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ABSTRACT

In this study we address the phylogenetic relationships within the genus
Hymenophyllum. Our sampling includes the segregate monotypic genera
Cardiomanes, Serpyllopsis, Rosenstockia, and Hymenoglossum, representatives
of the five subgenera proposed for Hymenophyllum by Morton, and of the
section Microtrichomanes. Using morphology, cytology, and nucleotide
sequences (rbcL, rps4-trnS, rbcL-accD), we obtained a fully resolved topology
with several clades well supported. We confirm the monophyly of two clades
within the Hymenophyllaceae. Serpyllopsis and Rosenstockia are nested in
Hymenophyllum within a derived clade, while Cardiomanes and
Hymenoglossum are positioned within a basal grade. Although some of the
phylogenetic associations that were previously proposed within Hymenophyllum

are supported, many traditionally defined infrageneric taxa are not resolved as
monophyletic: subg. Hymenophyllum and Sphaerocionium are paraphyletic, and
the broad subg. Mecodium, whose homogeneity had never been questioned,
appears polyphyletic.

INTRODUCTION

The debate surrounding the systematics of the Hymenophyllaceae originates mainly
from the existence of intermediate shapes between the bivalved sorus typically
described for Hymenophyllum Sm. and the tubular one characterising Trichomanes L.
(Iwatsuki, 1977), as well as from the existence of very peculiar taxa. Consequently,
many authors refuted the bigeneric system and proposed a number of genera ranging
from 6 to 42 (Copeland, 1938, 1947; Morton, 1968; Pichi Sermolli, 1977; Iwatsuki,
1984, 1990). Recent phylogenetic studies (Pryer et al., 2001; Ebihara et al., 2002;
Hennequin et al., 2003) have suggested the existence of two clades, one corresponding
to Trichomanes s.l., the other to Hymenophyllum s.l. This latter notably includes the
"intermediate" taxa treated as separate genera even by advocates of an oligogeneric
system (Morton, 1968; Iwatsuki, 1984, 1990) : Cardiomanes C.Presl, Serpyllopsis

Bosch, Rosenstockia Copel. and Hymenoglossum C.Presl. It also includes many species
of the genus Microtrichomanes sensu Copeland (1938, 1947), a taxon previously

FERN GAZ. 17(5): 247-257. 2006 247



considered closer to Trichomanes than to Hymenophyllum by most authors (Ebihara et

al., 2004). 
In addition to the issue of the circumscription of Hymenophyllum, specialists of the
family encountered another problem when studying the systematics of the taxon, even
in a strict sense. The genus consists of about 350 species, which grow predominantly as
epiphytes. In comparison with the Trichomanes lineage, the Hymenophyllum lineage
appears quite homogeneous morphologically and ecologically with all species having
long creeping rhizomes with thin roots and mostly pendant leaves. A thorough study
reveals, however, that many features are quite variable. These are, for example, the
sorus morphology (Iwatsuki, 1977), but also the indumentum, the stele anatomy, and
the chromosome numbers (Tryon and Tryon, 1982). Copeland (1937) thus noted that
"Hymenophyllum is even less homogeneous than Trichomanes". Nevertheless, this
variability does not provide reliable characters for the systematics of the genus, and
Copeland (1937) deplored "the absence of single conspicuous criteria for the
recognition of the natural groups within Hymenophyllum". Several groups have
however been proposed for Hymenophyllum since the 19th century. The four major 20th

century classifications of the genus are reported in Table 1. The delimitation of the taxa
proposed does not vary much among these classifications. The main conflicts lie in the
taxonomic rank attributed to the taxa and in the affinities suggested among them. 

Using a combination of two chloroplastic regions, Ebihara et al. (2002), Ebihara et

al. (2003) (rbcL + rbcL-accD) and Hennequin et al. (2003) (rbcL + rps4-trnS) provided
insights into the relationships within Hymenophyllum. By sampling 25 species of the
Hymenophyllum lineage, Hennequin et al. (2003) obtained three main clades: 1)
Hymenophyllum s.s., corresponding globally to the subg. Hymenophyllum Sm.
proposed by Morton (1968) and including the genera Rosenstockia and Serpyllopsis,
and the subg. Craspedophyllum C.Presl and Hemicyatheon Domin.; 2) a clade including
several species of the subg. Mecodium Copel.; and 3) a clade composed of species of
subg. Sphaerocionium (C.Presl.) C.Chr. including species of Microtrichomanes (Mett.
ex Pantl) Copel. Cardiomanes reniforme (G.Forst.) C.Presl and Hymenoglossum

cruentum (Cav.) C.Presl were retrieved at the base of the tree along with one species of
Mecodium. Nevertheless, several clades lacked bootstrap support. In this study, we
combine and extend the taxonomic sampling used by Ebihara et al. (2002), Ebihara et

al. (2003) and Hennequin et al. (2003) and add rbcL-accD or rps4-trnS data for all
species. In addition, we combine molecular with morphological and cytological data.

MATERIALS AND METHODS

Taxonomic sampling

We adopt here Morton's (1968) classification for the purpose of presenting the results.
The name of the section sensu Morton (1968) will thus be placed in parenthesis when
needed. In addition to the taxonomic samplings used by Ebihara et al. (2002), Ebihara
et al. (2003) and Hennequin et al. (2003), our sampling (Table 2) includes H.

marginatum Hook. & Grev., the type species of Morton's (1968) subgenus
Craspedophyllum, three species of Mecodium (H. australe Willd., H. demissum

(G.Forst.) Sw. and H. polyanthos (Sw.) Sw. and H. (Sphaerocionium) hirsutum (L.) Sw.
This sampling represents all but four out of the 11 genera proposed by Copeland (1938)
for Hymenophyllum s.l., and all but three out of the 10 sections proposed by Morton
(1968) for the genus. We first performed an analysis based on rbcL using a broad
sampling including five Trichomanes taxa and five non-Hymenophyllaceae as
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Copeland
 (1938, 1947)

Morton
(1968)

Pichi Sermolli
 (1977)

Iwatsuki
(1984,1990)

Number
of species

Distribution
(7)

Genera Genera Sub-genera Sections Genera Genera Sub-genera Sections
Hymenoglossum Hymenoglossum Hymenoglossum Hymenoglossum 1 Ch

Serpyllopsis Serpyllopsis Serpyllopsis Serpyllopsis 1 Ch-Arg
Rosenstockia Rosenstockia Rosenstockia Rosenstockia 1 NC

Plumosa
Pseudomecodium

Mecodium Mecodium Mecodium (2, 3) Mecodium Mecodium Mecodium > 100 P
Diplophyllum 2 Aus, NZ
Corrugatae

Craspedophyllum Craspedophyllum Craspedophyllum Pachyloma 2 Aus, NZ
Hymenophyllum Hymenophyllum Hymenophyllum Hymenophyllum Hymenophyllum Hymenophyllum Hymenophyllum 33 C

Eupectinum Eupectinum 4 Ch-Arg
Amphipterum Hymenophyllum (2) Amphipterum Amphipterum 4 A

Buesia Buesia Buesia Buesia 5 NT
Meringium Ptychophyllum Meringium Chilodium Chilodium 70 P
Myriodon Myriodon Myriodon Myriodon 1 A

Hemicyatheon Hemicyatheon Hemicyatheon Hemicyatheon 2 Aus, NZ
Leptocionium (1) Leptocionium Leptocionium 1 Ch-Arg

Sphaerocionium Sphaerocionium Sphaerocionium Sphaerocionium Sphaerocionium Sphaerocionium 70 P
Apteropteris Apteropteris Apteropteris Apteropteris 2 Aus, NZ
Cardiomanes Cardiomanes Cardiomanes Cardiomanes (4) 1 NZ

Microtrichomanes (6) Microtrichomanes (5) 9 PT

Table 1. Comparison of the classifications of Copeland (1938, 1947), Morton (1968), Pichi Sermolli (1977) and Iwatsuki (1984, 1990), with
species number in the studied sections, and their distribution.

(1) included in Sphaerocionium as a sub-section; (2) included in Mecodium as a sub-section; (3) including the sub-section Diplophyllum ; (4)
unique representative of the sub-family Cardiomanoidae; (5) included in Trichomanes section Crepidomanes; (6) included in Trichomanes under
the unplaced sectional name Flabellata; (7) distribution: Arg, Argentina; A, Asia; Aus, Australia; Ch, Chile; C, Cosmopolitan, NT, Neotropical;
NC, New Caledonia; NZ, New Zealand; P, Pantropical, PT, Paleotropical
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Table 2. Names and sources of material sequenced, with GenBank numbers. LPP =
Laboratoire de Paléobotanique et Paléoécologie, H = Hymenophyllum; T =
Trichomanes.

Cardiomanes reniforme (G. Forst.) C. Presl - rbcL U30833, rbcL-accD AB083290
(Ebihara 011222-07 New Zealand (TI, CHR)), rps4-trnS AY095132 (Rumsey s.n.,
cult. RBG Kew); H. acanthoides (Bosch) Rosenst. - Ebihara Kinabalu 030, Malaysia
(TI), rbcL AB064291, rbcL-accD AB064303, rps4-trnS DQ364196; H. apiculatum

Mett. ex Kuhn - Dubuisson HV 1997-23 Venezuela (LPP, Duke), rbcL AF275642,
rbcL-accD AY775438, rps4-trnS AY095131; H. armstrongii (Baker) Kirk - Smith
2610 New Zealand (UC), rbcL AY095109; rbcL-accD AB162691 (Ebihara 011219-
09 New Zealand (TI)), rps4-trnS AY095128; H. australe Willd. – T. A. Ohsawa
001125-03, Australia (TI), rbcL AB191439; rbcL-accD AB191439; rps4-trnS

AY775412; H. baileyanum Domin.- Streimann s.n. Australia (UC), rbcL AF275643,
rbcL-accD AB191441 (Ebihara 010909-02, Australia (TI)), rps4-trnS AY095129; H.

barbatum Baker - Ebihara 000319-01 Japan (TI) rbcL AB064287, rbcL-accD

AB064299, rps4-trnS AY095124 (Munzinger & Engelmann 297 Laos (Duke)); H.

deplanchei (Mett.) Copel.- Ebihara 001224-03 New Caledonia (TI), rbcL

AB064288, rbcL-accD AB064300, rps4-trnS AY095136 (Munzinger 367 New
Caledonia (P)); H. demissum (G.Forst.) Sw. - Glasgow B. G. 830, cult. RBG
Edinburgh, rbcL AY775402, rbcL-accD AY775441, rps4-trnS AY775416; H.

dilatatum (G.Forst.) Sw. - Brownsey & Birchard New Zealand (Duke), rbcL

AY095111, rbcL-accD AB191444 (Ebihara 011219-06, New Zealand (TI)), rps4-

trnS AY095138; H. dimidiatum Mett. - Ebihara 001225-08 New Caledonia (TI), rbcL

AB064289, rbcL-accD AB064301, rps4-trnS DQ364197; H. ferrugineum Colla -
Taylor 6074 Chile (UC), rbcL AF275644, rbcL-accD AB191445 (Ebihara 021224-
02, Chile (TI)), rps4-trnS AF537124; H. flabellatum (G.Forst) Sw. - Unknown
collector 42 Tahiti (UC), rbcL AY775403, rbcL-accD AY775442, rps4-trnS

AY775417; H. fucoides (Sw.) Sw. - Dubuisson HV-1997-9 Venezuela (Duke), rbcL

U20933; rbcL-accD AY775449, rps4-trnS AY095142; H. fuscum (Blume) Bosch -
Ito 2000 0210-16 Java (TI), rbcL AB064292, rbcL-accD AB064304, rps4-trnS

AY775408; H. hirsutum (L.) Sw.- Dubuisson HR-1999-6 La Réunion (LPP, Duke),
rbcL AY775407, rbcL-accD AY775450, rps4-trnS AY775432; H. hygrometricum

(Poir.) Desv. - Dubuisson HR-1999-13 La Réunion (LPP, Duke), rbcL AY095113;
rbcL-accD AY775451, rps4-trnS AY095118; H. lanceolatum (Hook.& Arn.) Copel.
- O'Brien s.n. Hawaii (UC), rbcL AF275646, rbcL-accD AY775452, rps4-trnS

AY095119; H. oligosorum Makino - Ebihara 001105-01 Japan (TI), rbcL AB064293,
rbcL-accD AB064305, rps4-trnS AY775422; H. paniense Ebihara et al. - Ebihara
001225-02 New Caledonia (P, TI, KYO, NOU), rbcL & rbcL-accD 001225-02, rps4-

trnS AY775410; H. pectinatum Cav. - Wedin H41, Chile (UC), rbcL AY095115,
rbcL-accD AB191450 (Asakawa 2017, Chile), rps4-trnS AY095134; H. polyanthos

(Sw.) Sw. - Ebihara 991122-01 Japan (TI), rbcL AB064295, rbcL-accD AB064307,
rps4-trnS AY775423; H. polyanthos (Sw.) Sw. – Dubuisson s.n. La Réunion (LPP),
rbcL AY775405, rbcL-accD AY775445, rps4-trnS AY775424; H. scabrum A.Rich.
- Ebihara 011223-05 New Zealand (TI), rbcL AB083278, rbcL-accD AB083278,
rps4-trnS AY775428; H. secundum Hook. & Grev. - Taylor 6075 Chile (UC), rbcL

AF275648, rbcL-accD AY775437, rps4-trnS AY095125; H. sibthorpioides Mett.-
Dubuisson HR-1999-1 La Réunion (LPB, Duke), rbcL AY095117, rbcL-accD



out-groups, as in Hennequin et al. (2003), to confirm the monophyly of the two clades
within the family (results not shown). We then reduced the out-group to three species
of Trichomanes as in Hennequin et al. (2003). All three markers were sequenced for the
whole sampling, so that 44 sequences are newly produced.

Morphological and cytological characters

The coding of morphological and cytological character state changes is based on
Hennequin (2003) and we used in this study the same matrix as in Hennequin (2004).
Morphological and cytological characters states changes were reconstructed using
MacClade 3.0. (Maddison and Maddison, 1992). All characters were treated as
unordered and plotted onto the topology recovered in the maximum parsimony
combined analysis (results not shown but used in the discussion). We performed and
compared both ACCTRAN and DELTRAN optimization options.

DNA sequencing

All procedures for DNA extraction, amplification and sequencing follow Hennequin et

al. (2003). We used primers rbcL1195F (5'-TTCTACAGTTCGGTGGTGG-3'; newly
designed) and accD816R (5'-CCATGATCGAATAAAGATTCA-3'; Ebihara et al.,
2003), and newly designed internal primers HIF3 (5'-TGTCAGGTTCTAAC-
ATGTGATTG-3') and HIR3 (5'-CCTATACCTGTTTGAACAGCATC-3') to amplify
and sequence rbcL-accD, respectively. 

Phylogenetic analyses

We treated indels as binary characters following Barriel’s (1994) method. MrBayes 3.0
(Ronquist and Huelsenbeck, 2003) allows the integration of data other than nucleotide
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AB192688, rps4-trnS AY095127; H. subdimidiatum Rosenst. – Ebihara 001226-01
New Caledonia (TI), rbcL AB064290, rbcL-accD AB064302, rps4-trnS AY095140;
H. tenellum Kuhn. - Dubuisson HR-1999-27 La Réunion (LPP, Duke), rbcL

AY095116, rbcL-accD AB191453, rps4-trnS AY095126; H. tunbrigense (L.) Sm. -
Dubuisson NV. 2.1 France (LPP, Duke), rbcL Y09203², rbcL-accD AY775436, rps4-

trnS AY095123; H. wrightii Bosch - Ebihara 000901-01 Japan (TI), rbcL AB064294,
rbcL-accD AB064306, rps4-trnS AY775430; Hymenoglossum cruentum (Cav.) C.
Presl - Wedin H38 Chile (LPP), rbcL AY095107, rbcL-accD AB191455 (Ohsawa
2015, Chile), rps4-trnS AY095133; Rosenstockia rolandi-principis (Rosenst.) Presl -
van der Werff 16045 New Caledonia (UC), rbcL AY095110, rbcL-accD

AB064286/AB04298 (Ebihara 001225-11 New Caledonia (TI)), rps4-trnS

AY095143; Serpyllopsis caespitosa (Gaudich.) C.Chr. - Taylor 6076, Chile (UC),
rbcL AF275649, rbcL-accD AB191456 (T. A. Ohsawa 2014 Chile (TI)), rps4-trnS

AY095130; T. digitatum Sw. - Dubuisson HR-1999-11' La Réunion (LPP, Duke),
rbcL AY095114, rbcL-accD AB162676, rps4-trnS AY095120; T. javanicum Blume -
Hennequin 2001-7 cult. Indonesia (LPP), rbcL Y09195, rbcL-accD AY775453, rps4-

trnS AY095141; T. rigidum Sw.- Dubuisson HV-1997-3 Venezuela (Duke), rbcL

AY095108, rbcL-accD AY775447, rps4-trnS AY095137; T. taeniatum Copel. -
Matsumoto 01-948 Vanuatu (TNS, TI)), rbcL AB162681, rbcL-accD AB162681,
rps4-trnS AY095121 (Game 86/08, Cook Islands (UC)); T. tamarisciforme Jacq. -
Dubuisson HR-1999-32 La Réunion (LPP, Duke), rbcL Y09202³, rbcL-accD

AY775448, rps4-trnS AY095135; 



or protein sequence, so that morphological and cytological characters as well as
characters resulting from the treatment of indels were integrated both in parsimony
analyses ("MP"; run with PAUP*4.0b10; Swofford, 2001) and in likelihood analyses
("ML"; run with MrBayes 3.0). For MP, we conducted unequally weighted analyses as
described in Pryer et al. (2001) and Hennequin et al. (2003). All searches used a
heuristic approach (TBR branch-swapping, 10 replicates of random sequence addition,
MulTrees option on). The robustness of each branch was assessed by bootstrap analysis
(100 replicates; Felsenstein, 1985). For likelihood analyses, we used ModelTest 3.06
(Posada and Crandall, 2000) to determine the nucleotide substitution model that best
fits our data. We performed ML analyses using a random tree and a GTR + I + G model.
Clade credibility values were estimated by calculating the posterior probability for each
node using a Bayesian procedure as implemented in MrBayes 3.0. 10,000 trees were
sampled and the consensus tree was computed (PAUP*4.0b10; Swofford, 2001) on the
last 9,450 trees, excluding the 550 trees found in the "burn-in period".

RESULTS AND DISCUSSION

Delimitation of Hymenophyllum s.l.

In both the MP strict consensus tree and the majority–rule consensus tree inferred from
the Bayesian estimation of posterior probabilities (Figures 1 and 2), the four segregate
genera Serpyllopsis, Rosenstockia, Cardiomanes and Hymenoglossum are embedded
within Hymenophyllum s.l. These results are in agreement with previous phylogenetic
studies and question all the classifications that were proposed for the family. They
nevertheless confirm some hypotheses of affinity proposed between taxa and the group
successively treated as genus "Hymenophyllum s.l." (Pryer et al., 2001),
"Hymenophyllum group", or tribes Hymenophylleae (Schneider, 1996) or
Hymenophylloideae (Presl, 1843; Iwatsuki, 1984, 1990). The following taxa had been
considered close to, or treated as included in, Hymenophyllum s.l.: Hymenoglossum

(Presl, 1843; Pichi Sermolli, 1977; Schneider, 1996 who included it in his tribe
Hymenophylleae), Serpyllopsis (Presl, 1843; van den Bosch, 1861; Schneider, 1996),
Rosenstockia (Tryon et Tryon, 1982; Iwatsuki, 1984, 1990), and Microtrichomanes

(Copeland, 1938; Pichi Sermolli, 1977). On the other hand, no author had suggested
such a broad group, and even less the inclusion of Cardiomanes reniforme and T.

(Pleuromanes) pallidum Blume in Hymenophyllum.

Hymenophyllum s.l. systematics

Morton (1968) proposed five subgenera for Hymenophyllum: Mecodium,
Craspedophyllum, Hymenophyllum, Hemicyatheon and Sphaerocionium (Table 1). The
subg. Hymenophyllum is further divided in five sections: Hymenophyllum,
Ptychophyllum, Eupectinum, Myriodon and Buesia. Representatives of the first three
only were available for this study. This subgenus globally corresponds to the clade
Hymenophyllum s.s. retrieved in this study. Hymenophyllum s.s. (bootstrap support (BS)
= 96%, posterior probability (PP) = 0.56) also includes taxa placed in the subgenera
Hemicyatheon, Craspedophyllum, Mecodium (H. oligosorum and H. fuscum), and the
species of the segregate genera Serpyllopsis and Rosenstockia. This clade is supported
by several morphological apomorphic character states: the presence of a common hair
type on fronds, a margin denticulation and five soral characters, the most conspicuous
being the presence of a small thick base (Hennequin, 2004). This clade has a
cosmopolitan distribution, with a few species observed in Europe and probably in North
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America as well. Within the Hymenophyllum s.s. clade, relationships are poorly
resolved and weakly supported, except for a very robust clade (H. barbatum - R.

rolandi-principis, BS = 100%, PP = 1) already retrieved by Ebihara et al. (2002) and
named "H. acanthoides clade". This exclusively Australasian clade includes many taxa
of the section Ptychophyllum and is supported by the basic chromosome number x = 21.
It may be broadened to include the two species of Hemicyatheon (BS = 95%, PP = 1).
The inclusion, in this clade, of H. fuscum (Blume) Bosch, type species of the genus
Amphipterum sensu Copeland (1938), was already obtained by Ebihara et al. (2003).
Amphipterum thus appears close to species of the section Ptychophyllum sensu Morton
(1968), in agreement with Copeland (1938), Pichi Sermolli (1977) and Iwatsuki (1984,
1990). Our results, on the other hand, refute Morton (1968)'s treatment of Amphipterum
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Figure 1. Single most parsimonious tree recovered from unequally weighted analysis
of combined rbcL + rbcL-accD + rps4-trnS and morphological and cytological
characters; tree length = 6056.93 steps, CI = 0.6178, RI = 0.6105 (Farris, 1989).
Numbers at nodes are bootstrap values > 50%.



as a subsection in the subg. Mecodium. The remaining species of Hymenophyllum s.s.
display a very variable soral morphology and various chromosome numbers. The
acquisition of new cytological data, currently under study (Ebihara and Hennequin)
may provide further insights into the relationships of these taxa.

With more than 100 species, Mecodium is a diverse putative subgenus whose
monophyly had never been questioned (apart from the position of Amphipterum),
mainly because it was considered to exhibit a high morphological homogeneity.
Nevertheless, the subgenus appears characterised rather by the absence, than by the
presence, of peculiar characters, such as margin denticulation or hairs on fronds. Our
results confirm that Mecodium is polyphyletic as suggested by Hennequin et al. (2003).
Several Mecodium species form a derived well supported (BS = 100%, PP = 1) clade,
sister to Hymenophyllum s.s. (BS = 98%, PP = 1). This clade, named H. polyanthos

254 FERN GAZ. 17(5): 247-257. 2006

Figure 2. Majority-rule consensus tree of the 9,450 trees sampled during the Bayesian
analysis of combined rbcL + rbcL-accD + rps4-trnS and morphological and cytological
characters. Numbers at nodes are Bayesian posterior probabilities > 0.90.



clade based on one of the type species proposed for Mecodium, H. polyanthos (Sw.) Sw.
(Morton, 1968; Pichi Sermolli, 1977; Iwatsuki, 1984, 1990), is supported by one
exclusive apomorphic character state, the basic chromosome number x = 28. The H.

polyanthos clade is distributed throughout the Neotropics, the Paleotropics and into
temperate regions (Japan). Another species of subg. Mecodium, H. oligosorum, is
nested within Hymenophyllum s.s. This position is in agreement with Iwatsuki (1984)
and is notably supported by cytological data (x = 21; Tatuno and Takei, 1969). The
remaining species of Mecodium included in our sampling are retrieved at the base of the
tree in a grade comprising also the genera Cardiomanes and Hymenoglossum. These
basal taxa can be distinguished from the H. polyanthos clade by characters that appear
plesiomorphic for the genus, i.e. the chromosome number x = 36, also present in
Sphaerocionium s.l., a stele where internal xylem is reduced in comparison to the
massive protostele (reduced or dorsi-ventral stele) but not subcollateral as in the other
clades of the genus, and a tendency to display a rougher habit than the other species of
Hymenophyllum (thicker rhizomes, large fronds, and for some species a thicker (2-4
cells thick) lamina). In addition, these basal species have a typical austral distribution
(Chile, New Zealand, Australia, New Caledonia).

Species of the subg. Sphaerocionium are all retrieved in a clade named
Sphaerocionium s.l. (BS = 90%, PP = 1), which includes in addition some species of the
problematic section Microtrichomanes. This clade appears sister to Hymenophyllum s.s.
+ H. polyanthos clade (BS = 71%, PP = 0.65). The monophyly of Sphaerocionium was
not questioned, as it was characterised by distinctive stellate hairs at the lamina. Morton
(1968) divided his subgenus in two sections: Sphaerocionium and Apteropteris, and
according to analyses not shown here (Hennequin, 2004) the latter is embedded in
Sphaerocionium s.l. Microtrichomanes was placed by several authors in Trichomanes

but Copeland (1938) suggested an affinity between this taxon and Sphaerocionium. Our
results corroborate his hypothesis and they are discussed in more detail in a related
study (Ebihara et al., 2004). Sphaerocionium s.l. is a pantropical clade, with some taxa
expanding in southern temperate areas. It is supported by several apomorphic character
states, the most conspicuous being the presence of marginal setae, with stellate marginal
hairs in Sphaerocionium and unicellular marginal hairs in Microtrichomanes. It has
been proposed that the latter hair type is the result of a reduction from stellate hairs
(Copeland, 1938; Holttum, 1963).

Craspedophyllum and Hemicyatheon are small subgenera, made up of only two
species. The monophyly of both subgenera is confirmed here, but there is no support for
their treatment at the subgeneric level. A treatment as sections, as realised by Iwatsuki
(1984, 1990), appears more appropriate.

CONCLUSIONS AND PROSPECTS

The results obtained in this study corroborate those previously obtained on a reduced
sampling and using less data (Ebihara et al., 2002; Hennequin, 2003; Hennequin et al.,
2003; Ebihara et al., 2003). New results include the monophyly of the two species of
subg. Craspedophyllum and the confirmed polyphyly of subg. Mecodium. The analyses
based on three molecular markers combined with morphological and cytological data
provide much better support for the clades previously obtained, although robust support
is still lacking for the clades retrieved within Hymenophyllum s.s. and for the basal
relationships within the Hymenophyllum lineage. By exploring the branch-length
distribution, we recognized the short distances between clades in the poorly supported

HENNEQUIN et al.: THE GENUS HYMENOPHYLLUM 255



parts of the phylogeny. This could be either explained as the result of rapid radiations
or through low mutation rates. Hopefully, by broadening the taxonomic sampling and
adding more molecular, morphological and cytological data, we will be able to improve
our understanding of the complex history of the genus.
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