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Abstract

Molecular phylogenetic analysis found Homalothecium laevisetum, a widespread East Asian and

Malesian species, to be unrelated to other species of this genus and invoked resurrection of the genus

Oticodium. The latter genus was described for one species, O. celebesiae, which is considered to be a

synonym of Homalothecium laevisetum. Oticodium belongs to the subfamily Eurhynchioideae, and

most closely related to Eurhynchium s.str. The specialized peristome of the epiphytic Oticodium seems
to have evolved more abruptly from that in terrestrial Eurhynchium than in other epiphytic lineages of
Brachytheciaceae, such as Homalothecium and Palamocladium, where the transition to a specialized
peristome is more gradual. The superficially similar genus Palamocladium is briefly commented on.

Резюме

Результаты молекулярно-филогенетического анализа свидетельствуют о том, что широко рас-

пространенный восточноазиатский и малезийский вид Homalothecium laevisetum не является

родственным другим видам этого рода, что приводит к необходимости восстановления родового

статуса Oticodium. Этот род был описан как монотипный, включающий O. celebesiae, который

сейчас считается синонимом Homalothecium laevisetum. Oticodium относится к подсемейству

Eurhynchioideae; он наиболее близок к роду Eurhynchium s.str. Специализированный перистом

Oticodium, по-видимому, эволюционировал гораздо более быстро, чем перистомы других эпи-

фитных линий в Brachytheciaceae, таких как Homalothecium и Palamocladium, в которых переход

к специализированному типу перистома более постепенный. Дан также краткий комментарий в

отношении внешне сходного рода Palamocladium.

KEYWORDS: Eurhynchioideae, Homalothecioideae, Oticodium, phylogeny, morpholodical

synapomorphies, taxonomy

INTRODUCTION

Homalothecium Bruch, Schimp. & W. Gümbel was
among the first genera of Brachytheciaceae established
in “Bryologia Europaea” by Bruch et al. (1851). The spe-
cies in the genus typically have triangular, plicate leaves
with small alar cells, and a glossy appearance. Homal-

othecium was revised by Hofmann (1998) and molecular
phylogeny by Huttunen et al. (2008) confirmed the de-
limitation of the genus and included nine species. Two
additional species have been described after that (Hede-
näs et al., 2009, 2014).

In revisions based on morphology, Homalothecium was
often assumed to be closely related to Palamocladium

Müll. Hal. (Lai et al., 1991; Hofmann, 1997, 1998). That
genus was erected by Müller (1896), but its species were

referred to the genus Pleuropus Griff., nom. illeg. (Grif-
fith, 1842) until the middle of the 20th century. Later Pleu-

ropus / Palamocladium species have also been included in
Homalothecium by Grout (1928) and Ochyra & Pócs
(1982), and Robinson (1962) even introduced Homaloth-

ecium subgen. Palamocladium (Müll. Hal.) H. Rob.
Homalothecium and Palamocladium share several

morphological character states, such as dense terete foli-
age, narrowly triangular-lanceolate, deeply plicate leaves,
relatively short laminal cells and a conspicuous alar cell
region with small thick-walled quadrate alar cells, erect
capsules in most species, and epiphytic and epilithic hab-
itat preferences. However, molecular phylogenetic data
(Ignatov & Huttunen, 2002; Huttunen & Ignatov, 2004)
placed Homalothecium and Palamocladium in different
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subfamilies of the Brachytheciaceae: Palamocladium was
resolved in the Eurhynchioideae, while Homalothecium

was placed in the Homalothecioideae (Ignatov & Hut-
tunen, 2002; Huttunen et al., 2004).

In recent treatments the taxonomic position of Homa-

lothecium laevisetum Sande Lac. has remained unset-
tled. The species was described by Sande Lacoste (1866)
who placed it in the genus Homalothecium and compared
it with H. sericeum (Hedw.) Schimp. Homalothecium lae-

visetum differs from other species in the genus by its tem-
perate to tropical distribution, primarily in East Asia, and
some morphological characters, such as a perfectly
smooth seta, a hairy calyptra, and a reduced endostome
(Hofmann, 1998). The species is morphologically vari-
able and in a taxonomic revision of the East Asian
Brachytheciaceae by Takaki (1955) and subsequent treat-
ments in Japanese (Noguchi, 1991) and Chinese (Wang,
2008) moss floras two species were accepted, H. laevise-

tum and H. leucodonticaule (Müll. Hal.) Broth. In addi-
tion one more species, H. celebesiae (Müll. Hal.) Broth.
has often been recognized in tropical Asia in Indonesia
and Papua New Guinea (Brotherus, 1925; Enroth, 1993).
However, in her revision of the genus Homalothecium,

Hofmann (1998) concluded that the variation in Asian
plants is so wide that no more than one species can be
accepted, thus she synonymized both H. celebesiae and
H. leucodonticaule with H. laevisetum.

In the first phylogenetic analyses H. laevisetum was
resolved within the genus Homalothecium (Huttunen &
Ignatov, 2004). However, in a molecular systematic study
of Homalothecium (Huttunen et al., 2008) the species
appeared in the same subfamily as Palamocladium, which
was revealed to be due to an erroneous ITS2 sequence
(GenBank accession AF403616.1; now replaced with
correct sequence data AF403616.2) in the first molecu-
lar systematic study. Thus far, taxonomic changes result-
ing from this new generic position of H. laevisetum have
not been effected. In the present paper we aim to confirm
the phylogenetic relationships of the species using both
molecular and morphological data and to resolve the tax-
onomic position of the species.

MATERIAL AND METHODS

Taxon sampling included 53 accessions that belong
to 37 species from the Brachytheciaceae subfamilies
Brachythecioideae, Homalothecioideae, Helicodontioide-
ae and Eurhynchioideae (Table 1; Ignatov & Huttunen,
2002). Earlier phylogenetic analysis of the Brachytheci-
aceae guided the taxon selection (Huttunen & Ignatov,
2004; Huttunen et al., 2008). We aimed to include the
closest relatives of Homalothecium laevisetum and taxa
that were suggested to be closely related to it in earlier
classifications. To confirm the phylogenetic relationships
between Palamocladium and H. laevisetum and to test
the monophyly of the morphologically diverse Palam-

ocladium leskeoides (Hook.) E. Britton and H. laevise-

tum, we included several accession of these taxa, with

different morphological character state combinations and
from different parts of the world.

A morphological data matrix was compiled for 76
characters using a morphological database by L. Heden-
äs. The coding for each species is based on at least three
herbarium specimens, mainly from S. The data matrix
and descriptions of characters and their states are given
in Appendix 1 (Supplementary material 1). Fifteen char-
acters were continuous (characters 0-14 in Appendix 1)
and 61 categorical variables (characters 15-75 in Appen-
dix 1).

The molecular data consisted of five DNA sequence
regions: four plastid regions, rpl16, atpB-rbcL, trnD-T
and trnL-F, and a nuclear, ITS1-5.8S-ITS2. Laboratory
work was mainly done in the Laboratory of Molecular
Systematics, Swedish Museum of Natural History. Labo-
ratory protocols and information about PCR primers are
given in Huttunen & Ignatov (2010) and Huttunen et al.
(2008).

Phylogenetic analyses. DNA sequence data were ed-
ited and aligned manually with PhyDE® v0.9971 (Mül-
ler et al., 2005). Inversion events were included in the
phylogenetic analyses by coding presence of inversion
events as a binary data matrix. Due to possible phyloge-
netic information in substitution events in the inversion
regions, inverted fragments were included in the analy-
ses in the reverse complement form (Quandt et al., 2003).
Information in the indel events was also included in phy-
logenetic analyses as a binary matrix generated using
simple indel coding (Simmons & Ochoterena, 2000) in
the program SeqState (Müller, 2005).

Phylogenetic analyses were performed for two data
sets. First, a molecular data set with 53 terminals was
analyzed to test the species delimitation within Palam-

ocladium and Homalothecium laevisetum. Phylogenetic
analyses for 53-terminal data set were run with two opti-
mality criteria: parsimony (MP) as implemented in the
program TNT (Goloboff et al., 2008), and maximum like-
lihood (ML), using the program RAxML (Stamatakis,
2006; Stamatakis et al., 2008). With both methods anal-
yses were performed both with and without the informa-
tion in the indel events (Fig. 1).

The second data set comprised combined molecular
and morphological data with 35 terminals, one acces-
sion per species (Fig. 2). Only parsimony analysis was
performed with TNT which is able to handle continuous
characters in combination with other types (DNA and
categorical) of data.

All TNT analyses were run using the default setting in
a new technology search (NTS) except that alignment gaps
in DNA sequence data were always treated as missing data
and the search was terminated after a minimum length
tree was found five times. Bootstrap support (BS) for clades
was calculated using 1000 bootstrap replications. Trees
for bootstrapping were obtained from analysis similar to
the original NTS for the most parsimonious tree.
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RAxML analysis with the 53-terminal data set were
run in CIPRES Science Gateway (Miller et al., 2010).
DNA sequence data was divided in analysis into five par-
titions following DNA sequence regions, rpl16, atpB-
rbcL, trnD-T, trnL-F, and ITS1-5.8S-ITS2. We used rap-
id bootstrap analysis including a search for the tree with
the best ML score (-fa). The bootstrapping step included
1000 iterations. The GTRgamma model was used for all
DNA sequence partitions and the Lewis model with cor-
rection for ascertainment bias was applied for the binary
coded indel data matrix.

Ancestral state reconstruction and synapomorphies

for major clades. Ancestral character state reconstruc-
tion for morphological characters and search for synapo-
morphic character states were done with TNT using to-
pology from the analysis of the 35-terminal data set (Fig.
2). In addition to morphological characters, information
on habitat (character 76; Appendix 1) was compiled and
ancestral character state reconstructed to show as back-
ground information for some morphological character
state changes (Fig. 2b)

RESULTS

Molecular data

The aligned length of five sequenced regions was 3370
positions including 853 bp from ITS1-5.8S-ITS2 region,
700 bp from rpl16, 632 bp from atpB-rbcL, 745 bp from
trnD-T, and 440 bp from trnL-F. In the trnD-T 47 bp
were excluded from phylogenetic analysis including a
20 bp long poly-T repeat at the end of the trnE-Y spacer
(see Shaw et al., 2005; Huttunen & Ignatov, 2010) that
hampered sequencing over the region. Additionally, a 6 bp
long poly-T repeat and 21 bp region covering an inver-
sion were excluded. In the ITS1-5.8S-ITS2 region 44 bp
were excluded due to ambiguities in the alignment (40
bp) or because of poly-C repeat (4 bp). In plastid regions
a 3 bp long poly-A repeat in rpl16, a 6 bp inversion re-
gion in the trnL-F spacer, and a 3 bp long poly-A repeat
and a 4 bp long poly-T repeat in atpB-rbcL region were
also excluded from all analyses. The total length of the
alignment that was used in the phylogenetic analyses was
thus 3264 bp including 626 positions from atpB-rbcL,
698 positions for trnD-T, 434 positions for trnL-F, 697
positions for rpl16, and 809 positions for the ITS1-5.8S-
ITS2 region. In rpl16 15.6 % of the positions were vari-
able and 8.0 % parsimony informative (PI), while in oth-
er regions these numbers were 15.2 % and 7.3 % for
trnD-T, 10.4 % and 4.6 % for trnL-F, 11.2 % and 5.0 %
for atpB-rbcL, and 22.3 % and 12.0 % for ITS1-5.8S-
ITS2. Simple indel coding resulted in a data matrix with
240 characters, of which 37 characters were derived from
rpl16, 31 from trnD-T, 11 from trnL-F, 17 bp from atpB-
rbcL, and 144 from ITS1-5.8S-ITS2.

Phylogenetic relationships

Strict consensus topologies from parsimony analyses
of the 53-terminal data set with and without indel data
as well as topologies of best scoring ML trees are very

similar with only minor differences in branches lacking
significant support. With both optimality criteria some
nodes mainly within a Plasteurhynchium – Palamocla-

dium clade and in Homalothecium are better resolved or
have higher support in analyses including indel data (Fig.
1). The parsimony analysis with indel coding yielded 27
shortest trees with a length of 1235 steps. The analysis
excluding indel coding resulted in 34 shortest trees with
861 steps.

Both analysis methods and all datasets suggested that
all three subfamilies are monophyletic (Eurhynchio-
ideae, maximum BS support both with MP and ML; Heli-
codontioideae, BS MP without/with indel data 99/99, ML
without/with indel data 100/100 [first dataset/second
dataset values]; Homalothecioideae, no significant sup-
port), as well as all included genera. The position of Scle-

ropodium obtusifolium (Mitt.) Kindb., that has tentatively
been included in the subfamily Brachythecioideae (Igna-
tov & Huttunen, 2002), is in all analyses resolved as sis-
ter to a Eurhynchioideae + Helicodontioideae clade (BS:
MP 84/52, ML 87/93). Within the Eurhynchioideae, ge-
neric relationships remain mostly unresolved, but Homa-

lothecium laevisetum is resolved as sister to Eurhynchi-

um Schimp. with high support (BS: MP 96/98, ML 98/
99). A well-supported Palamocladium (BS: MP 84/96,
ML 92/98) is found together with a monophyletic Plas-

teurhynchium M. Fleisch. ex Broth. which lacks signifi-
cant support within a well-supported clade (BS: MP
84/89, ML 81/91). The Homalothecioideae includes a
monophyletic Brachytheciastrum Ignatov & Huttunen
(BS: MP 98/98, ML 99/100) and a Homalothecium clade
(BS: MP 97/94, ML 100/100) that includes all Homal-

othecium species except H. laevisetum and H. arenari-

um (Lesq.) E. Lawton. The position of H. arenarium re-
mains unsupported in all analyses based only on molec-
ular data, and outside both the Homalothecioideae and
the Eurhynchioideae + Helicodontioideae clade.

Parsimony analysis of the 35-terminal data set in-
cluding morphological data and indel data resulted in
one most parsimonious tree with a length of 1800.821

steps (Fig. 2). Support for most clades is lower than in
the analysis based on the 53-terminal data set. Subfami-
lies Eurhynchioideae (BS 100) and Helicodontioideae (BS
100) are well supported, while in Homalothecioideae the
only well-supported clade is Brachytheciastrum (BS 100).
In the Eurhynchioideae, clades with high or moderate
support include Eurhynchium (BS 81), Palamocladium

(BS 94) and Scorpiurium Schimp. (BS 100). A close re-
lationship of Plasteurhynchium and Palamocladium also
gets significant support (BS 85). Relationships at the
genus level are similar to the 53-terminal data set (Fig.
1). Homalothecium arenarium is, however, resolved with-
in Homalothecium s. str. as sister to the rest of this ge-
nus, though without significant support.

1 – tree length in TNT may be non-integer when continuous
characters are analyzed.
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Figure 1. Phylogenetic tree based

on strict consensus topology from par-

simony analysis. Support values

above branches indicate bootstrap

support from parsimony analysis

without/with sic coding for indel

events, and below branch bootstrap

support from ML analysis without/

with sic coding for indel events;

dash (–) indicates support < 50 %.

Ancestral state reconstruction and synapomorphies

for major clades

Character states shared by Homalothecium laevisetum

and the Palamocladium clade include only one sporophytic
character, presence of reduced exostome PPL ridges. Anal-
ogous state changes in this character are concentrated in
clades with epiphytic species (Fig. 2a).

The number of synapomophic morphological char-
acter states for the major clades is low. Ancestral state
reconstruction resolved a smooth seta (Fig. 2b) as a syn-
apomorphy for the subfamily Eurhynchioideae and quad-

rate, rhombic or short rectangular alar cells (Fig. 2b) for
the Plasteurhynchium – Palamocladium clade.

DISCUSSION

Our phylogeny resolves Palamocladium sister to a
monophyletic Plasteurhynchium, while Homalothecium

laevisetum is sister to a clade with Eurhynchium an-

gustirete and E. striatum (i.e. Eurhynchium s. str, see
Ignatov & Huttunen, 2002). The two clades, the Plasteu-

rhynchium – Palamocladium clade and the Eurhynchi-

um – Homalothecium laevisetum clade, share some sim-
ilar trends in ecological, geographical and morphologi-
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Figure 2. The single most parsimonious tree from analysis of combined molecular and morphological data. Bootstrap support

for nodes with > 50 % support is presented below the branches. a) Ancestral character state reconstruction for preference of

epiphytic habitats (red branches) and character state changes for a character state (exostome PPL ridges (0) normal, well devel-

oped or (1) reduced) that are shared by the Eurhynchium – H. laevisetum clade and the Plasteurrhynchium – Palamocladium

clade. b) Morphological synapomorphies of the Eurhynchioideae (seta roughness (0) smooth or (1) rough) and the Palamocladium

– Plasteurhynchium clade (alar cells appearance (0) rectangular, elongate, or linear; (1) quadrate, rhombic, or short rectangular)

with their character state changes along the branches.
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B

Fig. 3. Habits of Oticodium laevisetum, from Kuril Islands (A), Homalothecium sericeum, Caucasus (B), Eurhynchium stria-

tum, Caucasus (C) and Palamocladium euchloron, Caucasus (D).

cal evolution: the cool temperate genera Plasteurhynch-

ium and Eurhynchium, with unspecialized morphology
and growing on soil, rock and tree bases, are sister to the
warm temperate to tropical taxa Palamocladium and
Homalothecium laevisetum, respectively, which are both
morphologically specialized epiphytes (Fig. 3). The dis-
tribution area of Eurhynchium concentrates to the west-
ern part of temperate Eurasia with only a few occurrenc-
es in the east where it is sympatric with the warm tem-
perate to tropical H. laevisetum (Fig. 7). A similar pat-
tern exists in the Plasteurhynchium – Palamocladium

clade although the total distribution of the warm temper-
ate to tropical Palamocladium species is much wider and
pantropical (Hofmann, 1997).

Like at the family level in the Brachytheciaceae, epi-
phytism has evolved independently in several lineages
within the subfamily Eurhynchioideae and in Homaloth-

ecium (Fig. 2a). The epiphytic Palamocladium and H.

laevisetum, as well as epiphytic Homalothecium lineag-
es, including H. nuttalii, H. aeneum and a Homalotheci-

um crown clade with H. fulgescens, H. nevadense, H.

philippeanum and H. sericeum, have several sporophyt-
ic characters such as reduced exostome, endostomial cil-

ia that are reduced or absent, and orthotropous capsules
that are more frequently present in epiphytic species and
which evolution is most likely associated with epiphytic
habitats (Hedenäs, 2012, Huttunen et al., 2004, 2012).
However, despite shared overall habitus of species,
Palamocladium and H. laevisetum share only one char-
acter state, presence of a reduced exostome ridges in the
primary peristomial layer (PPL) (Fig. 2a, 4). Height of
projecting trabecular varies even in species with reduced
PPL, the most extreme cases occurring in epiphytic
Homalothecium s.str. species. Reduced peristomes in gen-
eral may show rather different character combinations
in different lineages in Brachytheciaceae.

The repeated evolution of several character states
makes it difficult to find morphological synapomorphies
in many pleurocarpous taxa. According to our data, the
only morphological synapomorphy for Eurhynchioideae
is the smooth seta (Fig. 2b). The smooth seta in Palam-

ocladium and Homalothecium laevisetum thus supports
placement in the Eurhynchioideae, contrasting with the
rough setae in most species of the Homalothecioideae,
where only in Homalothecium philippeanum setae are
smooth. The Plasteurhynchium – Palamocladium clade

DC

A
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Fig. 4. Peristomes of Oticodium

laevisetum (A–H; from Japan, Ochi

#934, LE) and Eurhynchium angustirete

(I; from Russia, MHA 9004199), under

stereomicroscope (A–B) and SEM (C–

I). A–C: overall view, A, C: dry, B: wet;

D: exostome from outside, showing

smooth dorsal surface of teeth; E:

exostome tooth from inside; F: teeth in

distal part, showing papillose, ridged or

rugose surfaces; G, I: side view of teeth,

showing difference in ventral trabeculae

(=PPL ridges), arrowed; H: ventral sur-
face of endostome membrane, showing

lack of segments and ciliae. Scale bars:

100 m for A–C, 20 m for D–I.
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Fig. 5. Peristomes of Palamocladium euchloron (A-B, D-E, G-H, J-K; from Russia, Caucasus, MHA 9038527) and Homalothecium

philippeanum (C, F, I, L; Russia, Caucasus, MHA9026760). Photos under stereomicroscope (A, dry, B–C, wet) and SEM (D–L);  A–

F: general views; G–H: side view, showing smooth ventral trabeculae and variously ornamented outer surface of distal part of teeth;

I: exostome teeth in the middle, showing papillose distal part and smooth surface below; J: proximal part of tooth from outside, the

surface smooth to rugose; K: proximal part of tooth from inside, showing densely arranged ventral trabeculae and wide membrana-

ceous marginal zone; L: proximal part of tooth from outside, the surface smooth. Scale bars: 10 m for A–F, 20 m for G–L.

is also supported by a single synapomorphy, the rectan-
gular, quadrate, or rhombic alar cells, while no synapo-
morhic morphological state was found for the Eurhynch-

ium – H. laevisetum clade. In the original description
of the subfamily Eurhynchioideae, the group was de-
scribed as large plants with pale green to yellowish-
green color and a characteristic, whitish color and silky
gloss, cf. Fig. 3 (Ignatov & Huttunen, 2002). Axillary
hairs are often long and their upper cells are more

strongly colored than the basal cells. The sexual condi-
tion in the Eurhynchioideae can be either autoicous (e.g.
Rhynchostegium) or dioicous, but, similar to the Homa-
lothecioideae, in the H. laevisetum – Eurhynchium and
Palamocladium – Plasteurhynchium clades, all species
are at least facultatively phyllodioicous. The seta is al-
ways smooth, and the operculum has most often a sharp-
ly delimited beak. The peristome is usually perfect, but
some epiphytic species in Rhynchostegium s. l. (Eri-
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odon, Eurhynchiella) and Palamocladium have a rath-
er strongly modified peristome structure. In the molec-
ular data, the Eurhynchium – H. laevisetum clade shares
a 19 bp long insertion in the trnY-D spacer of the trnD-
T region.

Despite the large morphological variation within
Palamocladium leskeoides, the species appears mono-
phyletic but lacks significant support and includes the
Hawaiian endemic P. wilkesianum. The position of P.

wilkesianum  should not be surprising; according to Hoff-
mann (1997), P. leskeoides and P. wilkesianum cannot
be distinguished from each other with certainty based on
gametophytic characters. Sporophytic characters differ-
entiating them include lack of cross-striolation at the base

of the exostome teeth and 3–5 rows of rectangular exoth-
ecial cells below the capsule mouth in P. wilkesianum,
contrasting with cross-striolate bases of exostome teeth
and only 2–3 rows of rectangular exothecial cells in P.

leskeoides (Hoffman, 1997). Branch lengths within the
P. leskeoides clade are extremely short, and other meth-
ods than DNA sequence data are needed to study wheth-
er P. wilkesianum and taxa that have earlier been distin-
guished within the P. leskeoides, should be recognized
at the species level. In early treatments of P. leskeoides

s.l., the species delimitations followed geographical dis-
tributions. The taxon was thus split into the East Asiatic
P. nilgheriense, the African P. sericeum and the Ameri-
can P. leskeoides s.str. The present results agree to a cer-

Fig. 7. Leaf bases of A–B: Oticodium laevisetum (Papua New Gunia, Streimann 23080, MHA 9054435), C: Oticodium laevisetum

(Russia, MHA 9036174), D: Eurhynchium angustirete (Russia, MHA 9004199), E: Palamocladium euchloron (Russia, Caucasus,

MHA 9038527); F: Palamocladium leskeoides (China, Sichuan, MHA 9051234); G: Homalothecium philippeanum (Russia,

Caucasus, MHA 9026760) Scale bars: 100 m for all.

C D

BA

E F G
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tain extent with these geographic patterns (Fig. 1), al-
though with low support for both the (1) African P. leske-

oides, and (2) African + Asian P. leskeoides + P. wilke-

sianum clades. This lends support to Hofmann’s (1997)
synonymization of P. nilgheriense and P. sericeum with
P. leskeoides.

Homalothecium laevisetum differs from other Homa-

lothecium species by its strongly modified peristome with
high dorsal trabeculae, endostome almost lacking not only
ciliae but also segments (cf. Figs. 4–5), a smooth seta,
hairy calyptra, and larger area of more homogeneous cells
across the whole leaf base (Fig. 6). The plants lack the
golden green color that is typical for other Homalothecium

species (Fig. 3). The distribution of the eleven species in
Homalothecium s.str. covers western parts of both the
Palearctic (non-tropical Eurasia and North Africa) and
North America (Fig. 7) while the distribution of H. lae-

visetum is restricted to the eastern parts of subtropical
and tropical Asia. The only area where Homalothecium

occurs in an eastern part of continent is Newfoundland,
with populations of Homalothecium sericeum that are
putatively introduced from Europe (Ignatov, 2014). On
the other hand, amphi-Atlantic distributions occur in a
number of other bryophyte taxa (Schuster, 1983; Hedenäs,
2008), suggesting that such distributions have in most
cases natural explanations. Based on the position of the
species in the molecular analyses, as well as morpholog-
ical and biogeographical differences, we suggest to trans-
fer Homalothecium laevisetum to another genus, Otico-

dium (Müll. Hall.) Kindb. (see below).

TAXONOMY

Genus Oticodium (Müll. Hall.) Kindb., Enum. Bry-
in. Exot. 27. 1888.

Hypnum sect. Oticodium Müll. Hal., Ber. Thätigk.
St. Gallischen Naturwiss. Ges., 1876–77: 303. 1978.

Type: Hypnum celebesiae Müll. Hal. = Oticodium

celebesiae (Müll. Hal.) Kindb.
Oticodium laevisetum (Sande Lac.) comb. nov.
Basionym: Homalothecium laevisetum Sande Lac. in

Miquel, Annales Musei Botanici Lugduno-Batavi 2: 298.
pl. 9. 1866. Type: Japonia, leg. Textor (Lectotype in L).

Hypnum celebesiae Müll. Hall., Linnea 39:469. 1875
(Lectotype in L!, selected in Hofmann, 1998).

Other species included: none.
In early treatments Homalothecium celebesiae and

H. laevisetum have been distinguished from each other
based on thicker and distinctly porose cell walls at the
base of the leaf (Piippo, 1987; Enroth, 1993; Hofmann,
1998; Fig. 6). However, Hofmann (1998) transferred the
name H. celebesiae under synonymy of H. laevisetum

because although these characters show a wide variation
and the differences in between the specimens do not al-
low distinguishing the two taxa.

Unfortunately, we were unable to find fresh material
of typical H. celebesiae and could not test phylogenetic
relationships of the two morphotypes. As morphologi-
cally diverse samples of populations from different parts
of the distribution area of H. laevisetum form a mono-
phyletic unit (Fig. 1), we feel that using the genus name
Oticodium for this taxon is still safe.

ACKNOWLEDGEMENTS

We thank H. Akiyama for helpful suggestions on the
manustript. This research was supported by a Marie Cu-
rie Intra-European Fellowship (MEIF-CT-2005-009452)
within the 6th European Community Framework Pro-
gram a Marie Curie Reintegration Grant (PERG03-GA-
2008-230953) within the 7th European Community
Framework Program and a post-doctoral researcher grant
from the Academy of Finland (project no. 121373) for
SH. Work of MS was supported by RSF 18-14-00121.

LITERATURE CITED

BROTHERUS, V.F. 1925. Musci. – In: Engler, A. & Prantl, K. (eds.), Die

Natürlichen Pflanzenfamilien, ed. 2, W. Engelmann, Leipzig, 11: 1–522.

BRUCH, P.H., W. PH. SCHIMPER & TH. GÜMBEL. 1851. Bryologia
Europaea seu genera muscorum Europaeorum monographice iilustra-
ta. 5. – Stutgartiae, Sumptibus Librariae E. Schweizerbart.

ENROTH, J. 1993. Bryophyte flora of the Huon Peninsula, Papua New
Guinea. LII. Homalothecium (Brachytheciaceae, Musci). – Acta Bo-

tanica Fennica 148: 1–4.

Fig. 7. Distribution of Otico-

dium (red dots). Brown shading

indicates Homalothecium spe-

cies, and green one – Palamo-

cladium species. Expanded from

Hofmann (1997, 1998), with ad-

dition from Wang (2008), and

database of moss Flora of Russia

(http://arctoa.ru/Flora/basa.php).



101Phylogenetic position of Homalothecium laevisetum

GRIFFITH, W. 1842. Muscologia itineris Assamici [I]; or, a description
of mosses, collected during the journey of the Assam Deputation, in
the years 1835 and 1836. – Calcutta Journal of Natural History 2:
465–514.

GROUT, A.J. 1928. Moss flora of North America North of Mexico. Vol.
III. Part I. – New York, published by author.

GOLOBOFF, P.A., J.S. FARRIS, & K.C. NIXON. 2008. TNT, a free pro-
gram for phylogenetic analysis. – Cladistics 24: 774–786.

HEDENÄS, L. 2008. Molecular variation and speciation in Antitrichia

curtipendula s.l. (Leucodontaceae, Bryophyta). – Botanical Journal

of Linnean Society 156: 341–354.

HEDENÄS, L. 2012. Morphological and anatomical features associated
with epiphytism among the pleurocarpous mosses – one basis for fur-
ther research on adaptations and their evolution. – Journal of Bryology

34: 79–100.

HEDENÄS, L., S. HUTTUNEN, J.R. SHEVOCK & D.H. NORRIS. 2009.
Homalothecium californicum (Brachytheciaceae), a new endemic spe-
cies to the California Floristic Province, Pacific coast of North Ameri-
ca. – Bryologist 112: 593–604.

HEDENÄS, L., A. DÉSAMORÉ, B. LAENEN, B. PAPP, D. QUANDT,
J.M. GONZÁLEZ-MANCEBO, J. PATIŃO, A. VANDERPOORTEN
& M. STECH. 2014. Three species for the price of one within the moss
Homalothecium sericeum s.l. – Taxon 63(2): 249–257.

HOFMANN, H. 1997. A monograph of the genus Palamocladium

(Brachytheciaceae, Musci). – Lindbergia 22: 3–20.

HOFMANN, H. 1998. A monograph of the genus Homalothecium

(Brachytheciaceae, Musci), – Lindbergia 23: 119–159.

HUTTUNEN, S. & M.S. IGNATOV. 2004. Phylogeny of Brachytheci-
aceae (Bryophyta) based on morphology and sequence level data. –
Cladistics 20: 151–183.

HUTTUNEN, S. & M.S. IGNATOV. 2010. Evolution and taxonomy of
aquatic species in the genus Rhynchostegium (Brachytheciaceae, Bryo-
phyta). – Taxon 59: 791–808.

HUTTUNEN, S., M.S. IGNATOV, K. MÜLLER, & D. QUANDT. 2004.
Phylogeny and evolution of epiphytism in the three moss families Me-
teoriaceae, Brachytheciaceae, and Lembophyllaceae. – In: Molecular

systematics of bryophytes, pp. 328–355. Goffinet, B., Hollowell, V.

C., and Magill, R. E., Eds. St. Louis: Missouri Botanical Garden Press.

HUTTUNEN, S., S. OLSSON, V. BUCHBENDER, J. ENROTH, L.
HEDENÄS & D. QUANDT. 2012. Phylogeny-based comparative
methods question the adaptive nature of sporophytic specializations in
mosses. – PLos One 7(10): e48268.

HUTTUNEN, S., L. HEDENÄS, M.S. IGNATOV, N. DEVOS & A.
VANDERPOORTEN. 2008. Origin and evolution of the Northern
Hemisphere disjunctions in the moss genus Homalothecium (Brachyth-
eciaceae). – American Journal of Botany 95(6): 720–730.

IGNATOV, M.S. & S. HUTTUNEN. 2002. Brachytheciaceae (Bryophy-
ta) – a family of sibling genera. – Arctoa 11: 245–296.

IGNATOV, M.S. 2014: Homalothecium. – In: Flora of North America

Editorial Committee, eds., Flora of North America North of Mexico.

Vol. 28, pp. 439-446 New York and Oxford.

LAI, M.-J., T. KOPONEN & D.H. NORRIS. 1991. Bryophyte flora of
the Huon Peninsula, Papua New Guinea. XLIV. Palamocladium

(Brachytheciaceae, Musci). – Acta Botanica Fennica 149: 71–76.

MILLER, M.A., W. PFEIFFER, & T. SCHWARTZ. 2010. Creating the
CIPRES Science Gateway for inference of large phylogenetic trees. –
Proceedings of the Gateway Computing Environments Workshop

(GCE), New Orleans, LA.

MÜLLER, C. 1896. Bryologia Hawaiica. – Flora 82: 434–479.

MÜLLER, K. 2005. Incorporating information from length-mutational
events into phylogenetic analyses. – Molecular Phylogenetics and

Evolution 38: 667–676.

MÜLLER, K., D. QUANDT, J. MÜLLER & C. NEINHUIS. 2005. Phy-
DE ® 0.983: Phylogenetic Data Editor. – Available at www.phyde.de.

NOGUCHI, A. 1991. Illustrated moss flora of Japan. Pt. 4. – Hattori Bo-

tanical Laboratory, Nichinan: 743–1012.

OCHYRA, R. & T. PÓCS. 1982. East African bryophytes, VI. Polish collec-
tions. – Acta Botanica Academiae Scientiarum Hungarica 28: 361–389.

PIIPPO, S. 1987. Notes on Asiatic Brachytheciaceae. – Memoirs of the

New York Botanical Garden 45: 515–518.

QUANDT, D., K. MÜLLER & S. HUTTUNEN. 2003. Characterisation
of the chloroplast DNA psbT-H region and the influence of dyad sym-
metrical elements on phylogenetic reconstructions. – Plant Biology 5:
400–410.

ROBINSON, H. 1962. Generic revisions of North American Brachythe-
ciaceae. – Bryologist 65: 73-146.

SANDE LACOSTE, C.M., van der. 1866. Musci Frondosi. – In: Miquel,

FAG (ed.), Prolusio Florae Japonici. Annales Musei Botanici Lug-

duno-Batavi, T. 2: 292–299.

SCHUSTER, R.M. 1983. Chapter 10. Phytogeography of the Bryophyta.
– In: Schuster, R.M. (ed.) New manual of bryology. Nichinan, The

Hattori Botanical Laboratory. Pp. 463–626.

SHAW, J., E.B. LICKEY, J.T. BECK, S.B. FARMER, W. LIU, J. MILL-
ER, K.C. SIRIPUN, C.T. WINDER, E.E. SCHILLING & R. L.
SMALL. 2005. The tortoise and the hare II: relative utility of 21 non-
coding chloroplast DNA sequences for phylogenetic analysis. – Amer-

ican Journal of Botany 92: 142–166.

SIMMONS, M.P., & H. OCHOTERENA. 2000. Gaps as characters in se-
quence-based phylogenetic Analyses. – Systematic Biology 49: 369–381.

STAMATAKIS, A. 2006. RAxML-VI-HPC: Maximum likelihood-based
phylogenetic analyses with thousands of taxa and mixed models. – Bio-

informatics 22: 2688–2690.

STAMATAKIS, A., P. HOOVER & J. ROUGEMONT. 2008. A rapid
bootstrap algorithm for the RAxML Web servers. – Systematic Biology

57: 758–771.

TAKAKI, N. 1955. Researches on the Brachytheciaceae of Japan and its
adjacent areas I. – Journal of the Hattori Botanical Laboratory 14:
1–28.

WANG, Y. F. 2008. Brachytheciaceae. – In: Hu, R.-L., Y.-F. Wang, M. R.

Crosby & S. He. 2008. Amblystegiaceae—Plagiotheciaceae. 7: viii+

258 pp. In Moss Fl. China. Science Press & Missouri Botanical Gar-

den, Beijing, New York & St. Louis.



102 S. HUTTUNEN, L. HEDENÄS & M.S. IGNATOV

Sp
ec

ie
s

Sa
m

pl
e 

N
rp

l1
6

at
pB

-r
bc

L
tr

nD
-T

tr
nL

-F
IT

S1
-5

.8
S-

IT
S2

    
 V

ou
ch

er
 sp

ec
im

en
 (H

er
ba

ri
um

; h
er

ba
ri

um
 id

)

A
er

ob
ry

um
 s

pe
ci

os
um

 (D
oz

. &
 M

ol
k.

) D
oz

. &
 M

ol
k

SH
13

M
K

13
84

56
M

K
13

84
22

FM
24

47
67

A
F3

97
78

0
A

F4
03

61
9

C
hi

na
, H

un
an

 p
ro

v.
, T

. K
op

on
en

 &
 a

l. 
52

75
3,

 9
.X

.1
99

7 
(H

)
&

 F
M

24
26

57
A

er
ol

in
di

gi
a 

ca
pi

lla
ce

a 
(H

or
nc

h.
) M

en
ze

l
SH

31
-

M
K

13
84

23
FM

24
47

63
A

Y
04

40
72

A
F3

95
63

4
E

cu
ad

or
, L

oj
a 

pr
ov

., 
D

. H
. N

or
ri

s 9
21

75
 &

 M
. B

ol
iv

ar
,

&
 D

Q
20

00
70

   
   

18
.X

II
.1

99
7 

(H
)

B
ra

ch
yt

he
ci

as
tr

um
 c

ol
lin

um
  (

Sc
hl

ei
ch

. e
x 

M
ül

l. 
H

al
.)

SH
23

2
E

F5
31

02
5

E
F5

30
96

0
M

K
13

83
89

D
Q

33
69

23
D

Q
20

09
54

R
us

si
a,

 K
am

ch
at

ka
, C

ze
rn

ya
di

ev
k 

£5
3,

 2
1.

V
II

.2
00

3 
(M

H
A

)
   

 Ig
na

to
v 

&
 H

ut
tu

ne
n

&
 D

Q
20

00
71

B
. v

el
ut

in
um

 (H
ed

w
.) 

Ig
na

to
v 

&
 H

ut
tu

ne
n

SH
78

E
F5

31
03

3
E

F5
30

96
5

M
K

13
83

90
A

F3
97

83
2

A
F4

03
66

7 
Fi

nl
an

d,
 K

ar
ja

lo
hj

a,
 M

. K
iir

ik
ki

, 2
3.

V
II

I.1
98

8 
(H

)
&

 E
F5

58
53

8
B

ra
ch

yt
he

ci
um

 r
iv

ul
ar

e 
Sc

hi
m

p.
SH

13
1

E
F5

31
01

8
E

F5
30

95
0

FM
24

47
42

A
F3

97
86

6
FM

16
10

81
Fi

nl
an

d,
 H

yr
yn

sa
lm

i, 
A

. P
ar

ne
la

, 1
9.

V
.1

99
6 

(H
)

C
ir

ri
ph

yl
lu

m
 p

ili
fe

ru
m

 (H
ed

w
.) 

G
ro

ut
SH

33
E

F5
31

01
7

E
F5

30
94

9
FM

24
47

61
A

F3
97

79
9

A
F4

03
60

8
Fi

nl
an

d,
 L

oh
ja

, T
. K

op
on

en
 &

 S
. H

ut
tu

ne
n 

13
24

, 2
4.

V.
19

99
 (H

)
&

 D
Q

20
00

81
E

ur
hy

nc
hi

as
tr

um
 p

ul
ch

el
lu

m
 (H

ed
w

.) 
Ig

na
to

v 
&

 H
ut

tu
ne

n
SH

34
E

F5
31

02
4

E
F5

30
95

6
-

A
Y

04
40

69
FM

16
11

01
Fi

nl
an

d,
 L

oh
ja

, T
. K

op
on

en
 &

 S
. H

ut
tu

ne
n 

13
21

, 2
4.

V
.1

99
9 

(H
)

E
ur

hy
nc

hi
um

 a
ng

us
tir

et
e 

(B
ro

th
.) 

T.
K

op
.

SH
66

M
K

13
84

57
M

K
13

84
24

FM
24

47
71

A
F3

97
82

5
A

F4
03

62
1

R
us

si
a,

 M
os

co
w

 p
ro

v.
, M

. I
gn

at
ov

, 3
.V

II
.1

99
8 

(M
H

A
)

&
 D

Q
20

00
86

E
. a

ng
us

tir
et

e
SH

79
5

M
K

13
84

58
M

K
13

84
25

M
K

13
83

91
M

K
13

84
88

M
K

12
08

36
R

us
si

a,
 S

ou
th

 S
ib

er
ia

, K
em

er
ov

o 
Pr

ov
., 

O
. Y

u.
 P

is
ar

en
ko

 2
2.

V
II

.2
00

7 
(S

; B
15

84
98

)
E

. s
tr

ia
tu

m
 (S

ch
re

b.
 e

x 
H

ed
w

.) 
Sc

hi
m

p.
SH

14
7

M
K

13
84

60
M

K
13

84
27

FM
24

47
72

A
Y

18
47

88
FM

24
26

61
R

us
si

a,
 C

au
ca

su
s,

 M
ak

ri
di

n,
 1

3.
V

II
.1

99
8 

(M
H

A
)

E
. s

tr
ia

tu
m

SH
79

6
M

K
13

84
61

M
K

13
84

28
M

K
13

83
92

M
K

13
84

89
M

K
12

08
37

Sw
itz

er
la

nd
, K

t. 
Te

ss
in

, L
. H

ed
en

äs
 1

4.
IV

.2
00

6 
(S

; B
11

14
48

)
H

om
al

ot
he

ci
um

 a
en

eu
m

 (M
itt

.) 
L

aw
to

n
SH

34
9

E
F5

31
04

4
E

F5
30

98
6

M
K

13
83

93
M

K
13

84
90

E
F6

17
57

4
C

an
ad

a,
 B

ri
tis

h 
C

ol
om

bi
a,

 W
. B

. S
ch

of
ie

ld
 1

17
34

9,
 1

8.
V

.2
00

1 
(U

B
C

; B
18

69
83

)
H

. a
re

na
ri

um
 (L

es
q.

) E
. L

aw
to

n
SH

34
3

E
F5

31
03

4
E

F5
30

96
6

M
K

13
83

94
M

K
13

84
91

E
F6

17
55

4
C

an
ad

a,
 B

ri
tis

h 
C

ol
om

bi
a,

 P
. H

en
de

rs
on

 1
2,

 2
2.

IV
.2

00
3 

(U
B

C
; B

18
56

15
)

H
. a

ur
eu

m
 (S

pr
uc

e)
 H

. R
ob

.
SH

30
2

E
F5

31
08

2
E

F5
30

97
0

M
K

13
83

95
M

K
13

84
92

E
F6

17
55

7
C

yp
ru

s,
 T

ro
do

s,
 L

. H
ed

en
äs

, 2
9.

X
I.1

99
5 

(S
; B

10
68

46
)

H
. c

al
ifo

rn
ic

um
 H

ed
en

äs
 &

 a
l.

SH
43

2
E

U
68

44
59

E
U

68
44

52
-

-
E

U
69

77
38

U
SA

, C
al

if
or

ni
a,

 J.
 R

. S
he

vo
ck

 2
91

93
, 2

8.
X

.2
00

6 
(S

; B
14

81
97

)
H

. f
ul

ge
sc

en
s (

M
itt

. e
x 

M
ül

l. 
H

al
.) 

A
.J

ae
ge

r
SH

36
3

E
F5

31
03

9
E

F5
30

97
9

M
K

13
83

96
E

F5
31

03
9

E
F5

30
97

9
C

an
ad

a,
 B

rit
is

h 
C

ol
om

bi
a,

 W
. B

. S
ch

of
ie

ld
 &

 R
. J

. B
el

la
nd

 9
32

59
, 1

8.
IV

.1
98

9 
(U

C
B

)
H

om
al

ot
he

ci
um

 la
ev

is
et

um
 S

an
de

 L
ac

.
SH

79
2

M
K

13
84

62
M

K
13

84
29

M
K

13
83

97
M

K
13

84
93

M
K

12
08

38
Ja

pa
n,

 T
oc

hi
gi

 P
ro

v.
, M

.H
ig

uc
hi

 1
20

8,
 5

.V
.1

99
9 

(S
; B

13
88

25
)

H
. l

ae
vi

se
tu

m
SH

80
8

M
K

13
84

64
M

K
13

84
31

M
K

13
83

99
M

K
13

84
95

M
K

12
08

40
R

us
si

a,
 P

ri
m

or
sk

y 
te

rr
ito

ry
, M

. I
gn

at
ov

 &
 E

. I
gn

at
ov

 #
06

-2
95

3,
 2

9.
IX

.2
00

6 
(M

H
A

)
H

. l
ae

vi
se

tu
m

SH
80

9
M

K
13

84
63

M
K

13
84

30
M

K
13

83
98

M
K

13
84

94
M

K
12

08
39

R
us

si
a,

 K
ur

il 
Is

la
nd

s,
 M

. I
gn

at
ov

 #
06

-1
87

0,
 2

7.
V

II
.2

00
6 

(M
H

A
)

H
. l

ae
vi

se
tu

m
SH

67
E

F5
31

02
3

E
F5

30
95

5
FM

24
47

73
A

F3
97

82
0

FM
24

26
63

C
hi

na
, H

un
an

 p
ro

v.
,T

. K
op

on
en

 &
 a

l. 
54

06
6,

 3
0.

V
II

.1
99

8 
(H

)
H

. l
ut

es
ce

ns
 (H

ed
w

.) 
H

.R
ob

.
SH

32
1

E
F5

31
05

0
E

F5
30

97
3

M
K

13
84

00
M

K
13

84
96

E
F6

17
55

9
D

en
m

ar
k,

 Jy
lla

nd
, L

. H
ed

en
äs

, 2
0.

IV
.2

00
5 

(S
; B

10
12

71
)

H
. m

eg
ap

til
iu

m
 (S

ul
liv

an
t)

 S
ch

of
ie

ld
SH

34
4

E
F5

31
03

6
E

F5
31

01
4

M
K

13
84

01
M

K
13

84
97

E
F6

17
56

8
U

.S
.A

., 
W

as
hi

ng
to

n,
 W

. B
. S

ch
of

ie
ld

 1
19

34
6,

 1
1.

IV
.2

00
2 

(U
B

C
)

H
. n

ev
ad

en
se

 (L
es

q.
) R

en
au

ld
 &

 C
ar

do
t

SH
35

5
E

F5
31

04
7

E
F5

30
98

8
M

K
13

84
02

M
K

13
84

98
E

F6
17

57
6

U
.S

.A
., 

Id
ah

o,
 W

. B
. S

ch
of

ie
ld

 1
18

83
3,

 2
5.

IX
.2

00
1 

(U
B

C
; B

18
95

51
)

H
. n

ut
ta

lli
i (

W
ils

on
) A

.J
ae

ge
r

SH
36

2
E

F5
31

07
8

E
F5

30
99

1
M

K
13

84
03

M
K

13
84

99
E

F6
17

57
9

C
an

ad
a,

 B
ri

tis
h 

C
ol

om
bi

a,
 W

. B
. S

ch
of

ie
ld

 &
 a

l. 
87

59
9,

 2
6.

II
I.1

98
7 

(U
B

C
)

H
. p

hi
lip

pe
an

um
 (S

pr
uc

e)
 S

ch
im

p.
SH

31
0

E
F5

31
07

4
E

F5
31

00
0

M
K

13
84

04
M

K
13

85
00

E
F6

17
58

4
K

az
ah

st
an

, A
lm

a 
A

ta
, B

. A
lle

n 
10

71
5,

 1
7.

V
II

.1
99

1 
(S

; B
10

69
57

)
H

. s
er

ic
eu

m
 (H

ed
w

.) 
Sc

hi
m

p.
SH

31
9

E
F5

31
06

6
E

F5
31

01
2

M
K

13
84

05
M

K
13

85
01

E
F6

17
59

5
Fr

an
ce

, C
ab

er
ne

t, 
G

. E
en

, 3
.X

.1
99

8 
(S

; B
10

74
54

)
O

xy
rr

hy
nc

hi
um

 h
ia

ns
 (H

ed
w

.) 
L

oe
sk

e
SH

11
40

M
K

13
84

65
M

K
13

84
32

M
K

13
84

06
M

K
13

85
02

M
K

12
08

41
Fi

nl
an

d,
 T

ur
ku

, J
. I

ss
ak

ai
ne

n 
&

 a
l.,

 X
.2

01
1 

(T
U

R
; T

U
R

 1
20

94
3)

O
. s

pe
ci

os
um

 (B
ri

d.
) W

ar
ns

t.
SH

10
97

M
K

13
84

66
M

K
13

84
33

M
K

13
84

07
M

K
13

85
03

M
K

12
08

42
Sw

ed
en

, G
ot

la
nd

, K
. H

yl
an

de
r 2

99
2,

 2
6.

X
20

02
 (S

; B
10

75
77

)
P

al
am

oc
la

di
um

 e
uc

hl
or

on
 (B

ru
ch

 e
x 

M
ül

l. 
H

al
.)

SH
93

-
-

FM
24

47
74

A
F3

97
85

1
FM

24
26

72
R

us
si

a,
 C

au
ca

su
s,

 M
. I

gn
at

ov
, 2

3.
V

II
I.1

99
9 

(M
H

A
)

   
W

ijk
 &

 M
ar

ga
d.

P.
 e

uc
hl

or
on

SH
40

7
M

K
13

84
67

M
K

13
84

34
M

K
13

84
08

M
K

13
85

04
M

K
12

08
43

Tu
rk

ey
, T

ra
bz

on
 p

ro
v.

, E
. N

yh
ol

m
 1

47
/8

2,
 8

.X
.1

98
2 

(S
; B

10
18

51
)

P.
 le

sk
eo

id
es

 (H
oo

k.
) B

ri
tt.

SH
11

80
M

K
13

84
76

M
K

13
84

43
M

K
13

84
16

M
K

13
85

12
M

K
12

08
51

B
ra

si
l, 

Pa
ra

na
, D

. F
. P

er
al

ta
 &

 a
l. 

12
71

0,
 1

7.
X

I.2
01

2 
(T

U
R

; T
U

R
 1

18
67

4)
P.

 le
sk

eo
id

es
SH

11
74

M
K

13
84

75
M

K
13

84
42

M
K

13
84

15
M

K
13

85
11

M
K

12
08

50
B

ra
si

l, 
R

io
 G

ra
de

 d
o 

Su
l, 

D
. F

. P
er

al
ta

 1
04

70
, 1

4.
IV

.2
01

0 
(T

U
R

; T
U

R
 1

18
68

3)
P.

 le
sk

eo
id

es
SH

18
M

K
13

84
68

M
K

13
84

35
FM

24
47

75
A

F3
97

79
1

FM
24

26
73

C
hi

na
, H

un
an

 p
ro

v.
, T

. K
op

on
en

 &
 a

l. 
52

59
6,

 1
0.

X
.1

99
7 

(H
)

P.
 le

sk
eo

id
es

.
SH

40
0

M
K

13
84

69
M

K
13

84
36

M
K

13
84

09
M

K
13

85
05

M
K

12
08

44
C

hi
na

, H
un

an
 p

ro
v.

, T
. K

op
on

en
 &

 a
l. 

51
81

7 
(H

)
P.

 le
sk

eo
id

es
SH

40
3

M
K

13
84

70
M

K
13

84
37

M
K

13
84

10
M

K
13

85
06

M
K

12
08

45
C

ol
om

bi
a,

 N
or

te
 d

e 
Sa

nt
an

de
r, 

S.
 P

. C
hu

rc
hi

ll 
&

 a
l.,

 2
4.

I.1
99

5 
(S

)

Ta
bl

e 
1.

 V
ou

ch
er

 s
pe

ci
m

en
s 

us
ed

 fo
r m

ol
ec

ul
ar

 s
tu

di
es

 a
nd

 G
en

B
an

k/
E

M
B

L
 a

cc
es

si
on

 n
um

be
rs

 fo
r s

eq
ue

nc
es

.

co
nt

in
ue

d 
on

 n
ex

t p
ag

e



P
al

am
oc

la
di

um
 le

sk
eo

id
es

 (H
oo

k.
) B

ri
tt.

O
K

79
7

M
K

13
84

72
M

K
13

84
39

M
K

13
84

12
M

K
13

85
08

M
K

12
08

47
Ph

ili
pp

in
es

, M
in

da
na

o 
pr

ov
., F

. S
ch

um
m

 &
 U

. U
w

e S
ch

w
ar

z 4
57

8,
 1

0.
V

II
I.1

99
9 

(M
H

A
)

P.
 le

sk
eo

id
es

O
K

79
8

M
K

13
84

73
M

K
13

84
40

M
K

13
84

13
M

K
13

85
09

M
K

12
08

48
Ph

ili
pp

in
es

 M
in

da
na

o 
pr

ov
., 

F.
 S

ch
um

m
 &

 U
. U

w
e S

ch
w

ar
z 4

57
9,

 1
0.

V
II

I.1
99

9 
 (M

H
A

)
P.

 le
sk

eo
id

es
O

K
80

0
M

K
13

84
74

M
K

13
84

41
M

K
13

84
14

M
K

13
85

10
M

K
12

08
49

B
hu

ta
n,

 G
. &

 S
. M

ie
he

 0
0-

08
6-

02
, 2

00
0 

(M
H

A
)

P.
 le

sk
eo

id
es

SH
78

8
M

K
13

84
77

M
K

13
84

44
M

K
13

84
17

M
K

13
85

13
M

K
12

08
52

K
en

ya
, M

ou
nt

 E
lg

on
 N

at
io

na
l P

ar
k,

 T
. P

oc
s &

 a
l. 

92
11

/B
V

, 1
1-

27
.I.

19
92

(H
; H

32
04

17
4)

P.
 le

sk
eo

id
es

SH
78

9
M

K
13

84
78

M
K

13
84

45
M

K
13

84
18

M
K

13
85

14
M

K
12

08
53

Ta
nz

an
ia

, N
gu

ru
 M

ou
nt

ai
ns

, G
. K

is
 &

 T
. P

oc
s 9

10
5/

B
, 3

0.
I.1

99
1 

(H
)

P.
 w

ilk
es

ia
nu

m
 (S

ul
l.)

 M
ül

l. 
H

al
.

SH
40

8
M

K
13

84
71

M
K

13
84

38
M

K
13

84
11

M
K

13
85

07
M

K
12

08
46

H
aw

ai
i, 

O
ah

u,
 W

. J
. H

oe
 3

33
6,

 2
.I.

19
75

 (S
)

P
la

st
eu

rr
hy

nc
hi

um
 m

er
id

io
na

le
 (S

ch
im

p.
) M

.F
le

is
ch

.
SH

41
0

M
K

13
84

59
M

K
13

84
26

FM
24

47
70

FM
24

20
60

FM
24

26
60

Fr
an

ce
, A

lp
es

 M
ar

iti
m

es
, G

. &
 P

. E
en

, 2
6.

IX
.2

00
1 

(S
; B

62
88

1)
P.

 st
ri

at
ul

um
 (S

pr
uc

e)
 S

ch
im

p.
SH

15
3

M
K

13
84

79
M

K
13

84
46

FM
24

47
76

A
Y

18
47

92
FM

24
26

56
G

eo
rg

ia
, A

bk
ha

zi
a,

 M
. I

gn
at

ov
, 1

.V
II

I.1
98

7 
(M

H
A

)
P.

 st
ri

at
ul

um
SH

41
1

M
K

13
84

80
M

K
13

84
47

M
K

13
84

19
M

K
13

85
15

-
G

er
m

an
y,

 B
ad

en
-W

ür
tte

m
be

rg
, L

. H
ed

en
äs

, 1
7.

IV
.1

99
8 

(S
; B

63
58

)
P

se
ud

os
cl

er
op

od
iu

m
 p

ur
um

 (H
ed

w
.) 

M
.F

le
is

ch
SH

21
M

K
13

84
82

M
K

13
84

49
FM

24
47

68
A

F3
97

79
7

FM
24

26
78

C
ze

ch
 R

ep
ub

lic
, C

en
tr

al
 B

oh
em

ia
, J

. V
an

a 
&

 J.
 E

nr
ot

h,
 3

0.
IV

.1
99

9 
(H

)
R

hy
nc

ho
st

eg
ie

lla
 m

ac
ile

nt
a 

(R
en

au
ld

 &
 C

ar
do

t)
 C

ar
do

t
SH

10
1

M
K

13
84

83
FJ

26
24

64
FM

24
47

58
A

F3
97

78
1

A
F4

03
57

0
Po

rt
ug

al
, M

ad
ei

ra
, L

. H
ed

en
äs

, 1
3.

V
.1

99
3 

(S
; B

45
03

)
&

 D
Q

20
01

05
R

hy
nc

ho
st

eg
iu

m
 c

on
fe

rt
um

 (D
ic

ks
.) 

B
ru

ch
 &

 a
l.

SH
29

-
M

K
13

84
50

FM
24

47
95

A
F3

97
83

7
A

F4
03

62
2

G
eo

rg
ia

, C
au

ca
su

s,
 M

. I
gn

at
ov

, 2
7.

V
II

I.1
98

7 
(M

H
A

)
&

 D
Q

20
01

09
R

. m
eg

ap
ol

ita
nu

m
 (B

la
nd

ow
 ex

 F
.W

eb
er

 &
 D

.M
oh

r)
 S

ch
im

p.
SH

38
8

M
K

13
84

84
M

K
13

84
51

FM
24

48
10

FM
24

20
78

FM
24

26
92

Po
rt

ug
al

, A
le

nt
ej

o 
B

ai
xo

, G
. &

 P
. E

en
, M

ar
ch

 1
8.

II
I.1

99
9 

(S
; B

18
44

4)
R

. r
ip

ar
io

id
es

 (H
ed

w
.) 

D
ix

on
SH

22
0

M
K

13
84

81
M

K
13

84
48

FM
24

47
83

D
Q

33
69

31
D

Q
20

09
69

Fi
nl

an
d,

 S
. H

ut
tu

ne
n 

16
83

, 2
9.

V
II

I.2
00

2 
(H

)
&

 D
Q

33
69

16
R

. t
en

ui
fo

liu
m

 (H
ed

w
.) 

R
ei

ch
ar

dt
SH

33
5

M
K

13
84

85
M

K
13

84
52

FM
24

48
16

FM
24

20
80

FM
24

26
94

A
us

tr
al

ia
, A

us
tr

al
ia

n 
C

ap
ita

l T
er

ri
to

ry
, H

. S
tr

ei
m

an
n 

50
17

9,
 2

0.
X

.1
99

2 
(H

)
Sc

le
ro

po
di

um
 o

bt
us

ifo
liu

m
 (B

ri
d.

) L
.

SH
40

-
M

K
13

84
53

M
K

13
84

20
A

F3
97

79
3

A
F4

03
61

5
U

SA
, C

al
if

or
ni

a,
 M

. I
gn

at
ov

 &
 D

. H
. N

or
ri

s,
 1

3.
V

II
I.1

98
9 

(M
H

A
)

&
 D

Q
20

01
16

Sc
or

pi
ur

iu
m

 c
ir

ci
nn

at
um

 (B
ri

d.
) M

.F
le

is
ch

.
SH

35
4

M
K

13
84

86
M

K
13

84
54

FM
24

47
69

FM
24

20
81

FM
24

26
95

Po
rt

ug
al

, C
oi

m
br

a,
 L

. H
ed

en
äs

, 2
2.

IX
.2

00
0 

(S
; B

44
52

4)
S.

 d
ef

le
xi

fo
liu

m
 (S

ol
m

s.
) M

.F
le

is
ch

. &
 L

oe
sk

e
SH

10
2

M
K

13
84

87
M

K
13

84
55

M
K

13
84

21
A

F3
97

84
4

A
F4

03
59

9
Po

rt
ug

al
, M

ad
ei

ra
, L

. H
ed

en
äs

 &
 I.

 B
is

an
g,

 2
1.

X
I.1

99
9 

(S
; B

22
45

5)

Ta
bl

e 
1 

(c
on

t.)
. V

ou
ch

er
 s

pe
ci

m
en

s 
us

ed
 fo

r m
ol

ec
ul

ar
 s

tu
di

es
 a

nd
 G

en
B

an
k/

E
M

B
L

 a
cc

es
si

on
 n

um
be

rs
 fo

r s
eq

ue
nc

es
.


