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ABSTRACT

New data on the distribution of Ditrichum divaricatum Mitt. are presented. This spe-
cies was described from Japan and previously known also from South Korea and
China; it is identified in collections from Russia (Transbaikalia, Suntar-Khayata Mt.
Range in Yakutia, and the KKamchatka Peninsula) and from Alaska (USA). Most
specimens from Russia were previously attributed to D. pallidum (Hedwig) Hampe
but the revision of the herbarium collections in MW, MHA, and LE dici73 not con-
firm the presence of the latter species in the country. A desctiption and illustrations
of D. divaricatum based on Russian specimens are provided as well as data on its
ecology; in the north of the Pacific, the species is confined to volcanic substrates
of acidic composition.
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PE3IOME

®epocos B.D., Uepnasvesa U.B., Adonmna O.M., Urnarosa E.A. Ho-
Bble AaHHbBIE 0 pacupocrpanenuu Ditrichum divaricatum (Ditrichaceae,
Bryophyta) B Cepepnoii Ilammduxe. [IpuBoasTcs HOBEIE AAHHEIE O PACITPO-
crpaaernu Ditrichum divaricatum Mitt. D1ot BuUA ObiA onmcan us SInonnn u pa-
Hee usBecTeH Takke u3 FOxmon Kopen nr Kuras; oH BEIIBACH B KOAACKITHAX U3
Poccun (n3 3abaiikaabs, xp. Cynrap-Xasra B SAkyram u ¢ m-oa Kamuarka) u ¢
Anscku (CIITA). BOABIITHHECTBO pOCCHICKIX 0OPA3IIOB BUAA OBIAO PaHEE OTHE-
ceHo k D, éa//z'dﬂm (Hedwig) Hampe, HO peBusns repOapHbix koAAekmmii B MW,
MHA u LE e IIOATBEPAMAA IIPOU3PACTAHUE DTOIO BUAA B Poccun. ITpusoasrcs
omnrcanue u UAAfocTpanuu D. divaricatum sa 0cHOBaHIN POCCHIICKOTO MAaTEPHAAR
M AAHHEBIE O €0 9KOAOrHH: Ha ceepe [larudruku BHA IPHypOYEH K BYAKAHOICH-
HBIM CyOCTPATAM KHCAOTO COCTABA.

Karouessre caoBa: Bocrounas Asns, Moxoobpasusie, Kamaartka, AAsiCKa, peAKIE BUABL,

duroreorpadus

Recent studies of the moss flora of East Asia revealed
numerous cases of erroneous attribution of European
names to Asian species (Ignatova et al. 2016, 2019, 2020,
Fedosov et al. 2017, 2022a,b). Typically, the reason for such
mistakes originates from the historically uneven exploration
of different sectors of the Holarctic. Although many his-
torical types originate from Japan, Himalayan region, these
species usually remain poorly known or poorly understood
by European and Russian scientists. Present paper deals with
one of such cases, revealed in the genus Ditrichum Hampe.

The checklist of mosses of East Europe and North Asia
(Ignatov et al. 2000) included 11 representatives of the genus
Ditrichum, among which three, D. ¢ylindricum (Hedw.) Grout,
D. flexicante (Schwigr) Hampe and D. gracile (Mitt.) Kuntze
are currently classified in the other genera (Matsui & Iwatsuki
1990, Seppelt et al. 2007, Fedosov et al. 2016, Hodgetts et
al. 2020). In course of the ongoing revision of the genus
Ditrichum in the moss flora of Russia we examined specimens
in the largest Russian bryophyte herbaria (IRK, LE, MHA,
MW and VGBI) and confirmed that most of these species
indeed occur in Russia. Several groups of species appeared
in need of a thorough taxonomic revision supplied with
molecular phylogenetic study; they will be considered in
a separate paper. Also, we failed to confirm presence of
Ditrichum pallidum (Hedw.) Hampe in Russia. This species
was originally described as Trichostomum  pallidum Hedw:.

based on Schreber’s specimen from Europe and currently
is known to occur also in Eastern North America, in few
localities in western North America, and East and North
Asia (Hodgetts & Lochart 2020). According to Ignatov et al.
(2000), this species occurs in Fastern Siberia, Southern Sibe-
ria and southern part of the Russian Far East. Actually, these
records were based on identifications of Lazarenko (1940)
and Bardunov (1969). However, an illustration of a leaf
attributed to D. pallidum by Bardunov (1969) and his descrip-
tion are remarkably different from those based on European
and American specimens (Seppelt et al. 2007, Liith 2019), so
his records, apparently, should be assigned to another species.
At the same time, recent lists of mosses of Mus-Khaya Mt.
area in Yakutia (Ignatova et al. 2011), Kamchatka Peninsula
(Czernyadjeva 2012, Afonina et al. 2022), Transbaikalia
(Afonina et al. 2017) and Iturup Island (Bakalin et al. 2019,
Cherdantseva et al. 2018) also included D. pallidum.

MATERIAL AND METHODS

In the course of the Moss Flora of Russia preparation, we
examined specimens referred to D. pallidun in IRK, LE, MHA,
MW and VGBI using standard anatomic and morphological
approach to bryophyte identification (stem, leaf, capsule ana-
tomy and morphology, sexual condition, etc.) and relevant li-
terature referred to in the Results and Discussion sections.
Morphological studies and measurements wete conducted using
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stereomicroscope Nikon SMZ1270 and light microscope Zeiss
Axioplan 2 Imagin I Moscow State University or microscopic
technique available in the visited herbaria.

RESULTS AND DISCUSSION

We found that no one specimen, referred by Bardu-
nov to D. pallidum actually belong to this species. Moreover,
specimens from Mus-Khaya Mt. and Kamchatka share two
traits unusual for Russian species of the genus: hyaline
margins of the leaf lamina composed of several rows
of thin-walled cells, and mammillose, serrate leaf subula.
These traits make the species easily recognizable and well
referable to a Japanese species D. divaricatum Mitt., based on
descriptions and illustrations of Noguchi (1987) and Matsui
& Iwatsuki (1990). Japanese specimens of D. divaricatum

Figure 1 Ditrichum divaricatum Mitt. (A=1, L-M — from MW9037012, J-K — from MHA9109533): A:
habit, dry; B-D: leaves; E: upper leaf cells; F: cells at leaf shoulder; G—I: leaf transverse sections;
J-K: gemmae; L: basal leaf cells; M: stem transverse section. Scale bars: 5 mm for A; 1 mm for B-D;

100 pum for E-M

keptin LE, MHA and MW are identical with Russian speci-
mens from Yakutia and Kamchatka. Although this species
has not been reported from Russia by Ignatov et al. (2000),
Ignatov et al. (2000) listed not identified species of the
genus, which is probably close to D. divaricatum or D. rhyncho-
steginm Kindb. for the Bureya River upper course based on
two specimens collected by Ignatov (07-1221, 07-1222) and
three specimens collected by Iwatsuki. Moreover, two spe-
cimens from where (Ignatov & Ignatova 07-1221, -07-1223)
are represented in the Database of the moss Flora of Russia
(Ivanov et al. 2017, accessed 01.07.2023) under the name
D. divaricatum. We examined these specimens and referred
them to the other species. Also we found this species in a
single specimen from Transbaikalia and in two specimens
from Seward Peninsula, Alaska. Thus, we present a range
extension of the species, which
is a novelty for the moss floras
of Russia and North America,
while D. pallidum is excluded
from the moss flora of Russia.

YISSOEES
S50
SO

S

Ditrichum divaricatum Mitt.
Trans. Linn. Soc. London, Bot.
3:155, 1891 (Fig: 1, 2)

Desciption.  Plants  rather
small to medium-sized, largely
corresponding  Flexitrichum  flexi-
canle | F. gracile in size and resem-
bling them in habit, typically gol-
den-brown (this species usually
grows in exposed environments),
yellowish- to brownish green, in
loose tufts. Stem 5-10(~14) mm
high, simple, with well developed
central strand. Leaves 2.5-4x0.3—

0.5 mm, from obovate (upper
leaves broader at shoulders than
at base), semivaginate to tubulose
base leaves shouabruptly contrac-
ted or, in lower leaves, gradually
narrowed to spreading, flexuose,
canaliculate, spirally twisted subu-
lae; margins plane throughout or
involute at shoulders, entire pro-
ximally, crenulate just above leaf
shoulders, sometimes sinuose
distally; costa greenish, inconspi-
cuously delimited from leaf lami-
na proximally, brownish in subula,
long excurrent, denticulate near
leaf tip, in cross-section with two
well developed stereid bands se-
parated by arch of guide cells, and
dorsal and ventral epidermis, the
latter usually developed in distal
leaf portion, in several cross sec-
tions of subula with distinctly
bulging walls; leaf lamina unistra-
tose proximally, bi- to tristratose
distally, with very thick outer and
inner cell walls and very narrow
lumens; upper leaf cells elongate
rectangular, 20-35X5-10 um,
thick-walled, just above shoul-
ders 6-17%8-12 um, irregulatly
quadrate, rounded to transverse-

rectangular, thick-walled; proxi-
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mal laminal cells along costa rectangular, 30-55(=76)%8—
12 um, thick-walled, yellowish, becoming narrower and thin-
ner-walled toward margins, along margins in several rows
3—6 um wide, linear, very thin-walled, hyaline, forming more
(in upper leaves) or less delimited limbidium, resembling those
found in several species of Digranoloma, transition between
thick-walled juxtacostal cells and thin-walled limbidium cells
gently V-shaped, so in the basalmost portion of leaf, just
above insertion, leaf lamina is composed of thin-walled cells,
becoming narrower from costa to margins, the lower row of
cells along insertion thicker-walled, fragile, so leaves are easily
detachable (like in several species of Timmia), but no plants
with denudated stem were seen. In few specimens filamentous
gemmae-like structures confined to leaf axils occur. Autoicous,
petigonia just below perichaetia. Perigonial leaves lanceolate,
with short excurrent costa. Perichaetial leaves with very long
tubulose base. Setae yellow to brownish, 12-20 mm, straight
or slightly flexuose, in transverse section circular, smooth,
with central strand. Capsules erect, cylindric, symmetric, rarely
slightly asymmetric and inclined, 1.5-2 mm long, brown, darker
at transition to seta and at mouth smooth to irregularly rugose.
Exothecial cells elongate-rectangular. Peristome with low, ca.
70 um high, obliquely striolate basal membrane, peach-orange,
later whitish teeth, split into two filamentous segments ca.
450 um long, papillose. Annulus well differentiated, composed
of 1-2 rows of large inflated cells. Operculum high conic.
Spores papillose, 1518 um. Cahyptra cucullate.

Variation. There are several discrepancies in the descrip-
tions of D. divaricatum, provided in the protologue (Mitten
1891), by Noguchi (1987) and Matsui & Iwatsuki (1990) and
our description, provided above. First of all, according to
the protologue, this species has reddish setae (“theca in pe-
dunculo rubro...”), while according to the Japanese authors
and our observations based on Russian specimens, setae are
yellowish to brownish. Then, Mitten (1891) provides leaf
length measure of 4 mm as characteristic for the species;
according to the Japanese authors, it varies from 4 to 6 mm
(Matsui & Iwatsuki 1990) or up to 6.5 mm (Noguchi 1987),
while our measurements hardly reach 4 mm, even in larger
plants. Likewise, the stem length reaches 50 mm according
to Noguchi (1987), while our measurements do not exceed
14 mm. Finally, Matsui & Iwatsuki (1990) describe leaf su-
bulac as mammillose (which is indeed a very rare case in
Ditrichaceae, even in the broad sense), Noguchi (1987)
uses more moderate term “slightly papillose at back”,
while according to our obsetrvations, no clear mamillosity/
papillosity can be seen via light microscope in a plain view,

Figure 2 Ditrichum divaricatum Mitt. in field conditions (Yakutia, Sun-
tar-Khayatra Range, vicinity of Mus-Khaya Mt. (MHA9109534)

New data on distribution of Ditrichum divaricatum

but it can be recognized in leaf transverse sections and
thus could be better characterized as bulging cell walls,
as occurs in Dicranum septentrionale Tubanova & Ignatova,
Bucklandiella sudetica (Funck) Bedn.-Ochyra & Ochyra and
Grimmia anomala Hampe ex Schimp. One could suggest that
north pacific plants considered in the course of present
study might represent a different species from that in
Japan, where from D. divaricatum was described. However,
we found no difference between our plants and specimens
from Japan edited as exsiccattac of Japanese mosses. In
particular, larger Russian plants (LE27-07) exceed Japanese
plants (see “specimens examined”) in size. Therefore, at the
moment we assign our specimens to D. divaricatum.

Differentiation. All specimens of D. divaricatum were
eatlier referred to another long-leaved autoicous species,
D. pallidunz; however, hyaline limbidium at proximal part
of leaf lamina, as well as occasionally present filiform
gemmae differ it from the latter. Due to the combination
of long subulate leaves with flexuose denticulate distally
subula and differentiated marginal cells in proximal leaf
portion, D. divaricatum might be confused with Flexitrichum
gracile (Mitt.) Ignatov & Fedosov. However, in F. gracile leaf
margins are composed of concolorous, thick-walled cells
with oblique lumens, while in D. divaricatum they are hyaline,
composed of elongate-rectangular to linear, thin-walled
cells; juxtacostal cells in basal leaf portion have porose
walls in I gracile vs. eporose in D. divaricatunz; F. gracile is
characterized by dioicous sexual condition vs. autoicous in
D. divaricatuns; finally, Flexitrichum inhabits base rich habitats,
while D. divaricatum occurs nearly exclusively on acidic rocks.
In having combination of hyaline cells at leaf margins and
occasionally present mammillose leaf subula D. divaricatum
resembles rather members of the genus Distichinm than
any other south hemispheric species of Dizrichum (Matsui
& Iwatsuki 1990). Moreover, autoicous sexual condition
differs D. divaricatum from most of species of the genus
widespread in Northern hemisphere. Also, one of the
most helpful traits, allowing recognition of D. divaricatum
even with stereomicroscope or hand lens is subula spirally
twisted along its axis, especially when dry. At the same time,
several species with similar combination of traits occur in
Southern hemisphere. For example, Ditrichum ditrichoidenm
(Cardot) Ochyra and D. ¢ylindricarpum (Mill. Hal.) F. Muell.
have mammillose leaf subulae and hyaline or at least diffe-
rentiated cells at leaf margins; D. conicuz (Mont.) Mitt.,
D. hyalinocuspidatum Cardot, and D. hyalinum (Mitt.) Kuntze
share differentiated, in several species hyaline cells at leaf
margins; geographical origin of specimen distinguish
D. divaricatum from all Southern hemispheric species of
the genus. Moreover, presence of filiform gemmae is not
characteristic for southern hemispheric taxa, among which
only D. gemmifernm Ochyra & R.IL. Sm. (closely related to
D. ditrichoidenm) has gemmae, although not filiform. Wide
spreading in wet conditions leaves and strongly mammillose
leaf subulae differ two later species from D. divaricatum.
Ditrichum strictum (Hook. f. & Wilson) Hampe differs from
D. divaricatum in having sinuose cell walls in lower leaf
portion, lack of limbidium and reduced peristome. Ditrichum
conicum, D. hyalinum and D. hyalinocuspidatum Cardot are
smaller, short-leaved species (see Seppelt 1982, Ochyra et al.
2008) with leaf subulae hardly reaching the lower portions
of their leaves in length. Finally, D. ¢ylindricarpum differs
from D. divaricatum in having less differentiated limbidium,
reddish setae and long cylindric capsules, reaching 5 mm.

Ecology and distribution. Ditrichum divaricatum was de-
scribed from Japan (see Matsui & Iwatsuki, 1990 for details
of the species lectotypification) and mostly occurs in Pa-
cific region in the areas where volcanogenic rocks occur. It
is widespread throughout Japan, known from a single col-
lection in Korea (Matsui & Iwatsuki 1990), and was revealed
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in at least five localities in Kamchatka Peninsula and one
locality in Western Alaska. On the other hand, D. divaricatum
is known from scattered isolated localities in continental
Asia, in the Stanovoe Upland near Aku Volcano in northern
Transbaikalia and near the highest peak of Suntar-Khayata
Mt. range (Mus-Khaya Mt.) in Yakutia. The environments
of the latter area are described in details by Ignatova et al.
(2011); it is characterized by harsh continental climatic con-
ditions and extensive outcrops of ferriferous rocks. Also,
in the online database of Consortium of North American
Bryophyte Herbaria (https://bryophyteportal.otg/portal/
collections/list.php, accessed 20.06.2023) two specimens
from the Nanchuan, Mt., Sichuan, China are listed, and coun-
ting newly revealed localities of the species in North Asia,
its presence in this region seems possible. At the same time,
no collections from Kuril Islands, which were extensively
studied for bryophytes during last decades, were revealed;
the species can also occur in volcanic islands of Aleutian
Arch, but was never recorded from there in publications
and databases of world herbaria. Absence of the species on
small Islands with high volcanic activity might be caused by
extinction due to eruption events. The distribution in few
areas remarkably distant from each other might indicate
a relic nature of the species, but also can reflect poor and
uneven exploration of the moss flora of North Asia.

According to Matsui & Iwatsuki (1990) and our data,
Ditrichum divaricatum mostly occurs in the alpine belt on
acidic rocks: in rock crevices on lava fields, on boulders
with a layer of soil, in rocky dwarf-shrub lichen tundra
and in lichen-moss dominated Pinus pumila thickets, mostly
associated with other pioneer mosses like Ofigotrichum
falcatum Steere or liverworts such as Diplophyllum.

Specimens examined

RUSSIA: Trans-Baikal Territory: Kalarskiy District. Sta-
novoye Nagor'e Uplands, the main plateau, near the Aku Vol-
cano, tundra belt, Rbhododendron anreun — Cassiope sp. — Carex
sp. — lichen dominated community, on rocks, 56°09'23.1"N
117°30'05.3"E, 2088 m alt., 22 VIII 2014, Mamontov 502/1
(LE). Republic of Sakha (Yakutia): Suntar-Khayata
Range, Mus-Khaya Mt., Knoriy Creek, 62°33'N 140°56'E,
1770 m alt., rock field, 17 VII 2011, Ivanov (MW9037008,
MHA9109534); the same place and date, Ignatov & Ivanov
11-3545 (MW9037010, MHA91095306); the same area,
62°34'N 141°03.5'E, 1680 m alt., dry dwarf-shrub — lichen
dominated tundra, 14 VII 2011, Ignatov & Ignatova 11-
3225 (MW9037009, MHA9109535), the same place and
date, 1700 m alt, dry rocky tundra, Ignatov & Ignatova 11-
3227 (MHA9109537). Kamchatka Territory: Sredinny
Range, Esso Settl. vicinity, stream Uboynyy, 55°60'N
158°41'E, ca 1000 m alt., on stones with a layer of soil on la-
va fields, 1 VIII 2001, Czernyadjeva 54 (LE); the same area,
55°57'N 158°39'E, 1050 m alt., on soil in dwarf-shrub li-
chen tundra, 4 VIII 2003. Czernyadjeva 83 (LE); the same
area, middle course of the Irakan river, 55°49'N 158°46'E,
1070 m alt., in stone crevices on stony-gravelly area, 9 VIII
2003, Czernyadjeva 88 (LE); the same place, on soil in stony
dwarf-shrub lichen tundra, 10 VIII 2003, Czernyadjeva 90
(LE, MHA9109533); the same place, in stone crevices in
stony dwarf-shrub lichen tundra, 11 VIII 2003, Czernyadje-
va 92 (LE); the same area, road to Gorgochan pass, 55°55'N
158°42'E, 680 m alt., in stone crevices on stony screes, 18
VIII 2003, Czernyadjeva 102 (LE). SE slope of Ichinsky
volcano, vicinity of Arbunat Lake, 55°32'N 157°37'E, ~800
m alt., on stones with a layer of soil on lava fields, 3 VIII 2007,
Czernyadjeva 4-07 (LE); the same place, on stones with a
layer of soil in lichen-moss Pinus pumila thickets, 4 VIII 2007,
Czernyadjeva 6-07 (LE); the same place, in stone crevices in
dwatf-shrub lichen tundra, 4 VIII 2007, Czernyadjeva 7-07,
(LE); the same place, in rocks crevices on lava fields, 13

VIIT 2007, Czernyadjeva 27-07 (LE); Kostina Mt. western
slope, 55°10'N 158°07'E, ~1300 m alt., mountain tundra,
on bare patch of soil, 5 IX 2010. Fedosov (MW9117952).
Klyuchevskaya group of volcanoes: northwestern slope of
Ushkovsky volcano, 56°11'N 160°21'E, ca 1300 m alt., on
stones with a layer on lava fields, 16 VII 2003, Czernyadjeva
18 (LE); western slope of Ushkovsky volcano, 55°58'N
160°16'E, 1290 m alt., in stone crevices on lava fields, 19 VIII
2004, Czernyadjeva 85 (LE); western slope of Ushkovsky
volcano, 55°58'N 160°15'E, 1450 m alt., on stone in dwarf-
shrub tundra, 21 VIII 2004, Czernyadjeva (LE). Kronotsky
State Reserve, Krasheninnikov Volcano caldera, 54°35'42"N
160°13'44"E, ca 800 m alt., moist shaded cliff niche, on
finesoil, 11 IX 2012, Fedosov 12-346, 12-348 (MW9037011,
MW9037014), 12-123 (MHA9109532); the same area,
Krasheninnikova Volcano slope, 54°36'12"N 160°16'26"E,
ca 1500 m alt., in montane tundra, 10 IX 2012, Fedosov 12-
364, 12-178 (MW9037012, M\W9037013).

JAPAN: Honshu: Gifu Prefecture, Mt Ontake near Nigo-
rigo, ca. 1900 m alt., on soil-covered rocks by a stream, 18 X
1962, Iwatsuki (Musci Japonici ser. 19, #913, LE); Yamana-
shi-ken, north slope of Mt. Fuji, ca. 2400 m alt., on rocks
covered with soil, 25 VIIT 1978, T. & K. Osada (Musci Japo-
nici Exsiccati ser. 32, #1560, LE).

U.S.A.: Alaska: Seward Peninsula, Lost Jim Lava Flow, in
deep crevices, 65°33'N 163°52'05W, 122183 m alt., 13 VII
1992, Afonina Lev-1 (ALA, LE).

Affinities. As was considered in the “Differentiation” sec-
tion, all morphologically similar to D. divaricatun species of
the genus Ditrichum occur in Southern Hemisphere, mostly
in subantarctic region. Moreover, Matsui & Iwatsuki (1990)
considered one of south hemispheric species, D. ¢ylindrr-
carpum, as its closest relative; they also mentioned similarity of
D. divaricatum to Distichinm due to mammillose leaf subulae and
vaginate leaves. Interestingly, in 19th and early 20th centuries
several south hemispheric Ditrichun species were classified in
the genus Pseudodistichinm. Thus, although Fedosov et al. (20106)
excluded phylogenetically discordant Flexvtrichum from the
genus Ditrichum, structural diversity within the genus Dirichum
s.str., as well as its polyphyly (see Fedosov et al. 2016, Bonfim
Santos et al. 2021) show need in thorough taxonomic revision
of the genus. In particular, further molecular phylogenetic
studies are needed to clarify relationships between D. divaricatum
and south hemispheric species of the genus and estimate their
affinities in phylogenetic context.

Brief comment on the exclusion of Ditrichum pallidum
from the Russian moss flora. Dizrichum pallidum was descti-
bed from Central Europe and is known to occur in Azores,
Central and Western Europe with few localities in southern
shore of Britain, Sweden and in NW Turkey, thus, avoiding
both Northern Europe and Mediterranean region; also it is
widespread in Eastern North America, generally southwards
Canadian border; records from East and South-East Asia
may need in reexamination. Anyway, with such distribution,
D. pallidum can be considered as a thermophilous species,
confined to rather humid environments; its presence is Rus-
sia seems possible in the southern part Black Sea coastal area
and in western Caucasus, where many other European mos-
ses, occurting in temperate climate (Buxbaumia viridis (Moug,
ex DC)) Brid. ex Moug, & Nestl., Cryphaca heteromalla (Hedw:)
Brid., Hookeria lucens (Hedw,) Sm., Nogopterium gracile (Hedw:)
Crosby & WR. Buck, Orthotrichum tenellum Bruch ex Brid.,
Pulvigera hellii (Hook. & Taylor) Plasek, Sawicki & Ochyra, Ulta
erispa (Hedw:) Brid., U. warctata (P. Beauv.) Hammar) penetrate.
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