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the p-values based on the AU test (AU) by CON-
SEL, the bootstrap probabilities with the scaled
bootstrap replicates (NP) by CONSEL, the stan-
dard bootstrap porobabilities (BP: Efron 1979;
Felsenstein 1985) by MEGAS, the local bootstrap
probabilities (LBP) by nucml, and Bayesian pos-
terior probabilities (PP) calculated by the Bayes-
ian information criterion (BIC) approximation
(Schwarz 1978, Hasegawa & Kishino 1989) by
CONEL are shown on or near each branch (AU/
NP/BP/LBP/PP; in%)).

Results

A total of 1,461 distinct topologies were ob-
tained from the ML, MP, NJ and BI analyses, and
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1,277 topologies passed the AU test. The ML
tree with supporting values (AU/NP/BP/LBP/PP)
is shown in Fig. 1. The best fit model for the rbcL
sequence is GTR + gamma.

Two major clades were recognized, corre-
sponding to a Metzgeriales clade, comprising
Metzgeriaceae, Vandiemeniaceae, and Aneura-
ceae, and a clade including the other orders of
sample thalloid liverworts: Pelliales, Fossombro-
niales, and Pallaviciniales (AU/NP/BP/LBP/PP =
64/91/94/99/1.00, 77/58/65/95/0.60), respectively.
In the former clade, the Aneuraceae appeared at
the most basal position, and Vandiemenia was
sister to Metzgeria with high supporting values
(52/92/99/99/1.00). The relationships within the
Fossombroniales, Pallaviniciales, Pelliales, and
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Fig. 1. Maximum Likelihood tree based on analysis of the rbcL sequence. Supporting values more
than 50% were overlaid: values obtained by the AU test (AU), bootstrap probabilities (NP), standard
bootstrap probabilities (BP), local bootstrap probabilities (LBP) and Bayesian posterior probabilities
(PP) are shown on or near each branch (AU/NP/BP/LBP/PP; in%). The root is arbitrarily placed on
the branch leading to the clade which includes members of the Marchantiales.
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Anecuraceae essentially agreed with Crandall-
Stotler et al. (2005), Forrest and Crandall-Stotler
(2005), Forrest et al. (2006), and Masuzaki et al.
(2010a).

Discussion

On the basis of the revised description of
Vandiemenia (Furuki & Dalton 2008), it shares
with the Metzgeriales several key characters:
(1) sexual branches reduced; (2) capsule with
elaterophores at the apex of each valve; (3) cap-
sule walls 2—stratose; and (4) cells of the capsule
elongate and linear to oblong. Mizutania has
reduced sexual branches which resemble those
of the Metzgeriales, although no sporophytes
of Mizutania have been discovered. Mizutania
belongs to the Calypogeiaceae of the Jungerman-
niales (Masuzaki et al. 2010a). The sharing of
these important criteria amongst the three taxa
and the derived phylogenetic tree (Fig. 1) support
the inclusion of Vandiemenia in the Metzgeriales.
In addition, Vandiemenia shares with the other
genera of Metzgeriaceae several morphological
characters: (1) thalli with terminal-lateral or ven-
tral endogenous branching, (2) rhizoid-like hairs
on the successive junctions or corners of epi-
dermal cells of the thallus, (3) the absence of oil
bodies, (4) sexual branches arising endogenously
from ventral inner cells of the costal region, (5)
antheridia not enclosed within the thallus cham-
ber, and (6) sexual organs located on the dorsal
surface of sexual branches. Vandiemenia differs
from the Metzgeriaceae by: (1) mucilage papillae
are two-celled and srise from ventral epidermal
cells, and (2) the thickening patterns on the layers
of the capsule wall. Two-celled mucilage papil-
lae are exceptionally found on stalk cells in the
Aneuraceae (Furuki 1991), and are unknown in
the Metzgeriaceae. Although the thickening pat-
terns of the capsule wall layers are an important
taxonomic criterion in Metzgeriaceae, the char-
acter corresponds to differences at the subgeneric
level (Masuzaki et al. 2010b). Furuki and Dalton
(2008) placed Vandiemenia in the Metzgeriaceae.
The phylogenetic relationships would be support-
ed that their taxonomic conclusion was appropri-
ate.

The result (Fig. 1) suggests that Vandieme-
nia is a primitive form of Metzgeriaceae. The

highly diverse features seen in the genera Metz-
geria, Steereella, Austrometzgeria, and subgen.
Apometzgeria may be evolutionarily derived as
consequences of environmental adaptation. The
evolution of the Metzgeriaceae from an ancestral
form having a rhizomatous system, as proposed
by Kuwahara (1966), seems unlikely, but needs
further evaluation.
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Appendix. Information on specimens from which DNA
extracted in this study.

Here is a list of taxa whose rbcL sequences were uti-
lized in this study with their accession numbers, showing
their sources and voucher specimen information. The
sequence of information is the name of taxon, accession
number, locality and specimen number.

Lobatiriccardia yakusimensis (Schiffner) Furuki,
AB673209, Japan, Kyushu, Yakushima Isl., Kagoshima-
ken, Kumage-gun, Yaku-cho, Mt. Mocchomu, 3 Aug.
2005, T Yamaguchi in hb. H. Masuzaki No. 2200 (HIRO);
Riccardia marginata (Colenso) Pearson var. pacifica Fu-
ruki, AB673208, Japan, Fukui Pref., Tsuruga-shi, 28 Aug.
2005, T. Furuki 20339 (CBM & HIRO); Vandiemenia rat-
kowskiana Hewson, AB673210, Australia, Tasmania Is.,
2004, Dalton et al. 19704 (HO, CBM , HIRO & F).

BRI 58 - v ASEHE - Patrick J. Dalton - FEFHT# 3% - Rodney
D. Seppelt * IR : Vandiemenia ratkowskiana @ %%
SN ARSI

Vandiemenia ratkowskiana \X, % A~ =7 btk &
N7z R B IRME R 2 O BRI TD 5. Vandiemenia O
RERMRARH R EF BRI, A Y T 7 Fl Aneuraceae (J¥12
A Y T F Riccardia) O b O LEEHT %05, AR E R
a7k EDRRIE, 7 5~ % T Fl Metzgeriaceae
DO ELHFP LTS, Vandiemenia % 7 # L 72 Hewson
(1982) %, Vandiemenia % Aneuraceae X* Metzgeriaceae
L1 R 7 2 Fl Vandiemeniaceae 12 & 72 L2 L, #H
Wik R OERIER L 2RI N T o2/,
Vandiemenia % Aneuraceaec D ikt & 5 2 Wi#d b - 72
(Schuster 1992). Furuki and Dalton (2008) i&, #i 72 I
Vandiemenia DT, NaT-1K7% & OB E LK
L, Vandiemenia % Metzgeriaceae |ZH 72, AROFFETIL,
NS DOGEEIY D W THE 179 729018,
T RN 2 AT > 72, Z O#EH, Vandiemenia 1%
Metzgeriaceae (2B 5 2 L AVRIE S 7z,





