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Abstract — The family Diademaceae presently comprises the genera Clathrospora,
Comoclathris, Diadema, Diademosa and Graphyllium and is characterized by ascomata
opening as a flat circular lid, bitunicate asci and ascospores with three or more transverse
septa, with or without longitudinal septa. The ascospores are fusiform, brown, mostly
applanate and usually have a mucilaginous sheath. The type species of Clathrospora,
Comoclathris and Graphyllium are revisited in this paper and re-described and illustrated
with light micrographs based on examination of holotype specimens. The status of the
family is discussed based on morphology and sequence data. Comoclathris is excluded from
the family based on morphology and phylogenetic analysis, and should be accommodated in
Pleosporaceae. Clathrospora is tentatively placed in Pleosporaceae pending molecular
studies. Graphyllium has hysterothecial ascomata with a slit-like ostiole and should be
excluded from Diademaceae. It can be accommodated in Hysteriaceae, but with uncertainty
as species with hysterothecia have now been accommodated in at least five families.
Molecular work is needed on Graphyllium to establish its familial placement. The status of
Diadema and Diademosa as a distinct family Diademaceae based on ascomata opening as a
flat circular lid is thought to be doubtful, but awaits molecular study.

Clathrospora | Comoclathris / Graphyllium | Pleosporales

INTRODUCTION

We are in the process of carrying out studies on Dothideomycetes in
order to provide a natural classification (Zhang et al., 2008, 2009a, b; Wu et al.,
2010, 2011; Li ef al., 2011). The study involves examining type material of generic
types and making fresh collections with isolations where possible so that
molecular analysis can be carried out; and reporting the findings in publications.
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As part of this work, we are restudying the type species of genera placed
in the Diademaceae. This family was introduced by Shoemaker & Babcock (1992)
and is characterized by ascomata opening as a flat circular lid and bitunicate asci.
Ascospores are fusiform, brown, some being applanate, and having three or more
transverse septate and with or lacking longitudinal septa and usually having a
sheath. The family presently includes five genera, comprising Clathrospora
Rabenh., Comoclathris Clem., Diadema Shoemaker & C.E. Babc., Diademosa
Shoemaker & C.E. Babc. and Graphyllium Clem. (Lumbsch & Huhndorf, 2010).

The objective of the present paper is to revisit genera in the Diademaceae
by examining type material where available or in cases where this is lost, not in
good condition, or cannot be loaned we refer to descriptions, illustrations and
figures in the original publications.

MATERIALS AND METHODS

Type or specimens of Clathrospora, Comoclathris and Graphyllium were
obtained from BPI, COLO, E, and NEB and studied. Type material of Diadema
and Diademosa could not be obtained from DAOM as they are presently not
loaning material for study. Ascomata were rehydrated in 5% KOH prior to
examination and sectioning. Specimens were examined under a Leica MZ16A
stereo microscope and fine forceps were used to move one or two ascomata from
the herbarium specimen, which were mounted in water and lactic acid or stained
with cotton blue. Observations and photographs were made under the light
microscope (Nikon Fi800 and Leica DM3000), for some hyaline structures
differential interference contrast microscopy was used. Hand sections were cut
with a sharp razor blade and thin (4-10 pm) sections were cut using a Leica
CM1100 freezing microtome. The sections were transferred to a drop of water, a
drop of lactic acid or a drop of cotton blue for examination and photographs.

Phylogenetic analysis

Among the five genera of Diademaceae, only Clathrospora has sequences
in GenBank. The 28S and 18S ribosomal RNA sequences of Clathrospora and
some other taxa of Pleosporales were downloaded from GenBank and separately
aligned using Clustal X. In order to obtain maximum sequence similarity,
sequences were manually aligned with Bioedit software 5.0.9 (Hall, 1999). The
aligned dataset was analyzed using PAUP* 4.0b10 (Swofford, 2002). Gaps were
treated as missing data, and the ambiguously aligned regions were excluded from
analyses. Parsimonious trees were generated using the heuristic search option with
TBR branch swapping and 1000 random sequence additions. Branches of zero
length were collapsed and all parsimonious trees were saved.
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RESULTS

Phylogeny

The aligned dataset for each region (SSU and LSU) as well as the
combined data sets for the two regions were analyzed separately. The
phylogenetic position of Clathrospora in the datasets of each gene and the
combined genes showed similar topology. As a consequence, only one of the trees
that were generated from the combined genes datasets is represented here. The
SSU and LSU combined alignment consisted of 41 taxa including Schismatomma
decolorans as the outgroup taxa. The maximum parsimony dataset used in the
phylogenetic analysis consists of 1308 total characters, 238 were informative,
488 were variable and parsimony-uninformative and 582 were constant. Of six
equally most parsimonious trees obtained from a heuristic search, a best scoring
tree with a length of 1437 steps (CI = 0.644, RI = 0.626, RC = 0.403, HI = 0.356)
is shown in Figure 4.

Taxonomy

Diademaceae Shoemaker & C.E. Babc., Can. J. Bot. 70(8): 1618 (1992)

Type genus: Diadema Shoemaker & C.E. Babc., Can. J. Bot. 67(5): 1349
(1989).

Ascomata subepidermal or subcuticular, finally superficial, globose,
depressed or patelliform, dark brown, often tomentose, opening with a central flat
to papilliform lid of a few layers of small very dark brown cells. Hamathecium of
pseudoparaphyses. Asci 8-spored, bitunicate. Ascospores biseriate to tetraseriate,
brown, with 3 or more transverse septa, applanate or rarely terete, with or without
longitudinal septa, usually with a thick sheath (modified from Shoemaker &
Babcock, 1992).

Remarks: The family Diademaceae was introduced by Shoemaker &
Babcock (1992) and incorporated five genera (Clathrospora, Comoclathris,
Diadema, Diademosa and Macrospora). Macrospora was however, considered as
a synonym of Pyrenophora by Eriksson & Hawksworth (1991) which is placed in
Pleosporaceae. More recently Macrospora has been accepted as a good genus and
is in included in Pleosporaceae (Lumbsch & Huhndorf, 2010).

Shoemaker & Babcock (1992) considered Diademaceae to be distinct in
being characterized by ascomata opening by a flat circular lid and generally
applanate ascospores with numerous transverse septa and in some genera
longitudinal septa. Diademosa however, differs in having terete as compared to
applanate ascospores (Shoemaker & Babcock, 1992). Platyspora was at various
times included in the family either as a standalone genus or as a synonym of
Graphyllium, while it is now considered as a synonym of Comoclathris
(www.indexfungorum.org).

The family appears to have been poorly studied and presently comprises
five genera (Lumbsch & Huhndorf, 2010) and this has not changed since its
introduction by Shoemaker & Babcock (1992). Although, Graphyllium Clem. was
placed in Hysteriaceae by Shoemaker & Babcock (1992) in the same paper in
which they introduced Diademaceae it has generally been placed in Diademaceae
in other classification systems, but not Index Fungorum. No asexual state has been
linked with most members of this family, however Clathrospora and Comoclathris
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have been linked with an Alternaria-like anamorphs (Hyde et al., 2011) which
suggests a relationship with Pleosporaceae. We have studied the type material of
Clathrospora, Comoclathris and Graphyllium, however DAOM is presently not in
a position to loan type specimens and therefore we have used the adequate
descriptions and illustrations in the literature to characterize these species.

The pivotal characters for the family appear to be the yellow to brown,
phragmosporous or muriform ascospores which may be applanate, bitunicate asci
and ascomata opening by a circular lid. The circular lid-like opening was thought
to be an adaptation to the alpine habitat (Shoemaker & Babcock, 1989), but
whether this feature is family specific or has evolved many times has not been
tested. The applanate nature of the spores is only found in Diadema obtusa (of
Diadema species) and yet the Diademaceae is thought to comprise species with
applanate ascospores. Diadema obtusa is not the type species of Diadema and the
genus is characterized by mostly terete ascospores. The circular lid-like opening
and brown transeptate to muriform ascospores are therefore the only character
that seems to link the genera presently included in Diademaceae and we would
suggest the family as it stands is doubtful. Molecular data is needed to analysis the
phylogenetic significance of the circular lid-like opening and establish if the family
has validity.

Clathrospora Rabenh., Hedwigia 1(18): 116 (1857)

Generic description: Ascomata subglobose to globose, immersed,
becoming semi-immersed to erumpent, scattered, brown to blackish brown,
coriaceous, with a central sunken ostiole and opening by a circular lid, asci and
pseudoparaphyses forming from the base of the peridium. Peridium comprising
several layers of brown, relatively thick-walled cells of textura angularis, inner
cells flattened, thin-walled and lighter. Pseudoparaphyses hyaline, filiform, longer
than the asci. Asci 8-spored, bitunicate, fissitunicate, thick-walled, cylindrical to
clavate, with a short pedicle and shallow ocular chamber. Ascospores irregularly
fusiform, applanate, muriform, constricted only at the ascospore centre, brown to
dark-brown, with a thin, hyaline mucilaginous sheath.

Anamorphs reported for genus: Alternaria-like (Hyde et al., 2011)

Type species:

Clathrospora elynae Rabenh., Hedwigia 1: 116 (1857) Figs 1A-1

= Pleospora elynae (Rabenh.) Ces. & De Not., Comm. Soc. Critt. Ital. 1:
218. 1863

Ascomata 100-300 pm in diameter, immersed, becoming semi-immersed
to erumpent, scattered on the putrid host stems and foliage, brown to blackish
brown, coriaceous; in vertical section 143-222 x 145-175 um, subglobose or nearly
globose, with a slightly sunken central ostiole, asci and pseudoparaphyses forming
from the base of the peridium (Figs 1A, B). Peridium 23-55 um wide, comprising
3-5 layers of brown, relatively thick-walled cells of fextura angularis, inner cells
flattened, thin-walled and lighter (Fig. 1C). Pseudoparaphyses hyaline, filiform,
longer than the asci (Figs 1C-E). Asci 163-231 x 28-48 um (mean = 194 x 37 um,
n = 20), 8-spored, bitunicate, fissitunicate, thick-walled, cylindrical to clavate, with
a short pedicle and shallow ocular chamber (Figs 1D-G). Ascospores 40-65 x 18-
27 um (mean = 53 x 23 pum, n = 20), biseriate to overlapping trisetiate, applanate,
irregularly broadly fusiform, muriform, with 7-8 transverse septa and 6-8
longitudinal septa, constricted only at the ascospore centre, brown to dark-brown,
surrounded by a thin, hyaline mucilaginous sheath 2-3 um wide (Figs 1H, I).
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Anamorph: Alternaria-like.

Cultures and DNA sequences: CBS 196.54: SSU (GU296142), LSU
(GU323214)

Material examined: Italy, Riva-Valdobbia (Novara), on rotting stem of
Carex curvula, September 1898, A. Carestia (BPI 627747); Switzerland, Albula-
pass, on stem of Carex curvula, G. Winter, Rehm Ascomyceten, No. 1590 (BPI
627748); Switzerland, Furkapasshohe, 2540 m alt, on stem of Carex curvula,
4 August 1905, O. Jaap, Otto Jaap, Fungi selecti exsiccate No. 156 (BPI 627749);
Austria, Salzburg, Lungau, 47°05°’N / 13° 24’E, 2000 m alt, on stem of Carex
curvula, 20 August 1981, Ch. Scheuer (BPI 748847); Switzerland, Berner Alpen,
Aletschgebiet, Eggishorn, on stem of Carex curvula, July 1905, K. Ronniger (BPI,
1111777).

Remarks: Although there are 50 epithets for this genus in Index
Fungorum, only ten species were accepted in the paper of Shoemaker & Babcock
(1992) that provided a key to species, descriptions and illustrations. Species were
characterized by a circular lid-like opening and muriform applanate ascospores.
With the exception of a new combination by Vassiljeva (1998) the genus has not
been studied since Shoemaker & Babcock (1992). We could not locate the type
of this species but looked at several representative collections.

Phylogenetic study: The 18s and 28s ribosomal RNA gene has been
partially sequenced for putative strains of Clathrospora elynae and C. diplospora
(Dong et al., 1998; Schoch et al., 2009). Dong et al. submitted sequences U43464
and U43481 to GenBank with the name C. diplospora (strain IMI 68086) but
they used the name Comoclathris baccata in their paper (Dong et al., 1998). The
reconstructed phylogenetic tree containing Clathrospora and the members of
other Pleosporales show that the two Clathrospora (C. elynae and
C. diplospora?) species nested within Pleosporaceae with 67% bootstrap
support value (Fig. 4). The results of phylogeny here are consistent with the
previous phylogenetic study of Schoch et al. (2009), and supports exclusion of
the genus from Diademaceae and placement in Pleosporaceae. The nature of
the ascomata with a slightly papillate ostiole and Alternaria-like anamorph also
support this conclusion.

Concluding remarks: The 50 epithets for this genus listed in Index
Fungorum have not been adequately dealt with as Shoemaker & Babcock (1992)
did not discuss many of these species and it is likely they did not consider them
in their acceptance of ten species. Molecular and morphological data suggest
generic placement in Pleosporaceae. This genus is in need of revision.

Comoclathris Clem., Gen. fung. (Minneapolis): 37, 173 (1909)

Synonyms: ?Platyspora Wehm., World Monograph of the Genus
Pleospora and its Segregates: 254 (1961).

Generic description: Ascomata subglobose or nearly globose, superficial,
scattered or aggregated on the host stem, coriaceous, brown to blackish brown,
covered with short, brown radial septate hyphae, opening by a large circular
aperture of lid. Peridium comprising 3-4 layers of brown, relatively thick-walled
cells of textura angularis, inner cells flattened, thin-walled and lighter.
Pseudoparaphyses and asci forming from the base of the ascomata. Pseudo-
paraphyses hyaline, filiform, septate. Asci 8-spored, bitunicate, fissitunicate, thick-
walled, cylindrical to cylindro-clavate, with a short knob-like pedicel, and
indistinct shallow ocular chamber. Ascospores fusiform, muriform, with 4-5-
transverse septa and 1-2-longitudinal septa, not constricted at the septa, brown to
reddish brown, surrounded by a distinct, hyaline, mucilaginous thick sheath.
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Fig. 1. Clathrospora elynae (BPI 627747). A. Herbarium material. B. Habit, illustrating ascomata
on the host stems. C. Section of ascoma. D-G. Immature and mature 8-spored asci and hyaline
pseudoparaphyses. The asci are bitunicate, short-stalked and a shallow ocular chamber.
H, I. Muriform, applanate ascospores with a narrow mucilaginous sheath. Scale bars:
B =300 pm, C-E =40 pm, F, G =20 pm, H, I = 10 um.

Known anamorphs: Alternaria-like (Hyde et al., 2011).
Type species:

Comoclathris lanata Clem. [as “Comochlatris”],
Gen. fung. (Minneapolis): 1-227 (1909) Figs 2A-F

= Comoclathris planispora (Ellis) J. Harr, Nova Hedwigia 20(3-4): 868.
1970(1971)

Ascomata 190-300 pm diameter, scattered or aggregated on the host
stem, subglobose or nearly globose, sunken in the centre upper when dry,
superficial, coriaceous, brown to blackish brown; in vertical section 175-245 um
diameter x 142-197 um high (mean = 205 x 159 um, n = 20), covered with short,
brown, radial septate hyphae (Fig. 2B), with a central opening (Figs 2A-B).
Peridium 10-22 pm wide, comprising 3-4 layers of brown, relatively thick-walled
cells of textura angularis, inner cells flattened, thin-walled and lighter (Fig. 2D).
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um material showing habit of
fungus on host stem. B. Erumpent ascomata. C. Thick section through ascoma. Note the
arrangement of asci and external setae. D. Section showing peridial cells of ascoma. E. Section of
ascoma showing apex of ascoma. F, G. Asci with short knob-like pedicels and shallow ocular
chamber. H, I. Muriform ascospores with thick sheath. Scale Bars: B = 200 pm, C = 40 um,
E,H,1=10 um, F, G =20 pm.

Asci and pseudoparaphyses forming from the base of the ascomata.
Pseudoparaphyses 2-4 pm wide, septate, hyaline, filiform, longer than the asci
(Figs 2C, E, F). Asci 108-149 x 20-30 um (mean = 125 x 24 pym, n = 20), 8-spored,
bitunicate, fissitunicate, cylindrical to cylindro-clavate, with a short knob-like
pedicel, and indistinct shallow ocular chamber (Figs 2F-G). Ascospores 20-32 x
8-13 um (mean = 28 x 12 pm, n = 20), 1-2 overlapping seriate, fusiform, muriform,
with 4-5-transverse septa and 1-2-longitudinal septa, not constricted at the septa,
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brown to reddish brown, surrounded by a distinct, hyaline, mucilaginous sheath,
3-8 um wide (Figs 2H-I).

Anamorph: Alternaria-like.

Material examined: USA, Colorado, on stem of Leptotaenia multifida
(Umbelliferae), Silveton, 2800 m, 8 July 1907, F.E. & E.S. Clements, Cryptogamae
Formationum Coloradensium 444 (COLO 62872, lectotype designated here); ibid.
(E00297884, syntype).

Remarks: Although there are 32 epithets for this genus in Index
Fungorum, 21 species were accepted in the paper of Shoemaker & Babcock
(1992) that provided a key to species, descriptions and illustrations. Species were
characterized by a circular lid-like opening and muriform applanate brown
ascospores. Comoclathris was considered to differ from Clathrospora as in the
latter genus species have two or more rows of longitudinal septa as compared with
a single row in Comoclathris (Shoemaker and Babcock, 1992). With the exception
of a new combination by Checa (1998) the genus has not been studied since
Shoemaker & Babcock (1992). Material loaned from NEB (Cryptogamae
Formationum Coloradensium 1212, NEB 311094) and BPI (Cryptogamae
Formationum Coloradensium 444, BPI 718242) was not in good condition. The
nature of the ascomata opening is hard to observe in the dried specimens but
appears to be an unusually large ostiolar opening which occurs through
breakdown of the upper ascomata wall to produce a large aperture or circular lid
as mentioned by Shoemaker & Babcock (1992).

Phylogenetic study: There are no sequences available for this genus in
GenBank.

Concluding remarks: The 32 epithets for this genus listed in Index
Fungorum have not been adequately dealt with as Shoemaker & Babcock (1992)
did not discuss many of these species and it is likely they did not consider them
in their acceptance of 21 species. The pivotal characters for this genus appear to
be the circular lid-like opening and applanate mid to dark reddish-brown
muriform ascospores with single longitudinal septa. It is not clear whether these
characters would hold up to molecular phylogenetic analysis and the genus and its
placement is in need of revision.

Diadema Shoemaker & C.E. Babc., Can. J. Bot. 67(5): 1349 (1989)

Type species: Diadema tetramerum Shoemaker & C.E. Babc. [as
“tetramera”], Can. J. Bot. 67(5): 1354 (1989).

Remarks: This genus was introduced by Shoemaker & Babcock (1989)
and comprises eight species, six introduced at the same time as the genus, a new
combination proposed by Huhndorf (1992) and a new species introduced by
Tanaka er al. (2010). This is the type of Diademaceae and one species has
applanate ascospores and all have ascomata opening by a circular lid (Shoemaker
and Babcock, 1992). It differs from other genera in the family in having
ascospores which lack longitudinal septa.

Phylogenetic study: There are no sequences available for this genus in
GenBank.

Concluding remarks: This is the generic type of Diademaceae and its
uniqueness from Pleosporaceae needs establishing by molecular analysis. The
salient characters that define this genus include the ascomata with a circular
lid-like opening and phragmosporous reddish-brown ascospores (i.e. lacking
longitudinal septa), the latter distinguishing it from the muriform ascospores
found in Clathrospora and Comoclathris. It is not clear whether these characters
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would hold up to molecular phylogenetic analysis and the genus and its placement
is in need of revision.

Diademosa Shoemaker & C.E. Babc., Can. J. Bot. 70(8): 1641 (1992)

Type species: Diademosa californiana (M.E. Barr) Shoemaker & C.E.
Babc. [as “californianum”], Can. J. Bot. 70(8): 1641 (1992).

= Graphyllium californianum M.E. Barr, Mem. N. Y. bot. Gdn 62: 40
(1990).

Remarks: This genus was introduced by Shoemaker & Babcock (1992)
and comprises four species, the generic type introduced by Shoemaker & Babcock
(1992), a new combination proposed by Ahn & Shearer (1998) and two new
species introduced by Barr & Rogerson (1999) and Checa & Barr (1999).
Diademosa has ascomata opening by a circular lid (Shoemaker & Babcock, 1992).
Its species differ from other genera in the family in having terete (cylindrical,
circular in cross section) ascospores. The nature of the ascomata which open by a
circular lid is a unique characteristic.

Phylogenetic study: There are no sequences available for this genus in
GenBank.

Concluding remarks: The salient characters that define this genus include
the ascomata with circular lid-like opening and terete muriform dark-brown
ascospores, the terete character distinguishing it from the applanate ascospores
found in Clathrospora, and Comoclathris. It is not clear whether these characters
would hold up to molecular phylogenetic analysis and the genus and its placement
is in need of revision.

Graphyllium Clem., Botanical Survey of Nebraska 5: 6 (1901)

Generic description: Ascomata in linear rows on woody stems, semi-
immersed, elongate, hysteriform, black, coriaceous, glabrous, with a central long
ostiolar opening. Peridium comprising 2-3 layers of brown, relatively thick cells of
textura angularis, inner cells flattened, thin-walled and lighter. Asci 8-spored,
bitunicate, clavate to cylindrical, short-stalked, numerous in a basal cluster from
thick, hyaline basal pseudoparenchyma layer. Pseudoparaphyses lacking.
Ascospores applanate, muriform, with 3-4 transverse septa, (0)1-2 longitudinal
septa, brown to dark brown.

Type species:

Graphyllium chloes Clem., Botanical Survey of Nebraska 5: 6 (1901)  Figs 3A-G

= Pleospora chloes (Clem.) Petr., Sydowia 6(5-6): 337 (1952)

Ascomata 210-330 pm long x 40-80 um wide, a hysterothecium, in linear
rows on woody stems, semi-immersed, elongate, black, coriaceous, glabrous, with
a central long ostiole 100-190 um long x 10-20 pm wide um (Figs 3A-C). In
vertical section 70-124 pum high x 64-110 um diameter (mean = 952 x 93 um,
n = 10), subglobose to ovoid (Figs 3D-E). Peridium 14-25 ym wide, comprising
2-3 layers of brown, relatively thick-walled cells of textura angularis, inner cells
flattened, thin-walled and lighter (Fig. 3F). Asci 70-82 x 22-29 um (mean = 55 X
19 pm, n = 10), 8-spored, bitunicate, clavate to cylindrical, short-stalked, in a basal
cluster (Figs 3G-1, K). Ascospores 18-22 x 7-10 pm (mean = 19.4 x 8.4, n = 20),
biseriate to overlapping triseriate, muriform, constricted at the septa, applanate,
obpyriform, straight, with 3(-4) transverse septa, (0)1-2 longitudinal septa, brown
to dark brown when mature (Figs 3J-K).
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Fig. 3. Graphyllium chloes (NEB 158190, lectotype). A. Ascomata on stems. B. Ascomata in rows
with a central slit. C. Side elevation of ascomata. D, E. Vertical section of ascomata, note the slit.
F. 2-3 layers peridum. G, H, I. Mature and immature asci; asci are 8-spored with biseriate to
overlapping triseriate ascospores. J, K. Immature and mature muriform ascospores, distinctly
constricted at the septa. Scale bars: B, C =200 pm, D =50 ym, E =40 pm. F, G, H, I, J, K = 20 um.

Material examined: USA, Nebraska, Brown County, Long Pine, on the
woody stem of Aristida longiseta, 3 January 1901, J.M. Bates (NEB 158190,
lectotype designated here); ibid., on dead stems of Bouteloua oligostachya,
J.M. Bates (NEB 158189, syntype).

Remarks: The genus Graphyllium was placed in the family Hysteriaceae
because of its hysterothecia with a slit like opening, which differs from
Diademaceae characterized by asoma opening by a flat circular lid (Shoemaker &
Babcock, 1992). When described this species was introduced from two hosts and
the type material is in two packets from two hosts. We therefore choose one as
the lectotype and the other as the syntype.
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Fig. 4. Maximum parsimony tree based on the combined small subunit and large subunit rRNA
sequences of Clathrospora and selected species in Pleosporales. Bootstrap support values >50 %
are shown at the nodes.

Phylogenetic study: There are no sequences available for this genus in
GenBank.

Concluding remarks: This genus is placed in Diademaceae in
Lumbsch and Huhndorf (2010) and in Hysteriaceae in Index Fungorum
(www.indexfungorum.org). The longitudinal opening and hysterothecium-like
ascomata certainly indicate that the genus should be included in the Hysteriaceae
which is suggested here. Hysteriaceous fungi share a similar morphology (i.e., the
hysterothecium) and have now be classified in no fewer than five different groups
(E. Boehm, pers. comm.) and therefore the final placement of Graphyllium must
depend on molecular data.
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