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Abstract. Maximum likelihood analysis of 113 rbcL
sequences leads to a well resolved phylogeny of
Jungermanniales. All species with perigynia or
marsupia are found in one clade, whereas species
with coelocaules are placed in several lineages. The
broadly circumscribed Geocalycaceae (including
Lophocoleaceae) of most recent authors are resolved
as polyphyletic. Geocalycaceae genera which devel-
op female involucres without involvement of stem
tissue (Chiloscyphus, Heteroscyphus, Leptoscyphus,
Physotheca) form a robust clade which is placed
sister to Plagiochilaceac whereas the genera with
involucres originating at least partly from stem
tissue (Geocalycaceae s.str., Geocalyx, Harpanthus,
Saccogyna) are nested within the paraphyletic
Jungermanniaceae. This topology leads to the exclu-
sion of the strictly perianth-bearing species from
Geocalycaceae and the reinstatement of Lophocole-
aceae. Campanocolea is nested within Chiloscyphus.
Physotheca and Chiloscyphus breutelii are placed
within an unsupported clade with several accessions
of Leptoscyphus. Heteroscyphus forms a paraphylet-
ic grade at the base of Chiloscyphus.

Key words: Jungermanniopsida, Jungermanniales,
Geocalycaceae, Lophocoleaceae, Plagiochilaceae,
female involucres, rbcL, phylogeny.

Recent molecular phylogenetic studies have
improved our understanding of the deep
relationships of Marchantiophyta (Crandall-
Stotler et al. 2005, Davis 2004, Heinrichs et al.
2005, He-Nygrén et al. 2004, Lewis et al. 1997).
Leafy liverworts (Jungermanniopsida subclass
Jungermanniidae) have been resolved as one
major clade of hepatics which in turn splits into
two main lineages (Davis 2004) corresponding
to Porellales and Jungermanniales (Heinrichs
et al. 2005). Taking into account results of
recent monographic work (Gradstein et al.
2001, Yano and Gradstein 1997), Jungerman-
niales are the largest lineage of March-
antiophyta with an extant diversity of about
3,000 species in about 250 genera in about 20
families. This order is characterized by succu-
bous or incubous leaves developing usually by
means of two initial cells, lack of watersacs,
occurrence of ventral branches and non-
fasciculate rhizoids, exosporous protonemata,
and association with Asco- and Basidiomycota
(Heinrichs et al. 2005). Classification of Jun-
germanniales has been hampered by the low
number of phylogenetically informative
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morphological characters and extensive
morphological homoplasy (Crandall-Stotler
et al. 2005). Only a few molecular studies of
Jungermannialean genera or families have been
published to date (e.g. He-Nygrén and Piippo
2003, Heinrichs et al. 2004, Schill et al. 2004).
The topologies depicted in these studies are
often in conflict with previous morphology-
based classifications. Obviously major rear-
rangements are inevitable to generate a natural
classification of this order.

Representatives of Jungermanniales pos-
sess several forms of female involucres sur-
rounding the archegonia (Gottsche 1845, 1880;
Knapp 1930; Leitgeb 1881). Perianths origi-
nate by fusion of two or three modified leaves
whereas other structures develop at least partly
from stem tissue. These structures have once
been subsumed under the term “perigynium’
(Schuster 1966). However, modern floras (e.g.
Gradstein and Pinheiro da Costa 2003, Paton
1999) usually differentiate between coelocau-
les, perigynia s.str. and marsupia. Coelocaules
are hollow outgrowths characterized by ex-
treme axial growth of the entire shoot tip
resulting in complete penetration of the spo-
rophyte into the shoot apex. These structures
are frequently associated with the absence of a
perianth. Perigynia are tubular structures
derived from axial cells that surround and
protect the archegonia. They are often termi-
nated by perianths and can be associated with
a shoot calyptra (fleshy calyptra whose basal
parts originate from stem tissue). Marsupia are
multistratose pendent structures derived from
stem tissue. They penetrate downwards into
the substrate and usually bear rhizoids. Schus-
ter (1966) stated that the delimitation of these
structures is sometimes subject to controversy,
especially because various combinations and
transitions may occur.

Currently most authors adopt a wide
concept of Geocalycaceae including Lopho-
coleaceae and Harpanthaceae (e.g. Crandall-
Stotler and Stotler 2000; Grolle 1965, 1983;
Grolle and Long 2000; Schuster 1980; Srivast-
ava and Srivastava 2002). In this circumscrip-
tion, Geocalycaceae include species with a

marsupium, a perigynium with a terminal
perianth or a trigonous to laterally compressed
perianth. In addition the broadly circum-
scribed Geocalycaceae are characterized by a
stem lacking hyalodermis and well differenti-
ated cortical cells, succubous leaves, presence
of conspicuous underleaves, which are often
connate to the adjacent postical leaf bases, and
rhizoids at the base of the underleaves, occa-
sionally scattered over the ventral merophyte
(e.g. Paton 1999, Schuster 1980, Srivastava
and Srivastava 2002). Other authors (Frahm
and Frey 2004, Miiller 1951-1958) suggested a
different classification in which the exclusively
perianth-bearing Lophocoleaceae are sepa-
rated from the Geocalycaceae/Harpanthaceae,
that develop female involucres which originate
at least partly from stem tissue.

Schuster and Engel (1982) questioned the
separation of Geocalycaceae subfam. Lep-
toscyphoideae and Plagiochilaceae, based on
similarities in perianth shape. On the other
hand, Grolle (1962, 1983) regarded the simi-
larities of Leptoscyphoideae and Plagiochila-
ceae as superficial.

Molecular data may help to resolve the
relationships. To date only five of the approx-
imately 25 genera currently assigned to Geo-
calycaceae (Crandall-Stotler and Stotler 2000,
Engel and Gradstein 2003, Gradstein and
Pinheiro da Costa 2003) have been included
in molecular phylogenetic studies (Davis 2004,
He-Nygrén and Piippo 2003, He-Nygrén et al.
2004). Davis (2004) resolved Harpanthus Nees,
Lophocolea (L.) Dumort. and Chiloscyphus
Corda in three separate lineages. In contrast,
He-Nygrén and Piippo (2003) and Heinrichs
et al. (2005) resolved Chiloscyphus within
Lophocolea, supporting the broad concept of
Chiloscyphus advocated by Schuster (1980)
and Engel and Schuster (1984), and confirmed
the separation of the Chiloscpyhus segregate
Heteroscyphus Schiffn. Following Heinrichs
et al. (2005) a broader taxon sampling of
Geocalycaceae including genera with marsupia
is needed to test the current family concept.

In the present study we explore the differ-
ent concepts of Geocalycaceae by analyzing
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sequences of the chloroplast gene rbcL of a
large taxon set of Jungermanniales, and exam-
ine the distribution of the different types of
female involucres in this largest order of
liverworts.

Materials and methods

Taxon sampling and designation of the out-
group. Forty two chloroplast gene rbcL sequences
of Jungermanniales as circumscribed by Heinrichs
et al. (2005) were newly generated for this study.
The ingroup was completed with 69 accessions
from GenBank/EMBL. Altogether 33 species of
Geocalycaceae were sampled, representing four of
the five currently accepted subfamilies, Geocalycoi-
deae, Leptoscyphoideae, Lophocoleoideae and
Physothecoideae (Engel and Gradstein 2003).
Material of the monospecific Geocalycaceae
subfam. Conoscyphoideae (Engel 1987) was not
available for molecular study. GenBank/EMBL
sequences of Ptilidium ciliare (L.) Hampe and
Ptilidium pulcherrimum (Weber) Vain. (Ptilidiaceae)
were designated as outgroup, based on the results
of Davis (2004) and Heinrichs et al. (2005).

Specimen data, along with GenBank/EMBL
accession numbers, are provided in Table 1.
Vouchers related to new sequences are deposited
in the herbaria of the University of Jena (JE) or
University of Gottingen (GOET).

DNA extraction, PCR amplification and
sequencing. Plant tissue from the distal portions
of a few shoots was isolated from herbarium
specimens. Total genomic DNA was extracted with
Invisorb Spin Plant Mini Kit (Invitek, Berlin,
Germany).

The polymerase chain reaction was performed
in a total volume of 50 pl, including 1 pl template
DNA, 1 U Taq-DNA polymerase (BioLine, Berlin,
Germany), 5 pl PCR buffer (BioLine, Berlin, Ger-
many), 2 ul MgCl, (50 mM, BioLine, Berlin,
Germany), 1 pl dNTP-mixture (10 mM, Fermentas,
St. Leon-Rot, Germany), 2 pl dimethylsulfoxide,
1 pl 3’-primer (10 uM), 1 pl 5’-primer (10 pM), and
36.8 ul double-distilled water. Polymerase chain
reactions were carried out using the following
program: 120 s initial denaturation at 92 °C, fol-
lowed by 30 cycles of 60 s denaturation at 92 °C,
50 s annealing at 51 °C, and 90 s clongation at
72 °C. Final elongation was carried out in one
step of 10 min at 72 °C. PCR products were

subsequently purified using a DNAce Quick Clean
purification kit (BioLine, Berlin, Germany). The 5'-
primer rbcL-1PI-F and the 3'-primer M1390-R
(Wilson et al. 2004) were used to amplify the first
1390 bp of the cp-rbcL gene. Sequencing was carried
out on a MegaBACE 1000 capillary sequencer using
DYEnamic ET Primer DNA Sequencing Reagent
(Amersham Biosciences, UK) with the internal
primers rbcL-170-F, rbcL.-680PI-F, rbcL-700P1-R,
and rbcL-1200-R (Wilson et al. 2004, Groth and
Heinrichs 2005).

Phylogenetic analyses. The 113 rbcL sequences
were aligned manually in BioEdit version 7.0.5.2
(Hall 1999). Lacking parts of sequences were coded
as “N”’ (A, C, G or T). Regions of largely incomplete
data were identified and excluded from subsequent
analyses, resulting in a dataset including 1,034
homologous sites. The alignment is available upon
request. A phylogenetic tree was inferred using
maximum likelihood criteria (ML) as implemented
in PAUP* version 4.0b10 (Swofford 2000). The
nucleotide substitution model with the smallest
number of parameters that best fits the data was
determined using the hierarchical likelihood test and
the Akaike information criterion as implemented in
Modeltest 3.06 (Posada and Crandall 1998). The
GTR model (Tavaré 1986) was chosen with gamma
shape parameter (G) for among site variation and
proportion of invariable sites (I) (GTR + I + G)
and implemented in PAUP*. A ML analysis was
performed as a heuristic search with 3 random
addition sequence replicates. The confidence of
branching was assessed using 200 non-parametric
bootstrap re-samplings (Felsenstein 1985) in ML
analysis. A neighbor-joining tree was used as
starting tree and the rearrangements per replicate
were limited to 2,000. Bootstrap percentage values
> 70% were regarded as good support (Hillis and
Bull 1993). Posterior probability values (PP) were
calculated with a Bayesian inference of phylogeny as
implemented in MrBayes (version 3.0b4; Huelsen-
beck and Ronquist 2001). The Modeltest 3.06
output values were applied to the command block
of MrBayes. Four chains each with two million
generations were calculated of which every 100th
tree was saved. Trees collected before the likelihood
score had stabilized were deleted. A majority rule
consensus tree was calculated from the remaining
18,001 trees. Bayesian support, referred to as
posterior probabilities, was regarded as significant
when exceeding 0.95 (Larget and Simon 1999).
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Character reconstruction. Five types of female
involucres were scored as character states of a single
character (perianth, perigynium with perianth,
perigynium without perianth, marsupium and coe-
locaule) according to the species descriptions in
Engel and Schuster (1984), Damsholt (2002), Grad-
stein et al. (2001), Gradstein and Pinheiro da Costa
(2003), Grolle (1960, 1964), Grolle and Zijlstra
(1984), Hatcher (1960, 1961), Paton (1999), Schus-
ter (1966, 1969, 1972, 1974, 1987, 2000, 2002),
Schuster and Engel (1977), Vana (1973b, 1973c,
1974a, 1974b), Wigginton (2004) and Zhu and So
(1996). Question marks were scored for those taxa
with ambiguous or lacking information about
character states (Dendromastigophora R.M.Schust.,
Trichotemnoma R.M.Schust.). The evolution of
these character states was reconstructed using the
topology recovered in the ML analyses of the rbcL
data set employing a maximum parsimony ap-
proach as implemented in MacClade 4.0 PPC
(Maddison and Maddison 2000).

Results

The maximum likelihood analysis resulted in a
single optimal topology (—=In = 14448.36238)
which is presented in Fig. I. The robust
Schistochilaceae lineage is sister to a clade
comprising all other members of Jungerman-
niales. Geocalycaceae are found to be poly-

phyletic.  Strictly perianth-bearing species
(Geocalycaceae subfam. Leptoscyphoideae,
Lophocoleoideae, Physothecoideae, repre-

sented by the genera Chiloscyphus, Heteroscy-
phus, Leptoscyphus Mitt. and Physotheca
J.J.Engel & Gradst.) are separated from the
marsupium-bearing and perigynium-bearing
(with or without perianth) species (Geocalyca-
ceae subfam. Geocalycoideae, represented by
the genera Geocalyx Nees, Harpanthus and
Saccogyna Dumort.), leading to the reinstate-
ment of Lophocoleaceae. The well-supported
families Lophocoleaceae and Plagiochilaceae
are placed in a robust sister relationship. An
unsupported clade with three accessions of
Leptoscyphus, Chiloscyphus breutelii (Gott-
sche) J.J.Engel & R.M.Schust. and Physotheca
autoica J.J.Engel & Gradst. is placed sister to
the remainder of Lophocoleaceae. Heteroscy-
phus forms a parapyletic grade at the base of

the weakly supported Chiloscyphus lineage.
Chiloscyphus polychaetus (Spruce) J.J.Engel &
R.M.Schust. is nested in a robust clade with
several Heteroscyphus species. Chiloscyphus
fragmentissimus (R.M.Schust.) J.J.Engel &
R.M.Schust. (syn.: Campanocolea fragmentiss-
ima (R.M.Schust.) R.M.Schust.) is resolved
within the crown group of this genus.

The monophyly of the Plagiochilaceae
genera Plagiochila (Dumort.) Dumort. and
Plagiochilion S.Hatt. is supported by the ML
topology albeit without support.

Accessions of Adelanthaceae, Cephalozia-
ceae, Cephaloziellaceac and Scapaniaceae
form a well-supported clade sister to a lincage
containing Geocalyx graveolens (Schrad.)
Nees, Harpanthus flotovianus (Nees) Nees and
Saccogyna viticulosa (L.) Dumort. and several
other taxa of Jungermanniales which develop
female involucres at least partly from stem
tissue. Inter alia the Ilatter clade includes
species currently assigned to Jungermannia-
ceae, as well as the robust Acrobolbaceae,
Balantiopsidaceae, Calypogeiaceae, and Gym-
nomitriaceae. Representatives of Jungerman-
niaceae are placed in several lineages. Geocalyx
is resolved sister to a weakly supported clade
with Leiocolea collaris (Nees) Schljakov, Jun-
germannia leiantha Grolle and J. ovato-trigona
(Steph.) Grolle. Harpanthus and Saccogyna
form a paraphyletic grade at the base of an
unsupported clade with Gymnomitriaceae,
Jungermannia callitrix Lindenb. & Gottsche,
J. infusca (Mitt.) Steph. and J. obovata Nees,
as well as Nardia compressa (Hook.) Gray and
N. scalaris Gray, the latter in a robust sister
relationship. Nardia assamica (Mitt.) Amaka-
wa is resolved in a separate clade, within the
Cephaloziaceae.

The presence of a perianth is plesiomorphic
in Jungermanniales. Coelocaule structures
evolved independently in five clades: (1)
a clade corresponding to Schistochilaceae,
(2) a clade corresponding to Trichocoleaceae,
(3) a clade comprising Lepicoleaceae and
Vetaformaceae, (4) Mastigophora within
Herbertaceae, and (5) Pseudolepicoleaceae.
Species with marsupia or perigynia (with or
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Trichocoleaceae
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Gymnomitriaceae
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[incl. Geocalycaceae]
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Fig. 1. Jungermanniales topology recovered in ML analyses. Bootstrap percentage values (> 50) above and
posterior probabilities below branches. Types of female involucres and character state changes are indicated



220 J. Hentschel et al.: Reinstatement of Lophocoleaceae (Jungermanniopsida)

without perianths) are found in a single clade
consisting of representatives of the families
Acrobolbaceae, Balantiopsidaceae, Calypogei-
aceae, Gymnomitriaceae, Jungermanniaceae,
and Trichotemnomaceae. According to the
rbcL-topology taxa bearing perigynia with or
without perianths evolved from marsupium-
bearing taxa. For a clade consisting of Gym-
nomitriaceae, Jungermannia subg. Plectocolea
(Mitt.) Amakawa, Nardia Gray, Saccogyna
and Harpanthus an unambiguous character
reconstruction was not possible due to the
largely unresolved topology.

Discussion

According to the rbcL topology (Fig. 1), the
broadly circumscribed Geocalycaceae as
accepted by many recent authors are poly-
phyletic. The strict separation of the species
which exclusively develop perianths from the
marsupia- and perigynium/perianth-bearing
species leads to the reinstatement of Lopho-
coleaceae. Lophocoleaceae are characterized
by succubous, undivided to bilobed, entire or
toothed, almost horizontally inserted leaves,
thin-walled cells, conspicuous underleaves
often connate to the leaves, Frullania-type
and intercalary branching (lateral and ven-
tral), stems without hyalodermis and well
developed cortex, rhizoids in bundles from
underleaf bases or rarely scattered, gametoe-
cia on leading shoots or on short branches,
and a 0-3-keeled perianth.

Chiloscyphus represents the crown group of
Lophocoleaceae. The generitype Chiloscyphus
polyanthos (L.) Corda is nested in a robust
subclade with species originally described in
Lophocolea, supporting the inclusion of Lopho-
colea in Chiloscyphus (Engel and Schuster
1984, He-Nygrén and Piippo 2003). Several
hundred binomials have been described in this
genus (Engel and Schuster 1984, Piippo 1985),
which are assigned to numerous subgenera or
sections (e.g. Engel 1992, 1999; Engel and
Schuster 1984; Grolle 1968; Schuster 1980;
Hissel de Menéndez 1996, 2001; Srivastava
and Srivastava 2002). Our limited taxon

sampling allows only for some preliminary
comments on the infrageneric classification of
Chiloscyphus. Chiloscyphus subg. Chiloscyphus
[C. pallescens (Hoffm.) Dumort., C. polyan-
thos] is resolved as monophyletic. This subge-
nus is characterized by usually entire, unlobed,
alternate leaves which are rarely united with
the bifid underleaves, always terminal gynoecia
on strongly abbreviated lateral branches,
female bracts and bracteoles usually smaller
than the vegetative leaves, as well as incon-
spicuous trigonous perianths not or hardly
longer than the calyptra (Engel and Schuster
1984, Schuster 1980).

The robust sister clade of Chiloscyphus
subg. Chiloscyphus is here assigned to C. subg.
Lophocolea (Dumort.) J.J.Engel &
R.M.Schust. [incl. C. subg. Microlophocolea
(Spruce) J.J.Engel, C. subg. Fragillifolius
(R.M.Schust.) J.J.Engel & R.M.Schust.]. Spe-
cies of this clade have broad-based, bidentate
or bilobed, alternate leaves, gynoecial branches
of variable length, and usually sharply trigo-
nous perianths frequently with winged keels
(Engel and Schuster 1984, Schuster 1980).
Campanocolea fragmentissima (R.M.Schust)
R.M.Schust. was separated from Chiloscyphus
based on its almost dichotomous branching
pattern and asexual reproduction by caducous
lateral leaves (Schuster 1997). Otherwise it fits
well into  Chiloscyphus  subg.  Lopho-
colea. According to the molecular topology
Campanocolea fragmentissima is a derived
species of Chiloscyphus subg. Lophocolea
rather than a monospecific genus.

The robust sister relationship of the sub-
genera Chiloscyphus and Lophocolea is sup-
ported by the shared occurrence of uniseriate
antheridial stalks, extensive lack of secondary
pigmentation, mostly alternate leaves, as well
as underleaves which are at most inconspicu-
ously united with the leaves (Bednarek-Ochyra
et al. 2000, Engel and Schuster 1984, Schuster
1980). The uniseriate condition of the anther-
idial stalks of both subgenera is a taxonomic
informative character because in other sub-
genera the antheridial stalks are bi- to oligose-
riate. The latter condition is also present in the
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genera Leptoscyphus, Physotheca and Hetero-
scyphus.

Engel and Schuster (1984) placed Chiloscy-
phus sect. Bicornuti (Spruce) J.J.Engel &
R.M.Schust. in C. subg. Lophocolea, and
included species with biseriate antheridial
stalks. The corresponding species Chiloscyphus
martianus (Nees) J.J.Engel & R.M.Schust. and
C. connatus (Sw.) J.J.Engel & R.M.Schust. are
here resolved in a separate lineage (see also He-
Nygrén and Piippo 2003) indicating that they
do not belong to C. subg. Lophocolea. Based
on the outcome of the phylogenetic analysis
and the morphological differences these species
could be assigned to Chiloscyphus subg. Con-
nati (Lindenb.) J.J.Engel. This subgenus is
characterized by large underleaves which are
connected to the subopposite leaves. Further-
more the antheridial stalks are biseriate (Engel
1999). Chiloscyphus japonicus Steph., which is
also resolved in the C. martianus/C. connatus
clade, does not fit well in this group.

Chiloscyphus polychaetus is nested in a
robust clade with several accessions of Hetero-
scyphus. The leaf cell walls of Heteroscyphus
are usually provided with distinct trigones.
Furthermore this genus stands out by its
reniform underleaves often connected with
both adjacent leaves, and spicate, slender
androecia on short ventral branches (Engel
1991, Engel and Schuster 1984, Schiffner
1910). Male plants of C. polychaetus have not
yet been described (Fulford 1976, Spruce
1885). The reniform, multiciliate underleaves
which are connected to the leaves, and the
large trigones of C. polychaetus strongly
resemble Heteroscyphus. Already Engel and
Schuster (1984) pointed out difficulties in the
delimitation of the Chiloscyphus segregate
Heteroscyphus. In the rbcL topology this genus
is resolved as paraphyletic. A broader taxon
sampling and the extension of the marker set is
necessary to decide on the status of Hetero-
scyphus.

Inclusion of Leptoscyphus in the molecular
investigation provides new evidence to resolve
the conflicting hypotheses regarding its sys-
tematic position (Grolle 1983, 1995; Schuster

and Engel 1982). According to the rbcL
topology Leptoscyphus is a member of Lopho-
coleaceae with good support. Leptoscyphus is
characterized by laterally compressed peri-
anths, brownish color, leaf cells with large
trigones, and underleaves usually connected
with leaves, as well as the usually entire leaf
margins (Fulford 1976, Grolle 1962, Héssel de
Menéndez 2001, Schuster 1980). Chiloscyphus
breutelii, a species with ciliately toothed leaves,
and Physotheca autoica of the monospecific
Geocalycaceae subfam. Physothecoideae are
nested within Leptoscyphus, albeit without
support. Physotheca autoica is distinguished
from Leptoscyphus in branching by repeated
innovations, an inflated, bladder-like perianth,
7-8-stratose capsule walls and large echinate
spores (Engel and Gradstein 2003). The molec-
ular topology provides some evidence that
these characters may be the autapomorphic
character states of a species related to the
Leptoscyphus complex. Engel and Gradstein
(2003) already pointed out similarities of
Physotheca and Leptoscyphus. Despite this
unambiguous evidence we argue that the trans-
fer of Physotheca and Chiloscyphus breutelii to
Leptoscyphus should await the results of a
study including more variable markers and
further related genera such as Clasmatocolea
Spruce, Conoscyphus Mitt., Pachyglossa Her-
zog & Grolle, Pigafettoa C.Mass., and Stolo-
nivector J.J.Engel. If the rbcL topology proves
well-supported in further studies, Heteroscy-
phus and Leptoscyphus may also be subsumed
into a very broadly defined genus Chiloscy-
phus.

Geocalyx, Harpanthus, and Saccogyna are
resolved in a largely polytomous clade with
Calypogeiaceae, Gymnomitriaceae as well as
several species currently assigned to Junger-
manniaceae (Crandall-Stotler and Stotler
2000). The majority of related species develop
female involucres which originate at least partly
from stem tissue. Heinrichs et al. (2005) already
pointed out that no published concept of
Jungermanniaceae is in accordance with the
rbcLL topology. This finding is corroborated
by the present study. Jungermannia subg.
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Plectocolea (Mitt.) Amakawa and the Junger-
mannia subgenera Liochlaena (Nees) S.W.Ar-
nell and Jungermannia are placed in separate
lineages. The molecular data provide some
evidence that the broad genus concept of most
recent authors (e.g. Damsholt 2002, Vana
1973a) does not reflect ancestral relationships.
Therefore reinstatement of the genera Plec-
tocolea Nees (Yatsentyuk et al. 2004) or Sole-
nostoma Mitt. may be necessary. However, to
arrive at a definite conclusion a broader
taxon sampling including the generitype Jun-
germannia atrovirens Dumort. is needed as well
as additional molecular markers. Yatsentyuk
et al. (2004) resolved Leiocolea (Miill.Frib.)
H.Buch sister to Jungermannia or in an isolated
position, depending on different gap-coding
procedures in their #rnL-frnF-dataset. This
genus is currently placed within Lophoziaceae
rather than Jungermanniaceae (Crandall-Sto-
tler and Stotler 2000) or treated as a subgenus
of Lophozia (Dumort.) Dumort. (e.g. Damsholt
2002). In the present study Leiocolea is resolved
within the Jungermanniaceae clade, indicating
that Leiocolea and Lophozia are not closely
related. Extension of the Jungermanniales
taxon sampling of Heinrichs et al. (2005) cor-
roborates the finding that the Lophoziaceae
concept of Inoue (1966) is not reflected in the
molecular topology. As already demonstrated
by Heinrichs et al. (2005), Schill et al. (2004)
and Yatsentyuk et al. (2004) Scapaniaceae are
nested within Lophoziaceae subfam. Lop-
hozioideae, leading to a broad family concept
of Scapaniaceae (Heinrichs et al. 2005). In the
rbcL. topology Lophoziaceae subfam. Jame-
sonielloideae are separated from Scapaniaceae
by Cephaloziaceae and Cephaloziellaceae. The
position of Adelanthus Mitt. within the Jame-
sonielloideae clade leads to the adoption of the
name Adelanthaceae for this clade. To date this
family is restricted to Adelanthus Mitt. and
Wettsteinia Schiffn. (Grolle 1972), two genera
with dorsal leaf margins often curved towards
the stem apex. Jamesoniella (Spruce) F.Lees,
Syzygiella Spruce and Pedinophyllum trunca-
tum Inoue lack this type of leaf margin.
However, at least Adelanthus, Jamesoniella

and Syzygiella share the frequent occurrence
of ventral branches (Grolle 1971, 1972; Inoue
1966).

The systematic position of a few taxa
remains unclear. According to the rbcL tree,
Mpylia Gray represents an isolated lineage.
Placement within Jungermanniaceae (subfam.
Mylioideae, Grolle 1962) is not supported by
the molecular data. Instead the rbcL topology
supports the reinstatement of family Myliaceae
advocated by Engel and Braggins (2005) based
on cell wall morphology. The poorly known
species Nardia assamica is resolved outside the
generitype lineage comprising Nardia com-
pressa and N. scalaris. For this species neither
Amakawa (1963) nor Cao (2000) described
marsupia, typically found in other species of
Nardia. The systematic position of Nardia
assamica needs verification by further
sequences from other accessions.

Mapping the different types of female
involucres on the rbcL topology supports the
occurrence of peryginia and marsupia as a
character of considerable importance for the
systematics of Jungermanniales. All species
which develop marsupia or perigynia (with or
without perianths) are placed in a single
clade. This finding corroborates the idea that
perigynium and marsupium are related struc-
tures (Paton 1999). A closer relationship of
the ““Jungermanniae Geocalyceae” has al-
ready been proposed by Gottsche (1845,
1880) but was rejected by Spruce (1882)
and later authors. Gymnomitrion coralloides
Nees is the single species included in the
study which has a perigynium without a
terminal perianth. The rbcL topology sug-
gests that the ancestor of Gymmnomitrion
Corda was provided with a perigynium with
perianth. The occurrence of exclusively
perianth-bearing taxa in the “‘perigynium/
marsupium’ clade is restricted to the Leioco-
lea/Jungermannia  ovato-trigonalJ. leiantha-
lineage. According to this topology a single
reversal to female involucres lacking stem
tissue has taken place. However, this conclu-
sion should be confirmed with a much more
exhaustive taxon sampling. Species with
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coelocaules are diffusely distributed and
occur in five different clades. Obviously this
structure has evolved several times indepen-
dently. Mapping perigynia and coelocaules
on the rbcL tree indicates that these struc-
tures are not homologous.
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Grolle who initiated this study. Robbert Grad-
stein (Gottingen) is acknowledged for many
helpful discussions. Alfons Schifer-Verwimp
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(Edinburgh) and an anonymous reviewer for
helpful comments. The investigation was sup-
ported by the German Research Foundation
(grant HE 3584/1).

References

Amakawa T. (1963) New or little known Asiatic
species of the family Jungermanniaceae. 1. J.
Hattori Bot. Lab: 20-26.

Bednarek-Ochyra H., Vana J., Ochyra R., Smith R.
I. L. (2000) The liverwort flora of Antarctica.
Polish Academy of Sciences, Crakow.

Cao T. (2000) Geocalycaceae. In: Gao C., Cao T.
(eds.) Flora Yunnanica. Tomus 17. (Bryophyta:
Hepaticae, Anthocerotae). Science Press, Bejing,
pp. 247-261.

Crandall-Stotler B. J., Forrest L., Stotler R. E.
(2005) Evolutionary trends in the simple thalloid
liverworts (Marchantiophyta, Jungermanniop-
sida subclass Metzgeriidae). Taxon 54: 299-316.

Crandall-Stotler B. J., Stotler R. E. (2000) Mor-
phology and classification of the March-
antiophyta. In: Shaw A. J., Goffinet B. (eds.)
Bryophyte Biology. Cambridge University Press,
Cambridge, pp. 21-70.

Damsholt K. (2002) Illustrated flora of nordic
liverworts and hornworts. Nordic Bryological
Society, Lund.

Davis E. C. (2004) A molecular phylogeny of leafy
liverworts (Jungermanniidae: Marchantiophyta).
Monogr. Syst. Bot. Misssouri Bot. Gard. 98: 61-86.

Engel J. J. (1987) Miscellanea Hepaticologica
Paleotropica I. Mem. New York Bot. Gard. 45:
533-534.

Engel J. J. (1991) Studies on Geocalycaceae (He-
paticae). IV. Lamellocolea, a new genus of

Leptoscyphoideae from New Zealand. J. Hattori
Bot. Lab. 70: 63-78.

Engel J. J. (1992) Studies on Geocalycaceae (He-
paticae). VIII. A revision of Chiloscyphus subg.
Notholophocolea (Schust.) Engel & Schust.
J. Hattori Bot. Lab. 72: 105-115.

Engel J. J. (1999) Studies on Geocalycaceae (He-
paticae). XI. Supraspecific new taxa and new
combinations in Chiloscyphus Corda for Aus-
tralasia. Novon 9: 22-24.

Engel J. J., Schuster R. M. (1984) An overview and
evaluation of the genera of Geocalycaceae sub-
family Lophocoleoideae (Hepaticae). Nova Hed-
wigia 39: 385-463.

Engel J. J., Gradstein S. R. (2003) Studies on
Geocalycaceae XIV. Physotheca J.J.Engel &
Gradst., a new genus of Hepaticae from Ecua-
dor, belonging to a new subfamily, Geocalyca-
ceac subfam. Physothecoideac J.J.Engel &
Gradst. Taxon 52: 763-773.

Engel J. J., Braggins J. E. (2005) Are Mylia and
Trabacellula (Hepaticae) related? Unsuspected
links revealed by cell wall morphology, with the
transfer of Mylia anomala to a new genus
(Leiomylia J.J . Engel & Braggins) of Jungerman-
niaceae. Taxon 54: 665-680.

Felsenstein J. (1985) Confidence limits on phylo-
genies: an approach using the bootstrap. Evolu-
tion 39: 783-791.

Frahm J.-P., Frey W. (2004) Moosflora, 4th edn.
Ulmer, Stuttgart.

Fulford M. (1976) Manual of the leafy Hepaticae
of Latin America. Part IV. Mem. New York Bot.
Gard. 11: 393-535.

Gottsche C. M. (1845) Uber die Fruktifikation der
Jungermanniae Geocalyceae. Nova Acta Phys.-
Med. Acad. Caes. Leop.-Carol. Nat. Cur. 21:
417-466.

Gottsche C. M. (1880) Neuere Untersuchungen
iiber die Jungermanniae Geocalyceae. Abh. Na-
turwiss. Naturwiss. Verein Hamburg: 39-66.

Gradstein S. R., Churchill S. P., Salazar-Allen N.
(2001) Guide to the bryophytes of tropical
America. Mem. New York Bot. Gard. 86:
1-577.

Gradstein S. R., Pinheiro da Costa D. (2003) The
Hepaticae and Anthocerotae of Brazil. Mem.
New York Bot. Gard. 87: 1-318.

Grolle R. (1960) Uber Saccogyna Dum. und
Saccogynidium, eine neue Lebermoosgattung.
J. Hattori Bot. Lab. 23: 41-67.



224 J. Hentschel et al.: Reinstatement of Lophocoleaceae (Jungermanniopsida)

Grolle R. (1962) Monographie der Lebermoosgat-
tung Leptoscyphus Mitt. Nova Acta Leop. N.S.
25: 1-143.

Grolle R. (1964) Neesioscyphus — eine neue Leber-
moosgattung mit gedrehten Sporogonklappen.
Oesterr. Bot. Z. 111: 19-36.

Grolle R. (1965) Harpanthus drummondii — ein
Lebermoosendemit des 6stlichen Nordamerika.
Oesterr. Bot. Z. 112: 268-284.

Grolle R. (1968) Lebermoose aus Neuguinea. 7.
Vierte Fundliste. J. Hattori Bot. Lab. 31: 1-12.

Grolle R. (1971) Jamesoniella und Verwandte.
Feddes Repert. 82: 1-99.

Grolle R. (1972) Zur Kenntnis von Adelanthus
Mitt. J. Hattori Bot. Lab. 35: 325-370.

Grolle R. (1983) Nomina generica hepaticarum;
references, types and synonymies. Acta Bot.
Fennici 121: 1-62.

Grolle R. (1995) The Hepaticae and Anthocerotae
of the FEast African Islands. An annotated
catalogue. Bryophyt. Biblioth. 48: 1-178.

Grolle R., Long D. G. (2000) An annotated check-
list of the Hepaticae and Anthocerotae of
Europe and Macronesia. J. Bryol. 22: 103-140.

Grolle R., Zijlstra G. (1984) On the nomenclature
of Gottschea Nees ex Mont. 1843 (Schistochila-
ceae, Jungermanniales). Taxon 33: 87-93.

Groth H., Heinrichs J. (2005) Maximum likelihood
analyses of chloroplast gene rbcL sequences
indicate relationships of Syzygiella (Jungerman-
niopsida) with Lophoziaceae rather than Plagio-
chilaceae. Cryptog. Bryol. 26: 49-57.

Hissel de Menéndez G. G. (1996) Reduction of
Clasmatocolea Spruce and Xenocephalozia
Schust. to the synonymy of Chiloscyphus Corda.
Some rehabilitations and new combinations in
Chiloscyphus (Hepatophyta). Nova Hedwigia 63:
493-516.

Hissel de Menéndez G. G. (2001) Eurychiloscyphus
Hissel, a new subgenus of Chiloscyphus Cora
(Hepatophyta) from southern South America.
Lindbergia 26: 37-42.

Hall T. A. (1999) BioEdit: a user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT. Nucl. Acids Symp. Ser.
41: 95-98.

Hatcher R. E. (1960) A monograph of the genus
Isotachis (Hepaticae). Nova Hedwigia 2: 573—
608.

Hatcher R. E. (1961) A monograph of the genus
Isotachis (Hepaticae). Nova Hedwigia 3: 1-35.

He-Nygrén X., Ahonen 1., Juslén A., Glenny D.,
Piippo S. (2004) Phylogeny of liverworts-beyond
a leaf and a thallus. Monogr. Syst. Bot. Miss-
souri Bot. Gard. 98: 87-118.

He-Nygrén X., Piippo S. (2003) Phylogenetic rela-
tionships of the generic complex Chiloscyphus-
Lophocolea-Heteroscyphus (Geocalycaceae, Hep-
aticae): Insights from three chloroplast genes
and morphology. Ann. Bot. Fennici 40: 317-329.

Heinrichs J., Gradstein S. R., Wilson R., Schneider
H. (2005) Towards a natural classification of
liverworts (Marchantiophyta) based on the chlo-
roplast gene rbcL. Cryptog. Bryol. 26: 131-150.

Heinrichs J., Lindner M., Pocs T. (2004) nrDNA
internal transcribed spacer data reveal that
Rhodoplagiochila R.M.Schust. (Jungermanni-
ales, Marchantiophyta) is a member of Plagio-
chila sect. Arrectae Carl. Organisms Diversity &
Evol. 4: 109-118.

Hillis D. M., Bull J. J. (1993) An empirical test of
bootstrapping as a method for assessing confi-
dence in phylogenetic analysis. Syst. Biol. 42:
182-192.

Huelsenbeck J. P., Ronquist F. (2001) MrBAYES:
Bayesian inference of phylogenetic trees. Bioin-
formatics 17: 754-755.

Inoue H. (1966) A monograph of the hepatic genus
Syzygiella Spruce. J. Hattori Bot. Lab. 29: 171-
213.

Knapp E. (1930) Untersuchungen iiber die
Hillorgane um Archegonien und Sporogonien
der akrogynen Jungermaniaceen. Bot. Abh. 16:
1-168.

Larget B., Simon D. L. (1999) Markov chain
Monte Carlo algorithms for the Bayesian ana-
lysis of phylogenetic trees. Molec. Biol. Evol. 16:
750-759.

Leitgeb H. (1881) Die Stellung der Fruchtsicke bei
den geocalyceen Jungermannieen. In: Sitzungs-
ber. Kaiserl. Akad. Wiss. Wien 83: 515-521.

Lewis L. A., Mishler B. D., Vilgalys R. (1997)
Phylogenetic relationships of the liverworts
(Hepaticae), a basal embryophyte lineage, in-
ferred from nucleotide sequence data of the
chloroplast gene rbcL. Molec. L. Phylogenet.
Evol. 7: 377-393.

Maddison D. R., Maddison E. P. (2000) Mac-
Clade: analysis of phylogeny and character
evolution v.4.0. Sinauer, Sunderland.

Miiller K. (1951-1958) Die Lebermoose Europas.
In: Rabenhorst’s Kryptogamen-Flora von



J. Hentschel et al.: Reinstatement of Lophocoleaceae (Jungermanniopsida) 225

Deutschland, Osterreich und der Schweiz, vol. 6,
3rd edn. Geest & Portig, Leipzig.

Paton J. A. (1999) The liverwort flora of the British
Isles. Harley Books, Colchester.

Piippo S. (1985) Bryophyte flora of the Huon
Peninsula, Papua New Guinea. XII. Geocalyca-
ceae (Hepaticae). Acta Bot. Fenn. 131: 129-167.

Posada D., Crandall K. A. (1998) Modeltest:
testing the model of DNA substitution. Bioin-
formatics 14: 817-818.

Schiffner V. (1910) Uber die Gattungen Chiloscy-
phus und Heteroscyphus n. gen. Oesterr. Bot. Z.
60: 169-173.

Schill D. B., Long D. G., Moeller M., Squirrell J.
(2004) Phylogenetic relationships between Lo-
phoziaceae and Scapaniaceac based on chloro-
plast sequences. Monogr. Syst. Bot. Misssouri
Bot. Gard. 98: 141-149.

Schuster R. M. (1966) The Hepaticae and Antho-
cerotae of North America. East of the hundredth
meridian, vol. 1. Columbia University Press,
New York London.

Schuster R. M. (1969) The Hepaticae and Antho-
cerotae of North America. East of the hundredth
meridian, vol. 2. Columbia University Press,
New York London.

Schuster R. M. (1972) Phylogenetic and taxonomic
studies on Jungermanniidae. J. Hattori Bot. Lab.
36: 321-405.

Schuster R. M. (1974) The Hepaticae and Antho-
cerotae of North America. East of the hundredth
meridian, vol. 3. Columbia University Press,
New York London.

Schuster R. M. (1980) The Hepaticae and Antho-
cerotae of North America. East of the hundredth
meridian, vol. 4. Columbia University Press,
New York.

Schuster R. M. (1987) Phylogenetic studies on
Jungermanniidae, II. Mastigophoraceac and
Chaetophyllopsidaceae. Mem. New York Bot.
Gard. 45: 733-748.

Schuster R. M. (1997) On Campanocolea Schust.
and sexual reproduction in the Geocalycaceae.
J. Hattori Bot. Lab. 82: 253-259.

Schuster R. M. (2000) Austral Hepaticae, vol. 1.
Beih. Nova Hedwigia 118: 1-524.

Schuster R. M. (2002) Austral Hepaticae, vol. 2.
Beih. Nova Hedwigia 119: 1-606.

Schuster R. M., Engel J. J. (1977) Austral Hepa-
ticae, V. The Schistochilaceae of South America.
J. Hattori Bot. Lab. 42: 273-423.

Schuster R. M., Engel J. J. (1982) Austral Hepa-
ticae XVI. Gondwanalandic Leptoscyphoideae
(Geocalycaceae). Lindbergia 8: 65-74.

Spruce R. (1882) On Cephalozia (a genus of
Hepaticae) its subgenera and some allied genera.
Slater, Malton.

Spruce R. (1885) Hepaticae amazonicae et andinae
II. Trans. & Proc. Bot. Soc. Edinburgh 15: 309—
589.

Srivastava A., Srivastava S. C. (2002) Indian
Geocalycaceae (Hepaticae). A taxonomic study.
Bishen Singh Mahendra Pal Singh, Dehra Dun.

Swofford D. L. (2000) PAUP*. Phylogenetic Ana-
lysis Using Parsimony (*and other methods).
Sinauer Associates, Sunderland.

Tavaré S. (1986) Some probabilistic and statistical
problems on the analysis of DNA sequences.
Lec. Math. Lifesci. 17: 57-86

Vana J. (1973a) Studien iiber die Jungermannioi-
deae (Hepaticae) 1. Allgemeine Characteristic.
Folia Geobot. Phytotax. 8: 181-208.

Vana J. (1973b) Studien tiber die Jungermannioi-
deae (Hepaticae). 2. Jungermannia subg. Jun-
germannia. Folia Geobot. Phytotax. 8: 255-
309.

Vana J. (1973c) Studien iiber die Jungermannioi-
deae (Hepaticae). 3. Jungermannia subg. Lio-
chlaena. Folia Geobot. Phytotax. 8: 397-416.

Vana J. (1974a) Studien tber die Jungermannioi-
deae (Hepaticae). 4. Jungermannia subg. Plec-
tocolea und subg. Solenostoma: Allgemeines,
stid- und mittelamerikanische Arten. Folia Geo-
bot. Phytotax. 9: 179-208.

Vana J. (1974b) Studien tber die Jungermannioi-
deae (Hepaticae). 5. Jungermannia subg. Plec-
tocolea und subg. Solenostoma: Afrikanische
Arten. Folia Geobot. Phytotax. 8: 277-312.

Wigginton M. J. (ed.) (2004) E. W. Jones’s liver-
wort and hornwort flora of West Africa. Scripta
Bot. Belg. 30: 1-443.

Wilson R., Gradstein S. R., Heinrichs J., Groth
H., Tlkiu-Borges A. L., Hartmann F. A. (2004)
Phylogeny of Lejeuneaceae: A cladistic analysis
of chloroplast gene rbcL sequences and
morphology with preliminary comments on
the mitochondrial nad4-2 spacer region.
Monogr. Syst. Bot. Misssouri Bot. Gard. 98:
189-202.

Yano O., Gradstein S. R. (1997) Genera of
hepatics. Gottingen: Systematisch-Geobotani-
sches Institut.



226 J. Hentschel et al.: Reinstatement of Lophocoleaceae (Jungermanniopsida)

Yatsentyuk S. P., Konstantinova N. A., Ignatov
M. S., Hyvonen J., Troitsky A. V. (2004) On
phylogeny of Lophoziaceae and related families
(Hepaticae, Jungermanniales) based on trnL-
trnF intron-spacer sequences of chloroplast
DNA. Monogr. Syst. Bot. Misssouri Bot. Gard.
98: 150-165.

Zhu R. L., So M. L. (1996) Mosses & liverworts of
Hong Kong, vol. 2. Heavenly People Depot,
Hong Kong.

Addresses of the authors: J. Hentschel, R. Wilson,
M. Burghardt, H. Schneider, J. Heinrichs
(e-mail: jheinri@uni-goettingen.de), Abteilung
Systematische Botanik, Albrecht-von-Haller Insti-
tut fir Pflanzenwissenschaften, Georg-August-Uni-
versitdt, Untere Karspiile 2, 37073 Goéttingen,
Germany; H.-J. Ziindorf, Institut fiir Spezielle
Botanik mit Herbarium Haussknecht und Botani-
schem Garten, Friedrich-Schiller-Universitit,
Fiirstengraben 1, 07740 Jena, Germany.



