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Abstract

The status and distribution of Pohlia saprophila (Miill. Hal.) Broth. remained vague, as this spe-
cies was not specially studied. Being described from the Central China, Gansu Province, it was treated
as doubtful in the last edition of the Moss Flora of China. This species is closely related to P. elongata,
and its distinction from it in dioicous sexual condition could be considered ambiguus, as dioicous
plants occasionally occur in some populations of P. elongata as well. However, dioicous sexuality in
Pohlia saprophila is stable and consistent with very dense growth of plants due to numerous rhizoids,
and also is well supported by ITS sequence data. In addition to China, Pohlia saprophylla occurs in
Mongolia, Kazakhstan, Kyrgyzstan, South Siberia (Altai and Transbaikalia) and extends eastward to
Kamchatka. Another species, which was described as dioicous in this groups, P. viridis Lindb. &
Arnell, is synonymized with P. elongata.

Pesrome

Takconomuueckuii craryc u pactnpocrpanenue Pohlia saprophila (Mill. Hal.) Broth. ocraBanucs
JI0 TIOCJIEZIHETO BPEMEHH HE BIIOJIHE MOHSTHBIMH, MOCKOJIBKY CIELHaIbHOTO M3YUCHHUs €ro He Ipej-
npuHUManoch. OnucaHHbIi n3 npoBuHLUY [aHbCy, LlenTpanbublii KuTaii, Bua B mocieqHeM U31aHUN
®roper MxoB Kutast Obu1 OTHECET K COMHUTENBHBIM. Pohlia saprophila siBnseTcst G1M3KOPOACTBEHHBIM
BUIOM K P. elongata, n ee OTINYMS, KACAIOLINECS, B IEPBYIO 04€PE/ib, JABYJIOMHOCTH MOIIIM PACIICHUBATHCS
KaK He/I0CTaTOYHbIE /ISl BBIACJICHUS BUJIA, TeM O0JIee YTO JIBY/JIOMHbIC U MHOTOJIOMHbBIE PACTEHHUS U3PE/IKa
BCTpeyaroTces u'y camoit P. elongata. Onnaxo IByIOMHOCTb Y Pohlia saprophila siBiasieTcsi KOHCTaHTHBIM
HPU3HAKOM, 1 0COOEHHOCTH €€ POCTa B OOIIMPHBIX, I'YCThIX, CHIBHO BOMJIOUHBIX I€PHOBHHKAX yKa3bIBAET
Ha CaMOCTOSITEIHOCTB 3TOTO BUJIA, YTO MOJJICPKUBACTCS 1 JaHHBIMK aHanu3a I TS nocienosarenbHoCTeH
JHK. ITomumo Kwuras, Bux Bctpewaercs taxoke B Monronuu, Kuprusuu, Kasaxcrane, a B Poccun
BoIABJIeH B OxHo# Cubupu (Anraii u 3abaiikanse) n Ha Kamuarke. pyroit Bua u3 rpynmst P. elongata,
P, viridis Lindb. & Arnell, onrcanHblii Kak IBYJOMHbII, OTHECEH B CHHOHUMEI K P. elongata.
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INTRODUCTION

Pohlia saprophila (Miill. Hal.) Broth. was original-
ly described (as Bryum) from Gansu (Kansu, Gangsu)
Province of China from collections of Potatin (Miiller,
1896). Subsequently it was transferred to Pohlia by
Brotherus (1903). Pohlia saprophila was included in
the Checklist of mosses of China (Redfearn et al., 1996),
however, in the Moss flora of China it was referred to
doubtful species (Zhang et al., 2007).

The original description of P. saprophila was very
short (Miiller, 1896). Savicz-Lyubitskaya & Smirnova
(1970) published their own illustrations of this species
and its full-length description, in Russian. According to
their description, the species is characterized by dioicous
sexual condition, lanceolate leaves with recurved mar-
gins, long laminal cells, narrow, inclined capsules with

endostome with rather long cilia, and growth on rotten
logs in mountain forests of Cental Asia.

The shape of capsules of P. saprophila is very similar
to that of P. elongata Hedw., and most other characters
also fit the latter species as well, especially because P. elon-
gata is a very polymorphic and, being typically paroicous,
is occasionally dioicous (Shaw, 2014). Therefore, the doubts
in the clear distinction of plants with P. saprophila-phe-
notype from P. elongata are quite natural.

This our preliminary opinion, however, was over-
turned by observations in the field. The abundant rhiz-
oid tomentum makes tufts of P. saprophila very dense,
and it often grows in expanded mats. Sometimes P. sap-
rophila covers a considerable parts of fallen logs, not in
a way common to P. nutans (Hedw.) Lindb., which forms
tufts, but not so extensive; moreover, it is not similar to
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P. elongata in growth pattern, as the latter species grows
almost always on soil or rocks, in a rather loose tufts.
The sexual condition of such plants is always dioicous,
with both sexes represented in most populations.

Original test with ITS sequences revealed almost com-
plete identity of Siberian specimen of Pohlia saprophila
with two accessions of P. crudoides (Sull. & Lesq.) Broth.
from GenBank, based on Chinese collections. To under-
stand the case, we expanded the set of specimens, in-
cluding few putatively related species.

MATERIAL AND METHODS

Species selection, in addition to P. saprophila, which
was sampled from three distant areas, includes P. elon-
gata var. elongata, P. elongata var. greenii (Brid.) A.J.
Shaw, P. longicollis (Hedw.) Lindb., P. cruda (Hedw.)
Lindb., P. crudoides, P. obtusifolia (Vill. ex Brid.) L.F.
Koch, P, nutans (different phenotypes), and P. drummon-
dii (Mill. Hal.) A.L. Andrews.

DNA extraction and amplification were done accord-
ing to the laboratory protocols described in Gardiner et
al. (2005). The newly obtained data for 24 specimens were
supplemented with five sequences available in GenBank.
Voucher specimens and GenBank accession list is in Ap-
pendix 1 (supplementary materials). Sequences were
aligned using BioEdit (Hall, 1999). Bayesian analysis
was conducted in MrBayes 3.1.2 (Ronquist ef al., 2012)
using the GTR+G model, for 10,000,000 generations with
sampling every 1000 generations. Three simultaneous
runs were used. The first 25% of sampled trees were dis-
carded for the burn-in. Mamimum parsimony analysis
was completed with Nona (Goloboff, 1994) within the
Winclada shell (Nixon, 1999), with bootstrap calcula-
tion with 2000 replications.

RESULTS

ITS region was found very variable in the studied
group of Pohlia, so even a simple inclusion of a sequenced
specimen in alignment provided a sufficient evidence of
its specimen identity for most taxa (Fig. 1).

The identical sequences of all samples of P. saprophila
from populations at 5000 km one from another confirm
the separate status of this species.

Bayesian and maximum parsimony analyses were
rooted on Pohlia longicollis, a taxon maximally dissim-
ilar to other studied species, as it is seen from the align-
ment. An attempt to include a more distant species of the
same genus, Pohlia drummondii, has failed, as the se-
quence is so different that it is almost impossible to align.

Bayesian analysis (Fig. 2) found the clade of P. cruda
(PP=1/BS=100) to be sister to the clade of all other spe-
cies. The latter clade (PP=1/BS=0.96) includes P, crudoides
(PP=0.95), and another clade (PP=1/BS=84), which is
subdivided into two terminal clades. One of these termi-
nal clades (PP=1/BS=99) includes P. nutans+P. obtusifo-
lia, another one (PP=1/BS=98) accomodates P. elongata
and P. saprophila. The first clade is subdivided into P.
obtusifolia (PP=0.84/BS=68) and P. nutans (PP=1/BS=96).

The second terminal clade includes P. elogata var.
elongata-clade (PP=1/BS=100), sister to clade (PP=1/
BS=94) with two subclades: P. elongata var. greenii
(PP=1/BS=99) and P. saprophila (PP=1/BS=99). The
latter includes two sequences from one Chinese speci-
men kept in GenBank under P. crudoides name, but their
identity with P. saprophila and difference from P. cru-
doides is obvious. Most probably, this misnaming was
caused by underestimation of P. sarphophila and by sim-
ilarity between these two species in having narrow lan-
ceolate leaves with recurved margins and only slightly
inclined narrowly cylindrical capsules.

Interestingly, P. saprophila appeared to be most closely
related to P. elongata var. greenii, despite the latter is
more distinct from P. saprophila than P. elongata var.
elongata, especially in capsule shape: in P. elongata var.
greenii it is short and more similar to that of P nutans
than of P. elongata. The ‘typical” phenotype of the latter
species with narrowly cylindrical capsules was sampled
from four localities situated at considerable distance (ca.
2000 km) from each other, and their sequences were found
to be almost identical. At the same time, two samples of P
elongata var. greenii considerably differ from each other,
suggesting a complex situation in this group. Certainly,
an expanded sampling of P. elongata var. greenii may re-
veal either more taxa in this group and/or phylogeograph-
ically interesting patterns.

Although P. nutans was not in the main focus of the
paper, we selected few medium-sized forest phenotypes
and some slender, high mountain, P. drummondii-like
phenotypes. No stable genetic differentiation was noticed
between them.

TAXONOMY

Pohlia saprophila (Miill. Hal.) Broth., Nat. Pflan-
zenfam. 1(3): 548. 1903. — Bryum saprophilum Mill.
Hal., Nuovo Giorn. Bot. Ital., n.s. 3: 97. 1896.  Fig. 3.

Lectotype (selected here): China borealis, province
Kansu occidental, vallin flum. Baga-Rhudonsug,
5.V.1885, Potanin (LE!).

Isolectotype: MO: http://www.tropicos.org/Image/
100147243, Numerous syntypes with other collection
dates were seen in LE, H, S, BM.

Description. Plants robust, in silky yellowish green
to light green, very dense tufts with brown or rusty to-
mentum. Stems 0.5-1.5(—4) cm long, densely foliate, gen-
erally simple, near the base sometimes forking and dark-
brown, red to blackish, with dense rhizoids. Leaves ap-
pressed when dry, erecto-patent when moist, often more
or less twisted around the stem, 1.3-2.4(-2.8)x0.3-0.5
mm, ovate-lanceolate to linear-lanceolate, gradually ta-
pering to acute apex; margins narrowly recurved, den-
ticulate at apex; costa stout, ending shortly below apex,
60-120 pm wide at base, 1/6—1/4 of leaf width at base;
laminal cells thick-walled, rectangular to linear, 35-75
(-100)x7—13 pm, at base shorter and wider and often
pinkish. Brood branches often present in leaf axils in
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Fig. 1. Fragments of ITS alignment of Pohlia, showing unique motifs in ITS1 (A) and ITS2 (B) of Pohlia saprophila (marked
by magenta vertical bar). Note two GenBank sequences labelled “P. crudoides” that are identical with P. saprophila and different

from two speciemens of P. crudoides.

subapical part of the vegetative stems, 1-3 per axil, erect.
Dioicous. Perichaetial leaves narrowly linear-lanceolate.
Perigonia terminal, perigonial bracts acuminate. Sefae
0.7-2(-3) cm, yellow to reddish-brown. Capsules incli-
ned to horizontal, 2-3.5 mm long, 0.5-0.7 mm wide,
narrowly cylindrical, yellow to brown when mature,
slightly constricted below mouth when empty, neck 1/4—
1/3, rarely 1/2 of capsule length; exothecial cells rectan-
gular to elongate, with straight, thick walls, stomata su-
perficial. Operculum conic, acute. Annulus of one cell
row, revoluble. Exostome teeth yellow, acute-triangular,
narrowly bordered, finely papillose proximally, coarsely
papillose distally. Endostome hyaline, densely papillose,
basal membrane low, segments keeled, narrowly perfo-
rate, cilia long, nodulose, rarely short. Spores light yel-
low, 12—15 pm, finely papillose.

Differentiation. Pohlia saprophila is recognized by
a compact tufts with dense rhizoids, narrowly cylindri-
cal capsules in combination with dioicous sexual condi-
tion, long lanceolate, light green leaves with narrowly
recurved margins and endostome with long cilia. Propa-
guliferous flagelliform branches often present on top of
vegetative stems. The other species of the genus with
narrowly cylindrical capsules from Asia are P. longicol-
lis and P. elongata. Pohlia saprophila differs from them
in compact tufts with dense rhizoids, dioicous sexual con-
dition and long, nodulose cilia of endostome. Laminal

cells in P. saprophila are rectangular to linear, thick-
walled, unlike cells of P. elongata, which are thick-walled
but short-rectangular, and unlike cells of P. longicollis,
which are rectangular to linear but thin-walled. There
are two Chinese species with narrowly cylindrical cap-
sules, i.e., Pohlia macrocarpa D.-C. Zhang, X.-J. Li &
Higuchi and P. hyaloperistoma D.-C. Zang, X.-J. Li &
Higuchi (Zhang et al., 2007). Pohlia saprophila differ
from them by compact tufts with dense rhizoids and long
vs. absent cilia of endostome; furthermore, it differ from
P. hyaloperistoma in dioicous vs. autoicous sexual con-
dition, and from P. macrocarpa in recurved vs. plane
leaf margins. Pohlia saprophila differs from dioicous P.
sphagnicola in compact tufts with dense rhizoids, nar-
rowly cylindrical capsules and ecology.

Middle Asian and Chinese plants of Pohlia saprophila
differ from the South Siberian and Kamchatkan plants
in somewhat longer setac and occasionally longer cap-
sules, up to 6 mm (Savich-Lyubitskaya & Smirnova,
1970). Flagelliform branches are more common in Ka-
mchatkan plants, where they were seen on many shoots
in most specimens, and occasionally two to three such
branches occur on one shoot.

Distribution (Fig. 4). Pohlia saprophila is known
from Kansu (Gansu), Xinjiang and Hebei Provinces of
China (Miiller, 1896; Zhao, 1993; herbarium specimens
in LE). The species was reported from Mongolia (Abra-
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mova & Tsegmed, 1979; Abramov & Abramova, 1983)
and Tsegmed (2010) cited it for five physiographic re-
gions of Mongolia: Prikhubsugul, Khentei, Khangai,
Khobdoss and Mongolian Altai, which cover most terri-
tory of the country. Savich-Lyunitskaya & Smirnova
(1970) reported P. saprophila for the Middle Asia with-
in the former USSR, where it occurs in Kazakhstan and
Kyrgyzstan (Ignatov et al., 2006; Eremina, 1965; Sakauo-
va, 1992; Mamatkulov et al., 1998; specimens in LE).
The species was also reported from NE European Russia
(Zheleznova, 1994), but the specimen appeared to be-
long to P. longicollis. Then, it was collected in Altai and
presented into database of Moss Flora of Russia (cf.
Ivanov et al., 2017), but not published formally. Revis-
ing material for the Moss flora of Russia project, we found
more localities of P. saprophila in southern Siberia and
Kamchatka.

Ecology. Pohlia saprophila grows on rotten wood in
spruce, birch and larch forests; rarely it is found at bases
of trunks and on the bark of old trees. In Mongolia, this
species was also collected on soil and rocks (Tsegmed,
2010). In Middle Asia, China, Mongolia and South Si-

beria, Pohlia saprophila grows at 1100-3000 m a.s.l. In
Kamchatka Territory, it occurs at alstitudes 500-900 m.
Pohlia saprophila forms pure dense tufts or occasionally
grows with minor admixture of Cynodontium asperifoli-
um (Lindb. & Arnell) Paris, Flexitrichum flexicaule
(Schwigr.) Fedosov & Ignatov, Pylaisia polyantha
(Hedw.) Bruch, Schimp. & W.Gilimbel, Sanionia unci-
nata (Hedw.) Loeske, and Oncophorus spp.

Specimens examined: (specimens in LE, if not otherwise
mentioned); S+ — with capsule, Pr+ — with propaguliferous
flagelliform branches): CHINA: Xinjiang Province: Tianshan
Mt., N slope, Da-niou, 17.VIL.1957, Guan 1497, S+; Mt. Bog-
da, 19.VIII.1931, Liu, S+, P+. Hebei Province, Weichang,
X.1899, Palibin, S+, Pr+. Gansu Province, Nanshan Range,
vicinity Edzin-Gol River, valley Bardun River, ~3000 m alt.,
15.V.1886 and 17.V.1886 17.V.1886 23.V.1885, Potanin, S+:
and 17.V.1886 23.V.1885, Potanin, S+. MONGOLIA: Prikhub-
sugul Province, circa lacus Ubsa, 16.VII.1879 and 17.VI1.1879,
Potanin, S+, Pr+. Khangai Province, Arakhangaiski Aimak,
Taryat somon, 2135 malt., 22.VI.1977, Tsegmed 3045, S+, Pr+.
Khentei Province, vicinity Ulan-Bator, 10.1X.1974, Tsegmed
2417, Pr+. MIDDLE ASIA: Inter Turkestanicum, Kungei, Re-
gel 3457, S+; Inter Turkestanicum, Borgasy, 5-6000” (=1830 m
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Fig. 3. Pohlia saprophila: (from:
Kamchatka, 15.VIII.2008, Czernyad-
jeva 57, LE): A: brood branch; B: cap-
;| sule; C: median laminal cells; D: plant
with sporophyte; E: sterile plant; F:
apical portion of leaf; G: plant with
brood branches; H, J K: stem leaves; I:
perichaetial leaf. Scale bars: 2 mm for
D; I mm for B, E, G; 0.5 mm for A, H-
K; 100 um for C, F.

alt.), 4.VII.1879, Regel 3141, S+. KAZAKHSTAN: Almati-
nakaya Province: valley Levyi Talgar River, ~2700 m alt.,
1.IX.1958, Lisowski, S+; Ketmen’ Range, ~2800 m alt.,
6.VIIIL.1946, Rubtsov 16, S+, Pr+. KIRGIZSTAN: Issukkul Lake,
9000’ (=3130 m alt.), 19.VIIL.1877, Regel 888, S+. RUSSUA:
Republic of Altai, Taldura River, 49°57°N, 87°50’E, 2360 m
alt., 11.VIL.2012, Ignatov & Ignatova 12-382, S+. Republic of
Buryatia, East Sayan, upper of Oka River, vicinity Orlik Set-
tl., 52°30°N, 99°50’E, 1412 m alt., 1.VIL.2008, Afonina 00408,
S+, Pr+. Zabaikalsky Territory: Sokhondinsky State Reserve:
vicinity Enda River, 49°27°N, 110°51’E, ~1070 m alt.,
8.VIL.2010, Czernyadjeva 2-10, Pr+; vicinity Agutsa River,
49°40°N, 111°26’E, ~1100 m alt., 20.VIL.2010, Czernyadjeva
33-10, Pr+. Kamchatka Territory: Shiveluch Volcano,
56°33°N, 161°11’E, 514 m alt., 20.VIL.2001, Czernyadjeva 24,
25, 26, S+, Pr+; Kluchevskaya group of volcano, vicinity of
Kopyto Mt.: 55°57°N, 160°11’E, 660 m alt., 13.VII1.2004, Cz-
ernyadjeva 69, S+, Pr+; 55°57°N, 160°14’E, 933 m alt.,
13.VII1.2004, Czernyadjeva 71, S+, Pr+; Kluchevskaya group
of volcano, Ostryy Tolbatchick Volcano: 55°46°N, 160°16’E,
910 m alt., 16.VIIL.2006, Czernyadjeva 961, S+, Pr+; 55°46°N,
160°13’E, 880 m alt., 15.VIIL.2008, Dulin 57, S+, Pr+.

Pohlia elongata Hedw., Sp. Musc. Frond. 171. 1801.
Lectotype in BM (Shaw, 1982), not seen.

Pohlia viridis Lindb. & Arnell, Kongl. Svenska Vet-
ensk. Acad. Handl., n.s. 23(10): 55. 1890. syn. nov.

Lectotype S-B170418 (selected here): Partly printed
label: “Pohlia viridis Lindb. et Arn., Sibiria: Jenisei,
Antsiferove, 59 10 n. lat., i [mycelkldadd] klippspringa,
27/6/1876.” On small envelope inside bigger envelope:
“Aoter! Pohlia (n.sp.) viridis!, Sibiria: Jenisei, Antsifer-
ovo, 59 n. lat., i hila i urberg, 27/6/1876”.

Notes on lectotypification: Stockholm herbarium possesses
3 syntypes, all from the same locality, Anziferova 59° n. lat., and
principally all of them could be chosen. We select the least prob-
lematic specmen, as two other ones have the followings dis-
agreements with the protologue. The species is described as di-
oicous, while B170419 is annotated “polyoica!”, and B170420
(from Herbarium Forstrer, Dr. Georg Roth. Herb. Hj. Moller)
has less complete locality information.

We found paroicous plants in the lectotype, as well as
in one of syntypes. Therefore we see no difference be-
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tween P. viridis and P. elongata sufficient for the taxo-
nomic recognition of the former.
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