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A FURTHER RANGE EXTENSION OF THE GENUS ARVERNELLA (BRYOPHYTA)
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Abstract

A molecular phylogenetic analysis of tiny Amblystegiaceae plants from mountains of southern
Siberia revealed an undescribed species of Arvernella. This genus was recently described from France
and subsequently found in Sakhalin in the Russian Far East. Siberian plants represent the third species
of the genus. Morphologically they are somewhat more similar to European ones, whereas the latter
differ more strongly from both Asiatic species genetically. The newly described species is one of the
smallest moss species in Russia with leaves 0.17-0.20 mm long and 0.06-0.07 mm wide only. It is
currently known from four localities, the most distant being 530 km apart.

Pesrome

H3y4eHue ¢ OMOLIbIO MOJICKYJIIPHO-TEHETHUECKHX METO/IOB O4EHb MEJIKMX PAaCTeHHUIT U3 ceMelcTBa
Amblystegiaceae, coOpanubix Ha tore CHOMPH, BBISIBHIO €II€ OJMH HEe OMUCAHHBIA BUJI M3 poja
Arvernella. DT0T poa ObUI HE1TaBHO onucaH Mo oOpa3uam n3 OpaHIUU U BIIOCIEICTBUN HaiileH Ha
0. Caxanus Ha poccuiickoMm JlaasHem Boctoke, oTkya 01 onrical BTopoii Bua. Cubupckue pacTeHns
HPEACTABIAIOT TpeTHi BUA pona Arvernella. T1o HEKOTOPEIM MOP(HOIOTHYECKUM TIPU3HAKAM 3TOT BUJL
GoJiee CXOICH C €BPOIEHCKUM, KOTOPbIH, OJHAKO, CHIbHEEC OTIMYAETCS OT a3MaTCKUX BHJOB IO
nocaenoBarensHocTIM JAHK. Cubupckuit Bun Arvernella — 310 0HO U3 CaMBIX MEJIKHX PACTCHUH BO
¢iope mxoB Poccnu, ero muctbs Beero 0.17-0.20 mm auHoit 1 0.06-0.07 MM mupunoid. Arvernella
sibirica B HacTOsLIEe BPeMsl M3BECTHA U3 YETHIPEX MECTOHAXOXKJICHHH, PACCTOSHUE MEXIY CaMbIMH

aJbHUMU U3 HUX OKOJIO 530 KM.
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INTRODUCTION

The recent biodiversity studies in Russia increased the
number of species in the local floras of many regions, and
especially in Siberia —huge and quite incompletely known
territory. Advances in the studies of Anabar Plateau in the
southern Taimyr were summarized by Fedosov et al.
(2011); Yakutia exploration in two recent decades was re-
cently overviewed by Ignatov et al. (2022). Most of the
new species described from these areas were supported by
molecular phylogenetic data. Recent studies in Baikal area
by a large group of bryologists with subsequent broad ap-
plication of DNA barcoding demonstrated the power of
such ‘integrative floristics method’ that revealed tens of
unexpected records for species known from so faraway
localities that their findings in Baikal surroundings were
thought to be impossible (Fedosov et al., 2022).

A similarly unexpected discovery was recently recog-
nized for the genus Arvernella in the Russian Far East
(Ignatov et al., 2021). This genus has been described only
recently for one species from France (Hugonnot & He-

dends, 2015). The plant is very small, so it remained un-
described up to the 21st century in a relatively well-known
region — Western Europe. DNA sequences confirmed that
the Far Eastern plants belong to the same genus, but is
another species.

Subsequent attempts to find more representatives of
Arvernella were undertaken. We looked through herbar-
fum collections for the smallest pleurocarpous mosses,
and sequenced the most promising candidates.

MATERIAL AND METHODS

Specimen search

We looked for potential Arvernella specimens in col-
lections in MHA, MW, NSK, and LE, searching among
Serpoleskea confervoides and Pseudoamblystegium sub-
tile that are also small plants, and could be thus misiden-
tified instead of Arvernella; moreover, the latter genus was
described and illustrated only in the last years. Most prom-
ising specimens from NSK herbarium were selected for
sequencing.
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Arvernella sibirica OK3218
0,82/71t Arvernella sibirica OK3215
Arvernella sibirica OK3220

Fig. 1. Bayesian tree of the Amblystegiaceae
based on nuclear ITS sequences. Posterior prob-
abilities and / MP bootstrap supports are shown at
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Specimens (all from Russia, all coll. Pisarenko) and GenBank
accession and isolate numbers: Arvernella sibirica ON677936
0OK3215: Kemerovo Province, Mountain Shoria, 740 m elev.,
NSK2004768; ON677937 OK3218: Kemerovo Province,
Kuznetsky Alatau, 960 m elev., NSK2000292; ON677938
0OK3220: Altai Territory, Novoaleiskoe, 647 m elev., NSK2000685;
ON677939 OK3221 Kemerovo Province, Saltymakovsky Range,
580 m elev., NSK2002188; Pseudoamblystegium subtile
ON677940 OK3221 Kemerovo Province, Saltymakovsky Range,
580 m elev., NSK2002188; OK3219 Kemerovo Province, Moun-
tain Shoria, 580 m elev., NSK2004770; ON677941 OK3222
Kemerovo Province, Mountain Shoria, 640 m elev., NSK2004634;
Serpoleskea convervoides ON677942 OK3224: Novosibirsk Prov-
ince, Salair Range, 430 m elev.,, NSK2000674.

Sequence acquisition

The laboratory protocol and sequencing were essen-
tially the same as in our previous moss studies, described
in detail by, e.g., Gardiner et al. (2005). Nuclear ITS
sequences were obtained for Siberian plants; however,
the atpB-rbcL region was not amplified with the same
primers and same protocol which were used for success-
ful amplification of the Far Eastern Arvernella.

Molecular analysis

ITS sequences from Siberian plants were checked by
BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi, on
December 2021), and since their position appeared to be
the closest to Arvernella, they were added to the align-
ment compiled so to include also taxa close to Arvernella
by BLAST, essentially the same used for the analysis in
the previous paper (Ignatov ef al., 2021), but with the ex-
clusion of many only remotely related taxa composing the
terminal clade of the family. The genera taken for analysis
usually form a basal grade to the Amblystegiaceae, in-
cluding Myrinia, Platyhypnum, Drepanium, and Campy-
lophyllum. Serpoleskea confervoides and Pseudoamblys-
tegium subtile were included as superficially most similar
plants. Sequences were aligned using Bioedit (Hall, 1999).

Bayesian analyses were performed in MrBayes 3.2.6
(Ronquist et al., 2012), with 10 000 000 generations,
and the chain temperature 0.02 in all analyses. Conver-
gence of each analysis was evaluated using Tracerl.4.1
(Rambaut & Drummond, 2007). Consensus trees were
calculated after omitting the first 25% trees as burn-in.

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

RESULTS

DNA analysis

Molecular phylogenetic tree (Fig. 1) resolves Siberi-
an plants assigned to Arvernella by BLAST in a clade
with other species of Arvernella, although the combined
Arvernella clade (PP=0.72, BS=82) and the clade of Si-
berian plants of Arvernella (PP=0.82, BS=71) are rather
weakly to moderately supported. However, the clade of
two specimens of the European A. microclada is well
supported (PP=1.0, BS=82).

Morphological analysis

A comparison with the Far Eastern A. pisarenkoi
and with the descriptions of A. microclada revealed
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Fig. 2. Arvernella sibirica Ignatov & Ignatova (from holotype). A: plant with sporophyte, dry; B: sterile plant, dry; C: stem
transverse section; D: stem and branches, wet; E: axillary hair; F-H: stem leaves; I: leaf cells; J: part of peristome; K: perichaetial
leaf. Scale bars: 2 mm for A; 1 mm for B; 0.5 mm for D; 0.2 mm for F-H, K; 100 um for C, I-J.

that the Siberian specimens possess all important fea-
tures of the genus (Fig. 2), e.g., the small plant size;
stem transverse section formed by homogencous cells;
ovate-lanceolate leaves; short, double or forked costae
in stem leaves; entire leaf margins; short laminal cells;
strongly enlarged perichaetial leaves with long cos-
tae; and autoicous sexual condition. The differences
of Siberian plants from two other species of the genus
are quantitative; they are discussed below, in the tax-
onomy section.

DISCUSSION

Despite the low support of the clade of Siberian plants,
their morphology clearly indicate that they are conspecif-
ic, and the same is clear also from the same area of occur-
rence and the lack of differentiation within the clade (Fig.
1), excepting a small difference in branch length, which
in fact is caused by a somewhat incomplete sequence data.

Siberian plants differ from Far Eastern plants by mor-
phology, being somewhat more similar to European
plants. The latter, however, have more prominent genet-
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Fig. 3. Arvernella sibirica (from holotype). A-B: habit; C: plant with perichaetia; D: capsule.

ic differences, resulted in high support for A. microclada
clade. Therefore, we describe Siberian plants as a new
species.

TAXONOMY

Arvernella sibirica Ignatov & Ignatova, species nova.
Figs. 2-3.

Type: Kemerovo Province, Tashtagol District. Gor-
naya Shoriya; watershed of Taenza and Mrassu Rivers;
small stand of old-growth tall-herbaceous fir forest among
young secondary aspen and birch communities (Gs10-
18), 53.03750°N, 88.35981°E;740 m alt., 4 Aug 2010
Coll. Pisarenko O.Yu. NSK2004768 (Holotype MHA,
Isotypes NSK, DNA isolate OK3221).

Diagnosis: Arvernella sibirica is similar to 4. pisaren-
koi in a very small plant size, shape of leaves, shape and
size of leaf cells, but differs in having smaller leaves, 0.17—
0.20x0.06-0.07 mm vs. 0.27-0.40x0.10-0.16 mm in A.
pisarenkoi; not differentiated alar groups vs. clearly dif-
ferentiated, consisting of subquadrate cells; shorter cos-
tae, to 0.2 the leaf length vs. to 0.2-0.4 the leaf length;
and smaller spores, 810 um vs. 1013 um. 4Arvernella
sibirica differs from A. microclada in smooth vs. prorate
leaf cells and smaller spores, 810 um vs. 10-15 um.

Description: Plants minute, in lax, tiny, delicate mats,
green to dark green. Stems creeping, to 4 mm long, in
transverse sections composed of homogeneous, firm-

walled cells, without central strand and hyalodermis, ter-
ete foliate, irregularly branched, branches diverging at
about right angle, ca. 1 mm long, terete foliate; rhizoids
inserted below leaf insertion; axillary hairs 4-5-celled,
upper cell ca. 16x10 um; paraphyllia absent; proximal
branch leaves linear to lanceolate. Stem leaves appressed
when dry, erect when moist, 0.17-0.20x0.06—-0.07 mm,
lanceolate, gradually narrowed to apex, slightly narrowed
to base, not decurrent; costa forked, to ca. 0.2 the leaf
length, distinctly delimited; margins plane, finely serru-
late throughout; upper and median laminal cells thom-
boidal or elongate-rhomboidal, 10-15(-20)x4-5 um,
with length to width ratio 1.5-2.0(-2.5):1, firm-walled,
smooth; cells at leaf margins in lower 1/2 the leaf length
in 2-3 rows subquadrate to short-rectangular, 5—11x5-6
pum, alar cells not differentiated. Branch leaves similar
to stem leaves. Autoicous. Perigonia bud-like, perigo-
nial leaves ovate, strongly concave. Perichaetial leaves
straight, 0.7-0.8%x0.3 mm, triangular-lanceolate, acumi-
nate, eplicate, with thick, gradually tapered, indistinctly
delimited costa to 0.6 the leaf length. Setae to 7 mm,
erect to somewhat flexuose, smooth, brownish to red-
dish-brown. Capsules inclined to somewhat pendent, urn
0.8-1.0x0.2—-0.3 mm, elongate-ovoid, strongly contract-
ed below mouth when dry and empty. Annuli deciduous.
Opercula low conic and shortly and broadly rostrate.
Exostome teeth 250-260 um long, cross-striolate below,
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papillose above; endostome with basal membrane ca. 1/2
of'its length, segments narrow, scarcely perforated, slight-
ly shorter than exostome teeth, cilia 1-2, slightly shorter
than segments, nodose. Spores 8—10 um.

Differentiation: Arvernella sibirica shares some mor-
phological characters with both other species of Arvernel-
la. In leaf size it is closer to 4. microclada: 0.17—
0.20%0.06-0.07 vs. 0.14-0.35x0.055-0.080 mm. Plants
of both A. sibirica and A. microclada appear extremely
tiny due to closely appressed leaves (contrary to A. pisaren-
koi with erect leaves). Mid-leaf cells of these species are
also similar: 10-15(-20)x4—5 um in A. sibirica and 17—
22 x3—10 um in A. microclada; however, in the latter spe-
cies cells are strongly prorate dorsally but in 4. sibirica
they are smooth. In addition, spores of A. sibirica are small-
er: 8—10 um vs. 10-15 um in 4. microclada. Arvernella
pisarenkoi differs from two other species in slightly larger
size of plants, larger leaves (0.27-0.40 x0.10-0.16 mm)
and longer costae. Both A. pisarenkoi and A. sibirica have
leaves with distinct, forked costae, whereas leaves of A.
microclada are often ecostate or with indistinct costae.

Arvernella sibirica is also similar to Serpoleskea con-
fervoides — another tiny plant with curved capsules and
leaves with short double costae; the latter species differs
from both species of Arvernella in having stems with
differentiated sclerodermis (cells are uniform in stem
cross sections of Arvernella) and ecostate inner pericha-
etial leaves (with strong costae extending to mid-leaf in
Arvernella).

The differences between three species of the genus
can be also described in the key to identification:

1. Costae absent or very short and indistinct; median
leaf cells abaxially strongly prorate . A. microclada

— Costae distinct, to 0.2-0.4 the leaf length; median
leaf cells smooth or abaxially weakly prorate ....... 2

2. Leaves 0.27-0.40x0.10-0.16 mm; alar groups clearly
differentiated; spores 10—13 im......... A. pisarenkoi

— Leaves 0.17-0.20%0.06-0.07 mm; alar groups not
differentiated; spores 8-10 im............... A. sibirica

Distribution and ecology: The samples of Arvernella
sibirica were collected at four points of the northwestern
periphery of the Altai-Sayan mountain region (Fig. 4).

The localities where the species was collected are large-
ly similar. All of them are situated in hyper humid regions
surrounded by areas with sharply continental climate. An
average annual temperature is about 0°C; the sum of tem-
peratures above 10°C is not more than 1500°C. Annual
precipitation everywhere is more than 800 mm, that is at
least twice higher than in neighboring plains, and more
than half of the amount falls in the warm period. In winter
snow depth exceeds 80 cm and due to wind-caused redis-
tribution can reach to 170-190 cm (Pilnikova, 1993). So
thick snow layer keeps soil non-freezing during the win-
ter period, with temperatures on a soil surface being about
0°C (Lashchinsky & Sedelnikov, 1991).

Fig. 4. Known localities of Arvernella sibirica: 1) Foothills
of the western Altai Mts., upper reaches of the Aley River, 650 m
alt. [Altai Territory, Tretyakov District]; 2) Saltymakov Range,
which is the northern part of specific geological structures, a so-
called “Melafir horseshoe”, the basalt mold of Permian age, 580
m alt. [Kemerovo Province]; 3) Central part of Kuznetskiy Alatau
Range, northern slope of the Malaya Tserkovnaya Mt., 960 m alt.
[Kemerovo Province]; 4) Mountain Shoria, watershed of Taensa
and Mrassu Rivers, 740 m alt. [Kemerovo Province].

The dominant tree species in all areas is Abies sibir-
ica. Tall-herbaceous communities are the characteristic
feature of the vegetation cover of these regions; they cov-
er vast areas and form a mosaic with fir parcels. In most
cases tall-herbaceous communities are polydominant; the
herb layer is closed, tall, and multi-tiered. The average
height of herbage is 1-1.5 m, but generative sprouts of
some species often exceed 3 m. Anthriscus sylvestris,
Heracleum dissectum, Crepis sibirica, Bupleurum au-
reum, Aconitum septentrionale, Cirsium helenioides,
Saussurea latifolia, and Euphorbia lutescens are the most
constant and abundant.

Coarse herbage acts as a significant environment-
forming factor: it forms its own phytoclimate, which af-
fects not only the illumination but also the regime of hu-
midity and temperature. So, under the herbage canopy,
diurnal temperature fluctuations are smoothed out, and
the air humidity during the daytime is 15-30% higher
than above it (Lashchinsky & Sedelnikov, 1991). In win-
ter, under a thick snow cover, the processes of decompo-
sition of plant residues continue to go on. As a result,
despite the enormous productivity of the communities,
there is almost no litter on soil and nothing besides of
low light prevents the growth of mosses. Small stones of
several centimeter, laying on soil under this canopy are
thus in specific condition. Small species of Amblystegi-
aceae occur on such rocks and three collections from such
environment appeared to be Arvernella sibirica. The
fourth collection of this species was gathered from the
base of Padus avium trunk in fir forest with tall herbs.

Other mosses abundant under tall-herb canopy are:
Oxyrrhynchium hians, Sciuro-hypnum reflexum, Mnium



6 0O.YU. PISARENKO, O.I. KUZNETSOVA, E.A. IGNATOVA & M.S. IGNATOV

Fig. 5. Tall-herb vegetation with scattered or dense
Abies sibirica stands. A-B: Saltymakov Range (B is #
close-up of A); C: Mountain Shoria.

spinosum, Rhodobryum roseum, Fissidens bryoides, F. tax-
ifolius, occasionally Eurhynchium angustirete and Tham-
nobryum neckeroides, the two latter species being mixed
with Arvernella sibirica in the holotype collection.

The specificity of the habitat conditions of this type
of vegetation is emphasized by one more interesting spe-
cies: Rhynchostegium rotundifolium. It is known in all
Siberia only from two localities, 2 and 4 in Fig. 4 (Pisaren-
ko, 2014), and in collection in loc. 2 it was mixed with
Arvernella sibirica.
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