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Abstract. In Northern Holarctic, the liverwort gendsullania includes
61 accepted species and at least ten undescrilvedperies making the
genus the most diversified in that region. The g@mes of numerous
endemics points to the role of the arising of npectes, while the possible
exchange between the continents through the Atlaarid Beringia land
bridges resulted in species common for both NortteAca and Eurasia.

1 Introduction

Frullania currently represents the sole extant genus ofaimdy Frullaniaceae (Porellales,
Jungermanniopsida) and the largest genus of livesw@dlarchantyophyta). The genus is
nearly cosmopolitan and includes more than 200Qighdd binomials [1, 2], with the
number of accepted names being significantly lothan that number but still fluctuating
because of ongoing revisionary work [3-5]. The Kerh Nearctic (Canada and the U.S.A.)
and Northern Palearctic (Europe, Siberia, the Rns§iar East) — the parts of Northern
Holarctic — have specifid-rullania floras, which include both endemics and widely
distributed species. In the 20th century, the tneaits ofFrullania in these regions utilized
mainly the wide concept of some species (such. &boracensis, F. inflata, F. oakesiana,

F. tamarisci), so that these species were known to have altreostcontinental distribution

in both North America and Eurasia. However, molacyhylogenetic studies published
from the 2000s have provided narrow concepts oferoms taxa and increased the number
of accepted species as well as the number of emdermés [5-9]. The subgeneric and
sectional assignments have also been changedrfur species, that changes the treatment
of contribution of differenfrullania subgenera to the liverwort flora of Northern Hotar.

2 Contribution of different subgenera of the genus Frullania to
the liverwort flora of Northern Holarctic

The genus is divided into 12 subgenera [10-13]wbfch the subgener&aulisequa,
Chonanthelia, Diastaloba, Frullania, Frullaniopsis, Meteoriopsis, and Trachycolea are
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represented in the liverwort flora of Northern Hotic. The contribution of different
Frullania subgenera is of varying significance in differeggions.

2.1 Subgenus Caulisequa

The representatives of this subgenus are curretigiyibuted mainly in Neotropics of
Americas, also in Australasia and Africa [12], vehih the Northern Nearctic the subgenus
includes onlyF. obcordata [10, 12]. According to the data in [10, 12] thisesfes
represented a paraphyletic taxon, which needsdurgvision to establish an amount of its
member species and their distribution.

2.2 Subgenus Chonanthelia

The genus is mostly Neotropical, but has isolaggugsentatives, including endemics, in all
other floral kingdoms [1]. The subgenus containsurfosections Chonanthelia,
Cladocarpica, Inflatae and Pluricarinatae) [9, 11], all of which are known in North
America. The monospecific secti@hnonanthelia includes the type species of the subgenus,
F. gibbosa, which is distributed in the U.S.A. also in Mexid®/est Indies, Central and
South America. The sectio@ladocarpica includes here one speci€s riojaneirenss,
which is known in the U.S.A., Mexico, West Indi€3entral and South America, Africa,
and Asia. The recently described sectiofiatae includes here three species, namely
inflata, F. rappii, andF. sabaliana — endemics of North America. There are also twe ne
undescribed species of this section, first of whilstill known only in Texas, while the
second in Arizona and Baja California [14]. Sectiuricarinatae includes here three
species . cobrenss, F. cuencensis, andF. mexicana. Outside the U.S.AF. cobrensis
andF. cuencensis are known in West Indies [3, 15], while cuencensis andF. mexicana
are distributed in Central and South America [1], 15

2.3 Subgenus Diastaloba

The subgenus is paraphyletic and was found to oorftaur lineages [10], of which
subgenusCaulisequa was typified and formally described only recentl2]. Three other
lineages remain in need of typification and circarigion and contain numerous
representatives distributed in Africa, Asia, Aukstséa, and South America. In the Northern
Nearctic, the subgenus is represented by the spectaxodiocola, which is known in the
U.S.A. [3, 15].

2.4 Subgenus Frullania

The representatives of this subgenus are currdrgtyibuted mainly in Holarctic, although
isolated species are known in Neotropics of SoutteAca [16, 17] and Paleotropic of Asia
[18). The genus includes two sections, namétyllania and Microphyllae. In North
America and Northern Eurasia, the sectirullania contains 14 species [7-9, 19], of
which only two E. subarctica and F. tamarisci) are distributed in both continents.
Frullania subarctica has been found in Arctic, Kola Peninsula, Sibaia the Russian Far
East [7, 8], whileg~. tamarisci is widely distributed in Europe and is known inrte@astern
America. Other species of the subgenus are enderficdlania asagrayana and F.
selwyniana are known in Eastern North America, whilecalifornica, F. chilcootiensis, F.
franciscana, and F. nisquallensis are distributed in Western North Ameridarullania
acicularis, F. calcarifera, F. polysticta, F. sergiae, andF. teneriffae are known in Europe
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and Macaronesia, while. appendiculata is distributed in the south of the Russian Fart.Eas
The representatives of sectibticrophyllae, namelyF. fragilifolia andF. microphylla, are
endemics of Europe.

2.5 Subgenus Frullaniopsis

This recently described subgenus includes sevepekiss distributed in Holarctic
(excluding Arctic subregion), while in other flordingdoms there were found no
Frullaniopsis species [9]. In Northern Nearctic and NortherneBgdtic, the subgenus
contains 15 species, that is 11 known species amehat four new undescribed species
[20]. Frullania austinii, F. cleistostoma, F. oakesiana, andF. stylifera are distributed in
both North America and Northern Eurasia, while othpecies are endemicBrullania
bolanderi andF. catalinae are distributed only in Western North Ameri€a neomexicana,

F. wrightii, and one undescribed species (hameid. aaxicola 2-3 in [9]) are known in the
Mountain States of the U.S.A. Another undescrilqgecies (nameé. saxicola 1 in [9]) is
distributed in Eastern North America. The EuropEBaillirica has not been sequenced, so
the specific level of this taxon remains in neectaffirmation. In Siberia and the Russian
Far East there ar€. pseudoinflata, F. takayuensis, and two new undescribed species
distributed in Primorye Territory and Sakhalin Reg[20].

2.6 Subgenus Meteoriopsis

This mostly tropical subgenus contains three sestidl0, 11] and numerous
representatives, only three of whick. (cucullata, F. donnellii, and F. kunzei) are
distributed in North America. Besides Nearctic, Hitee species are known in the
Neotropics of North America and (in the casé-okunzei) Central and South America.

2.7 Subgenus Trachycolea

The most diversified and taxonomically complex serngs, which is represented in the
Northern Nearctic and Northern Palearctic by sixtisas. The sectiorAcutilobae is
considered here in a broad sense until the taxoradtthyis group and its closest relatives is
established. In the present sense this sectioresmonds to the supported clade in [10],
which is composed by sectiorcutilobae, Irregulares, Integristipulae |, Orientales,
Ornitocefalae |, and includes the paraphyletic taxerericoides (subsectioriricoides) and

its relatives. This section is represented her€.lyyicoides, which is distributed in Eastern
and Southwestern North America and Macaronesia.elg it was shown thaf.
ericoides is a paraphyletic taxon [10], which needs furtreiision to establish an amount
of its member species and their distribution. Mospresentatives of another section,
Australes, are distributed in East and Southeast Asia, Alegtia, Africa, and South
America, while only one of therk, parvistipula, has been found in the Northern Holarctic,
that is in Baikal Siberia (Russia) and Arizona (th&.A.) [20]. The monospecific section
Diversitextae includesF. diversitexta, which is distributed in Japan, the Russian FastEa
Republic of Korea, and China [13]. This specieseady close molecular and morphological
affinity to another monospecific section of subgefinachycolea, hamelyPlanae. The
latter section includes$-. plana, an endemic of Eastern North America. The section
Integristipulae Il is considered here to contain all taxa of thepsrted clade in [10], which
is composed by specids. davurica and F. jackii (Integristipulae II) and its closest
relatives. This section is now in process of beaigumscribed [20]. The sequenced
representatives of this section are distributednijain East Asia [10, 20]. In Northern
Nearctic and Northern Palearctic, the section ihetuten known species and at least three
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new undescribed ones. Two speciesdavurica and F. riparia, are distributed in both
continents, while other species of the sectiones@emicsFrullania riparia is known in
Europe, the Mountain States of the U.S.A. and ist&a North America, whil€. davurica

is distributed in Southern and Eastern SiberiaRbhssia Far East, and Alaska, perhaps also
in Japan, Korean Peninsula, and the North of Chiha.records of. davurica from China

at least partly belong to another related spe€iemtundistipula [20], which can also be
found in JapanFrullania brittoniae is endemic to Eastern North Amerida, jackii is
distributed in Europe, whild-. aeolotis var. aberrans, F. ignatovii, F. muscicola, F.
sinensis, F. taradakensis, F. usamiensis, and three new undescribed species have been
found in Eastern Siberia, the Russian Far Easthahlapan, and the Republic of Korea
[20, 21]. Sectiorilrachycolea includes eight proven species [6, 10, 20], of wiooky one

(F. caucasica) is known in both Nearctic (New Mexico) and Patgiar(Europe, Ural Mts.,
Western and Eastern Siberia). The other seven espexi the section are endemics. In
Eastern North Americd;. appalachiana, F. eboracensis, andF. virginica are distributed,
while in Eurasia there afé. azorica (Macaronesia)F. dilatata (Europe, Asia Minor and
Southern Siberia), alsb. conistipula and F. koponenii (Eastern Siberia, the Russia Far
East, and Japan) [20].

3 Conclusion

In the Northern Holarctic, that is in its Nearc{icanada and the U.S.A.) and Palearctic
(Europe, Siberia, and the Russian Far East) phedsrullania flora includes 61 accepted
species (plus ten new ones projected to be desgrilonging to seven subgenera and 16
sections. It makes the genus the most diversifiethat region. There are 11 species of
three subgenera and six sections, which are confordroth North America and Northern
Eurasia. The presence of these species point& twkh of an exchange of species between
the continents, possibly through the Atlantic (sasEF. austinii, F. oakesiana, F. riparia,

F. stylifera, F. tamarisci) and Beringia (cases 6f caucasica, F. cleistostoma, F. davurica,

F. subarctica) land bridges. Generally, in the Northern Nearttiere are 39 accepted (plus
five undescribed) species of seven subgenera andetBons, while in the Northern
Palearctic there are 33 accepted (plus five undesty species of three subgenera and eight
sections. Four subgener@allisequa, Chonanthelia, Diastaloba and Meteoriopsis) occur

in the Northern Nearctic, but are not representethé Northern Palearctic (although they
all are known in Southeast Asia, and some of therkast Asia outside Russia). These
mostly tropical subgenera occur in the Nearctic tduthe direct contact between the latter
region and Neotropics in the U.S.A. and Mexico. yimelude a third of thé&rullania flora

of the U.S.A,, that is 13 accepted species, of itieo are endemics of the Nearctic. On
the other hand, sectidntegristipulae 1l of subgenusTrachycolea includes in the Nearctic
only three species, of which only orfe. prittoniae) is endemic, whereas in the Northern
Palearctic this section includes nine acceptedispdplus three undescribed) due to the
direct contact between the Northern Palearctickemst Asia. Of these specids,ignatovii
andF. jackii are endemics of Eastern Siberia and Europe, régglyc while the six other
species are distributed also in East Asia besidessiR. The diversity of other, mostly
Holarctic groups of the genus, that is sectioachycolea and subgener&rullania and
Frullaniopsis, is similar in both the Northern Nearctic and therthern Palearctic. Indeed,
sectionTrachycolea includes in the Northern Nearctic three endemicis, while in the
Northern Palearctic there are four such speciesldgously, subgenusrullania includes
six and eight endemic species, respectively, abgeswsFrullaniopsis containsfour and
three such species, respectively. Therefore, tlsngrof new endemic species also has
made a certain contribution to the diversity of gsnus in both the Northern Nearctic and
the Northern Palearctic. Moreover, the phylogeneglationships within these groups, as
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well as the similar number and similar patternshef distribution of its endemic members
may indicate more or less a synchronous diversifinaevent, that may have been caused
by the climatic changes started in Oligocene.

The reported study was partially funded by RFBRjgut number 19-04-01270. We thank
Ministry of Higher Education and Science of Rudsiagrant 075-15-2021-678 supporting
Center of Common Use «Herbarium MBG RAS».
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