidermis, (15-)20-30 um in diameter, surround-
ed by 2-3(—4) concentric rings of 68 cells in each, cell
walls thin or slightly thickened. Aerenchyma well-de-
veloped, loose, occupying ca. 1/4 to 1/3 of the thallus

height in the middle and all of height in the wings; air
chambers isodiametric in cross section to slightly trans-
versely elliptic, (1-)2-3(—4)-layered in the middle, and
1(-2)-layered in the wings; without free secondary fila-
ments. Ventral tissue parenchymatous, consisting of cells
with slightly thickened walls, occupying ca. 2/3-3/4 the
thallus thickness in the middle and almost absent be-
neath the wing. Oil-bodies lacking or present in both
aerenchyma and ventral tissue. Midrib prominent; in
cross-section + triangular, suddenly disappear toward thin
thallus wings, distinctly and narrowly keeled; thallus over
midrib 900-1100(—1320) pm thick in cross-section. Rhiz-
oids smooth and pegged, hyaline, covering ventral sur-
face of midrib of thallus. Ventral scales reddish to pur-
ple; on both sides of the midrib, slightly overlapping;
rounded triangular to ovate; body (1050-)1200—1800 pm
long and (800—)900—-1000 um wide; body cells 60—110(—
130) um long and 20-25 pm wide in the middle, with
numerous scattered oil-cells, 23-30 pm in diameter;
marginal slime papillac numerous; appendages 1-2 per
scale, lanceolate to oblong-lanceolate; hyaline or reddish;
appendage size (200—)250-500 um long and (50-)80—
100 um wide, with a few marginal slime-papillae near
base; appendage base not- to weakly constricted. Sexu-
al condition paroicous. Antheridia arising dorsally on
leading thallus shortly behind the female receptacle, form-
ing elliptical to circular disc; ostioles conical, in clusters
or loosely dispersed, conspicuous, without scales. Gyno-
ecia arising in apical notch of leading thallus; stalk of
receptacle robust, purplish to dark brown, smooth, 10—
15 mm long, with single very deep rhizoidal furrow.
Archegonial scales at apex numerous, forming conspic-
uous reddish cluster, almost linear and forming ring of
reddish linear scales around stalk base. Carpocephalum
conical, reddish green, 3—5 mm in diameter; disc con-
vex, deeply 2—4-lobed, each involucre with a single sporo-
phyte; lobes inclined at angle of 30° to stalk; involucres
margin free, deeply sinuate-lobed, rounded; pseudope-
rianth pinkish, tubular, fringed at apex into 12—-16 equal
reddish-brown lanceolate segments, connate at apex.
Capsule globose, purplish, wall-cells thin, lacking thick-
enings. Spores dark purple, (76—)80-90 pm in diameter,
outer face with many small alveoli, winged, wing mar-
gin undulate, inner face incompletely sculptured, with
an indistinct trilete scar. Elaters 1-2-spiral, purplish to
red-violet; 100-150 um long, 12—16 um wide.
Differentiation. When sterile the species may be
readily confused with Reboulia hemisphaerica due to
similar size, coloration of dorsal surface as well as gen-
eral habit. A. lindenbergiana differs from Reboulia in:
1. having smell of rotten fish versus no rotten fish smell;
2. pores surrounded by 2—3 concentric rings of thin-walled
cells versus pores usually surrounded by 4—6 cell rings
with thickened walls in Reboulia; 3. distinctly and nar-
rowly keeled midrib versus unkeeled thallus of Reboul-
ia; 4. reddish ventral scales with 1-2 lanceolate to ob-
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Fig. 3. Asterella lindenbergiana (Corda ex Nees) Arnell (1-4, 9-11, 13 — from Republic of Adygeya, Caucasian State Nature
Reserve, Konstantinova, K157-1-09 (KPABG); 5-8, 12 — from Murmansk Province, Borovichev #6E16-11-11 (KPABG). 1 — habit
of plant, dorsal view; 2 — carpocephalum of female receptacle; 3 — median part of thallus transverse section; 4 — basal part of
thallus transverse section; 5 — thallus transverse section; 6-7 — air-pores from dorsal epidermis of thallus; 8-11 — ventral scales
with appendages; 12 — part of thallus dorsal epidermis with oil-body; 13 — basal part of ventral scale. Scale bars: 5 mm for 1; 3 mm
for 2; 1 mm for 5, 11; 750 pm for 8-10; 500 um for 3; 300 um for 4; 60 um for 13; 30 um for 6-7, 12.
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long-lanceolate appendage versus purplish ventral scales
with 2-3 narrowly linear to filiform appendages. In the
field Asterella lindenbergiana may be mistaken with
Preissia quadrata. The main differences are the follow-
ing: 1. 4. lindenbergiana has smell of rotten fish, where-
as P. quadrata has not smell; 2. simple pores versus bar-
rel-shaped in P. quadrata; 3. ventral scales with 1-2 ap-
pendages versus ventral scales in P. quadrata with sin-
gle lanceolate appendage; 4. compact male disk versus
male receptacle stalked in P. quadrata; 5. female recep-
tacle stalk with one rhizoidal stalk versus stalk with two
rhizoidal furrows Preissia.

Distribution. Asterella lindenbergiana is montane
subcircumpolar liverwort. The area of the species covers
alpine belt in large mountainous systems both North Amer-
ica (Evans, 1920, 1923; Frey & Clark, 1937) and Europe:
Italy, France, Austria, Switzerland, Germany, Poland,
Romania, Slovakia, Slovenia, Sweden, Norway (Long,
2006); Spain (Allorge, 1956), Finland (Koponen et al.,
1977) and Ukraine (Borovichev & Nyporko, 2014). In Rus-
sia, A. lindenbergiana is known from Caucasus: Republic
of Adygeya (Konstantinova & al., 2009), North-West part
of Russia: Murmansk Province (Borovichev, 2011), East
Siberia: Republic of Yakutiya (Andrejeva, 2009) and Far
East: Chukotka Autonomous District (Konstantinova &
Vilnet, 2014), Magadan and Amur Provinces (Borovichev
& Bakalin, 2013, Kamchatka Territory (present study).

Ecology. Calciphilous mesophyte, growing in the base
of cliffs covered with humus or mineral soils; on wet shady
soil in deep canyons; along streams on slopes consisting
of lime or other Ca-rich subsrtrata. The species often forms
more or less pure mats, or growing as admixture to other
hepatics, most commonly with Blepharostoma trichophyl-
lum (L.) Dumort., Pressia quadrata (Scop.) Nees, Leio-
colea gillmanii (Aust.) Evans, Mannia fragrans (Balb.)
Frye et L.Clark and Tritomaria quinquedentata (Huds.)
H. Buch. The species shows only weak connection to the
vegetation in the surroundings of the mineral substrata
where it is growing and found both in tundra, crooked
forests and dark coniferous forest biomes, rarely descend-
ing to broadleaved-coniferous forests (Caucasus, Western
Europe). According to published data (Martensson, 1955;
Damsholt, 2002; Long, 2006) Asterella lindenbergiana is
a typically alpine species in Europe and occurs in humus-
filled crevices and in small caves on limestone, efc., and
in calcareous snow-bed habitats in the alpine belt of moun-
tains. In the upper parts of the subalpine belt species oc-
curs mainly in caves under boulders or over-hanging rocks
and at the foot of calcareous cliffs.

Specimens examined. RUSSIA: Murmansk Province,
Lovozero District, Voron‘i Tundry Mts., VII.2011, Borovichev
#bE16-11-11; 16-14-11; 16-18-11 (KPABG; VBGI); Republic
of Adygeya, Caucasian State Nature Reserve, Lagonaki Pla-
teau, Psenodah Lake valley, 18.X.2012, Konstantinova K408-
12 (KPABG); ibidem, 18.X.2012, Konstantinova K409-3-12
(KPABG); ibidem, 18.X.2012, Konstantinova K410-1b-12
(KPABGQG); ibidem, piedmont of Psheho-Su Mt., 18.X.2012,

Konstantinova K415-7-12 (KPABG); Malaya Laba River Ba-
sin, Snegovalka Ridge, cirque of Armovka Mountain,
25.1X.2009, Konstantinova K157-1-09 (KPABG); ibidem,
24.1X.2009, Konstantinova K146-1-09 (KPABG); Kurdgips
River valley, slope of the Abadzesh Murzikau Ridge, 12.X.2007,
Konstantinova K437-1-07 (KPABG); Republic of Yakutiya,
Verchoyansk Region, 30.VIII.1935, Yarovoj (LE, det. K. La-
dyzhenskaya, tested by E. Andrejeva & R. Grolle); Kamchat-
ka Territory, west part of the Bering Sea, Karaginskij Island,
North-West macroslope of Vysokaya Mt., 1.VII1.2005, Bakalin
K18-19-05, K18-20-05 (VBG]I, as Reboulia hemisphaerica (L.)
Raddi); Magadan Province, Magadan City Vicinity, Gertnera
Bay, 16.VI11.2010, Bakalin #Mag22-20-10 (VBGI); Amur Prov-
ince, Zeya District, 18.VIIL.1908, Prochorov & Kuzeneva #59
(VBGI; KPABG); FINLAND: Enontekio, Kilpisjarvi, Saana-
jarvi, 27.V.1968, Laine 1844 (TUR); ibidem, 11.VIL.2008 Syr-
janen (TUR); ibidem, 7.VI1.2009, Syrjanen (TUR); SWITZER-
LAND, Kanton Bern, VIII.1906, Culmann (TUR, KPABG, V.
Schiffner‘s Hepaticae europaeae exsiccatae #1200 as Fimbraria
lindenbergiana var. angustior); Austia, Salzburg, 30.1X.1905,
Baumgartner (TUR, KPABG, V. Schiftner‘s Hepaticae euro-
pacae exsiccatae #1199 as Fimbraria lindenbergiana); Tirol,
8.VIIIL.1903, Schiffner & Handel-Mazzetti (TUR, KPABG, V.
Schiffners Hepaticae europaeae exsiccatae #1198 as Fimbraria
lindenbergiana); Slovakia, Hohe Tatra, 7.X.1907, Raciborski
(TUR, KPABG, V. Schiftner‘s Hepaticae europaeae exsiccatae
#1197 as Fimbraria lindenbergiana).

Asterella subgenus Asterella

Thalli thin and very delicate; aromatic or non aro-
matic; vegetative branches terminal and ventral. Aeren-
chyma well-developed; air chambers isodiametric to
elongated, without free secondary filaments, 1-2(-3)-lay-
ered both in the middle and the wings. Ventral scale
appendages single, oblong to ovate, with a few margin-
al slime-papillae; appendage apex short acute to obtuse,
constricted or not at base, margins entire. Sexual condi-
tion paroicous or ventral-male autoicous. Antheridia
forming in dorsal, compact disc (cushions), situated on
leading thallus behind the female receptacle or situated
on small heart-shaped ventral branches. Carpocephalum
flattened to disk-like or umbrella-shaped, involucre with
free margin entire or cleft; pseudoperianth colourless to
hyaline or rose, with undivided base bless than half total
length or undivided basal cape. Spores yellow to carrot-
red-yellow, regularly areolate on distal surface.

Type: Asterella tenella (L.) P. Beauv.

Asterella cruciata (Steph.) Horik., Hikobia 1: 79.
1951. — Fimbraria cruciata Steph., Sp. Hep. 6: 12. 1917.
— Asterella odora S. Hatt., Bot. Mag. (Tokyo) 58: 44.
1944. — Asterella chichibuensis Shimizu & S. Hatt., J.
Hattori Bot. Lab. 8: 46. 1952. — Asterella mitsuminensis
Shimizu & S. Hatt., J. Hattori Bot. Lab. 8: 48. 1952.
(Fig. 4).

Ilustrations: Shimizu & Hattori, 1952 (p. 46, fig. 1,
as A. chichibuensis; p. 51, fig. 3, as A. mitsuminensis);
Inoue, 1976 (pl. 169, as A. odora); Iwatsuki, 2001 (pl.
186); Long, 2006 (p. 87, fig. 17; p. 127, fig. 31f). Map:
Long, 2006 (p. 167, fig. 40).
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Fig. 4. Asterella cruciata (Steph.) Horik. (1-3, 6-7 — from Primorsky Territory, Kruglaya Bay, Gambaryan, 9.VII1.1986 (VBGI);
4-5, 8 — rom Primorsky Territory, Kedrovaya Pad‘ State Reserve, Bardunov, 9.1X.1978 (VBGI). 1 — habit of plant, dorsal view; 2
— carpocephalum of female receptacle; 3-4 — air-pores from dorsal epidermis of thallus; 5 — thallus transverse section; 6-8 —
ventral scales with appendage. Scale bars: 1 mm for 1-2; 400 pm for 5, 7-8; 300 pm for 6; 60 um for 4; 50 pm for 3.



306 E.A. BOROVICHEV, V.A. BAKALIN & A.A. VILNET

Description: Thalli thin and very delicate, small, 8—
15 mm long, 2-5 mm wide, forming more or less pure
small patches; dichotomously branched, frequently with
ventral innovations with stipitate base; segments oblong,
cordate to obcordate, broadest towards apex; apex
notched; upper surface not reticulate, almost flat; color
of upper surface pale-green to green, sometimes with
reddish tinged; thallus margins rather delicate, undu-
late; greenish to slightly pinkish, xeromorphic branches
and tubers lacking. Dorsal epidermis delicate, lustrous,
mostly colorless to rose tinged; cells (15—)18-30(—32)
%X(20-)25-35(-45) pum, with thin or slightly thickened
walls and small trigones; oil-cells scattered in epidermis
with single oil-body; pores simple, not elevated to slightly
elevated above epidermis, (15-)18-25 um in diameter,
surrounded by 2(-3) concentric rings of 68 cells in each,
cell walls thin. Aerenchyma well-developed, occupying
ca. 1/2 of the thallus height in the middle and all height
in the wings; air chambers isodiametric to elongated,
without free secondary free filaments, 1-2(-3)-layered
both in the middle and the wings. Ventral tissue paren-
chymatous, consisting of thin-walled cells, occupying ca.
1/4-1/3 the thallus thickness in the middle and absent
beneath the wing. Midrib +relatively well-defined, thal-
lus over midrib 300—550 pum thick in cross-section. Rhiz-
oids smooth and pegged, hyaline, covering ventral sur-
face of midrib of thallus. Ventral scales reddish, scat-
tered thought ventral surface rarely slightly overlapping,
triangular to lanceolate, sometimes with a few slime-pa-
pillac on outer margin; body size (500—)600—900 um long
and (300—)500—600 pm wide; body cells size 30—60(—85)
pm long and 23-40 um wide, with numerous scattered
oil-cells, 25-30 um in diameter; appendage by one per
ventral scale, oblong to ovate, hyaline or reddish; append-
age size (120-)150-500 um long and (80-)100-150 um
wide, with a few marginal slime-papillae and rarely oil-
cells; appendage apex short acute to obtuse; appendage
base weakly constricted. Sexual condition paroicous.
Antheridia forming dorsal compact disc (cushions), situ-
ated on leading thallus behind the female receptacle; disc
elliptical to circular; ostioles conical, without scales. Gy-
noecia arising in apical notch of leading thallus; stalk of
receptacle greenish to purplish, smooth, short 3—5(-8)
mm long, with single rhizoidal furrow. Archegonial scales
at apex numerous, lanceolate to almost linear, hyaline to
purplish, with 1-2 slime papillae and a few scattered scales
along stalk. Carpocephalum flattened, green, disc flat to
convex or slightly verrucose, deeply irregularly 3—5-lobed,
each involucre with a single sporophyte; involucres mar-
gin undivided; pseudoperianth colorless, with undivided
base less than half total length, lobes 9-15 in number,
lanceolate, free at maturity, not deciduous. Spores yellow-
reddish to orange, globose; (55-)60-70 um in diameter,
distal face with not many, large and highly ornamented
dentate alveolae, trilete. Elaters 2-spiral, 170-220 pm
long, 7-10 um wide.

Ecology. Neutrophilic mesophyte, occurring on fine
soil along water courses (streams, small rivers) or in
cliff crevices filled with fine ground, always occupying
partly to fully shaded areas. The species occurs in tem-
perate broadleaved deciduous to evergreen subtropical
forest zones.

Distribution. Asterella cruciata is temperate-subtrop-
ical East Asian species known from limited numbers of
locations in Japan (Honshu), China (Sichuan, Yunnan)
and Korea (Long, 2006). We suggest the distribution of
the species is poorly understood and it should be much
more common in eastern China than is it suggested. In
the course of recent studies we have revealed it in south-
ern flank of the Russian Far East and Guizhou Province
of China.

Differentiation and variation. Asterella cruciata may
be readily mistaken for 4. leptophylla. The main differ-
entiation features from latter are in: 1. lacking xeromor-
phic branches versus both hygroshoots and vegetative
xeroshoots often present; 2. paroicous inflorescence ver-
sus lateral-autoicous inflorescence; 3. very short stalk of
female receptacle (ca. 2—6 mm long) versus longer (6—15
mm long); 4. deeply-lobed carpocephala versus shortly
lobed ones, and 5. spores with highly ornamented den-
tate reticulations versus larger spores with almost smooth
reticulations.

The specimens from Russia fall within the vari-
ability of the species as it was described by Long
(2006), with the exception: 1. smaller dorsal epider-
mal cells size (15-)18-30(—32)x(20—-)25-35(-45) um;
2. longer stalk of female receptacle, 3—5(—8) mm,
whereas it was described by Shimizu and Hattori (1952)
and Long (20006) for Asterella cruciata as: 1. epider-
mal cells size are 35—62x15-37 pm and 2. female re-
ceptacle stalk very short, 0.8-3 (—6.8) mm.

Specimens examined (newly reported areas marked by as-
terisk). *RUSSIA: Primorsky Territory, Khasan District,
Kedrovaya Pad* State Reserve, ~43°21°N — 131°38°E, rocks, on
gravel 9.1X.1978, Bardunov (VBGI, as 4. leptophylla); 2 km
from Nerpa Bay, Kruglaya Bay, ~42°52°N 131°25°E, foot of coast-
al cliffs, on humus covering stones in cliff crevices, with 4. lep-
tophylla, 9.VII1.1986, Gambaryan (VBGI as A. leptophylla);
Ol‘ginsky District, 2 km from Margaritovka Settlement, valley
of the right tributary of river Margaritovka, 43°48°38“N —
134°33°41* E, on humic soil, 24.VII.1980, Gambaryan (VBGI,
as A. leptophylla); southern spoors of Krestovaya Mt. in Ol‘ga
Bay, in 4 km along road to Lazo Settlement from Ol‘ga Settle-
ment, 43°4438“N 135°12°24.3“E, 25 m alt., rocky outcrops
surrounded by Quercus forest, fine-grained soil in crevice of cliffs
partly shaded by Quercus and Lespedeza, 22.1X.2007. Bakalin
P84-11-07 (VBGI, KPABG); SOUTH KOREA: Deokgyu-san,
Chonlabukdo, Musu, Deokgyu National Park, southern part of
Park Sasgak, 30.V1.2008, Bakalin Kor16-3-08 (VBGI); CHI-
NA: *Guizhou Province, Kaijang County, Nanjiang Gorge,
26°56°52.5“N 106°58°51.7“E, 900 m alt., broadleaved (mostly
evergreen) forest on steep slope and within valley of stream,
moist clay on steep slope, 20.X1.2013, Bakalin China-53-21-13,
China-53-24-13 (VBGI, KPABG).
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Asterella leptophylla (Mont.) Grolle, Feddes Repert.
87: 246. 1976. — Fimbraria leptophylla Mont., Ann. Sci.
Nat., Bot., sér. 2 18: 19. 1842. — Fimbraria reticulata
Kashyap, J. Bombay Nat. Hist. Soc. 25: 279. 1917. — As-
terella reticulata (Kashyap) Pandé¢, K.P. Srivast. & Sultan
Khan, J. Hattori Bot. Lab. 11: 9. 1954, ex Kachroo, Hat-
tori Bot. Lab. 19: 4. 1958, nom. illeg. non A. reticulata A.
Evans — Asterella kashyapii Maheshw., Taxon 18: 599.
1969. — Fimbraria yoshinagana Horik., Sci. Rep. Téhoku
Imp. Univ.,, Ser. 4, Biol. 4: 395. 1929. — Asterella yoshina-
gana (Horik.) Horik., Hikobia 1: 79. 1951. — Asterella
pusilla Shimizu & S. Hatt., J. Hattori Bot. Lab. 8: 50.
1952. — Asterella sanoana Shimizu & S. Hatt., J. Hattori
Bot. Lab. 9: 25. 1953. — Asterella umbelliformis Shimizu
& S. Hatt., J. Hattori Bot. Lab. 9: 25. 1953. (Fig. 5).

Ilustrations: Shimizu & Hattori, 1952 (p. 52, fig. 4,
as A. pusilla); Shimizu & Hattori, 1953 (p. 26, fig. 5 as 4
sanoana; p. 28, fig. 6 as A. umbelliformis; p. 30, fig. 7 as
A sanoana); Long, 2006 (p. 89, fig. 19; p. 127, fig. 31g).
Map: Long, 2006 (p. 181, fig. 42).

Description. Thalli thin and delicate, small, 5—10(—
12) mm long, 3—5 mm wide, forming more or less pure
small patches, dichotomously branched, frequently with
ventral innovations with stipitate base; segments dimor-
phic: hygroshoots cordate to obcordate, rarely oblong,
tapering to stipitate base, broadest towards apex; apex
deeply notched; upper surface not reticulate, flat; color
of upper surface pale-green to green, sometimes with
reddish tint; thallus margins rather delicate, undulate,
frequently violet or purplish and vegetative xeromor-
phic shoots as short tuber-like at apex and stipitate-based
ventral branches or short tuber-like thickened terminal
part of hygromorphic shoots forming in dry conditions
above main thallus, broadly spatulate or subovate; apex
entire, dense covered by ventral scales appendages; col-
or of upper surface pale-green to green, often with red-
dish tint; thallus margins purple, rather delicate, undu-
late. Dorsal epidermis delicate, lustrose, mostly color-
less to rose tinged; cells almost isodiametric, (20—)25—
35(-40)x(1-20-30(-35) pum, with thin or slightly thick-
ened walls and visible triangle trigones,; oil-cells scat-
tered in epidermis; cuticule smooth; pores simple, not
to slightly elevated above epidermis, one per air-cham-
bers, 15-25 pum in diameter, surrounded by 2—3 concen-
tric rings of 68 cells in each, cell walls thin. Aerenchy-
ma in hygromorphic shoots well-developed, occupying
1/2-2/3 of the thallus height in the middle and all of
height in the wings; air chambers isodiametric, without
free secondary filaments, 1-2(-3)-layered in the middle
and elongated and 1-layered in the wings: aerenchyma
in xeromorphic shoots compact, occupying 1/2-2/3 of
the thallus height in the middle; air chambers 2-3-lay-
ered in the middle. Ventral tissue in hygromorphor-
phic shoots parenchymatous, consisting of thin-walled
cells, occupying ca. 1/3—1/2 the thallus thickness in the
middle and absent beneath the wing. Midrib in hygro-

morphic shoots relatively well defined, thallus over mid-
rib 400—600 pm thick in cross-section; gradually taper-
ing laterally into wings; midrib in xeromorphic shoots
wide, thick, fleshy; thallus over midrib 300—450 pm thick
in cross section. Rhizoids smooth and pegged, hyaline,
covering ventral surface of midrib of thallus. Ventral
scales in several irregular longitudinal rows, not over-
lapping, purple or reddish to rose, triangular to more or
less lunate; body size 500-800(—900) um long and 650—
925 pm wide; body cells size 45-65(-72) um long and
15-30 um wide, with numerous scattered oil-cells, 25—
30 um in diameter; appendage one per ventral scale,
oblong to lanceolate, hyaline or reddish; appendage size
(300-)350-450 um long and (100-)150-200 um wide,
without oil-cells; appendage apex obtuse to shortly
acuminate; appendage margin crenate to denticulate.
Sexual condition ventral-male autoicous. Antheridia
forming in dorsal, compact cushions, situated on small
heart-shaped ventral branches with smaller than vegeta-
tive and female branches; disc elliptical to circular, sur-
rounded by a few reddish linear scales; ostioles conspic-
uously conical. Gynoecia arising from apex notch of lead-
ing thallus; stalk of receptacle delicate, pale purple and
hyaline, smooth, 10—15 mm long, with single rhizoidal
furrow. Archegonial scales at apex numerous and form-
ing ring, with a few scales towards base, when mature
almost naked except apical part; lanceolate to almost lin-
ear, hyaline to pinkish, apex with a single slime papilla,
with margin entire, except for occasional slime-papillae,
lacking oil-cells. Carpocephalum disk-like or umbrel-
la-shaped, green to grayish-green frequently with red-
dish tint; disc flat to convex, with 4-5 lobes (very rarely
6—7-lobed), unequal in size; more or less rectangular,
moderately deep, each involucre with a single sporophyte;
involucres margin entire; pseudoperianth colorless to
hyaline or slightly rose, undivided at basal part, 9—12-
lobed, lobes lanceolate, mostly free at maturity towards
the base. Spores yellow; 55-85 um in diameter, distal
face with not many, large, with almost smooth ornament-
ed alveolae, trilete, distal surface arcolated. Elaters 2-
spiral, 220-250 pum long, 10-12 um wide, yellowish.

Ecology. Neutrophilic to acid tolerant meso-xero-
phyte, one of the most common representatives of March-
antiales in southern flank of the Russian Far East. It oc-
cupies dry to mesic fine soils filled cliff crevices near
(although aside of direct impact of running water) or far
of watercourses, sometimes growing in manmade habi-
tats in road rock cuts. The species prefers open to semi-
shaded habitats in broadleaved deciduous forests (in the
Russian Far East) to evergreen forests in subtropical and
temperate belts southward.

Distribution. Asterella leptophylla is temperate-sub-
tropical Asian species covering Paleo-Tethyan area in
Pakistan, India, Nepal, Bhutan and widely spreading
to oceanic East Asia and South-East Asia as to Indone-
sia, Philippines, China, Korea, Japan (Long, 2006), with
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Fig. 5. Asterella leptophylla (Mont) Grolle (1, 4-5 — from Primorsky Territory, Schkotovsky District, Smol‘nyj Klyuch Stream
valley, Bakalin P40-24-12 (VBGI); 2-3, 6-7 — ibidem, P40-21-12 (VBGI); 8-11 — from Primorsky Territory, Lazo State Reserve,
Bardunov, 23.1X.1974, (KPABG #116201). 1 — habit of plant, dorsal view; 2-3 — carpocephalum of female receptacle; 4-5 — air-
pore from dorsal epidermis of thallus; 6 — part of thallus dorsal epidermis with oil-bodies; 7-8 — ventral scales with appendages;
9 — thallus transverse section; 10 — median part of ventral scale; 11 — appendage of ventral scale. Scale bars: 3 mm for 1; 2 mm for
2-3; 400 pm for 9; 300 pm for 7-8; 150 um for 11; 80 pm for 6; 60 um for 10; 40 um for 4-5.

the northernmost localities in the Russian Far East. As-
terella leptophylla was included to the Red Data Book of
Russia as rare species (Bakalin, 2008), being known in
that time from limited number of localities in Primorsky
Territory (many of which were re-identified for A. cruci-
ata, see above). Nowadays many additional localities of

this species were revealed and we suggest this species
cannot be regarded as a rarity in the Ruissian flora, al-
though it is limited in distribution by the southern flank
of the Russian Far East (doubtless reflecting southern
relation of Russian liverwort flora) that should be ex-
plained by climatic and phytogeographic reasons.
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Specimens examined. RUSSIA: Primorsky Territory,
Khasan District, Kedrovaya Pad® State Reserve, 9.1X.1953,
Voroschilov (MHA, det. R. Grolle); ibidem, 9.1X.1978, Bar-
dunov (VBGI); ibidem, 10.IX.1978, Bardunov (VBGI, KPABG
#104746); ibidem, 13.X.1974, Bardunov (VBGI); ibidem,
16.X.1974, Bardunov (VBGI, IRK, KPABG #116199); ibidem,
18.VIII.1977, Gambaryan (VBGI, det. R. Grolle); ibidem,
19.VIII.1982, Gambaryan (VBGI, det. R. Grolle); ibidem,
Kedrovka River, 8.1X.2002, Potemkin & Kotkova #2163 (LE);
Gamov'‘s Peninsula, Vityaz* Bay, 13.X.1978, Bardunov (VBGI,
det. R. Grolle); Kravtsovka Village, Kravtsoka‘s waterfalls area,
20.1X.2010, Bakalin #P46-4-10 (VBGI); Vladivostok City,
31.VII1.1962, Bardunov (VBGI, det. R. Grolle); Botanical Gar-
den-Institute, in 1 km from road Vladivostok-Khabarovsk,
18.X.2003 Bakalin (KPABG #105670); Partizansk District, Lo-
zovyj Settlement, 13.1X.1974, Bardunov (VBGI); ibidem,
13.1X.1974, Bardunov & Cherdantzeva (VBGI, IRK, KPABG
#104747); Schkotovsky District, Livadijsky Range, Litovka
(Falaza) Mt., Smol‘nyj Klyuch Stream valley, 18.1X.2012,
Bakalin P40-20-12, 40-21-12, 40-24-12 (VBGI); ibidem,
20.1X.2012 Bakalin P43-21-12 (VBGI); Lazo District, Alek-
seevsky Range, area near the top of Olkhovaya Mt., 4.X.2006,
Bakalin P66-12-06 (VBGI); ibidem, Elomovsky stream, area
near Benevskiye waterfalls6.X.2006, Bakalin #P68-32a-06
(VBGI, as Reboulia hemisphaerica); Przhevalskogo Range,
6.1X.2010, Mamontov Prim-104 (KPABG); Ol‘ginsky District,
Moryak-Rybolov, 11.1X.1977 Bardunov (KPABG #104744,
VBGI, det. R. Grolle); ibidem, Lazo State Reserve, middle
course of Perekatnaya River, , 23.1X.1974, Bardunov (VBGI,
IRK, KPABG #116201); ibidem, south-eastern spoor of Snezh-
naya Mt. in the head of Ostantsovyj Stream, 18.1X.2007, Baka-
lin P-77-14-07 (VBGI; Hepaticae Rossicae Exsiccatae, VII,
#153). REPUBLIC OF KOREA: Kyong-Nam Province,
Chiri Mts. National Park, lower course of Jungsan-ri Steram,
13.V1.2009, Bakalin Kor-3-1-09, Kor-3-2-09 (VBGI).

Asterella subgen. Saccatae (Grolle) D.G. Long, J.
Bryol. 22: 113. 2000.

Thalli thick, leathery, of strongly xeromorphous hab-
it; not aromatic, regularly dichotomously branched,
sometimes with ventral innovations at apex. Aerenchy-
ma well-developed, compact; air chambers narrow, 1(—
2)-layered in the middle, but narrowly elongated towards
margins and l-layered in the wings; with a few free
filamentous. Ventral scales with 1-2 hyaline append-
ages per scale; lanceolate to oblong-lanceolate, entire
or dentate. Sexual condition paroicous, rarely terminal-
autoicous. Androecia forming low elliptical to elongat-
ed median group or rarely as 1-2 ostiole. Carpoceph-
alum conical-hemispheric, shortly-lobed, involucre
margins free, with broad bluntly V-shaped median in-
cisure, margin weakly sinuate. Spores yellow-brownish
color, on distal surface with weak primary wavy mi-
nutely reticulate lamellae.

Type: Asterella saccata (Wahlenb.) A. Evans

Asterella saccata (Wahlenb.) A. Evans, Contr. U.S.
Natl. Herb. 20: 276. 1920. — Marchantia saccata Wahl-
enb., Ges. Naturf. Freunde Berlin Mag. Neuesten
Entdeck. Gesammten Naturk. 5: 296. 1811. — Fimbraria
saccata (Wahlenb.) Nees, Horae Phys. Berol. 45. 1820.

— Hypenantron saccatum (Wahlenb.) Trevis, Memor. del*
Inst. Lombardo Sci e Let. 4: 440. 1887. — Marchantia
fragrans Schleich., [P1. Crypt. Exsic. Hedvet. 3: 64. 1805,
nom. nudum] ex DC in Lam. & DC, FL. Fr. 4:423. 1805.
hom. illeg. non Balb. 1804. — Hypenantron ciliatum Cor-
da, Naturalientausch [12] (Beitr. Naturg. [1]): 648. 1829.
— Marchantia umbonata Wallr., Linnaeca 14: 686.
1841[1840]. — Fimbraria umbonata (Wallr.) Wallr., [Lin-
naea 14: 686. 1841, nom. nudum] ex Nees in Gottcsche,
Lindenberg & Nees, Syn. Hepat. 559. 1846. — Hypenant-
ron umbonatum (Wallr.) Trevis., Memor. Inst. Lomb. Sci.
Let. 4: 440. 1887. — Fimbraria fragrans Nees, Horae Phys.
Berol. 45. 1820. p.p. — Hypenantron fragrans Trevis.,
Herb. Crypt. Trevis. 32, 1853. — Asterella fragrans Tre-
vis., Rend. ist. Lomb. 7:785. 1874. (Fig. 6).

HMlustrations: Frye & Clark, 1937 (p. 77); Miiller,
1954 (p. 355, fig. 68, as Fimbraria saccata); Schljakov,
1982 (p. 94, fig. 34 (1 a-a); p. 95, fig. 35 (1 a-a); Schuster,
1992 (p. 258, fig. 957; p. 262, fig. 958 (1-10); Long,
2006 (p. 92, fig. 11); Damsholt, 2013 (p.559, fig. 185).
Map: Long, 2006 (p. 134, fig. 33).

Description (Fig. 6): Thalli thick, leathery, medium-
sized, 5-10 mm long, 1-4 mm wide (near apex up to 5—
6 mm wide), forming more or less pure patches, strongly
xeromorphous habit, non aromatic, regularly dichoto-
mously branched, sometimes with ventral innovations at
apex; segments oblong to lingulate-obcordate; apex
strongly notched, with conspicuous whitish ventral scale
appendages forming white beard-like cluster; upper sur-
face not reticulate, concave, rarely almost flat; color of
upper surface green to grayish-green and ochre-yellow
in older parts; thallus margins undulate, reddish to dark-
purplish or whitish, strongly erect and/or inrolled in dry
condition. Dorsal epidermis delicate, mostly colorless;
cells 20-30x10—-16 um; cell walls thin to slightly thick-
ened, with small concave trigones; oil-cells scattered in
epidermis; cuticle smooth; pores simple, moderately el-
evated above epidermis, (10—)15-25 wm in diameter, sur-
rounded by 2(-3) concentric rings of 67 cells in each,
cell walls thin. Aerenchyma well-developed, compact,
subdivided, occupying ca. 1/4 to 1/2 of the thallus height
in the middle and all of height in the wings; air cham-
bers narrow, 1(—2)-layered in the middle, but narrowly
elongated towards margins and 1-layered in the wings,
with a few free filaments. Ventral tissue parenchyma-
tous, consisting of thin-walled cells, occupying ca. 1/2—
3/4 the thallus thickness in the middle and almost absent
beneath the wing; with scattered oil-cells both in aeren-
chyma and ventral tissue; oil-cells yellow-purple, glo-
bose, (15-)17-30 um in diameter, rarely elliptical, 30—
35%30-32 pm. Midrib prominent, broadly rounded or
bluntly keeled, gradually narrowed to thinner wings,
thick, thallus over midrib 600-950 um thick in cross-
section. Rhizoids smooth and pegged, hyaline or rose to
brownish, covering ventral surface of midrib of thallus.
Ventral scales dark red to purplish; they are attached to
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Fig. 6. Asterella saccata (Wahlenb.) A. Evans (All from Altay Republic, Altay State Nature Reserve, Zolotukhin, Tyaplyakova,
27.1V.1978 (MHA). 1-2 — habit of plant, dorsal view; 3 — carpocephalum of female receptacle; 4 — median part of thallus trans-
verse section; 5-7 — air-pore from dorsal epidermis of thallus; 8-11 — ventral scales with appendages; 12 — median part of ventral
scale with oil-bodies. Scale bars: 2 mm for 1-3; 600 pm for 8-11; 500 pm for 4; 50 um for 5-7, 12.



A review of the genus Asterella P. Beauv. in Russia 311

the middle of the lower side of the thallus, so clearly
expressed strip midline between the bases of the scales
along the thallus is free from ventral scales; rounded tri-
angular to obliquely semilunate; body 1100-1800 pm
long and 500-750 um wide, marginal slime papillae nu-
merous; body cells 50-80(—100) pm long and 20-30 um
wide, with numerous scattered pale oil-cells; oil cells 22—
30 um in diameter; appendage 1-2 per scale, lanceolate
to oblong-lanceolate, hyaline; appendage 500900 um
long and 200-300 um wide, quickly tapering above broad
base; slime- papillae absent. Sexual condition paroicous,
rarely terminal-autoicous. Antheridia arising dorsally on
leading thallus shortly behind the female receptacle or
rarely on separate terminal branch; forming low ellipti-
cal to elongated median group, rarely as 1-2 ostiole; osti-
oles conical, greenish to purplish, without scales. Gyno-
ecia arising in apical notch of leading thallus; stalk of
receptacle yellowish to rarely robust, smooth, 5-15 mm
long, with single rhizoidal furrow. Archegonial scales
at base numerous, forming conspicuous dense cushion
of hyaline scales and a few at apex, almost linear to fili-
form, margin entire. Carpocephalum conical-hemispher-
ic, green to yellowish-green; disc convex, shortly 2-4-
lobed, each with a single sporophyte, lobes almost verti-
cal or up to 20°to stalk; involucres margin free, with
broad bluntly V-shaped median incisures, margin weak-
ly sinuate; pseudoperianth white, compressed laterally
when young and with strongly connate apical part of lobes
when mature, with free margins recurved when dry.
Spores yellow-brown, globose, (85-)90—105 pum in di-
ameter, on distal surface with weak primary wavy lamel-
lac with minute reticulations. Elaters 2-spiral, yellow-
ish, 170-210 um long, 15-18 um wide.

Differentiation. When lacking female receptacle the
species is most likely to be mistaken with Mannia fra-
grans because of similarity of general habit in dry condi-
tion: whitish brush of scales at apex of female branches
and usually blackish and enrolled (when dry) thallus. 4.
saccata differs from Mannia fragrans in: 1. not fragrant
thalli in fresh conditions versus commonly aromatic (ce-
dar-oil smell) in M. fragrans; 2. thin to slightly thick-
ened cell walls of dorsal epidermis, with small trigones
versus thickened cell walls and large to bulging trigones
in M. fragrans, 3. margin of ventral scales without slime-
papillae versus margin of ventral scales with a few mar-
ginal slime-papillae in M. fragrans; 4. ventral scales are
situated at some distance from the middle of thallus low-
er side in such a way that there is clearly expressed strip
on both sides of middle ridge of thallus free from ventral
scales versus ventral scales on either side of the midrib,
strongly overlapping in M. fragrans.

Sometimes, Asterella saccata may be misidentified
as A. lindenbergiana. However, A. saccata differs from
latter in: 1. lacking rotten fish smell versus obvious smell
of rotten fish in fresh condition in A. lindenbergiana; 2.
smaller thallus of 1-4 mm wide only, versus 4-8 mm

wide in A4. lindenbergiana; 3. presence of apical cluster
conspicuously projecting appendages of ventral scales
versus appendages of scale not forming a white cluster at
apex; 4. margins of thallus strongly incurved when dry
versus often only slightly enrolled margins of thallus in
dry condition.

Ecology. Calciphilous xerophyte, growing in open to
full sun places in S- to SW-faced cliff crevices filled with
fine soil; mostly in alpine belt or tundra zone. The spe-
cies often forms more or less pure mats often with an
admixture of other hepatics, or, sometimes, hidden be-
tween mosses.

Distribution. Asterella saccata is arctomontane sub-
circumpolar species whose area covers subalpine to al-
pine belts in large mountainous systems in Eurasia and
North America (Schuster, 1992; Long, 2006; Damsholt,
2013). Recent revision by Long (2006) confirmed the
species in Eurasia for Austria, Switzerland, Czech Re-
public, Slovakia, Italy, Makedonia, Hungary, Germany),
castward to Russia and China (Xinjing). Older records
(not all of the specimens on which these records were
based were checked by Long, 1.c., thus we cannot elimi-
nate them) includes Spain, France, Romania, Poland
(Soderstrom et al., 2002) and Greece (Bory, 1832). The
species also occurs in North America, where known from
Yukon, British Columbia (Canada) and Alaska, Idaho,
Montana, Washington, Oregon, Wyoming, New Mexico
(U.S.A.), Mexico (Schuster, 1992) and Greenland
(Schuster & Damsholt 1974; Damsholt, 2013). The spe-
cies was also provisionally reported by Zerov (1964) for
Ukraine, but still time the occurrence in the country was
not confirmed. Asterella saccata was known in the Rus-
sia from European part: Perm® Province (Lindberg &
Arnell, 1889; Long, 2006), Siberia: Krasnoyarsk Terri-
tory (Lindberg & Arnell, 1889; Konstantinova & Vasil-
jev, 1994; Long, 2006), Altay Republic (Vana & Igna-
tov, 1995), Republic of Yakutiya (Sofronova, 2005),
Chukotka Autonomous District (Afonina & Duda, 1993;
Afonina, 2000), Kamchatka Territory (Wahlenberg, 1811;
Bakalin, 2009), Amur Province (Lindberg & Arnell, 1889;
Long, 2006; Andrejeva, 2009). According to personal
communication of Dr. E.V. Sofronova the record of 4s-
terella saccata for Resource Reserve «Orulgan Sis»
(North-Eastern Yakutia) (Sofronova & Sofronov, 2012)
should be referred to 4. lindenbergiana.

In the course of the present research we were able to
identify this species for Altay Republic, Krasnoyarsk Ter-
ritory and Chukotka Autonomous District. It is notewor-
thy that this species was described from Avacha Bay in
the Kamchatka Peninsula based on collections by H. Tile-
sius (Wahlenberg, 1811), however numerous attempts to
collect it in locus classicus by Bakalin have failed. On
the contrary, Bakalin found as more or less frequent in
that area Mannia gracilis. This was described four years
later as Marchantia gracilis (Weber, 1815) and might be
easily mistaken with Asterella saccata. We could not study
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the type of 4. saccata and Long (2006) did not cite the
type specimen too (probably it was lost), since it is rather
puzzling question whether the widely accepted under-
standing of Asterella saccata in modern literature is re-
ally congruent with the original treatment of Marchan-
tia saccata by Wahlenberg.

Specimens examined. RUSSIA: Altay Republic, Altay
State Nature Reserve, Chulyshman Stream, 27.1V.1978, Zolo-
tukhin, Tyaplyakova (MHA, KPABG, VBGI); Krasnoyarsk
Territory, Krasnoyarsk City vicinity, Vereschagin, det. 17.V1.1936
Zerov (KW, KPABG); Chukotka Autonomous District,
Pekul‘ney Range, middle part of the Yuzhnij Pekul‘nejveem
River, 14.VIIL.1979, Afonina (LE; KPABG); Anadyr River Ba-
sin, Enmyvaam River, 4.VI1.1982, Afonina (LE; KPABG).
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