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On the hypothesis of dioicous — monoicous speciegifs in the Mniaceae
(Bryophyta); morphology, sexual condition and distiribution

Timo Koponen

On the hypothesis of dioicous — monoicous specés i the Mniaceae (Bophyta); morphology,
sexual condition and distiributior.Acta Mus. Siles. Sci. Natur., 68: 67-81, 2019.

Abstract: Some early observations seemed to show thateiMttiaceae, the doubling of the chromo-
some set affects a change from dioicous to monsicmndition, larger size of the gametophyte
including larger leaf cell size, and to a widergarof the monoicous counterpart. The Mniaceae taxa
are divided into four groups based on their segoatition and morphology. 1. Dioicous — monoicous
counterparts which can be distinguished by morpdiodd characters, 2. Dioicous — monoicous taxa
which have no morphological, deviating characte&ds,Monoicous species mostly with diploid
chromosome number for which no dioicous counterigaknown, and 4. The taxa in Mniaceae with
only dioicous plants. Most of the monoicous speoiethe Mniaceae have wide ranges, but a few of
them are endemics in geographically isolated afEaes.dioicous species have either a wide holarctic
range or a limited range in the forested areasmperate and meridional North America, Europe and
SE Asia, or in subtropical Asia. Some of the mooogspecies are evidently autodiploids and a few of
them are allopolyploids from cross-sections of tsmecies. Quite recently, several new possible
dioicous — monoicous relationships have been deyeal/

Key words: allopolyploids, autopolyploidsCinclidium Cyrtomnium characters, diploids, floristic
elements, haploid&eucolepisMnium new combinationQrthomnion phytogeographylagiomnium,
PseudobryunRhizomniumtaxonomy,Trachycystisnumber of species, polyploids, ranges

Introduction

The dioicous — monoicous species pairs in the Mydaavere discovered by Lowry (1948).
He proposed four monoicous — dioicous pairs (sé@A)eThe idea was that the doubling of
the chromosome set causes a monoicous condititmegblant, a larger size and larger leaf
cells. Wettstein’s (1924, 1938, 1942, Wettsteint&ud 1942) experiments gave some grounds
to this hypothesis. He had produced experimentipiioid Funaria hygrometricaHedw. and
diploid new taxon,Bryum corrensiiWettst. The diploid plants showed gigantism inhbot
the cell size and the plant body as a whole. Kopq@é67, 1971a, 1973a), Bowers (1969a,b,
1980), Mogensen (1973) and Koponen and Nilssongjl@igcussed on the topic and proposed
changes and additions to Lowry’s concept.

Koponen (1981a) examined Lowry’s voucher specinmeens found that many of them
were not correctly identified. Wyatt (1985) confethKoponen’s identifications and reviewed
the earlier studies on the topic. Later R. Wyatthany papers (Wyagt al 1988, 1992, 19934,
b, 2013, Wyatt & Odrzykoski 1989, 2012), returnedhte topic and showed that although some
of the species pairs seem to be autopolyploidsesafrthem actually are allopolyploids caused
by cross-sections between species.

The moss family Mniaceae, in the sense of Kopdii®68a, 2017, Koponen & Sun
2017), has 74 specie<Ciclidium minutifolium(Koponen & Ignatova 2018) worldwide. In this
paper, | summarize the studies of the dioicous Raous species pairs of the Mniaceae and
try to evaluate the morphological characters angtqgeography useful in separating these
pairs of taxa. The world ranges of taxa and flaristements are reviewed in relation to their
monoicous or dioicous sexuality.
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The chromosome numbers in the lists below are Bomvers (1980) and Fritsch (1982),
and later counts from “Index to plant chromosomenbers” 1972-2006. The count for
Plagiomnium floridanums according to Wyatt & Odrzykoski (2012). The Vdoranges are
from Koponen (2017). The author abbreviations @arergon the lists below.

Lowry’s (1948) dioicous — monoicous species pairs

The dioicous — monoicous species pairs within thaditional Mniaceae recognized by
Lowry (1948) were:

n3Q 2n, monoicous
Mnium affineFunck 6 M. mediumBruch & Schimp. 12
M. cuspidatunHedw. 6 M. cuspidatuniHedw. 12
M. punctatumHedw. 7 M. pseudopunctatumruch & Schimp. 14
M. orthorrhynchumauct.
(= M. thomsoniiitt.) 6 M. marginatum(Dicks.) P. Beauv. 12

However, the species pairs Lowry proposed do ndd,rence his material was partly
misidentified (Koponen 198l1a, Wyatt 1985). Alsoe ttmorphological characters such as
laminal cell size or shape do not fit in all pairs.

According to the prevailing North American traditioLowry (1947) named his first
dioicous counterpart &dnium affine(Plagiomium a). The voucher specimens were identified
asPlagiomnium ellipticum(Koponen 1981a). ellipticumis not a convenient counterpart of
P. medium P. ellipticum has wider bipolar range thd medium which is rather strictly
delimited to boreal zone of the northern hemispl{Eieponen 1971a, 2014a). The shape of
laminal leaf cells and teeth of leaf border aréedént. A character d?. ellipticum which hardly
has connection with the number of chromosomediasnbn-decurrent leaves. All the other
species oPlagiomiumsectionRosulatahave decurrent leaf bases (Koponen 1971a). Ordy tw
other species dPlagiomnium P. rostratumandP. succulentunin the sectiorRostrata have
non-decurrent leaves. The loss of decurrency dfdaaes must be a result of a long-lasting
evolutionary history.

Lowry (1948) discovered that in AmericMmium cuspidatuniPlagiomnium ¢ the chro-
mosome numbers 6 and 12 occur. This was confirmp&tiyatt & Odrzykoski (2012, see below
underP. floridanun).

Lowry’s (1948) dioicous — monoicous pamnium punctatuniRhizomniunp.) andMnium
pseudopunctaturtRhizomniunp.) have differences in many characters, which lyactedh be
caused by the doubling of the chromosomes. Theye hdifferent rhizoid topography.
R. punctaturrhas only axillary macronemata while both macrortanaad micronemata are
present inRR. pseudopunctatuifikoponen 1968b, 1971b, 1973a, 2014b). The capslifies,

R. pseudopunctatuimas a + globose, brownish capsule and brown pemstith less than 20
lamellae of the outer peristome teeth, while thesoée ofR. punctatunis elongate, yellowish
or pale and the number of lamellae is more thafkzponen 1968b, 2014b). The analyses
based on DNA characters (Koponen & Sun 2017) shdhatiRhizomnium horikawaevhich

is closely related t&. punctatumis distant fronR. pseudopunctaturkoponen & Sun (2017)
placed them in different sections RhizomniumR. punctatumn the sectiorRhizomiumand

R. pseudopunctatun the sectioMacromnium

Mnium orthorrhynchunauct. (=M. thomsoniMitt.) andM. marginatuntould be a species
pair, as Lowry proposed. The leaf cells M. thomsoniiare smaller than the cells of
M. marginatumand both are calcicole species. However, theesbjaminal cells and the leaf
areolation as a whole are differeht. thomsoniihas + quadrate or isodiametric laminal cells
with firm cell walls and the cell size is uniforimest observed by comparing the laminal cells
near the costa and atthe leaf bordeklimarginatumthe laminal cells near the costa are
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distinctly larger than the cells at leaf bordegrsly elongated to rhomboidal and + thick-walled
with distinct trigones. The teeth of the dorsaltacae numerous ikl. thomsoniiand the leaf
marginal teeth are sharp, while the teeth of castafew or absent iNM. marginatum and its
leaf marginal teeth are smaller and blivtlycopodioidesould more probably be the dioicous
counterpart oM. marginatumbut see below und&nium marginatum

Concluding: The dioicous — monoicous species gaioposed by Lowry (1948) do not
fulfill the morphological nor phytogeographical teggments of dioicous — monoicous species
pairs in the Mniaceae, except the galagiomnium cuspidaturfn = 6) —P. cuspidatun{n =
12).

Sexual condition and morphology in the species loé tMniaceae

On the basis of morphology, the dioicous — monagdaxa in the Mniaceae can be divided
into two groups:

1. Morphologically differing pairs
2. Morphologically similar monoicous and dioicoasa

However, the majority of taxa in the Mniaceae dd slwow the dioicous — monoicous
partnership:

3. Species of which only monoicous plants are known
4. Species of which only dioicous plants are known

Morphologically differing monoicous — dioicous spes pairs

nageQ 2n, monoicous
Cinclium arcticum(Bruch & Schimp.)
Schimp. 7 C. stygiumSw. 14
C. minutifoliumBroth. - C. subrotundurhindb. 14
Plagiomnium floridanuniR. Wyatt
& Odrzykoski 6 P. cuspidatuntHedw.) T.J. Kop. 12
P. insigne(Mitt.) T.J. Kop. 7 P. medium(Bruch. & Schimp.) T.J. Kop. 12
(or P. ellipticumx P. insigng P. medium 12
P. maximoviczi{Mull. Hal.) T.J. Kop. 6,7 P.rhynchophorunfHook) T.J. Kop. 12
Rhizomnium gracild.J. Kop. 7 R. pseudopunctatu@@ruch & Schimp.) T.J. Kop. 13,14

These dioicous — monoicous species pairs can laeated from each other not only by the
sexual condition but also by morphologic charactémsmost cases synoicous plants are
stronger and taller and their laminal cells argéathan in their dioicous counterparts. Most of
the synoicous plants have wider ranges than tla@ioid and dioicous pairs, and the ranges are
partly sympatric. The specific status has been gdigeaccepted to these sister species. Some
additions to their taxonomy and ranges are made her

Cinclium arcticum- C. stygium

Mogensen (1973) studied the morphology and phymggdy of the species of
Cinclidiumand came to the conclusion ti@Zihclium arcticum- C. stygiumare a species pair.
They fulfil the morphological and geographical geuisites of species paifS. arcticumis
smaller in size and its leaf cells are also smaltes a circumpolar, high arctic — oroarctic
species of the northern hemisphere while stygiumhas a wide-ranging circumpolar
distribution in the boreal to arctic regions of timthern hemisphere and is bipolar (Mogensen
(1973). Both of them grow in moist to wet habitateh as bogs and marshes, Guarcticum
is more restricted to calcareous or eutrophic sul#smording to Wyattet al.(2013)C. stygium
may be an allopolyploid origin fror@. arcticumandC. latifolium, but it is also possible that
C. stygiums an autopolyploid, most likely &. arcticum Pineiroet al. (2012) did not rule out
this possibility.
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Cinclidium minutifolium — C. subrotundum

Koponen and Ignatova (1918) accepzdclidium minutifoliunBroth., which on the basis
on the elongated macronematous rhizoid apparatassigecies o€Cinclidium (Koponen &
Ignatova 2018, fig. 247 E). It has similar orbauleaf shape a€. subrotundumbut has
unistratose leaf border against bistratosg.isubrotundumrhe dioicous sexual condition and
smaller leaf cells than i€. subrotundunand smaller but partly sympatric range fulfill the
prerequisites of species pair relationship. Acaogdio Mogensen (1973) and Koponen and
Ignatova (2018)Cinclidium subrotundunias a circumpolar holarctic range aBd minuti-
folium occurs in arctic Asia and northern European Rufis@ponen & Ignatova 2018).
However, the relationship of these taxa still negelsetic and sequence confirmation. It may
be mentioned that Wyaét al (2013) discovered an unknowgihclidium species A” from
Alaska, different from other four species accemeay by Mogensen (1973). Also, Pineeb
al. (2013) discovered an unknow@inclidium, which according to M. Ignatov (pers. comm.)
agrees withC. minutifolium

Plagiomnium floridanum — P. cuspidatum

Bowers (1969a) proposed thhium cuspidatun= Plagiomnium ¢ andM. trichomanes
Mitt. (= Plagomnium acutuinseem to be a natural species pRlagiomnium acutunihas
smaller laminal cell size (Koponen 1981b, diagranfig. 20). Also, the leaf and cell sizes of
many voucher specimens of chromosome countB. gicutum(n = 6) andP. cuspidatum
(n = 12) differ clearly (Koponen 1981b, diagramfiopn 21). The study includeSchornherst
specimen from Florida, for which Lowry (1948) publed the chromosome count n = 6.
In the diagram, th&chonhersspecimen differs distinctly frofd. acutumand less clearly from
P. cuspidatumThe range oP. acutumis limited to SW Asia (Koponen 1981b, 2014a, aj,an
accordingly, smaller than the range of circumpolapjarctic P. cuspidatum However,
the phylogenetic study by Koponen & Sun (2017) pegul that instead d?. cuspidatum,
the specific pair counterpart Bf cuspidatunis P. floridanum as was already assumed by Wyatt
and Odrzykoski (1998, 2012®. floridanumhas a limited range in North America in Florida,
Georgia and Mississipd?. floridanumis a calcicole, and it can be hypothetized thattimnge
to more acid substrates, together with securetliZation, favored the new diploiB. cuspida-
tumto spread to new territories.

Plagiomnium insigne- P. medium

This pair fulfils the characters of a dioicous —nmo@ous species pair (Koponen 1967,
1971a). The chromosome set is doublB.imediumits laminal cells are larger, aRdmedium
has a circumpolar holarctic range, whiteinsigneis an endemic of western North America
(Koponen 1971a). Their laminal cell shape is * igottric and with distinct trigones. Leaf
marginal teeth are similar, large, sharp and forimgdne or two cells and projecting towards
the leaf apex. In the other dioicous specieRPlafjiomnimsectionRosulatathe leaf cells are
elongated with + firm walls, and their leaf marditeeth, excepP. ellipticum are formed by
(1)2—4 cells projecting to different directions (anen 1971a, Jia & He 2014). The substrates
of P. insigneandP. mediumare similar (Koponen 1971a).

However, Wyatet al. (1988, 1992) presented that the electrophoretitems witness that
Plagiomnium mediumis an allopolyploid originating from the cross-Ses between
Plagiomnum ellipticum x P. insigné@ccording to Koponen (1971a: 36®),insigneP. medium
andP. rugicum(Brid.) T.J. Kop. (=P. ellipticum) are united by the acute leaf apex, teeth of leaf
margin with 1 or 2 sharp cells, and laminal cellscli are near to being isodiametric, although
in the last resped®. ellipticumdeviates from the other two speciBsellipticumdiffers from
P. insigneandP. mediunclearly, e.g. having shorter and smaller teetleaf margin than any
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other taxon of the section (excdptmediunssp.curvatulunm and especially in the absence of
decurrent leaf bases. Accordingly, when observedhfthe morphological point of view,
the possibleallopolyploid P. mediunhas inherited more characters fréminsignethan from

P. ellipticum Also, the wide ecological amplitude@fellipticumin many kinds of wet to moist,
acid to eutrophic habitats and substrates chargetbte uniform habitats on moist to mesic
forest soils. The ranges Bf insigneandP. ellipticumare not sympatric, but may have been,
sinceP. ellipticumis bipolar occurring in S Chile and S Argentina.

Mcintosh and Newmaster (2014a) reported one dalleof Plagiomnium mediurfrom
British Columbia, which is dioicous and has lartgaves and laminal cells than the other
populations ofP. mediumsuggesting that it could possibly be an undeedrgpecies. | have
seen one similar specimen (male plants) collect&buth Finland. Since these two finds were
from widely distant localities, they may simply repent an accidental phenomenon not worth
taxonomic recognition. A similar case is dioicddisium arizonicun{n = 6) and\M. saximonta-
num(n = 12), which, in spite of the double chromosamenber, is dioicous (Bowers 1969b).
Koponen (1974a) synonymized these taxa &hdsaximontanumwas not mentioned by
MclIntosh and Newmaster (2014b).

Plagiomnium maximoviczii — P. rhynchophorum

SynoicousPlagiomnum rhynchophoruhas larger laminal leaf cells than dioicdisnaxi-
movizii They fulfil the prerequisite of a dioicous — sious pair as to their distribution areas.
P. maximoviczihas SE Asiatic range while rhynchphorums pansubtropical and present in
SE Asia, Africa and South America, with disjunctoences in southern Appalachians and
Hawai'i in U.S.A (Koponen 1972a, 1979, 1981c, 1982bey grow in forest sites on various
substrategKkoponen 1972a, 1974b, 2014c).

In PlagiomniumsectionRostrata,thethree synoicous species &kagiomnim rostratum
P. rhynchophorunandP. novae-zealandia@nd dioicous species number six (Koponen 1972a,
1982a). Koponen (1982a) hypothetized on the phylpgé the species in the sectiBostrata
and concluded th& maximovicziandP. rhynchophorunare close relatives by having similar
distinct juxtacostal cells and long teeth of leargin formed by (1)2—4 cells (at least in well-
developed fertile plants). Moreover, they both hdwmeg-decurrent leaves. The leaves in
P. rostratumare non-decurrent (populations with short lealudences occur in the Baikal area
in Siberia) and the teeth of leaf margin are smadled formed by one blunt cell. In the
phylogenetic analysis by Koponen and Sun (2@LmaximovicziandP. rhynchophorunfiorm
a pair distant from the other tax@ (ntegrum P. succulentumof the sectiorRostrata which
were included in their study. Harris (2008) coulat present any clear-cut solution on the
relationships of the taxa in the sectiRaostrata In two of his cladogramB. maximovicziis a
sister species d. rostratumandP. novae-zealandiadut at the same tinf@ maximovicziand
P. rhynchophorunare in the same glade wikh integrumandP. vesicatumAs to P. novae-
zealandiagsee below.

Rhizomnium gracile — R. pseudopunctatum

DioicousRhizomnium graciland monoicouR. pseudopunctatufullfil the prerequisities
of a dioicous — monicous species pRirgracileis smaller and has a boreal, N. American range
extending to easternmost Asia (Koponen & Afonin@2,Koponen & Ignatova 2018), with
a single locality in Europe (Koponen 201R).pseudopuncatulvas much wider arctic to boreal
continuously holarctic range. Also, they both griomt eutrophic swamp and fen habitats on
wet peat or muddy soil. Both of them have a globzesule and the peristomes are similar:
brown and less than 20 lamellae on the outer penisteeth. This separates them from all other
species oRhizomniumwhich have elongated, pale capsule and exotheatl are yellow and
have more than 20 lamellae (Koponen 1968b, 197384t9). Bowers (1969a) thought that
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Mnium andrewsianun{Rhizomniuma.) and M. pseudopunctatunfRhizomnium p form
a species pair. He was actually correct, siRcgracilewas separated only later by Koponen
(1973a) fromR. andrewsianum

According to Wyatet al. (1993a) the isozyme evidence proves that the Rbssomnium
pseudopunctuns an allopolyploid oR. gracilex R. magnifoliumand Jankowiakt al (2005)
found additional evidence of the allopolyploidyR®f pseudopunctaturithe existence of both
monoicous and dioicous racesifaifmagnifoliun{see below) perhaps makes the situation more
complicated. In the cladogram by Koponen and S@i{® monoicouk. magnifoliumand
R. pseudopunctatuare sister species, and both are sisters to syirace oR. magnifolium
In any caseR. pseudopunctatuhas inherited the orbicular leaf shape and theogihgte from
R. gracile not fromR. magnifoliumSee also below undBhizomnium magnifolium

Morphologically similar dioicous and monoicous taxa

The second group is composed of several taxa imguidoth dioicous and synoicous
plants, which | have not been able to distinguisipghologically from each other. The chromo-
some numbers of most these taxa are not known.

The fact that all of these dioicous — monoicousitagcur in the SE Asia may suggest that
the evolution of the mniaceous taxa is still rapidhgoing in that area. Another point worth
noting is that new taxa have been described gadently from thereOrthomnion piliferum
and O. noguchii(Koponen 1980a)Orthomnion yunnanens@oponen, Li & Zang 1982),
Plagiomium cordatum(Koponen & Norris 1983)Mnium orientale (Wyatt et al 1997),
Orthomnion wui(Koponen 2007) anBlagiomnium quizhouengdia & He 2014). Moreover,
Harris (2008) discovered two possibly new undesctitaxa based on chloroplast phylogenies
in Plagiomnium

nge 2n monoicous
Orthomnion dilatatum(Mitt.) P.C. Chen - O. dilatatum 12
O. yunnanense.J. Kop., X.J. Li & M. Zang - O. wuiT.J. Kop. -
Plagiomnium succulentuiMitt.) T.J. Kop. 7 P. succulentum -
Rhizomnium magnifoliurfHorik.) T.J. Kop. 7 R. magnifolium

Orthomnion dilatatum? @ — Orthomnion dilatatummonoicous

The populations oBrthomnion dilatatunoccurring in Japan, Taiwan and the Philippines
are synoicous while the dioicous plants occur isteen SE Asia (Koponen 1980a). However,
a synoicous specimen was recently reported fronalfikbponen 2014c).

Orthomnion yunnanensg? — O. wui, monoicous

One of the most recently discovered example of gisup seems to be the “pair”
comprising the dioicou®rthomnion yunnanensand the synoicou®. wui They cannot be
separated morphologically. The taxonomy of theetattas studied by Jia and He (2015) and
they transferre®. wuito Plagiomnium with good reasons (see Chapter 4).

Plagiomnium. succulentum?@ - P. succulenturrmonoicous

Koponen & Norris (1983) discovered that the plaftRlagiomnium succulentum New
Guinea are synoicous, while in the other part efrtinge they are dioicous (e.g. Noguchi 1989).
However, synoicous plants occur in the Himalayaaas well (NW Himalaya, Mussoorie,
5500’, 25.10.1897P.W. Mackinnon(H-BR 2806003, asMinium MackinnoniiBroth. (ex
Kabierschnom. nud.]1936).
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Rhizomnium magnifoliudd @ — R. magnifoliummonoicous

The synoicous plants dthizomnium magnifoliurfasR. perssoniil.J. Kop.) were first
identified from Taiwan (Koponen 1971c) and whenemat with sporophytes could be studied
from the Himalayan area (Koponen 2014b) the mowqujioal identity of dioicous and
monoicous plants was obvious. The synoicous radgh@fomnium magnifoliumanges from
Taiwan to the Himalayas (Koponen 2014b), whiledi@cous race is a holarctic circumpolar
taxon (Koponen 1968b, 1971c, 1973a, Koponen & Afarii992, Koponen & Ignatova 2018).
Both dioicous and synoicous specimens were includetthe analysis by Koponen & Sun
(2017) and showed close relationship.

Species with only monoicous plants

2n range
Mnium marginatun{Dicks.) P. Beauv. 12 circumpolar holarctic
M. spinulosunBruch & Schimp. 8 circumpokenlarctic
Plagiomnium curvatulunfLindb.) Schljakov 12 circumpolar holarctic
P. drummondi{Bruch & Schimp.) T.J. Kop. 6 circumpolar holarctic
P. novaezealandiagCol.) T.J. Kop. 14 Australia, New Zealand
P. rostratum(Schrad.) T.J. Kop. 12 disjiively holarctic
P. venustun(Mitt.) T.J. Kop. 12 Pacific Nderica

This group is formed by synoicous species, whickehao morphologically similar
dioicous counterpart. The explanation for this dobé that the doubling of chromosomes
resulting in synoicy confirmed the fertilization darthe continuous production of spores.
The new synoicous plant had the opportunity toapte different areas and substrates and to
adapt to climatic changes. The dioicous ancestbrndt have this possibility and became
extinct. The wide ranges ofnium marginatum, M. spinulosum, M. drummondnd
Plagiomnium rostratunconcur with this hypothesi$. venustumand P. novae-zealandiae
remained geographically isolated. ®fcurvatulumsee below.

Mnium marginatum

Bowers (1969) proposed thgdnhium ambiguunt. Mll. (= M. lycopodioidesandMnium
marginatumform a species pair. They seem to fulfil the pgersite of a dioicous — monoicous
species paiM. lycopodioideshas smaller leaf cells thén. marginatum However, the shape
of leaf cells is not quite identicall. lycopodioidesn general has + isodiametric to slightly
elongated, thin-walled laminal cells with distiriagones, while the cells iM. marginatum
tend to be relatively longer with thicker walls,sbeseen in the cells close to the costa.
The characters not fulfilling the demands of spepiirs are the teeth of leaf margin and costa:
M. lycopodioidesas sharp teeth while the teeth of leaf margi.imarginatumare blunt and
the costa is smooth or there are a few blunt t8dtls. does not fit to the theory of dioicous —
monoicous spees pairs; compared with Plagiomiuminsigne— P. mediumandP. floridanum—

P. cuspidatumin which the teeth characters are similar. Onerattar present in many
populations ofM. marginatumis the long cuspidate leaf apex, which is graguatiute in
M. lycopodioides Also, the ranges of these two taxa do not suppweir species pair
connection. Both of them are holartic, but the mofM. marginatums more limited. It has
continuous range in North America and Europe bu{sia it is rare in China and absent from
Japan. M. lycopodioideshas wider range in North America (Koponen 1979,pnas
M. ambiguurp North Asia (Koponen & Ignatova 2018) and SE A&aponen 2014c,) than
the range oM. marginatum.On the contrary, in Scandinavia (Soderstréiral 1998) and
Britain (Blockeelet al 2014), and obviously in other parts of Eurdpelycopodioidess rare
(Frey et al. 1995), occurring only in boreal and oroborealaarewvhile M. marginatumis
temperate.
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However,M. lycopodioidess heterogeneous in some characters such aszéharsi the
number of the teeth on the costa.western North America large-sized plants, knoasn
M. umbratile Mitt. occur, while in SW Asia plants of some ofputations are much smaller
(M. laevinerveCardot). In Japanese populations the number di @e the costa varies, and
plants with a smooth costa exist (Koponen 201Kt)lycopodioidesgrows in many mesic
substrates (Koponen 2014c¢) while marginatumis a calcicole. A similar difference is absent
in the pairdPlagiomiuminsigne— P. mediumandP. maximoviczi+ P. rhynchophorum

In this connection it may be relevant to remindt taadioicous population oMnium
marginatum named a/. riparium Mitt., has once been found in Britain (Koponen Q98

Mnium spinulosum

Mnium spinulosunhas the chromosome number 8, differing of thabtbier species of
Mnium It has a strong leaf border, and teeth of leafgmaand costa are similar to those in
M. spinosumThe laminal cell characters do not support thdéicous — monoicous species
pair relationship, neither the chromosome numbaf.cfpinosunwhich is 6. The laminal cells
in M. spinulosunare + isodiametric and not in rows. The leaf delldl. spinosunare elongated
and arranged in diagonal rows from costa to boMespinulosunhas wider holarctic mainly
boreal range, whil®. spinosums more northern extending from boreal to oroarztines in
Eurasia. It is absent from western North Americagénhen 1973b, Steere 1974).

Plagiomnium curvatulum

Wyatt et al (1993b) postulated, with good grounds, tR&giomnium curvatulunmost
probably is an allopolyploid of two dioicous ta¥agllipticum(n = 6) andP. elatum(n = 6), or
of the ancestor of the latté?, “semielatum” Koponen (1971a) discussed at length on the cha-
racters oP. curvatulum(asP. mediunssp.curvatulum(Lindb.) T.J. Kop.) comparing it mainly
to P. mediunssp.medium He also mentioned the difficulty to distinguispecially the sterile
shoots ofP. curvatulumfrom P. ellipticum The characters whicR. curvatulumevidently
inherited fromP. ellipticumare dominant in the morphology Bf curvatulum.These include
the small-sized teeth of the leaf margin, maderd cell (or even absent in sterile shoots),
while P. elatumhas teeth regularly with (1)2-3 cells per tootsdan sterile shoots), and more
irregularly arranged areolation of short elongaéscwhile the areolation iR. elatumis made
of regularly elongate, + rectangular cells oftercli@ar diagonal rows from the costa towards
the leaf border. The only morphological reminesesnitomP. elatumare shortly decurrent
leaves in fertile shoots &t curvatulumand even these may be absent from leaves ofesteri
shootsP. elatumhas always rather broad and long-decurrent ledVescharacter not present
in any other of the related taxa Blagiomniumsect.Rosulatais the yellow color of c. % of
the seta length iR. curvatulum

Plagiomnium drummondii

Plagiomnum drummondiias a boreal, holarctic range in the boreal bicaicnvegetation
zone (Mcintosh & Newmaster, 2014a, Koponen & Igaat2018). In Europe, it occurs rarely
only in eastern part. It belongs to the secttagiomniumand resembles moBt japonicum
both being larger in size and in having largerhesdtleaf margin than three other species of
the sectionP. acutumP. floridanumandP. cuspidatumAccording to Harris (2008, fig. 4),
P. drummondii(n = 6) andP. japonicum(n = 7) are sister taxa and form a sister grouihé¢o
other species of the sectiBlagiomnium On the basis of the chromosome numbers theyyhardl
are a dioicous — monoicous species pair. AccordingWyatt & Odrzykoski (1998)
“Plagiomnium japonicuns most genetically similar tB. drummondii but these species are
highly distinctive genetically from all other spesi.
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Plagiomnium novae-zealandiae

There seems not to be any suitable dioicous couentieto synoicou®lagiomnim novae-
zealandiaelt has been given as synonymous with synoiddustratum which differs by
non-decurrent leaves versus decurrent leavd® movae-zealandiag<oponen (1982a) and
Koponen and Sun (2017) hypotetized on the origigyoicy inPlagiomniumsect.Rostrata
If it took place only once, in old Gondwanalandstbould explain the presence of synoicous
P. novae-zealandia@ New Zealand and S Australia. If synoicy wasn@oonly once but in SE
Asia, the existence of synoicoBsnovae-zealandiais difficult to explain.

Plagiomnium rostratum

SynoicousPlagiomnium rostratumhas a temperate — southern boreal range in North
America and Europe. In Asia, it has some disjuactlities around the Lake Baikal area, in
Western Himalaya and in Gansu — Sichuan provinE&hma (range map in Koponen 1982a,
c; Koponen 2014a). It differs from most other species of PlagiomniumsectionRostrataby
having non-decurrent leaves. The otRéagiomniumspecies with non-decurrent leaves are
P. ellipticum(see above) anl succulentumbut DNA characters show tht succulentunis
near the species of the gen@sthomnion (Koponen & Sun 2017)Morphologically,
the synoicous race &t succulenturdoes not differ from its dioicous race (see aboVkg two
other common dioicous species of the sectl®ostrata in Asia are P. integrum and
P. maximoviczii P. integrumhas smaller but not sympatric range with the ravfge rostra-
tum, has decurrent leaves, and larger elongate ledad, aellile the cells irP. rostratumare
smaller and * isodiametri®. integrumgrows in many kinds of substrates (Koponen 1972a,
2014c, 2017, Koponen & Norris 1983), whiterostratumis a calcicole species. For these facts
P. rostratumcannot be the synoicoius counterpart of dioidaustegrum.

Plagiomnium maximovicziias smaller leaf cells th&hrostratum but the other characters
such as the juxtacostal cells and the structuleadimarginal teeth, and DNA characters suggest
that it preferably is a pair of synoicoBsrhynchophorunfsee above). In Harris’'s (2008, fig 2
and 4) cladogram®. rostratumis in the same glade witR. maximovicziiand P. novae-
zealandiae

Plagiomnium venustum

Plagiomnium venustum an endemic of the Pacific coastal areas of Nantierica and it
has no morphologically similar relatives.

Species with only dioicous plants

The family Mniaceae has 74 species (Koponen 20dlts Cinclidium minutifolium
(Koponen & Ignatova 2018) and 69 of them are diagcand four species are either dioicous
or monoicous. The dioicous taxa, discussed withr thenoicous pairs above are also included
in the list below.

The dioicous taxa are grouped according to thesiridution areas into phytogeographic
groups or floristic elements. The phytogeograplidecis that used in “Index Muscorum?”.
The parenthesis indicate areas from which | haves@en correctly identified specimens.

Continuously or disjunctively ranging holarctic tax

Cinclidium Sw.
arcticum(Bruch & Schimp.) Schimp. — Am1 Asl (As2) Eur
latifolium Lindb. — Am1 As1 Eur
minutifoliumBroth. —(Am 1) As 1 Eur
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CyrtomniumHolmen

hymenophylloide@Hubener) T.J. Kop. — Am1 As1 As2 Eur

hymenophylluniBruch & Schimp.) Holmen — Am1 Asl1 Eur
MniumHedw.

lycopodioidesSchwagr. — Am1 As1-As5 Eur

blyttii Bruch & Schimp. — Am1 Asl Eur

hornumHedw. — Afr1 Am1 As5 Eur

spinosun{\Voit) Schwagr. — Am1 As1-As3 As5 Eur

stellareHedw. — Afr1 Am1 As1-As3 As5 Eur

thomsoniiSchimp. — (Afr1) Am1 As1-As3 As5 Eur
Plagiomniumr.J. Kop.

ellipticum(Brid.) T.J. Kop. — (Afrl) Am1 Am6 As1-As3 As5 Eur
Pseudobryun(Kindb.) T.J. Kop.

cinclidioides(Hubener) T.J. Kop. — Am1 As1-As3 Eur
Rhizomniun{Broth.) T.J. Kop.

andrewsianungSteere) T.J. Kop. — Am1 Asl Eur

gracile T.J. Kop. — Am1 Asl (As2) Eur

magnifolium(Horik.) T.J. Kop. — Am1 As1-As3 Eur

Mnium hornumwas previously recorded from Japan and its neighbgQ areas but it
showed to be a different specidk, orientale(Wyattet al. 1997). AccordinglyMnium hornum
occurs only in western N America and Europe anchéghbouring areadvl. spinosumis
disjunctively Holarctic (see abovélagiomnium ellipticunis bipolar occurring its Chile and
S. Argentina (Koponen 1971a).

East Asia — NW North America

Rhizomniun{Broth.) T.J. Kop.

nudum(E.G. Britton & R.S. Williams) T.J. Kop. — Am1 Agis2
Trachycystid.indb.

flagellaris (Sull. & Lesq.) Lindb. — Am1 As1 As2

A number of bryophytes occurring in SE Asia exténeir range along the Aleutians to
Alaska and Pacific N America. They are named aghN®acific or Beringian element.

Western North America

Leucolepid.indb.

acanthoneurgHook.) W.C. Steere — Am1
MniumHedw.

arizonicumJ.J. Amann — Am 1
Plagiomniumr.J. Kop.

insigne(Mitt.) T.J. Kop. —Am1
Rhizomniun{Broth.) T.J. Kop.

glabrescengKindb.) T.J. Kop. — Am1l

Mnium arizonicundiffers from the species Pacific Coast elemenhlayits range extends
farther east in the inland and to Greenland (Kopdt®72b, Mcintosh & Newmaster 2014b).

Eastern North America

Plagiomniumr.J. Kop.
floridanumR. Wyatt & Ordzykoski — Am1
ciliare (Mull.Hal) T.J. Kop. —Am1
Rhizomniun{Broth.) T.J. Kop.
appalachianunT.J. Kop. — Am1
chlorophyllosun{Kindb.) T.J. Kop. — Am1
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Plagiomnium ciliareRhizomnium applachianuandR. chlorophyllosunhave rather wide
ranges in coastal N America, the Appalachians a@hi®ada (Koponen 1971a, 1973a). As to
Plagiomnium floridanumsee aboveRhizomnium chlorophyllosurwas previously united
collectively to the EuropeaR. punctatunfsee Koponen & Sun 2017).

Europe

Plagiomniumr.J. Kop.
affine(Funck) T.J. Kop. — Afrl As5 Eur
elatum(Bruch & Schimp.) T.J. Kop. — (Afrl As5) Eur
undulatumHedw.) T.J. Kop.
var.undulatum- Afrl Afr2 (Am1 Ame6, introduced) As5 Eur
var.madeirensd.J. Kop & Sergio — Afrl Eur
Rhizomniun{Broth.) T.J. Kop.
punctatum(Hedw.) T.J. Kop.
var. punctatum- Afrl Asl As5 Eur
var.hermanperssonil.J. Kop. — Eur

The species of the European group are either cesdrio EuropeRlagiomnium elatuin
or occur also in Europe and neighbouring N Africal Minor Asia P. affine P. undulatum
Koponen 1971a, 1993R. punctatunhas disjunct localities in Central Siberia (Kopor&
Afonina 1993). In this connection it may be notedttin North America not a single species of
PlagiomniumsectionUndulataoccurs, except the introduced populations.

Temperate to meridional SE Asia

MniumHedw.

orientaleR. Wyatt, Ordzykoski & T.J. Kop. — As2

heterophyllun{Hook.) Schwagr. — As1-As3 As5 Eur
OrthomnionWills.

bryoides(Griffith) Nork. — As2 As3

handelii(Broth.) T.J. Kop. — As2

javensgM. Fleisch.) T.J. Kop. — As2-As4

noguchiiT.J. Kop. — As3

nudumE.B. Bartram — As2 As3

piliferumT.J. Kop. — As2

yunnanens@&.J. Kop., X.J. Li & M. Zang — As2 As3
Plagiomniumr.J. Kop.

acutum(Lindb.) T.J. Kop. — As1-As3

arbuscula(Mll.Hal.) T.J. Kop. — As2 As3

confertidengLindb. & Arn.) T.J. Kop. — As1 As2 (As5) Eur

guizhouens&.J. Jia & S. He — As2

japonicum(Lindb.) T.J. Kop. — As1-As3

maximoviczi{Mull.Hal.) T.J. Kop. — As2 As3

tezukagSakurai) T.J. Kop. —As 2

vesicatun(Besch.) T.J. Kop. — Asl As2
Pseudobryun(Kindb.) T.J. Kop.

speciosun{Mitt.) T.J. Kop. — As2
Rhizomniun{Broth.) T.J. Kop.

hattorii T.J. Kop. — As2

horikawae(Nog.) T.J. Kop. — As2 As3

striatulum(Mitt.) T.J. Kop. — As1-As3

tuomikoskiiT.J. Kop. — As1 As2

parvulum(Mitt.) T.J. Kop. — As1-As3
Trachycystid.indb.

microphylla(Dozy & Molk.) Lindb. — As1 As2

ussuriensigMaack & Regel) T.J. Kop. — As1-As3 As5
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The Mniaceae is richest in species in temperategiadional SE Asia. Most of the species
belong to Himalayan—-Japanese element ranging fegranito the Himalayas. This element can
be divided into several subelements (e.g. Kopor@&#&). A number of species range from
the Himalayas to central ChinBlagiomnium arbuscula, P. yunnanensee below). Some of
the taxa are endemics in limited ardasgudobryum speciosumJapanQrthomnion handelii
in the Sino-Himalayas andlagiomnium quizhouense Quizhou Province in Chindnium
orientale (Koponen & Ignatova 2018) arfelagiomnium vesicaturfKoponen 1972a, 2014a)
occur in Japan and neighboring Korea and RussianERat. Rhizomnium horikawaéas
the range disjunct between Taiwan and the Himalagiasilar to that of synoicous race of
R. magnifolium

Two of the speciesMnium heterophyllumand Trachycystis ussurienssishow old
connection from SE Asia to Europe by ranging vialthmalayas to Caucasus area. Still more
convincing of the earlier wider ranges drachycystis microphyllandT. flagellaris They are
known from Baltic amber born c. 44 million yearsoa@Frahm 2010).Plagiomnium
confertidenshas a rather northern range in Asia (Koponen &aigwa 2018) and could be
included in the group of “Continuously or disjuvelly ranging holarctic taxa” as well.

Meridional to (sub)tropical SE Asia

OrthomnionWills.
elimbatum(Nog.) T.J. Kop. — As 4 Austrl
Plagiomniumr.J. Kop.
cordatumT.J. Kop. & D.H. Norris — As4
elimbatum(M. Fleisch.) T.J. Kop. — As4
integrum(Bosch & Sande Lac.) T.J. Kop. — As2-As4 Oc
succulentungMitt.) T.J. Kop. — As2-As4

Of these taxaPlagiomnium integrumand P. succulentimextend their ranges from
continental SE Asia to New Guinea (Koponen 20Pgiomnium cordaturis a New Guinean
endemic, andOrthomnion elimbatumrmearly so (Koponen & Norris 1983Rlagiomnium
elimbtumhas an area from Java to continental Malaysia.

Summary and conclusions
Prerequisities of species pairs

1) One of the pairs is dioicous and the other isonmus, and usually synoicous.

2) The chromosome number of the monoicous plambudle compared with dioicous plant.

3) The gametophytes of the monoicous plant aretarg

4) The leaf cells of the monoicous plant are larger

5) The ranges of monoicous counterparts are in wasts wider than the ranges of dioicous
counterpart and the ranges are sympatric. Mogteshthave similar habitat ecology.

Characters observed not being affected by doublirighe chromosomes

Leaf shape, leaf cell shape, structure of leaf matdeeth, costa and leaf decurrency are
similar in autopolyploid species pairs.

Identification and taxonomic level

The fertile plants of species pairs can always dygaated by difference in the sexual
condition. Moreover, perigonia of dioicous spectkfier from perichaetia of monoicous
species, perigonial leaves having a different shiage perichaetial leaves. Even the non-fertile
plants can be identified on the basis of the sizth® plants and laminal cells, but not in all
cases (Chapter 2.2.). Should these cryptic monsiptants be separated at the specific or some
other taxonomic level from the dioicous plants rera@an open question (see below).
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Addition to the nomenclature

Jia and He (2015) transferr€@tthomnion wuito PlagiomniumasP. wui (T.J. Kop.) Y.J.
Jia & S. He. Although its sporophyte has not beemd, their decision was well founded. As
discussed above, synoicos wui cannot be morphologically distinguished from diaiso
Orthomnion yunnanenséhave seen a fruiting specimen ©f yunnanenséChina. Yunnan,
Gaolingshan region, 201B6R.Shevockd6507 W. Ma & Y. Yapin H). The capsule is similar to
the capsules irPlagiomniumand the peristomes are completdus, the combination of
O. yunnanens#o Plagiomniumis well founded. If the proposal by Ochyea al. (2017) to
conservePlagiomniumagainstOrthomnionand Orthomniopsiss accepted, the other species
of Orthomnionwill suffer the same destiny as well.

Plagiomnium yunnanensdT.J. Kop., X.J. Li & M. Zang) T.J. Kopcomb. nov.
Basionym:Orthomnion yunnanenseJ. Kop., X.J. Li & M. Zang, Ann. Bot. Fennici 183. 1982.

Acknowledgements:Dr. M. Ignatov (Moscow) and Dr. X. He (Helsinkieathanked for forwarding literature not
available to me. Mr. J.R. Shevock (San Francissthanked for linguistic advice.
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