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rbcL 34
(MP=100 NJ=100 D =86)
(MP=95-100 NJ=198-100 D =6)

Galaxaura rugosa (Ellis et Solander) Lamouroux
Actinotrichia sp.
A. robusta Itono

Tricleocarpa fastigiata (Decaisne) com. nov. Tricleocarpa sp.

(Dichotomaria)

Dichotomaria breviarticulata
(Kjellman) com. nov. D. disingiana (Zanardini) com. nov. D. hystrix (Kjellman) com.

nov. D. latifolia (Tanaka) com. nov. D. marginata (Lamouroux) Lamarck D. obtusata (Ellis
et Solander) Lamarck Dichotomaria sp.

G. fruticulosa Kjellman G. pacifica Tanaka
G. rugosa (Ellis et Solander) Lamouroux

G. fruticulosa
G. pacifica  G. rugosa
G. pacifica  G. rugosa G. pacifica
G. rugosa
G. fruticulosa
A. fragilis (Forsskal) Bargesen A. robusta
Actinotrichia sp.
Actinotrichia sp.  A. robusta A. fragilis
Actinotrichia sp.  A. robusta
40? A. fragilis
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3 Tricleocarpa sp.
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ABSTRACT

In this study, we examined the present taxonomic system of the calcified galaxauraceous
algae from worldwide, with emphasis on Taiwan’ s specimens, based on molecular and
morphological evidences. Based on the results in the present study, te vegetative and
reproductive structures of the four genera, Actinotrichia, Dichotomaria, Galaxaura and
Tricleocarpa, were summarized and compared for realizing the phylogenetic relationships
among them. The morphologica similarities of calicified and uncacified genera of
Galaxauraceae were also compared using cluster analysis for realizing the morphological
similarity between them.

In the rbcL sequence analysis, 34 taxa of the calcified galaxauraceous agae formed a
monophyletic clade with full statistical support MP = 100; NJ = 100; D = 6). Among this
assemblage, four distinct lineages, an Actinotrichia clade, a Galaxaura clade, a Dichotomaria
clade and a Tricleocarpa clade were found and had high statistical support (MP = 95-100; NJ
= 98-100; D = 6). Within the Galaxaura clade, some species previously reduced as the type
species Galaxaura rugosa (Ellis et Solander) Lamouroux should be separated here. Within
the Actinotrichia clade, an undescribed species Actinotrichia sp. and anew record A. robusta
Itono were found. Within the Tricleocarpa clade, a new combination T. fastigiata (Decaisne)
and an undescribed species Tricleocarpa sp. were found. On the other hand, a reinstatement
of the genus Dichotomaria Lamarck was proposed and some species from the genus
Galaxaura were combined into Dichotomaria including D. breviarticulata (Kjellman) com.
nov., D. disingiana (Zanardini) com. nov., D. hystrix (Kjellman) com. nov. D. latifolia
(Tanaka) com. nov., D. margimnata (Lamouroux) Lamarck, and D. obtusata (Ellis et
Solander) Lamarck. Also, an undescribed species, Dichotomaria sp., was found.

In the Galaxaura clade, the vegetative and reproductive structures of G. fruticulosa
Kjellman, G. pacifica Tanaka, and G. rugosa (Ellis et Solander) Lamouroux were observed
and compared. G. fruticulosa differed from G. pacifica and G. rugosa in having more
assimilatory filaments on the gametophytic plants. Such habit made G. fruticulosa dirtier than
G. pacifica and G. rugosa. Comparing with G. pacifica and G. rugosa, G. pacifica mainly
differed from G. rugosa in having a basal villous branches. In the development of cystocarp,
comparing with G. pacifica and G. rugosa, G. fruticulosa had smaller size of cystocarp and
indistinct fusion cell.

In the Actinotrichia clade, the vegetative and reproductive structures of A. fragilis
(Forsskal) Bargesen (type species), A. robusta Itono and Actinotrichia sp. were observed and
compared. In morphological comparisons, Actinotrichia sp. and A. robusta clearly differred
from A. fragilis in having smaller angle of branch and the intermix of gonimoblast filaments
and paraphyses, and the gonimoblast of the former group is distributed around the inner wall
of carposporophyte. A. robusta differred from Actinotrichia sp. in having wider beanch and
distinct fusion cell.

In Tricleocarpa clade, the vegetative and reproductive structures of T. cylindrica (Ellis et
Solander) Huisman et Borowitzka (type species), T. fastigiata (Decaisne) com nov.,
Tricleocarpa sp. and T. fragilis (Linnaeus) Huisman et Townsend were also observed and
compared. In morphological comparisons, T. cylindrica, T. fastigiata and Tricleocaropa sp.
differred fromT. fragilis in having the intermix of gonimoblst filaments and paraphyses, and
the location of gonimoblast around the inner wall of carposporophyte. Tricleocarpa fastigiata
and Tricleocarpa sp. differred from T. cylindrica in having wider branches. Tricleocarpa
fastigiata differred from Tricleocarpa sp. in its branching morphology and preferred habitat.
Tricleocarpa fastigiata had dense cylindrical branching morphology and was distributed in
the intertidal zone within 1-3 m of depth, while Tricleocarpa sp. had loose oblong and
anti-triangle branching morphology and distributed in the subtidal zone at 6-25 m depth.
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In the Dichotomaria clade, the vegetative and reproductive structures of D. hystrix, D.
latifolia, D. obtusata, and Dichotomaria sp. were observed and compared with other species
of Dichotomaria occurring in this study. The development of cystocarp of these species
pertained to the characters of Dichotomaria in having pericarp. In morphological
comparisons, there were two groups were found. The first group consisting of D. disingiana,
D. hystrix, D. latifolia, and D. marginata had flat branching morphology. D. disingiana
differed from D. hystrix, D. latifolia, and D. marginata in having wider branch up to 1cm. D.
latifolia could be also distinguished from D. hystrix and D. marginata in having wider branch
ranged 3-5 mm and the spinulose cells of it distributed on the side of branch, while D. hystrix
and D. marginata had narrower branches ranged 13 mm and the spinulose cells of them
evenly distributed throughout the branch. However, D. hystrix and D. marginata can not be
distinguished from the present morphological evidences. The second group consisting of D.
breviarticulata, D. obtusata, and Dichotomaria sp. had articulate and cylindrical branching
morphology. When comparing with similar cylindrical and articulate branching species of
Dichotomaria worldwide, Dichotomaria sp. differred from these species in having narrower
and slender branches Such branching morphology of Dichotomaria sp. was similar to the
species of the genus Galaxaura but differred in having articulate branching morphology and
the presence of pericarp. Base on these comparisons, Dichotomaria sp. differed from
Galaxaura species and the rests of the second group of Dichotomaria in having narrower,
dender, cylindrical and articulate branching morphology.

In addition, the vegetative and reproductive structures of D. obtusata and G. rugosa were
aso described and compared in detail for clarify the generic difference between
Dichotomaria and Galaxaura. Dichotomaria obtusata mainly differred from Galaxaura
rugosa in having stalk cells onthe cortex of tetrasporophyte, tetrasporangia directly produced
from the outermost cortical cell of tetrasporophyte, and the presence of pericarp from the
basal cell. Based on the results of molecular analysis and morphological observations, the
reinstatement of genus Dichotomaria was confirmed. Also, three undescribed species,
Actinotrichia sp., Tricleocarpa sp. and Dichotomaria sp. were first discovered in the present
study.

Finally, in order to realizing the morphological similarities between the calcifiled and
uncalcified genera among Galaxauraceae, the taxonomical features of them were numbered
and transformed to numerical matrix for cluster analysis of multivariate. Comparing with the
morphological similarity between the calcified and unclcified genera of Galaxauraceae, the
genus Nothogenia was close to the morphology of calcified genera, while the genera
Gloiophloea and Scinaia were away from the morphology of calcified genera.

KEY WORDS: Actinotrichia, Dichotomaria, Galaxaura, molecular phylogeny, morphology,
Nemaliales, rbcL, Rhodophyta, Tricleocarpa.
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(natural

products) (Nick et al., 1995)
(macroalgae) (Thangam and Kathiresan, 1991; Kamenarska
et al., 2002)

Whitfield et al. (1999)
Galaxaura obtusata (Ellis et Solander)
Lamouroux G. marginata (Ellis et Solander) Lamouroux
G. marginata deroids synthetic oxygenated
desmosterols (cancer cdl line) (Sheu et al., 1996, 1997)
Tricleocarpa fragilis (Linnaeus) Huisman et Townsend
sulfated terpenoids(Horgen et al., 2000)

(aragonite) (Okazaki et al., 1982; Mu and
Riding, 1999) (Graham and Wilcox, 2000)

(Funafuti Atoll of Ellice Islands)
( )

(Schih, 1999)

(Florideophycidae) (Nemaliales) (gonimablast filament)
(carpogonium)

(carpogonial branch) (Kylin, 1956)

(Dermonemataceage) (Liagoraceae) (Galaxauraceae)(Huisman and

Womerdey, 1994)

(medulla) (cortex)
(tetrasporangia)

(gametophyte)
(conceptacle)
(spermantangia)

(carpogonia branches)
(gonimablast filament)
(carposporangia)
(Actinotrichia)
(Galaxaura) (Gloiophloea) Nothogenia (Scinaia)
(Tricleocarpa)  Widbeyella (Huisman and Borowitzka, 1990; Wang and Chiang,
2001b)



( )
(Lamouroux, 1812) Decaisne (1842)

Galaxaura rigida Lamouroux (ring assimilatory filaments)
(Actinotrichia) Kjellman (1900)
62 47 ( ) Howe (1917, 1918) Kjellman

Kjellman
(Papenfuss and Chiang, 1969; Papenfuss et al., 1982; Huisman and Borowitzka, 1990)
Margruder (1984) Galaxaura oblongata (Ellis et Solander) Lamouroux (
Tricleocarpa cylindrica (Ellis et Solander) Huisman et Borowitzka)

(

) (heteromorphism) Huisman and

Borowitzka (1990) G. cylindrica (Ellis et
Solander) Lamouroux  G. oblongata (Ellis et Solander) Lamouroux (paraphysis)
(pericarp) G. marginata (Ellis et Solander) Lamouroux G. obtusata

(Ellis et Solander) Lamouroux  G. rugosa (Ellis et Solander) Lamouroux
G. cylindrica (Ellis et Solander) Lamouroux  G. oblongata (Ellis et Solander)

L amouroux (Tricleocarpa)
SSU LSU ITS rbcL (Ragan et al., 1994; Freshwater
et al., 1994; Patwary et al., 1998; Haper and Saunders, 2001; Lin et al., 2001a, b)
rbcL (Freshwater et al., 1994; Lin et al., 2001a, b; Lin et al.,
2002; Lin and Fredericq, 2003; Gurgel et al., 2003; Gurgel and Fredericq, 2004; Hanyuda et
al., 2004; Lin et al., 2004) rbcL Freshwater et al.
(1994) rbcL
(Bangiophycidae) (Florideophycidae)
(polyphyly)
rbcL
(Saunders and Kraft,
1997) Freshwater et al. (1999) rbcL SSuU LSU
rbcL SSU LSU
rbcL
(Calvin Cycle)
CO; (Rubisco)( )
(deletion) (insertion)

(Linetal., 2001a, b; Lin et al., 2002; Lin and Fredericg, 2003; Lin et al., 2004)
rbcL

« )
22 11 (Guiry and Nic Dhonncha, 2003)



(synonym)
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() ( Ellisand Solander, 1786; Huisman and Borowitzka, 1990)

( ADGJL

( B O
() ( Huisman and Borowitzka, 1990)
( B CETFH

| K M)

3-5 ( B C EFH
I K M) ( B C EF H I
K M)

G. rugosa (Ellis et Solander) Lamouroux
( C) G. marginata (Ellis et Solander) Lamouroux  G. obtusata
(Ellis et Solander) Lamouroux ( F I
() ( Chou, 1945)
«( A
«( A
() ( Magruder, 1984; Wang and Chiang, 2001b)
(Magruder, 1984; Wang and Chiang, 2001b)
( B O
( D
() (Afonso-Carrillo et al., 1996, 1997)
(trichocyte)
(Howe, 1917, 1918; Magruder, 1984; Huisman and Borowitzka, 1990)
C )
( A) ( B)
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Cob S \.‘-J"‘*f}"@ '

A G.rugosa (Ellis et Slander) Lamouroux ( Ellisand Slander 1786) B G. rugosa

( Huisman and Borowitzka 1990) C G rugosa ( Huisman and
Borowitzka 1990) D G. marginata (Ellis et Solander) Lamouroux ( Ellisand Slander 1786) E G. marginata
( Huisman and Borowitzka 1990) F G. marginata ( Huisman and
Borowitzka 1990) G G. obtusata (Ellis et Solander) Lamouroux( Ellisand Slander 1786) H G. obtusata
( Huisman and Borowitzka 1990) | G. obtusata ( Huisman and

Borowitzka 1990) J T. cylindrica (Ellis et Solander) Huisman et Borowitzka( Ellisand Slander 1786) K T. cylindrica
( Huisman and Borowitzka 1990) L T. fragilis (Linnaeus) Huisman et Townsend( Ellis and
Slander 1786) M T.fragilis ( Huisman and Borowitzka 1990)
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(Howe, 1917, 1918; Magruder, 1984; Huisman and Borowitzka, 1990)

C ) )
« )
(Howe, 1917, 1918; Magruder, 1984; Huisman and Borowitzka, 1990)
« )
C )
( A ( B)
( O

(pyrenoid)( Chou 1945) B C D
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TRI-PHASIC
LIFE HISTORY

& v Epermanig

'x".:l:_"':" h carpogonial

& q‘{._ branch

CARPOSPORO-
PHYTE (2n)

GAMETOPHYTE (n)

FILAMENTOUS
FROSTRATE
GAMETOPHYTES (n)

meiosis meinsis
4
W-i’* -é?':rr:muspmﬂ:i EI'
L ¥

meiosis

e

o

C. Heteromorphism
B. Dimorphism _

TETRASPOROPHYTE (2n)
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1758 Linnaeus Eschara fragilis Linnaeus
E. divaricata Linnaeus 1775 Forsskal Fucus fragilis
Forsskal Ellis and Solander 1786
Corallina Corallina  Linnaeus
(1759) (polyp- like organisms)
1812

(Galaxaura) Lamouroux
" Polypiers phytoides’ Lamarck (1816)
(Dichotomaria)
Esper (1830)
Tubularia Linnaeus (1759)

Alysium (C. Agardh, 1822; Decaisne, 1842) Brachycladia (Sonder, 1853;
De-Toni, 1897) Dichotomaria (Lamarck, 1816) Euhymenia (Kitzing, 1849) Halysium
(Kitzing, 1843) Holonema (Areschoug, 1854) Zanardinia (J. Agardh, 1876)
1900
L amouroux 1812 (Cryptonemiales)
(Corallinaceae) (Galaxaura)
1816
5 12 (basionyms) (type
localities) G. oblongata (Elliset Solander) Lamouroux ( Corallina oblongata
Ellis et Solander West Indies) G. umbellata (Esper) Lamouroux (
Turbinaria umbellata Espe West Indies) G. obtusata (Ellis et Solander)
Lamouroux ( Corallina obtusata Ellis et Solander West Inides) G.
annulata Lamouroux ( Indies Oreintalis) G. rugosa (Ellis et Solander)
Lamouroux (bsionym, Corallina rugosa Ellis et Solander; Jamaica, West
Indies) G. marginata (Elliset Solander) Lamouroux ( Corallina marginata Ellis et
Solander; Bahamas, West Indies) G. lapidescens (Ellis et Solander)
Lamouroux ( Corallina lapidescens Ellis et Solander not specified)
G. fruticulosa (Ellis e Solander) Lamouroux ( Corallina fruticulosa Ellis et
Solander West Inides)( G. fruticulosa Kjellman )
G. indurata (Ellis et Solander) Lamouroux ( CorallinaindurataEllis et Solande
West Inides) G. lichenoides (Elliset Solander) Lamouroux ( Corallina
lichenoides Ellis et Solander West Indies) G. rigida Lamouroux (
lamer des Inides) Galaxaura janoides Lamouroux ( West Indies)
Ellis and Solander (1786) Lamouroux (1821)
(G. oblongta G. obtusata G.rugosa G. marginata G. lapidescens
G. cylindrica (Ellis et Solander) Lamouroux G. fruticulosa G. indurata G.
lichenoides) Ellis and Solander
Decaisne (1842) G. major Decaisne (



18

Nova Hollandia, Australia) G. schimperi Decaisne ( Red Sea) G.
fastigiata Decaisne ( Manila, Philippines) 13
(Section) Sect. Dichotomaria Sect. Eugalaxaura
Sect. Microthoe Sect. Dichotomaria G. major G. obtusata G. oblongata G
umbellata Sect. Eugalaxaura G. cylindrica G. fragilis (Lamarck) Lamouroux ex
Decaisne G. dichotoma Lamouroux G. schimperi  G. fastigiata Sect. Microthoe
G. lapidescens G. annullata G. rugosa  G. marginata Decaisne
(Actinotrichia Decaisne) G. rigida
Lamouroux A. rigida (Lamouroux) Decaisne
Grunow (1874) J. Agardh (1876) Decaisne
J. Agardh (Section) Sect. Alysium G. obtusata
G. umbellata G. decaisne J. Agardh J. Agardh G.
cylindrica G. fragilis G. dichotoma G. fastigiata G. adriatica Zanardini Sect.
Eugalaxaura G.rugosa G. annullata G. elongata J. Agardh Sect. Microthoe
Sect. Dichotomaria G. lapidescens J. Agardh
G. indurata G. fruticulosa (Ellis et Solander)
Lamouroux G. lichenoides G.janoides G. distenta Harvey

Schmitz (1889) G. rugosa (type species)

Kylin (1956) " Die Gattungen der Rhodophyceen” Chou (1945)
G. umbellata Chou
Kylin G. rugosa
De-Toni (1897) 22 Sonder Brachycladia
1900 Kjellman
62 47 ( )

Kjellman G. annulata G. lapidescens var.

annuligera Piccone et Grunow G. cliftony Harvey G. dactyliophora Piccone et Grunow
G. dichotoma G.distenta G.indurata G.janoides G.oblongata A.rigida

Kjellman 62 9 Sect. Brachycladia Dichotomaria
Sect. Eugalaxaura Sect. Heterotrichum  Sect. Laevifrons Sect. Microthoe Sect. Papulifer
Sect. Rhodura  Sect. Vepreculae (sporogenous tissues) Sect.
Brachycladia Subsect. Disseminatae  Subsect. Soriferae

(cortex) Sect. Dichotomaria Subsect. Cameratae  Subsect.
Spissae C )

1911 Butter 1917
Howe Dichotomaria  G. obtusata
(dimorphism) Kjellman (1900)
G. obtusata Subsect. Spissae
Subsect. Cameratae Howe 1918 G. marginata
Sect. Brachycladiau Sect. Vepreculae
G. sgalida Kjellman G. flagdliformis Kjellman
Howe Kjellman (1900) 62
Howe Kjellman

62 (synonyms) Howe (1920) Weber-van Bosse (1921) Bargesen
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(1927, 1931, 1932, 1942, 1949, 1951, 1957) Tanaka (1935, 1936) Tseng (1941) Svedelius
(1939, 19423, b, 1945, 1952, 1953) Chou(1945, 1947) Papenfuss and Chiang (1969)
Cordero (1976, 1986) Itono (1977, 1980, 1985) Papenfuss et al. (1982) Zou and Chen
(1983) Krishnamurthy and Sundarargjan (1986) Lee and Lee (1989) Huisman and
Borowitzka (1990) Pérez and Afonso-Carrillo (1993) Bargesen (1932)

(Actinotrichia) A.rigida Forsskal (1775) Fucus fragilis
Forsskal A. rigida A. fragilis (Forsskal) Bergesen
Svedelius (19423, b)

Galaxaura corymbifera Kjellman ( G. obtusata) Galaxaura disingiana
Zanardini Papenfuss and Chiang (1969) Kjellman

50 % (Western
Indian Ocean Region) Galaxaura elongataJ. Agardh G. oblongata
G. obtusata  G. tenera Kjellman Margruder
(1984) G. oblongata ( Tricleocarpa cylindrica (Ellis et Solander) Huisman et
Borowitzka)
Itono (1979)

A. robusta ltono
Papenfussetal. 1982
30 G.
disngiana G. fasciculataKjellman G. lapidescens G. lentaKjellman G. marginata G.
oblongata G. obtusata G.rugosa G. subverticillata Kjellman

Huisman and Borowitzka (1990)

30 6
(Tricleocarpa) G.
cylindrica  G. oblongata T.cylindrica  T. oblongata (Ellis et Solander) Huisman et
Borowitzka G.rugosa G.
cohaerens Kjellman G. marginata G. obtusata Huisman and Townsend (1993)
Plukenet  Linnaeus T. oblongata Linnaeus (1758)
Eschara fragilisLinnaeus T. oblongata T. fragilis
(Linnaeus) Huisman et Towensend
Kjellman
Wang and Chiang (2001b) A.
fragilis
(Actinotrichia) (Galaxaura) (Tricleocarpa) 40
2 36 2 )
(reviewed in Lewis and Norris,
1987) Lewis and Norris
600 24

Chiang and Wang (1987) Huang (1990, 1999a, b) Huang and Chang (1999) Wang
etal. (1993) Wang and Chiang (1993, 1994) Wang and Chiang (20014)
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26

26
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2001-2003
95% (95% ethanol) (silica gd) (Chase and Hills, 1991)
DNA 5-10%
formalin/seawater)
: A
I"J
"pi"‘—;—.,;t
s
Mortheastern ®
Coast ./-'J
1
1
Tizze
Al || Taitung (‘mﬁ.trn:
.-9
5
L4
.5.
% Taiwan B
4
st © ]'ﬁ. e v
T ;-T Lamvu _,“‘x
Loy Island
..
e
i U = |lc
E
P4 E | Hengchun M Creen b
Hase Ll " Peninsula 12" T Island I
| - ~n1 !
e (21 ' N
- : i 2 =
o w20 D
F | 1% 45'_:_2&,1_;
: Bt E
A 1 2 3 4
5 Cc 6 7 D 8 9 10 11
12 13 14 15 16 17 18 19
21 22 F 23

(5-10%

20



A 1 Sonora B 2 Floriday Keys
3 Guadeloupldand C 4 CapeProviance 5 Natal D 6 PapuaNew Guinea E
7 Cebu 8 Bulusan F 9 southern Taiwan 10 northern Taiwan
( )DNA (DNA Extraction)
2-3
Silica gel
DNA
DNeasy Plant Mini Kit (QIAGEN, Vaencia, California, USA)
300-500 4 AP1 50mg ProteinaseK 0.8-1ul RNAase
RNA
2ml 60-70°C 30
1 10-15
160 AP2
-20°C 24
RNA -20°C 24
13200 rpm 5-6 RNA
2 ml 250ul  AP3

500l 99.5% DNA 13200 rpm

1-2 DNA 500u AW

DNA 100-110

il AT buffer (gel electrophoresis; 1% agarose
gd in Ix TBE at 230V for 30 min) 1-2u ethidium bromide  DNA

uv
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RE-FEAHSCERERY  Arrbe LARSER4ARBREF AT F -
HER. o) ShAh 4 Tk
rbe L-FT A &, 5-AAC TCT GTA GAA CGN ACA AG -3 Lin ef al. (2001a)
rhe L-F85 W 5-TGG GAT CCT GAC TAT GTT-3' + 0 %
rheL-F476 W& 5-ACT ATC GTA GAGIA CGT GAA CGA-3' AR
rive L-F492 WA SSCGT ATG GAT AAA TTT GGI CG -3 Lin ef af. (20014)
rbeL-R362 R A 5-ACT ACA CGT CCA TAG TT-3 BRI
rbeL-R753 R & 5-GCT CTT TCA TAC ATA TCT TCC -3' Lin et al. {20012)
rheL-F993 iR 5-GGT ACT GTT GTA GGT AAA TTA GAA GG -3 Lin ef al. (2001a)
e RIS R S-G0A TIT GIC OGC AGT GAA TAC C -3 Lin ef af {2001a)
i L-Rsst R SSTGEGIT GG GOC GOC CIT GTG TTA GIC TCA C -3 Lin ef af {20014)
DNA -20°C
LC DNA
() (Gene amplification) (Polymerase chain reaction PCR)
DNA Linet al. (20014)
(primer) rbcl « )
( ) PCR . Autoclaved

ddwater 13 ul 5M Betaine 10 pul 500mM dNTP 8 ul 5mM MaCh solution 6 ul PCR buffer
6 10mM Forward primer 2 ul  10mM Reverse primer 2 ul  Tag Polymerase (Ampli Taq)
1yl DNA 2ul 50 pl

PCR 96°C 6 DNA DNA denaturation
40-45 94°C 1 DNA 42°C 1
(primer annealing) 72°C 1 30 DNA (DNA
elongation) 72°C 8 DNA 4
PCR (gel eectrophoresis; 1% agarose gel in 1x
TBE at 230V for 30 min) 1-2 ethidium bromide  PCR DNA
uv
PCR PCR -20°C
4C PCR
() (Sequencing Reaction and Sequencing)
DNA (sequencing
recation) ? A T C G PCR
:BigDye8 ul PCR product 8.8 ul 10 pmol Primer
3.2yl 20 pl
25-28 96°C 20 DNA
50°C 20 72°C 3 30 DNA
2 30 -20°C 4C
(ABI prism 377 DNA sequence)
() (Phylogenetic analysis)
Sequencher 4.0 (aign) rbcL

(alignment) GenBank (National Center for
Biotechnology Information, NCBI; http://www.ncbi.nlm.nih.gov/)
Audouinella arcuata (Drew) Garbary, Hansen et Scagel  Audouinella violacea (KUtzing)
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Hamel ( ) PAUP* v4.0010
(neighbor-joining; NJ) (maximum-parsimony; MP)
(Swofford, 2003) MODELTEST v3.06 (Posada and Crandall,
1998) ? (nucleotide substitution model) GTR+I+G
? | =0.5332 G = 1.0666 I G
Heuristic
Serarch 500 ( 5
) 500 15
TBR (tree-bisection reconstruction) NNI (nearest neighbor
interchange)
bootstrap (Felsenstein, 1985 1000
NJ MP decay index (Bremer, 1988) MP

(hand-sectioned) (Leica
CM1850) (squash method)
1-3% (2-3% HCI)
1-5% (1-5% aniline blue) (aceto- iron-hematoxylin-chloral hydrate)
?
1N NaOH
24

)Aniline blue (Papenfuss, 1937)
1-2  1-3%Anilineblue
1%HCI
50% (50% Karo™ corn syrupy/distilled water)

WN

~

)Wittman’ s hematoxylin (Wittmann, 1965)

N

hematoxylin working solution (4g Hematoxylin powder + 1 g FeSO4 12H,0 + 100
ml 45% Acetic acid)

w

30 4
4 45% hematoxylin working solution

5 Hoyer’ s mounting medium Hoyer’ s mounting medium
1-2
6 45% Hoyer’ s mounting medium
(30% —>50% > 70% —>80% ->85% —>90% —>95% —> 100%)

5 /Xylene (2.1 :
Xylene >1.2 : Xylene - 100% Xylene ) 100% 100%
Xylene

7 Xylene Piccolyte Piccolyte

1% 50% (50% Karo™ corn
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syrupy/distilled water)
(Hommenrsand and Fredricq, 1997)
(PixeraPenguin 600CL)
Photoshop 6.0

(1989) 0

(Minitab Inc., USA)
Analaysis)

(Multivariate Analysis)

Piccolyte
(Cool Pix 500)
Automontage
Kraft
1 2
9 (
)
MINITAB™
(Cluster
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36 ( ) 34
rbcL
36 Acrochaetiales (Audouinella arcuata (Drew) Garbary,
Hansen et Scagel  A. violacea (Kutzing) Hamel) GenBank
rbcL 1467 ? 5 60 ?

MP tree

d=12
G, rugoss ELTaman%

G Tapidescens” 5, Tawan &
G. rgosa M. Philppines A
5. Mapidescens”  Flonda Bay &

T Yastigiata®  Guf of Caiforia D
Trcleocarpa sp. E. Tamwan i

@, tetrasporophyte G. "lapidescens”  West Indies ¢ e B
=
%, female G. “apidescens”  Gulf of Calfemia ® | § B
male ! 8=
3, Gafavaura sp. West Indies & IE
), gametophyte . Wamentosa® N, Phiippines =5
. pacifice 5. Taiwan ¥
G. "Mamentosa® E. Tatwan @B
&, febiculosa B, Tahwan
H | G, "cuculigera® S, Tatwan
d=5 : A robusta 5. Taiwan $ -
1R oEAE | P 25
dmd ] o A, mbusta 5. Taiwan éi
1401001 A fragilis 5. Talwan €5 H =§-_
d=5 . 3 =
o A, fragilis M, Philppines 7 3 E.
d=2 Aiinotnichia sp. 5. Tawan ¥ =
:iLI T. cplindica  West Indies © E
T. "cyiingica” E. Taiwan § ]
i iy =
d=]——— T fasfigtata M. Tawan 3 QE
- _— gz
= =
B
g3
=

T. “fragilis” 5. Taiwan g
G marginats (=D, mavpnate | M Philppnes &
G. marginaly (=0, marginata | New Guinea (&)
5. margingta {= 0. margnata ) West Indies
5. marginats (=0, marginats ) Gulf of California
& marginata (=0, margiats | South Afica &
G latfola (=0, latifoka) M, Talwan &R
G. hystrix (=D, hysirix § S Tawan &
G. “obfusats” (=0 "oblussia”™ ) 5. Tatwan ?
G. breviarticwats (=0 breviarticulate ) South Africa 2]
=L T G chsingiane (=0 disingiana ) South Africa ®
Dichatorraria sp. South Africa §
Audawneis arcuia
Audouineila victscea || OUTETOUP

TIHKT M1
d=5

Dichotomiaria
(Isomorphism)

1] changes

( = 1266 Cl =0.5284 RI =0.7479)
MP  bootstrap ( 50%) NJ  bootstrap ( 50%) MP
decay index
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A LIRS AR B R rbe LA PG R e

(ralaxaura Actinatriclia Triclencarpa Dichatvmaria
Galaxcaura
Actimoerichia B.A%- 10T
Tricleocarng B.5%=11.2% 10, 2%=1 2%
Dichotomaria 0.3%-12.5% 10, 4%4-12, 5% B.5%-11,90%
1407
(maximum-parsimony analysis) 359
27% rbcL
1266 Cl =0.5284 RI=0.7479
(neighbor-joining analysis)
( ) bootstrap
(1000 50%) bremer
2  Acrochaetides
MP=100 NJ=100 D=6
« )
(Galaxaura clade MP =100 NJ=100 D =6)
(Actinotrichiaclade MP=100 NJ=100 D =6) (Tricleocarpa clade
MP=98 NJ=98 D=6) (Dichotomariaclade MP=95 NJ=98 D
= 6) (MP=838 NJ=94 D=5
Galaxaura ( )
( ) 8.5-10.7%
8.5-11.2% 9.3-12.5%
10.2-12% 10.4-12.5% 8.511.9%
8.5%
Galaxaura rugosa (Ellis et Solander)
Lamouroux ( ) G. “lapidescens’ (Ellis et Solander) Lamouroux ( ) G
pacifica Tanaka ( ) G. “cuculligera” Kjelman ( ) G.
“filamentosa” Chou ex Taylor ( ) G.fruticulosa Kjellman ( )
G. rugosa ( )  G. “filamentosa” ( )
Galaxaura sp. G. “lapidescens’ ( ) G
“lapidescens’ ( ) G. “lapidescens’ ( )
( ) G. rugosa ( )
G. “lapidescens’ ( )
(0-1.9% ) G. pacifica ( ) G. “filamentosa” (
) (0% ) G. “filamentosa” ( )
(2.6% ) G. “cuculligera” ( ) G. fruticulosa (
) ( 0% ) 0-1.9%
2.6-6.2%
G. rugosa ( ) G. “lapidescens’ ( ) G. pacifica ( ) G

“filamentosa” ( ) G.“cuculligera” ( ) G.fruticulosa ( )
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G. fruticulosa G. “cuculligera” G
“filamentosa” G. pacifica  G. “filamentosa” (MP=65 NJ=- D=
2) Galaxaura sp. (MP=92 NJ=100 D=6)

G. “lapidescens’ G.rugosa(MP=97 NJ=76 D =05)
A. robusta Itono

A fragilis (Forsskal) Bargesen Actinotrichia sp. A.
fragilis MP Actinotrichia sp. (MP
98 NJ 96 D 6) A. fragilis

(MP 92 NJ 98 D 4
A. robusta (MP 100 NJ 100
D 6 ( ) A. fragilis A. fragilis
(1.6% ) A. robusta (1.9% )
1.6-1.9% 3.4-6.0%
T. “fragilis’ (Linnaeus) Huisman et
Townsend T. “cylindrica” (Ellis et Solander) Huismanet Borowitzka
Tricleocarpa sp. T. fastigiata Decaisne T.
“fastigiata” T. cylindrica T. fragilis
T. “fastigiata”
Tricelocarpasp. (MP=- NJ=- D=2) T. fastigiata
T. cylindrica (MP =65 NJ= - D = 2) T.
“cylindrica” T. cylindrica (MP=90 NJ
=83 D=5 ( ) T. “cylindrica”

T. cylindrica (3.3% ) T. fastigiata T.
“fastigiata” (5.7% ) 3.3-6.9%

D. hystrix (Kjellman) com. nov.  D.
“obtusata” (Elliset Solander) Lamarck D. latifolia (Tanaka) com. nov.

Dichotomaria sp. D. disingiana (Zanardini) com. nov. D.
breviarticulata (Kjellman) com. nov.  D. marginata (Ellis et Solander) Lamarck

D. marginata D. marginata D. marginata
D. marginata Dichotomaria sp.
D. disingiana (MP =81 NJ=83 D =14 D.
“ obtusata’ D. breviarticulata (MP=88 NJ=94 D=6)
D. hystrix D. latifolia (MP=100 NJ=98 D=6)
(MP=53 NJ=- D=1)
D. marginata (MP = 53
NJ=- D=1 ( )
D. marginata (0.3%-2.3 )
0.3-2.3% 1.4-3.7%
rbcL

Galaxaura fruticulosa Kjellman G. pacifica Tanaka  G. rugosa (Ellis
et Solander) Lamouroux Actinotrichia fragilis (Forsskal) Bgrgesen A.
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robusta Itono  Actinotrichia sp. Tricleocarpa cylindrica (Ellis et Solander)
Huisman et Borowitzka T. fastigiata (Decaisne) com. nov. T. fragilis (Linnaeus) Huisman et
Townsend  Tricleocarpa sp. Dichotomaria hystrix Kjellman D. latifolia

Tnaka D. obtusata (Ellis et Solander) Lamarck  Dichotomaria sp.

[ ] rbcl

L e e e (Tricleocarpa)
L e e e e e e e e e e et e e e e 2
e e e e (Actinotrichia)
2 e e e e e e e e 3
PR (Galaxaura)
P (Dichotomaria)
() Galaxaura Lamouroux, 1816: 262.

(type species) Galaxaura rugosa (Ellis et Solander) Lamouroux

virerenn... Gl pacifica
vevennnn. G fruticulosa
........................... G. rugosa

NN P P

ivee......G. pacicica

.................................... G. rugosa
2 G. fruticulosa

NN P -
N
w

Galaxaura fruticulosa Kjellman, 1900: tab. 4: figs 4-16, tab. 20: fig. 19.
(Basonym) Galaxaura fruticulosa Kjellman, 1900: tab. 4: figs 4-16, tab. 20: fig. 19.
(Synonym) Galaxaura cuculligera Kjellman, 1900: tab. 6: figs 22-30, tab. 20: fig.
30 (type locality: Gotd, Japan)
(Typelocality) Nomo (Cape Nomo, Japan)
(Distribution)



(Specimen examined) Kenting National Park, southern Taiwan: (1) Houwan, coll.
S-L. Liu, 10.viii.02 (GaFr91081001, female); Green Idland, eastern Taiwan: (1)
Dabaisa, coll. S-L. Liu, L.-C. Wang and W.-L. Wang, 28.viii.02 (GaFr91082801,
tetrasporic)

(Hibitat and seasonality)

1-3m

Galaxaura fruticulosa Kjellman A CD EF Hoan, Kenting National
Park, southern Taiwan, coll. S.-L. Liu, 10.viii.02 (GaFr91081001) B G H | Dabais, Green Island, eastern Taiwan, coll.
S-L. Liu, L.-C. Wang and W.-L. Wang, 28.viii.02 (GaFr91082801)) A
( ) B C

(Iaf) (saf) 23 (
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100 pm
Galaxaura fruticulosa Kjellman
southern Taiwan, coll. S.-L. Liu, 10.viii.02 (GaFr91081001)) A (
) ( ) B « )
« ) ( )
1 (Hibit) 10cm 5cm
lem ( A-B) 1-2
mm 3-10 mm
«( A ( O
( B G)
2 (Vegetative structures)
( D
35-60 um 40-125 pm

35-45 um 35-50 um 10-20 pm 10-20 pm

4-6 ( E F 15-20 pym 25-50 pm

( H1
10-15 2-3

3 (Reproductive structures) (dioecious)
Q) (Male)
2 (Female)

(primary gonimoblast filament)

«( A
(pseudoparencymatous mass) (
A) 3-5
( A) (20- 50 pm 35-75um
)
(pit-plug)
300 - 400 pm
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3 (Tetrasporangia)

4 (Remarks) Kjellman (1900) Tanaka (1936) G. fruticulosa
(= G. cuculligera)

Chou (1945)

2 G. fruticulosa 2 3 G. delabida
rbcL
Kjellman (1900) G. fruticulosa ( ) G. cuculligera ( )
G. fruticulosa G. cuculligera
G. cuculligera G. fruticulosa
G. fruticulosa G. pacifica  G. fruticulosa

Galaxaura pacifica Tanaka, 1935: 55-57, figs 5a, 5b, 6, pl. 17: fig. 2.

Galaxaura pacifica Tanaka, 1935: 55-57, figs 5a, 5b, 6, pl. 17: fig. 2.
Galaxaura filamentosa Chou ex Taylor, 1945: 39-41, pl. I: figs 1-6; pl. VI: fig. 1
(type locality: Revilla Gigedo Idlands, Clarion Islan, Sulphur Bay, Mexican)
(Bonin Island, Formosa)

Xiao Liu Qiu Idand, southern Taiwan: (1) Wukeuitung, coll. S.-L. Liu and C.-S.
Lin, 15.viii.02 (GaPa91081501, female); Kenting National Park, southern Taiwan:; (1)
Small Port, coll. S.-L. Liu, S.-M. Lin and Y.-C. Huang, 13.iii.03 (GaPa92031301,
female); (2) Houwan, coll. S-L. Liu, 29.viii.02 (GaPa91082901, female), coll. S.-L. Liu,
29.i.03 GaPa92012901, femde); Sorsogon, the Philippines: (1) Bulusan, coll. L.-M.
Liao, 19.ii.03 (GaPa92021901, tetrasporic)

1-5m
1 10 cm 6 cm
1-3cm  ( A-B) 1-2 mm
5-15 mm (
A) «( A

( B
2

( 0O
25-50 pm 38-105 pm 25-38 pm 30-40 pm

12-18 pm 12-18 pm
10-40
( D
( E) 10-50
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50 um 50 pm

Galaxaura pacifica Tanaka ' A C D XiaoLiuQiulsand, southern Taiwan, coll.
S-L. Liuand C.-S. Lin, 15.viii.02 (GaPa91081501) B E Bulusan, Sorsogon, the Philippines, coll. L.-M. Liao, 19.ii.03
(GaPa92021901)) A ( ) B
C
D
E
)
2
(carpogonial branches)
3
«( A
( A
«( A (
A) ( B-E)

(pericarp)

(BB



Galaxaura pacifica Tek
Isand, southern Taiwan, coll. S.-L. Liu and C.-S. Lin, 15.viii.02 (GaPa91081501)) A

© (h) (b) (t) ¢ )
( ) B
( ) C (g) (h) « )
« )
D (gi) (h) ¢ )
« ) E
(fo) « )
( B-E)
3-5
(12-45 pm 38-80um )
( CB
400-800 pm( E)
©)
4 Tanaka (1935)
G. pacifica
G. rugosa
(Papenfuss et al., 1982; Huisman and Borowitzka, 1990)
Tanaka (1935) G. pacifica
G. rugosa Chou (1945)

G. filamentosa
G.filamentosa  G. pacifica G
filamentosa G. pacifica
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Galaxaurarugosa (Ellis et Solander) Lamouroux, 1816: 263.

Corallina rugosa Ellis et Solander, 1786: 115, pl. 33: fig. 3.

Corallina lapidescens Ellis et Solander, 1786: 112-113, pl. 21: fig. g, pl. 22: fig. 9;
Galaxaura lapidescens (Ellis et Solander) Lamouroux, 1816: 264.
(Jamaica, West Indies)

Kenting National Park, southern Taiwan: (1) Chiupeng, coll. S.-L. Liu and C.-S.
Lin, 11.iv.02 (GaRu91041101, female; GaRu91041102, tetrasporic); (2) Sail Rock,
coll. S-L. Liu and S-M. Lin, 30.x.02 (GaRu91103001, female); (3) 3 Nuclear Power
Plant Outlet, coll. S.-L. Liu and Y.-C. Huwang, 13.ix.03 GaRu92041301, female);
Green Idand, eastern Taiwan: (1) Shrlang, coll. S.-L. Liu and W.-L. Wang, 28.viii.02
(GaRu91082801, mae)

1-10 m
1 10 cm 3cm
2cm A-B) 1-2
mm 5-12 mm
( A
( B)
2
( C A)
20-30 pm 25-60 pm 18-30 um
16-28 pm 8-12 ym 15-20 pm
( D B)
10-12 2-3
3
1)
( E C)
( D) (
F-G)
(ostiole) ( F-G)
7-10 pm  ( G)
230-450 um  ( G)
)

(carpogonia branches)



Galaxaura rugosa (Ellis et Solander) Lamouroux (
A C Sal Rock, Kenting National Park, southern Taiwan, coll. S.-L. Liu and S.-M. Lin, 30.x.02 (GaRu91103001) B D
Chiupeng, Kenting National Park, southern Taiwan, coll. S.-L. Liuand C.-S. Lin, 11.iv.02 (GaRu91041102) E-F Shrlang,
Green Idand, southern Taiwan, coll. S.-L. Liu and W.-L. Wang, 28.viii.02 (GaRu91082801)) A
B C
3 D
(laf)  (sef)

C ) E (spb)

A)
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Galaxaura rusi (Elliset rSol ander) Lamouroux

Chieupeng, Kenting Nationa Park, southern Taiwan, coll.S.-L. Liu and C.-S. Lin, 11.iv.02 (GaRu91041101)
© (h) (b)
2-4 « ) ( ) B
¢ ) ¢ )
(© (9) (of)
« ) « )
(df) ¢ )
«C ) E
(9f) ¢ )
(fo) (
F ¢ )

A
®
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Galaxaura rugosa (Ellis et Solander) Lamouroux

(
A Sail Rock, Kenting Nationa Park, southern Taiwan, coll. S.-L. Liu and S.-M. Lin, 30.x.02 (GaRu91103001) B
Chieupeng, Kenting National Park, southern Taiwan, coll. S.-L. Liu and C.-S. Lin, coll. 11.iv.02 (GaRu91041102) C D
Shrlang, Green Idand, southern Taiwan, coll. S.-L. Liu and W.-L. Wang, 28.viii.02 (GaRu91082801)) A

B
() c (spb)
( ) D (spf)
( B-D A-C)
( B-D A-C)
( B-D
A-C)
(pericarp)( E-F
D-E)
( C B)

(primary gonimoblast filament)
( D C)
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(pseudoparencymatous mass) (

E-F D-E) 3-5

(30-35 pm
50-75 um )
(pit-plug)
( E D-E)
580-660 pmy( F E)

©)

Galaxaura rugosa (Ellis et Solander) Lamouroux (
A-E Chieupeng, Kenting National Park, southern Taiwan, coll. S.-L. Liuand C.-S. Lin, 11.iv.02 (GaRu91041101)) A
(© (h) (b) ®
« ) ( ) B
(g) (9f) ()
) c
(9f) C ) D
«C ) (fo)
«C ) E
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4 Ellis and Solander (1786) Corallina rugosa Ellis et Solander (
Galaxaura rugosa (Ellis et Solander) Lamouroux)
( A
Svedelius (1945, 1953)
Ellis and
Solander Howe (1917, 1918)
Eliis and Solander

G. fruticulosa G. pacifica  G. rugosa
G. fruticulosa

G. pacifica
G. rugosa
G. fruticulosa
G. rugosa Ellis and Solander rbcL
G. rugosa G. rugosa
G. rugosa G. rugosa
Eliis and Solander (1786) Corallina lapidescens Ellis et Solander (

G. rugosa)
G. rugosa G. rugosa

() ActinotrichiaDecasine, 1842: 118.
Actinotrichia fragilis (Forsskal) Bargesen

1 ) A. fragilis
2 B00 UM e e e e e e e e A. robusta
2 B00 LM Actinotrichia sp.

Actinotrichia fragilis (Forsskal) Bargesen, 1932: 6-7.

Fucus fragilis Forsskal, 1775: 190.
Galaxaura rigida, Lamouroux 1816: 265, pl. VIII: fig. 4; Actinotrichia rigida
(Lamouroux) Decaisne, 1842: 118.
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(Yemen)

Kenting National Park, southern Taiwan: (1) Wanlitung, coll. S.--L. Liu, 13.iv.02
(AcFr91041301, female), coll. S-L. Liu, 23.vii.02 (AcFr91072301, sterile), 3.v.03
(AcFr92050301, dterile); (2) Hikou, coll. S.-L. Liu, 18xii.02 (AcFr91071801,
tetrasporic); (3) 3¢ Nuclear Power Outlet, coll. S-L. Liu and C.-C. Liao, 27.iii.04

(ACFr93032701, sterile).

1-10 m
( A) 10cm
05-1cm
40°-60°
2-9 mm 400-650 pum

Actinotrichia fragilis (Forsskd) Bergesen
Park, southern Taiwan, coll. S-L. Liu, 3.v.03 (AcFr92050301)) A
B ( ) C

( ) D



Actinotrichia fragilis (Forsskd) Bergesen A-H Wanlitung,

Kenting National Park, southern Taiwan, coll. S-L. Liu, 13.iv.02 (AcFr91041301)) A
(© (h) (b) (t B
( ) Cc ¢ )
( ) D ¢ )
( ) E (
) ¢ ) F
) (cp)
¢ ) ( )G
¢ ) ¢ ) (fo)
H

(cp) ¢ )
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0.1 cm

Actinotrichia fragilis (Forsskd) Bargesen
National Park, southern Taiwan, coll. S-L. Liu, 18.xii.02 (AcFr91071801)) A

« ) B ¢ )
() C
«C )
« )
2 15 10-12 pm 12-25 um
7-18 pm( C-D) 34 ( C-D) 65-85
pm 25-38 um 25-38 um

8-20 ym 18-38 um
10-15 pm 10-15 pm

3
D
)
(
A)
3 ( A-D)
(
A) (sterile cell)
( B)
(
C) ( D)
( C-B)
(pericarp) (paraphyses)
( F-H)
3-5
(cystocarp)

( F H)
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( G) 250-400 pm 10-18 ym  20-30 ym

©)
(assimilatory filament) ( A-C)
( B) (
B) 21-27 pm 26-30 pum
(tetraspore)( C)
4 Itono (1979) A. robusta A. fragilis

(Decaisne, 1842; Weber-van Bosse, 1921;
Bargesen 1932; Svedelius, 1952; Bodas and Chaugule, 1991)
(Wang and Chiang, 2001b)

C )

Actinotrichia robustaltono 1979: 138, figs 1-6.

Actinotrichia robusta Itono 1979: 138, figs 1-6.
(Yonaguni Island, Okinawa |dlands, Japan)

Kenting National Park, southern Taiwan: (1) Banana Bay, coll. S-L. Liu and S.-M.
Lin, 1.x.02 (AcR091050101, male); (2) 3% Nuclear Power Outlet, coll. W.-L. Wang,
11.viii.01 (AcRo081101, female),, coll. S-L. Liu and S.-M. Lin, 4.i.03 (AcR092010401,
female), coll. S.-L. Liu and S--M. Lin, 1.iv.03 (AcR0920401, female); (3) Small Port,
coll. S.-L. Liu ard S.-M. Lin, 13.iii.03 (AcR092031301, female); Lanyu Idand, eastern
Taiwan: (1) Hungtou Village, coll. S-L. Liu and S.-M. Lin, 8.iv.03 (AcR092040801,
female; AcCR092040802, male).

1-3m
1 ( A) 8 cm
0.5-1cm
40° 40°
60° 2-9 mm 400-600 pm
( B) (
B)
2 10 812 um 12-25 pm
6-10 um 3-4 ( C-D) 65-100

Hm 20-25 um 25-35 um

15-20 pm 15-20 pm
10-15 um 10-15 pum

D



Actinotrichia robusta Itono ( A-D 39 Nuclear Power
Outlet, Kenting National Park, southern Taiwan, coll. S.-L. Liu, 1.iv.03 (AcR092040101) E-G Banana Bay, Kenting
National Park, southern Taiwan, coll. S.-L. Liu and S.-M. Lin, 1.x.02 (AcR091100101)) A
B ( ) C
D 34

(spb) (co)

( )G
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Actinotrichia robusta Itono ( A-G 3 Nuclesr Power Outlet,
Kenting National Park, southern Taiwan, coll. S.-L. Liu, 1.iv.03 (AcR092040101)) A
(© (h) (b B
() ( ) C )
( ) D )
( ) E (
) () F
) (cp)
« ) « ) G
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250-300 pm 4-8 pm

@)
( A)
( A-D)
( A)
( B)
( C) (
D)
( C-E)
(
F-G) A fragilis
3-5
( F-G)
A fragilis A. sp.
250-400 pum 10-20 pm 20-40 pm
€
4 Itono (1979) A. robusta 7.5cm
A. fragilis 400-600 pum 75-90 um
Itono (1979)
A. robusta
A. fragilis ( )
( ) A
robusta

Actinotrichiasp.

Kenting National Park, southern Taiwan: (1) Sia Rock, coll. S.-L. Liu, 22.vii.02
(AcSp91072201, male); (2) Feng-Chwei-Sha (Wind-Blow-Sand), coll. S.-L. Liu,
21.vii.02 (AcSp91072101, tetrasporic); (3) Chiupeng, coll. S-L. Liu, 11.v.02
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(AcSp91051101, tetrasporic), coll. S.--L. Liu and C.-S. Lin, 21.vii.02 (AcSp91072102,
female); (4) LKS, coll. S--M. Lin, 17.x.02 (AcSp91051701, female); Taitung, eastern
Taiwan: (1) Jyi-Huen, coll. S-L. Liu and W.-L. Wang, 26.viii.02 (AcSp91082601,
tetrasporic); (2) Shan Yuan, coll. S.-L. Liu and W.-L. Wang, 27.viii.02 (AcSp91082701,

tetrasporic).
1-3m
1 ( A) 75 cm
0.5-1cm
40°
2-9 mm 600-1000 pm
( B)

2 10 8-12pum 12-25
pHm 8-18 um( C-D) (
C-D) 90-150 um 25-38 um

38-55 um 12-33 pm
20-50 pm 8-15 pm 8-15 pm
3
)

( E)
( P
( G)
250-300 pm 3-8 um

)

( A)

( A-D)
( A)
( B)
(
C) ( D-E)
( C-B)
(

F-H) A. fragilis



Actinotrichia sp. - B ( - AD Chiu;eng, Kenting-Nationei
Park, southern Taiwan, coll. S.-L. Liu, 11.v.02 (AcSp91051101) E-G Sail Rock, Kenting National Park, southern Taiwan,
cal. S-L. Liu, 22.vii.02 (AcSp91072201)) A B
( ) C D
34 E
(spb) ( ) F
)
G ¢ )
¢ )
(
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Actinotrichiasp. '
southern Taiwan, coll. S.-L. Liu, 11.v.02 (AcSp91051101)) A

© (h) (b) H B
( )¢ ¢ )
( ) D « )
( ) E « )
) F
() (cp)
C ) « ) G
¢ ) ¢ )
(fo)

( ) H (cp)



0.1 cm ' ‘ : .
-

( o A-C in:Huen, Taitung, eastern Taiwan, coll.

Actinotrichia sp.
S-L. Liuand W.-L. Wang, 26.viii.02 (AcSp91082601)) A ( )
B « )
( )¢
« )
( G) 250-400 pm 18-23 um 22-30 um
€)
( A-C)

18-23 um 22-30 pm
4 A. robusta

A. robusta ( ) A.
robusta

A. robusta ( )

A. fragilis  A.robusta

() Tricleocarpa Huisman et Borowitzka, 1990: 164.
Tricleocarpa cylindrica (Ellis et Solander) Huisman et Borowitzka

1 00 0 PP T. cylindrica
L e e e e e e T. fragilis
e e 3
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3 10
o 00 PN I 1= 1 o -1
3

Lo 2 0 PP Tricleocarpa sp.

Tricleocarpa cylindrica (Ellis et Solander) Huisman et Borowitzka, 1990: 164-168, figs
40-45.

Corallina cylindrica Ellis et Solander, 1786: 114, pl.22: fig. 4.
Galaxaura cylindrica (Ellis et Solander) Lamouroux, 1821: 22, pl. 22: fig. 4.
(the West Indies)

Green Idand, eastern Taiwan: (1) Dabaisa, coll. S.-L. Liu, L.-C. Wang and W.-L.
Wang, 28.viii.02 (TrCy91082801, female)

1-5m

Tricleocarpa cylindrica (Ellis et Solander) Huisman et Borowitzka ( A-D

Dabaisa, Green Idand, eastern Taiwan, coll. S-L. Liu, L.-c. Wangand W.-L. Wang, 28.viii.02 (TrCy91082801)) A
B ¢ )
¢ ) ( ) C



Tricleocarpa cylindrica (Ellis et Solander) Huisman et Borowitzka

( A-D Dabaisa, Green Island, eastern Taiwan, coll. S.-L. Liu, L.-c. Wang and W.-L. Wang, 28.viii.02
(TrCy91082801)) A
(© (h) (b) (t) ( ) B
) () C¢C
C )
() (cp) D
«C ) (cp)
1 10 cm( A-B)
0.3cm 0.5-1 mm
314mm ( B) ( A)
2 ( C)
18-23 pm 25-30 pm
15-20 pm 18-25um 8-13 um 8-13 um
D)
3
(@)
()
(
A-B)
( A)
( B) (
B)
( B)
( ) (
C-D)
( C-D) 3-5
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(12-25 um 20-38um )

300-400 pm( C)
4 Huisman and Borowitzka (1990) T. cylindrica  T. oblongata ( T.
fragilis) T.
cylindrica 1 mm T. fragilis 1 mm

T. cylindrica T. fragilis
T. fragilis

Tricleocarpa fastigiata (Decaisne) com. nov.

Galaxaura fastigiata Decaisne, 1842: 116.

(lectotype locality) (Manila, the Philippines)

Northeastern Taiwan: (1) PenLung Bridgae, coll. S-L. Liu and C.-S. Lin,
30.vii.02 (TrFa91073001, female); (2) Luntung Bay, coll. S-L. Liu, 24.iv.02
(TrFa91042401, female); (3) Aati, coll. S-L. Liu, 24.iv.02 (TrFa91042402, female).

1-3m
1 10 cm
05cm ( A-B) 1-1.5 mm
312 mm ( B) ( A)
2 ( C)
25-30 pm 25-40 pm
15-20 ym 15-30 ym 10-15 pym 10-15
um ( D)
3
1)
)
( A)
( A)
( B)
( B-D)
( D)
( B-D)
( E-F)

( F-G)
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Tricleocarpa fagtigiata (Decaisne) com. nov.
northeastern Taiwan, coll. S.-L. Liu and C.-S. Lin, 30.vii.02 (TrFa91073001)) A
B « ) ()
( ) C

D
( F) 35
(30-35 um 50-75 um )
580-660 pm( F)
4 T. fastigiata T. cylindrica (Ellis et Solander) Huisman et
Borowitzka (Huisman and Borowitzka, 1990) rbcL
T. cylindrica Huisman and Borowitzka (1990)
T.cylindrica  T. oblongata (Ellis et Solander) Huisman et Borowitzka ( T. fragilis
(Linnaeus) Huisman et Townsend, 1993)
T. cylindrica T. fragilis
T. fragilis T. cylindrica
(T. fragilis= 1.5-2mm T. cylindrica = 0.5-1mm) (

) T. fastigiata T. fastigiata T. cylindrical
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h_.-
Tricleocarpa fastigiata (Decaisne) com. nov.
Penlung Bridge, northeastern Taiwan, coll. S.-L. Liu and C.-S. Lin, 30.vii.02 (TrFa91073001)) A

© (h) (b)

® ( ) B

() (cp) G
() (cp)
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( ) T. fragilis  T. cylindrica T. fastigiata
1-1.5 mm( ) Svedelius (1945) Kjellman (1900)
Sect. Eugalaxaura ( )
G. cylindrica ( T. cylindrica) G. fastigiata (
T. fastigiata) G. oblongata ( T. fragilis) T. cylindrica
1 mm T. fagtigiata T. fragilis T. fastigiata  T. fragilis
( ) Svedelius (1945, 1953)
T. fastigiata  T. fragilis T. fastigiata
T. fragilis
T.
fastigiata Svedelius  T. fastigiata

C )

Tricleocarpa fragilis(Linnaeus) Huisman et Townsend, 1993: 100, table 2.

Eschara fragilis Linnaeus, 1758: 805.

Corallina oblongata Ellis et Solander, 1786: 114, pl. 22: fig. 1 (type locality: the
West Indies); Galaxaura oblongata (Ellis et Solander) Lamouroux, 1816: 262,
Tricleocarpa oblongata (Ellis et Solander) Huisman et Borowitzka, 1990: 168-169, figs
46-49.
Dichotomaria fragilis Lamarck, 1816: 145 (type locadlity: “les mers d° Amérique’);
Galaxaura fragilis (Lamarck) Lamouroux ex Decaisne, 1842: 116.
Galaxaura dimorpha Kjellman, 1900: 63, pl. 8: fig. 13, pl. 20: fig. 3 (type locaility:
Timor, Indonesia).
Galaxaura eburnea Kjellman, 1900: 62-63, pl. 9: fig. 13, pl. 20: fig. 21 (lectotype
locality: Moorefield River, Queendand, Australia). A
Galaxaura pilifera Kjellman, 1900: 65-66, pl. 9: figs 4-12, pl.: fig. 8 (type locdity: | lot
Barkly, Mauritius).

(* Oceano Americano” = Jamaica)

Kenting National Park, southern Taiwan: (1) Wanlitung, coll. S.-L. Liu, 13.iv.02
(TrFr91041301, female), coll.S.-M. Lin, 10.x.02 (TrFr91101001, female)

1-15m
1 15 cm
05-1cm ( A-B) 1-1.5 mm
5-12 mm ( B) ( A)
2 ( C)
32-38 pm 37-43 pm
25-33 um 30-38 um 8-18 um 8-18 um

( D)



Tricleocarpa fragilis (Linnaeus) Huisman e Townsend
Wanlitung, Kenting National Park, southern Taiwan, coll. S-M. Lin, 10.x.02 (TrFr91101001)) A

B « )
() ( )c
D
3
(N
@
( A)
(
A-B) ( B)
(
A-B)

( C-D) ( C-D)
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Tricleocarpa fragilis (Linnaeus) Huisman et Townsend (
A B C D Wanlitung, Kenting National Park, southern Taiwan, coll. S.-M. Lin, 10.x.02 (TrFr91101001)) A
« ) ( )B
« ) ( )¢
(fo) (h) (cp) D
(fo) (h)
¢ ) ¢ )

( C-D) 3-5

(18-38 um 25-50 um )

( C-D) 350-500 pm (
C-D)
4 Svedelius (1945) Huisman and Borowitzka (1990)
( ) T. fragilis T. cylindrica T.
fragilis T. fastigiata Tricleocarpa sp. Huisman and Borowitzka (1990)

T. fragilis



Tricleocarpa .

Orchid Islands, eastern Taiwan: (1) Yeyu, coll. S.-L. Liu and S.-M. Lin, 8.iv.03
(TrSp92040801, female); (2) Keiyun Port, coll. S-L. Liu and S.-M. Lin, 6.iv.03
(TrSp92040601, male); Kenting National Park, southern Taiwan: (1) 3% Nuclear Power
Outlet, call. S-L. Liu, 13.ix.03 (TrSp92091301, female).

6-25m
1 5cm
05cm ( A-B) 1-2 mm 4-10
mm ( A)
2 ( C)
25-35 pm 25-40 pm
15-35 pym 15-35um 8-15um 8-15um
( D)
3
)
( E)
( F)
( G)
7-10 pm  ( G)
230-450 pm
)
( A-C A-D)
( A
A)
( B)
( C-E B-D)
( D-E C-D)
( C-E

C-B
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Tricleocarpa sp. ( N A-D Yeyu, Lanyu ldand, southern
Taiwan, coll. S.-L. Liu and S.-M. Lin, 8.iv.03 (TrSp92040801) E-G Keiyun Port, Lanyu Island, southern Taiwan, call. S.-L.
Liuand S.-M. Lin, 6.iv.03 (TrSp92040601)) A
B « ) ()
( ) C
( ) D E (spb)
(co) F

.



Triclpa sp.
cal. S-L. Liuand S.-M. Lin, 8.iv.03 (TrSp92040801)) A
© (h)

(b)

(co)
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6-26 m

Tricleocarpa sp.
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5cm
( ) Tricleocarpa sp. (T.
cylindrica T.fastigiata T. fragilis) ( ) T.cylindrica .
fragilis T. cylindrica T. fragilis
T. cylindrica  T. fragilis ( ) Tricleocarpa sp.
T. fastigiata
rbcL
T. fastigiata Svedelius (1945)
Tricleocarpa sp.
Tricleocarpa sp. T. fadstigiata
T. cylindrica  T. fragilis Sveddlius (1945) Kjellman
(1900) Sect. Eugalaxaura (
) Tricleocarpa sp.
6-25m Sect. Eugalaxaura
Tricleocarpa sp.
() DichotomariaLamarck, 1816: 145.
Dichotomaria obtusata (Ellis et Solander) Lamarck
1 vivereen....D. Obtusata
2 SN 1010 PP P T UUPPUVRPRTPRTRRN B I F-11) (¢ I T

Dichotomaria hystrix (Kjellman) com. nov.

Galaxcaura hystrix Kjellman, 1900: tab. 16: figs 1-10, tab. 20: fig. 34.

Gotd(Gotd, Japan)
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- e

100 m .

= . o ]
Dichotomaria hystrix (Kjellman) com. nov. A B C Smal Bay, Kenting
National Park, southern Taiwan, coll. S.-L. Liu, 12.viii.02 (DiHy91081201) D Sail Rock, Kenting National Park, southern
Taiwan, coll. S.-M. Linand S.-L. Liu, 21.vii.02 (DiHy91072101)) A B
C

( )D
¢ )

Kenting National Park, Southern Taiwan: (1)Sail Rock, coll. S-M. Lin and S-L.
Liu, 21.vii.02 QiHy91072101, tetrasporic); (2) Small Bay, coll. S.-L. Liu, 11.v.02
(DiHY91051101, tetrasporic), coll. S.-L. Liu, 12.viii.02 (DiHy91081201, female); (3)
Houwan, call. S-L. Liu, 29.i.03 (DiHy92012901, tetrasporic); (4) Chiupeng, coll. S.--L.
Liu, 21.vii.02 (DiHy91072101, tetrasporic); Northern Taiwan: (1) Lungtung Bay, coll.
S.-L. Liu, 24.iv.02 (DiHy91042401, tetrasporic)

1-10 m
1 20cm 051
cm ( A) 1-3 mm
3-8 mm
2 ( B-D)
( B-C)
20-35uym  50-65 um
20-35 pm 20-35 pm
5-15 pm 10-20 pm (spinulose cdl)

5-10 um 15-35 um (

D) 30-40
pm 45-90 um 15-20 pm 15-35 um

15-30
pm 30-50 pm
3



Dichotonariahystrix(Kj;rmm) €om. Nov. ( A B C
Small Bay, Kenting National Park, southern Taiwan, coll. S.-L. Liu, 12.viii.02 (DiHy91081201)) A
(h) (b) ¢ ) ¢ )
( ) B (© (h)
« ) ¢ ) (
) C ¢ )
)
)
( A-B)
(
A-B)
(
A-B) (
A-B)
( C)
( C) 3-
5
(35-70pum  40-90pm )
300-500 um
©)
4 Kjellman (1900) (
) G. hystrix Kjellman (1900)

Tanaka (1936)
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D. disingiana (
1 cm)(Papenfuss et al., 1982) D. latifolia ( 3-5mm) D. hystrix (
1-3mm) D. hystrix ~ D. marginata
D. marginata
D. hystrix D. marginata Huisman and
Borowitzka (1990) D. marginata D. marginata
D. latifolia
D. hystrix
D. marginata

Dichotomaria latifolia (Tanaka) com. nov.

Galaxaura latifolia Tanaka, 1935: 54, figs 4a, 4b, pl. XVIII.
(Keelung, Formosa)

Northeastern Taiwan: (1) Tahsianglan, Taipei County, coll. S--L. Liu and W.-L.
Wang, 25.i.03 (DiLa92012501, tetrasporic; DiLa92012502, female); Kenting National
Park, Southern Taiwan: (1) Small Port, coll. S--L. Liu, S.-M. Lin and Y.-C. Huwang,
13.iii.03 (DiLa 92031301, tetrasporic); (2) Baisa Bay, coll. S.-M. Lin, 13.i.01
(DiLa90021301, male)

1-20m
1 10cm 2cm
( A-B) 3-5 mm
5-12 mm
2 ( B-D)
( B-C)
25-30 um 55-100
Hm 20-30 um 30-50 um
10-15 pym 20-25 pum (spinulose cell)
10-15 pm 25-45 pm
( D)
35-75 pm 50-100 pm 10-15 pm
25-35 um
35-40 um 40-45 pum
3
)
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) F

5-8 um

2

B)

( D-E

Dichotomaria latifolia (Tana) COM. Nov.

A-B)

B-C)

(spb)

200-300 pm

A)

(

(
B C Tahsianglan, northeastern Taiwan, coll. S.-L. Lin, 25.i.03 (DiLa92012502) D Tahsianglan, northeastern Taiwan, coll.
S-L. Lin, 25.i.03 (DiLa92012501) E F BaisaBay, Kenting Nationa Park, southern Taiwan, coll. S.-M. Lin, 13.ii.01
(DiLa%0021301)) A

F)



75

Dichotomaria latifolia (Tanaka) com. nov.
D E Tahsianglan, northeastern Taiwan, coll. S.-L. Lin, 25.i.03 (DiLa92012502)) A

© (h) (b) « ) « )
B « ) ( ) C
« )
« ) D
(fo) « )
( ) E (fo) (h)
« )
« )
( D A)
( D-E A-B)
3-5
(12-38 pm 12-75 pm
)
( D-E A-B)
300-600 pm  ( E
B)
€)
4 Tanaka (1935) G. latifolia (

D. latifolia) ( D.disngiana )
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Dichotomaria latifolia (Tanaka) com. nov. ( A-B Tahsianglan,
northeastern Taiwan, coll. S.-L. Lin, 25.i.03 (DiLa92012502)) A (fc)

¢ )
( ) B (fo) (h)
« )
¢ )

D. hystrix ~ D. marginata
D. hystrix
D. latifolia

Dichotomaria “obtusata’ (Ellis et Solander) Lamarck, 1816:145.

Corallina obtusata Ellis et Solander, 1786: 113, pl. 22: fig. 2.

Galaxaura obtusata (Ellis et Solander) Lamouroux, 1816: 262-263; Galaxaura
robusta Kjellman, 1900: 85, pl. 18: figs. 820; pl. 20: fig. 47 (type loclity: NosyBé,
Madagascar).

(Bahamas, West Indies)

Kenting National Park, southern Taiwan: (1) 3" Nuclear Power Plant Outlet, coll.
S.-M. Lin, 4.ix.00 (DiOb89090401, male), call. S.-L. Liu, W.-L. Wang and C.-S. Lin,
14iv.02 (DiOh91041401, female and male), coll. S-L. Liu and S.-M. Lin, 13.vii.02
(DiOb91071301, tetrasporophyte), coll. S.-M. Lin, 10.x.02 (DiOb91101001, female),
coll. S-L. Liu and S-M. Lin, 4.i.03 (DiOb92010401, female), coll. S-L. Liuand Y.-C.
Huwang, 13.ix.03 (DiOb92091301, female, male and tetrasporophyte); (2) Banana Bay,
coll. S-M. Lin, 5.ix.00 OiOb89090501, female); (3) Sail Rock, coll. S.-L. Liu and
S.-M. Lin, 22.vii.02 (DiOh91072201, male and tetrasporophyte); (4) Small Bay, coll.
S.-L. Liu, 12.viii.02 (DiOb91071201, tetrasporophyte); (5) Big Bay, coll. S.-M. Lin,
25.i11.03 (Di0Ob92032501, tetrasporophyte); (6) Wanlitung, coll. S.-L. Liu and S.-M. Lin,
4..02 (DiOb91010401, female and tetrasporophyte); (7) Tiaoshih, coll. C.-S. Lin,
15.vi.02 (DiOb91061501, female)

6-16 m

1 20cm 2cm
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: F : ‘ ,\;: : .
Dichotomaria obtusata (Ellis et Solander) Lamarck
A-B 39 Nuclear Power Outlet, Kenting National Park, southern Taiwan, coll. S.-L. Liu ad Y.-C. Huang, 13.ix.03
(DiOb92041301) C Tiaoshih, Kenting National Park, southern Taiwan, coll. C.-S. Lin, 15.vi.02 (DiOb91061501) D Small
Bay, Kenting National Park, southern Taiwan, coll. S.-M. Lin, 12.viii.02 (DiOb91081201) E-G 3 Nuclear Power Plant
Outlet, call. S.-M. Lin, 4.ix.00 (DiOb89090401)) A B
C
D
« )
E (spb) ( ) F
( )G « )
¢ )
( A-B)

1.5-3 mm 8-22 mm

2 ( C-D A-B)
( C
A) 30-50
pHm 60-125 pm 20-35 pm 32-50 um

7-15 um 20-32 um ( D



Dichotomaria obtusata (Ellis et Solander) Lamarck (

A-F Tiaoshih, Kenting National Park, southern Taiwan, coll. C.-S. Lin, 15.vi.02 (DiOb91061501)) A
© (h) (b)
® (G ( ) B
(pit-plug)( )
¢ ) ( ) C
(9) (gf) « )
( ) D ¢ )
E ¢ )
(fo)
( ) F « )
¢ )
B) 50-75
pHm 60-130 pm 10-15 pm 15-20 pm

12-25
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ad

( A-C Small Bay, Kenting

Di cotoia obtusaI (I lis et Solander) Lamarck

National Park, southern Taiwan, coll. S.-M. Lin, 12.viii.02 (DiOb91081201)) A
B ¢ ) ¢ )
(ty) C ()
pHm 25-35 um
3
1)
( E C)
( F

D) ( G)



Dichotomaria obtusata (Ellis et Solander) Lamarck
( A Tiaoshih, Kenting National Park, southern Taiwan, coll. C.-S. Lin, 15.vi.02
(DiOb91061501) B Small Bay, Kenting National Park, southern Taiwan, coll. S.-M. Lin, 12.viii.02 (DiOb91081201)
C-D 3 Nuclear Power Outlet, Kenting National Park, southern Taiwan, coll. S.-M. Lin, 4.ix.00 (DiOb89090401)) A
( ) B

¢ )

5-6 um 200-340 pm
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Dichotomaria obtusata (Ellis et Solander) Lamarck (
A-F Tiaoshih, Kenting National Park, southern Taiwan, coll. C.-S. Lin, 15.vi.02 (DiOb91061501)) A
(© (h) (b)
() « ) ( ) B
« ) ( ) C
(90) (9f) (
) « ) D
(o) (G
(G E (9f)
¢ ) ¢ )
(fc) F
« ) « )
(fo)
)
( A A)
( A-C A-D)
(
B B) ( C C-D)
( C
C-D)

( B-C B-D)
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( C C)
(
D D)
( D-E E-F)
3-5
(15-25 pm 25-50 um )
( E E-F) 600-750 um
( F F)
©)
( A-C B)
25-38 um 32-40 pm (
B-C B)
4 Huisman and Borowitzka (1990) G. obtusata (Ellis et Solander)
Lamouroux ( D. obtusata)
(Huisman and Borowitzka, 1990)
D.
obtusata G. obtusata
( D. obtusata) ( ) D. obtusata

Dichotomaria sp.

Cape Proviance, South Africa: (1) Third Sister, Three Sisters, Riet River, north of
Port Alfred, coll. M. H. Hommersand, 20.vii.93 (DiSp82072001, female)

3

1 5cm
05cm ( A O

( A-B) 0.5-1.5mm 510 mm ( A-B)
2

( D) 100 um 25-40 um 40-60 um

25-35 pm 25-40 um
15-25 um 15-25 um ( E)

15-45 pm
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Dichotomaria sp.

T

A-E Third sister, Three Sisters, Riet

Alfred, Cape Proviance, South Africa, coll. M. H. Hommersand, 20.vii.93 (DiSp82072001)) A

() ¢C

D
e

A-B

C-D)

A-B)

A-B)

B

D

A-B

(

)

A-B
A-B)

A-B

River, orth of Port

A-B

A-B)

A-B)

D-F

B)



W

Dichotomaria sp. ( A-G Third sister, Three Sisters, Riet
River, north of Port Alfred, Cape Proviance, South Africa, coll. M. H. Hommersand, 20.vii.93 (DiSp82072001)) A
(© (h) (b) ()
) ( ) B
) ( )¢
(99)
(of) « ) ( ) D
(fo) « )
( ) E
« ) « )
F « )
(cp) « ) G « )
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(df)

D)

D-E
D)
(3)

B)

D)

Dichotomaria sp.
Riet River, north of Port Alfred, Cape Proviance, South Africa, coll. M. H. Hommersand, 20.vii.93 (DiSp82072001)) A

©

C)

(

)
(

(h)

(fo)

)

(b)

(g)

D-F

(8-20 pm

( A-D Third sister, Three Sisters,
(®
()
( ) C
)
( ) D
(cp)
()
(
C-D)
20-50 pm  )( F-G
(
(
550-700 um  ( F



4
D. breviarticulata (Kjellman) com. nov.  D. obtusata (Ellis et Solander)
Lamarck D. disingiana (Zanardini) com. nov. D. hystrix
(Kjellman) com. nov. D. latifolia (Tanaka) com. nov.  D. marginata (Ellis et Solander)
Lamarck com. nov. Dichotomaria sp.
rbcL D.obtusata D. breviarticulata
Kjellman (1900)  Sect. Dichotomaria ( G. obtusata
(Ellis et Solander) Lamouroux )
2-3mm Dichotomaria sp.
rbcL
rbcL

()
Galaxaura fruticulosa Kjellman, 1900: tab. 4: figs 4-16, tab. 20 : fig. 19.

Galaxaura fruticulosa Kjellman, 1900: tab. 4: figs 4-16, tab. 20 : fig. 19 (type locality:
Cape Nomo, Japan).

Galaxaura cuculligera Kjellman, 1900: tab. 6: figs 22-30, tab. 20: fig. 30 (type locality:
Got0, Japan).
Galaxaura pacifica Tanaka, 1935: 55-57, figs 5a, 5b, 6, pl. 17: fig .2.

Galaxaura pacifica Tanaka, 1935: 55-57, figs 5a, 5b, 6, pl. 17: fig .2 (type locality:
Bonin Island, Formosa).

Galaxaura filamentosa Chou ex Taylor, 1945: 39-41, pl. I: figs 1-6; pl. VI: fig. 1 (type
locality: Revilla Gigedo Islands, Clarion Island, Sulphur Bay, Mexica).
Galaxaura rugosa (Elliset Solander) Lamouroux, 1816: 263.

Corallina rugosa Ellis et Solander, 1786: 115, pl. 33: fig. 3 (type locality: Jamaica,
West Indies).

Corallina lapidescens Ellis et Solander, 1786: 112-113, pl. 21: fig. g, pl. 22: fig. 9 (type
locality: West Indies)
Galaxaura lapidescens (Ellis et Solander) Lamouroux, 1816: 264.
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()

Tricleocarpa fastigiata (Decaisne) com. nov.
Galaxaura fastigiata Decaisne, 1842: 116 (lectotype locality: Manila, the Philippines).

()

Dichoromaria disingiana (Zanardini) com. nov.
Galaxaura disingiana Zanardini, 1846: 51. (type locality: Port Natal, South Africa)

Zanardinia marginata (Ellis et Solander) J. Agardh var. disingiana (Zanardini) J.
Agardh, 1876: 534.
Brachycladia marginata (Ellis et Solander) Schimitz f. disingiana (Zanardini) De Toni,
1897: 110.

Dichotomaria breviarticulata (Kjellman) com. nov.

Galaxaura breviarticulata Kjellman, 1900: tab. 18: figs 113, tab. 20: fig. 51 (type
locality: Port Natal, South Africa).
Dichotomaria hystrix (Kjellman) com. nov.

Galaxaura hystrix Kjellman, 1900: tab. 16: figs 110, tab. 20: fig.34 (type locality:
Gotd,Japan).
Dichotomaria latifolia (Tanaka) com. nov.

Galaxaura latifolia Tanaka, 1935: 54, figs 4a, 4b, pl. XVIII (type locdity: Keelung,
Formosa).
Dichotomaria marginata (Elliset Solander) Lamarck, 1816: 145.

Corallina marginata Ellis et Solander, 1786: 115, pl. 22: fig. 6 (type locality:
presumably the Weat Indies).

Halysium canaliculatum K (itzing, 1843: 324.

Galaxaura marginata (Ellis et Solander) Lamouroux, 1816: 264.

Microthoe marginata (Ellis et Solander) Harvey, 1855: 553.

Zanardinia marginata (Ellis et Solander) J. Agardh, 1876: 534.

Brachycladia marginata (Ellis et Solander) Schimitz, 1889: 438.
Dichotomaria “ obtusata” (Elliset Solander) Lamarck

Corallina obtusata Ellis et Solander, 1786: 113, pl. 22: fig. 2 (type locality: Bahamas,
West Indies).

Galaxaura obtusata (Elliset Solander) Lamouroux, 1816: 262-263.
Galaxaura robusta Kjellman, 1900: 85, pl. 18: figs. 820; pl. 20: fig. 47 (type loclity:
NosyBé, Madagascar).
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(

Dichotomaria Galaxaura  Nothogenia
Gloiophloea  Scinaia
Actinotrichia  Tricleocarpa
Nothogenia

Similarity (“o)

353

)

( )

Actinotrichia  Tricleocarpa
Whidbeyella

Dichotomaria  Galaxaura

W3 —

1818 —

100.00 —

Actinotrichia
Tricleocarpa
Dichaotomaria

Galaxaura

Nothogenia
Whidbeyella
Gloiopiloea
Scinaia

—

(

I I



rbcL rbcL ( )
Silica Gel rbcL Chase and Hills (1991)
DNA (90-100%)
Chase and Hills Silica Gel
DNA
Silica Gel
DNA
18SrRNA Bird et al. (1992)
rbcL Gelidium 0.2-1.8% (Freshwater
and Rueness, 1994) Batrachospermum geltinosum  Psilosiphon scoparium
B. pseudogelatinosum  B. helminthosum 19% 4.4-7.7% 3.9%

0.1-4.2% (Vis and Sheath, 1997; Entwidle et al., 2000; Vis and Entwisle, 2000; Hanyuda et
al., 2004)

0-2.3%
Galaxaura rugosa (Ellis et Solander) Lamouroux Dichotomaria
marginata (Ellis e Solander) Lamarck 0-1.9% 0-2.3%(
)
2.3%
A fragilis(1.6%) A. robusta (1.9%)
2.3%
( ) Lamouroux (1812)
(Galaxaura) Decaisne (1842)
Galaxaura rigida Lamouroux (1816) (Actinotrichia)
Huisman and Borowitzka (1990)
G. cylindrica (Ellis et Solander) Lamouroux (1821) Galaxaura oblongata (Ellis et
Solander) Lamouroux (1816) (Tricleocarpa)
(
) ( )
(assimilatory filaments) ( )

(Svedelius, 1952; Wang and
Chiang, 2001b) (Magruder, 1984)
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(Huisman and Borowitzka, 1990)
(Huisman and Borowitzska, 1990)
(Howe, 1917, 1918) ( )

)
1900 Kjellman 9

(Section)( ) Sect. Dichotomaria Sect. Dichotomaria Sect. Eugalaxaura Sect.
Heterotrichum Sect. Laevifrons Sect. Microthoe Sect. Papulifer Sect. Rhodura — Sect.
Vepreculae Howe (1917) Galaxaura obtusata (Elliset Solander) Lamouroux
Kjellman (1900)
G. obtusata Sect. Dichotomaria Subsect. Carmertae
Subsect. Spissae Howe (1918)
Galaxaura marginata (Ellis et Solander) Lamouroux Kjellman
Sect. Brachycladia  Sect. Veprecula
Sect. Rhodura G. flagdliformis Kjellman Sect. Microthoe G. squalida
Kjellman
(dimorphism)
Galaxaura disingiana Zanardini  G. fasciculata Kjellman
G. marginata (Ellis et Solander) Lamouroux G. obtusata (Ellis et Solander) Lamouroux
G. rugosa (Ellis et Solander) Lamouroux (Papenfuss and Chiang, 1969; Papenfuss et al.,
1982; Huisman and Borowitzka, 1990)
(Papenfuss and Chiang, 1969; Papenfuss et al.,
1982; Huisman and Borowitzka, 1990)

( ) G. cuculligera
Kjellman G. fruticulosa Kjellman  G. pacifica Tanaka G. rugosa
G. rugosa( ) G.*"lapidescens’
(Ellis et Solander) Lamouroux( ) G. pacifica( ) G “filamentosa” Chou
ex Taylor( ) G. “cuculligera” ( ) G. fruticulosa( )
Wang and Chiang (2001b) A. fragilis T. fragilis
rbcL
« )
( )
( )
(

X ) 1889 (Ellis and
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Solander, 1786) Schimitz  G. rugosa rbcL
G. rugosa (Ellis
et Solander) Lamouroux ( )
Galaxaura rugosa D. “obtusata” D.
“obtusata” G.rugosa
( )
( )
Howe (1917, 1918)
(alternation of generation) (Graham and Wilcox, 2000)
(free-living)
(isomorphism) (heteromorphism)
Howe
D. “obtusata” G. rugosa
( )
D. “obtusata”
Huisman and Borowitzka G. obtusata (Ellis et Solander) Lamouroux ( D.

obtusata Huisman and Borowitzka, 1990)

) D. “obtusata’

( )

D.“obtusata” D. hystrix (Kjellman) com. nov. D. latifoia (Tanaka) com. nov.
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T. fragilis Huisman and Borowitzka (1990)
G. marginata (
D. marginata (Ellis et Solander) com. nov.)
(Huisman and Borowitzka, 1990, Fig. 26)



Sveddius A B Rhodura C D Acrosporangiatae
E F Pleurosporangiatae

(  Dichotomaria sp. )

Svedelius(1942a, figs 80A-F, ) ( )
Rhodura  Acrosporangiatae

Pleurosporangiatae

Rhodura Acrosporangiatae

Pleurosporangiatae

C ) (
)
( ) Actinotrichia
Tricleocarpa Dichotomaria Galaxaura  Nothogenia Widbeyella
Gloiophloea  <cinaia
(
) ( )

Actinotrichia  Tricleocarpa
Dichotomaria  Galaxaura Nothogenia
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Gloiophloea  Scinaia
rbcL

Lamarck 1816

(Dichotomaria) D. fragilis D. obtusata D.
marginata D. rugosa D. fragilis ( Huisman
and Townsend, 1993) D. rugosa ( Huisman and
Borowitzka, 1990) D. marginata Lamarck
( ) Lamouroux (1812)
( = A. fragilis) ( = G. rugosa) ( = T.
cylindrica) ( = D. obtusata)
« )
(
)
Kjellman (1900) Sect. Brachycladia Sect. Veprecula Sect.
Dichotomaria (Dichotomaria)
Kjellman
Kjellman Sect. Brachycladia Sect.
Veprecula  Sect. Dichotomaria (



rbcL

rbcL 8.5%
(Galaxaura) (Actinotrichia) (Tricleocarpa)
(Dichotomaria)
rbcL 2.3% 19
Actinotrichia sp. Tricleocarpa sp.

Dichotomaria sp.

G. rugosa ( ) G “lapidescens’ ( ) G. pacifica ( )
G. “filamentosa” ( ) G. “cuculligera” ( ) G. fruticulosa (

)
A. robusta Itono
Actinotrichia sp.
T. cylindrica (Ellis et Solander) Huisman et Borowitzka  T. fragilis

(Ellis et Solander) Huisman et Towsend T. fastigiata
(Decasine) com. nov. Tricleocarpa sp.

D. breviarticulata (Kjellman) com. nov. D.
disingiana (Zanardini) com. nov. D.hystrix (Kjellman) com. nov. D.latifolia (Tnaka)
com. nov. D. marginata (Ellis et Solander) Lamarck  D. obtusata (Ellis et Solader)
Lamarck Dichotomaria sp.

Actinotrichia

Tricleocarpa Dichotomaria Galaxaura  Nothogenia Widbeyella
Gloiophloea  Scinaia

Nothogenia Gloiophloea  Scinaia
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