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Developmental and histochemical studies on antheridium formation

and spermatozoid release in Turbinaria conoides (Phaeophyta)

Gunwant SokHI and M. R. VIJAYARAGHAVAN

Department of Botany, University of Delki, Delhi-110007, India

Sokhi, G. and VijavaragHAvaN, M.R. 1990. Developmental and histochemical studies on antheridium
formation and spermatozoid release in Turbinaria conoides (Phaeophyta). Jpn. J. Phycol. 38: 207-214.

The receptacles in Turbinaria conoides (Fucales, Sargassaceae) are bisexual with the antheridia generally
occurring at the upper end of the conceptacle. Antheridia are either sessile or stalked and the number of
stalk cells varies from one to three. The young antheridium (uni/binucleate stage) has one wall layer
whereas those with eight or more nuclei have two. Critical staining shows that wall layers contain alginic
acid and sulphated polysaccharides. In mature antheridia the inner wall layer has a greater deposition of
sulphated polysaccharides than the outer. The lumen between the two wall layers is filled with sulphated
polysaccharides. As the antheridia mature two zones of polysaccharides and a change in the metachromasy
of its cytoplasm can be recognised. At the time of spermatozoid release the cytoplasmic zonation
degenerates. The outer wall layer lyses at or near the apex of the antheridium and the spermatozoids are

discharged enclosed in sulphated polysaccharides.

Key Index Words:
matozoids.

The mature antheridium in the Fucales has
two wall layers (FriTscH 1945). On the basis
of histochemical reactions, however, McCuL-
LY (1968) suggested that Fucus distichus subsp.
edentatus (PyL.) PoweLL has four wall
layers. LEvRING (1952) discussed metachro-
masy in the antheridial wall of Ascophyllum
nodosum (L.) LE JoL. and Fucus serratus L.
but did not elucidate the number of wall
layers.

In the Fucaceae the male cells enclosed by
the inner wall layer are extruded as oblong
packets embedded in mucilage through the
ostiole (FriTscH 1945), but the mechanism of
spermatozoid release is not entirely clear. In
Laminaria spermatozoid release is mediated by
a pheromone that causes the rupture of an-
theridial wall. The mucilage in which the
spermatozoids are enclosed at the time of
release consists of fucoidin (MAIErR 1982).
The present study of Turbinaria conoides (J.
Ag.) KiTtz. was undertaken to examine the
nature of materials associated with an-
theridial wall layers and their role in sper-

alginic acid—cytoplasmic zonation—metachromasy—sulphated polysaccharides—sper-

matozoid release.

Material and methods

Turbinaria conoides was collected from Port
Okha at low tide periods during the months
of December 1981, October 1982, December
1982, June 1983, and September 1983. Port
Okha is situated 22°28'N, 69°05E on north
Gujarat (India) coast and is bordered by the
Arabian Sea. Receptacles at progressive
developmental stages were fixed in 10%
acrolein and post-fixed in 1% mercuric
chloride to stabilize polyphenols. Dehydra-
tion, infiltration and embedding were carried
out according to FEDER and O’BriEN (1968).
Sections of 2 #m thickness were cut using
glass knives on a Spencer AO rotary
microtome with locally-designed adaptor.
The plastic sections were either stained with
0.05% toluidine blue O (TBO) prepared in
benzoate buffer at pH 4.4 (McCuLry 1966) or
by periodic acid Schiff’s reagent, PAS,
(FeDER and O’BrieN 1968). Aldehyde groups
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introduced by acrolein fixation were blocked
before PAS reaction by treating the slides
with chlorous acid (RapPay and Van DugN
1965) or with 0.5% aqueous dimedone. The
slides were also stained with 0.5% Alcian
blue at pH 0.5 for sulphated polysaccharides
(Parker and DisoLL 1966), and coomassie
brilliant blue method for proteins (WEBER
and OsBorn 1975). Controls were perform-
ed to check the specificity of various
histochemical reactions.

Results

Morphology

Turbinaria conoides is a compact, radially
organised cone-like plant. The thalli are firm-
ly attached to the substratum by means of at-
taching discs and the spreading branches of
haptera. The main axis is upright, cylin-
drical and densely covered by leaves (Fig.
1A). The receptacles are branched (Fig. 1B)
and axillary. Both antheridia and oogonia
are borne on the same conceptacles (Fig.
1C). Spermatozoids are shed en masse
whereas the oogonia are attached to the inside
of the conceptacle by mesochiton stalks.

Developmental studies

The antheridial mother cell is distinguished
by dense cytoplasm and a prominent nu-
cleus. Uninucleate (Fig. 1D) and binucleate
antheridia possess only a single wall layer.
Antheridia with four nuclei could not be
observed but those with eight nuclei show
two distinct wall layers. The nuclei in such
antheridia are small, round and possess
chromocentres. The initial nuclear division
in the antheridium is meiotic and subsequent
divisions are mitotic giving rise to 64 sper-
matozoids.

Antheridia are either stalked or sessile and
when stalked the number of stalk cells varies
from 1-3 (Fig. 1E). Sessile antheridia are
formed directly on the germinal epithelium.
Mature antheridia have two wall layers and
the lumen is filled with polysaccharide
materials (Fig. 1E-H). In the stalk cell the
longitudinal wall is thicker than the tangential
wall. The former shows two layers whereas
the latter has only single layer. The stalk cell
contains a small nucleus, phenolic bodies, a
few polysaccharide granules and chromato-
phores. As the antheridium matures, its
cytoplasm gradually becomes granular and
shows two zones, the outer containing free
granules and the inner aggregates (Fig. 1I).
Spermatozoids remain in the inner zone. A
few antheridia show linearly-arranged
granules (Fig. 2B). In some antheridia the
spermatozoids are sequestered by thin
walls and each compartment contains a

nucleus along with a portion of cytoplasm
(Fig. 2C).

Antheridial release

In an antheridium ready for release the
space narrows between the two wall layers,
except in the upper region (Fig. 2D). The
inner wall layer extends at the proximal end
forming a small stalk (Fig. 2E). The sper-
matozoids enclosed in the polysaccharide
material are released in a mass (Fig. 2F) and
are gradually pushed through the ostiole.

Histochemical studies

Insoluble polysaccharides: In uninucleate
and binucleate antheridia the wall layers stain
reddish-violet with TBO and moderate
magenta with PAS. In antheridia with eight
nuclei the wall is two-layered and each wall
layer shows different staining intensities.

Fig. 1A-1. Turbinaria conoides.

A. Reproductive thallus, at the base of axis are spreading branches of

haptera (h) that anchor the plant to the substratum. The receptacles (re) are borne in the axil of the leaves. X 1.5.
B. A branched receptacle. X5.3. C. A portion of mature receptacle to show oogonia (o), antheridia (a) and
paraphyses. X 115. D. Magnified view of a young antheridium surrounded by single wall. A large nucleus (n)
is present. X 1100. E. Mature antheridium with the two wall layers, the outer wall layer (ol) and inner wall layer
(i). The lumen between the two wall layers contains polysaccharide material. Three stalk cells (sc 1-3) are also
present. X1100. F and G. Antheridia at different divisional stages. X 1100. H. A mature antheridium enlarged
to show granular polysaccharide in the cytoplasm. X 1100. I. Same, showing two zones of polysaccharides in the
cytoplasm. The outer zone (0z) consists of aggregated and intensely stained granules. X 1100.
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Fig. 2A-F.

Mature antheridia enlarged to show linearly arranged polysaccharide granules (arrows). X 1000.

Turbinaria conoides, localization of polysaccharides. A, stained with Alcian blue and B-F, with
TBO. A. Mature antheridium to reveal more sulphated polysaccharides in the inner wall layer (il) than in the
outer layer (ol). The cytoplasm contains a mixture of large and small granular polysaccharides. The former are
intensely stained and aggregated whereas the latter lightly stained and dispersed in the cytoplasm. X 1000. B.

C. An an-

theridium magnified to show thin partition walls (arrow). Each compartment encloses a nucleus along with a por-

tion of the cytoplasm. X 1100. D and E. Antheridia magnified showing en masse release of spermatozoids.

In D,

the space between the two walls has decreased except at the apical and lower end. In E, the outer wall layer (ol)
has ruptured at the apical end for the release of the spermatozoid. X 1400. F. Released oogonium (ro) and sper-
matozoids (rs). The spermatozoids are ensheathed in the polysaccharide matrix. X 426.

The outer wall layer stains intensely whereas
the inner layer stains lightly with PAS and Al-
cian blue. With TBO the outer wall layer
stains reddish-violet whereas the inner layer
stains red. The two wall layers are therefore

composed of a mixture of alginic acid and
sulphated polysaccharides. The lumen be-
tween the two wall layers stains moderately
with Alcian blue, light pink with TBO, and is
PAS-negative. The lumen thus contains
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sulphated polysaccharides. At the an-
theridium stalk cell junction the wall exhibits
intense staining with TBO, PAS and Alcian
blue indicating presence of mixture of alginic
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Fig. 3A-F.

theridium enlarged to show a large nucleus (n) and intensely stained nucleolus (nu).

211
acid and  sulphated  polysaccharides.
Cytoplasm in the young antheridium stains
turquoise with TBO. As the antheridium
matures there is a progressive change of

Turbinaria conoides, localization of proteins. A. A portion of transverse section of the conceptacle
to show antheridia (a) present at the upper end and the oogonia (0) at the lower portion. X 115. B. A young an-

Many coomassie brilliant

blue positive structures are also present. X 1100. C. An antheridium at later stage of development showing well-

defined cytoplasm and chromonemata in the nucleus. X 1100.

D. A portion of conceptacle magnified to show

paraphysis (p) and antheridia (a) at progressive stages of development. X 115. E. Mature antheridium showing
the nuclei that are interconnected by thin and fibre-like structures. X 1100. F. Antheridia at 32-nucleate stage.
The size of the nucleus has decreased. The fibre-like structures that interconnect the nuclei are well developed.

X 1100.
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metachromasy of its cytoplasm which stains
reddish-violet with TBO. In theé mature an-
theridium, the outer zone of free and granular
polysaccharide stains lightly reddish-violet
whereas the inner zone of aggregate granules
stains intensely reddish-violet with TBO. At
this stage of antheridium development the
staining intensities of the two wall layers
differ from those of the earlier stages. The
inner wall layer stains more intensely than
the outer wall layer with TBO and Alcian
blue (Fig. 2A).

Proteins: The young antheridium displays
a moderately-stained nucleus, cytoplasm and
intensely-stained nucleolus (Fig. 3A-C).
Many structures that stain positively with
coomassie brilliant blue are present in the
cytoplasm. The stalk cell contains a small
but well-stained nucleus and a few pro-
teinaceous granules. The antheridial nuclei
become smaller with progressive divisions
and stain intensely whereas the cytoplasm
stains moderately for total proteins (Fig. 3D-
F). In a well-developed 32-nucleate an-
theridium fibre-like connections are protein
positive and occur between the nuclei (Fig.
3D). The spermatozoid nucleus stains more
intensely than the cytoplasm of the an-
theridium.

Discussion

In Turbinaria conoides the mature an-
theridium has two wall layers and differs from
Fucus distichus subsp. edentatus which has four
distinct wall layers (McCuLLy 1966). Our
observations agree with those of Frirsch
(1945). So far few Fucales have had precise
histological studies carried out on them and it
is too early to generalise. The cytoplasm of
the mature antheridium of T. conoides when
stained with TBO and Alcian blue shows two
kinds of polysaccharide granules: (1) the light-
ly stained dispersed granules and (2) the
intensely stained aggregated granules. Bip-
WELL et al. (1968) reported two kinds of
fucoidin in Fucus vesiculosus L.: (1) a readily
hydrolysed and water soluble component that
may serve as a reserve and (2) an insoluble

component that acts as an important struc-
tural component of the plant. We think that
the polysaccharides in the cytoplasm of
mature antheridia of 7. conoides may act as
reserve. The spermatozoids are released as a
mass and are embedded in a polysaccharide
matrix which dissolves on contact with
seawater and frees the individual sper-
matozoids. The mucilage that encloses sper-
matozoids in Ascophyllum nodosum and Fucus ser-
ratus during release stains metachromatically
with toluidine blue O and contains sulphated
polysaccharides.  Spermatozoids kept in
seawater show weaker staining with TBO
thereby suggesting that the stainable
substance has been dissolved by seawater
(LeEvriNG 1952). It seems that these polysac-
charides are preformed and stored in the
cytoplasm. It is possible therefore that the
rupture of the antheridial wall layer is due to
pressure caused by the swelling of the poly-
saccharides within the antheridium. Alginic
acid and sulphated polysaccharides have been
shown to play an important role in the release
of spermatozoids and spores of brown algae
(Torn 1976, NELsoN 1982). In Chorda tomen-
tosa large amounts of alginic acid are present
around immature zoospores. The presence
of this mucilage could exert a constant
pressure on the sporangial wall and the apical
cap. It is presumed that at the time of
zoospore release the spores secrete an en-
zyme(s) which selectively digests away and
weakens the apical cap which is probably com-
posed of sulphated polysaccharides (TorH
1974). Released spores are bound within the
sticky alginic acid and it swells (now being
unconfined) and draws out the remaining
spores. As the mucilage dissolves, the spore
becomes mobile (ToTH 1976).

Recent progress in culture techniques and
analytical chemistry revealed that in the
members of Laminariales, particularly
Macrocystis, Laminaria and Chorda, a volatile
compound of low molecular weight secreted
from released eggs induces spermatozoid
release. The substance was named as lamox-
irene (MAIER 1982, MULLER ¢t al. 1985). In
Laminaria digitata (L.) LamoOur., the an-
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theridia show a specialized swelling of the cell
wall. In the apical region of the antheridium
the cell wall is markedly thickened to form a
“cap” (Maier and MOULLER 1982, MAIER
1987). The spermatozoids are surrounded
by copious mucilage and both factors con-
tribute to an explosive bursting of an-
theridium (MAIER and MULLER 1982).

During dehiscence the wall in this region is
disintegrated to such an extent that the sper-
matozoids can rupture it within about 0.3 sec
and it forces out antheridium apparently
driven by an internal pressure which perhaps
is generated by swelling of mucilage (MAIER
1987). 1In Scytosiphon both male and female
gametes are released by dissolution of the
gametangial wall (CLayToN 1984). In T. con-
oides the spermatozoids are pushed up
gradually by the inner wall layer into the con-
ceptacle cavity and later discharged into the
seawater. The manner in which the sper-
matozoid mass passes from the conceptacle
cavity to the external seawater is intriguing
and needs further investigations. MANTON
and CLARKE (1956) suggested that in Fucus sp.
the spermatozoids are only released after the
mucilage in the conceptacle is extruded and
dissolved.

Oogonial release in 7. conoides appears to
be entirely different (SokHr and Vija-
YARAGHAVAN 1986). The released oogonium
lies outside the ostiole but remains attached to
the exochiton within the conceptacle by
means of mesochiton stalk. Prior to release
oogonium shows reverse polarity. At the
distal end of the oogonium a mesochiton pad
remains attached to the exochiton and prox-
imal end is first to be extruded. No such in-
version occurs in the antheridium as the small
and transistory stalk formed by the inner wall
layer in the proximal end pushes the polysac-
charide-surrounded spermatozoids. The in-
ner wall layer of the antheridium in 7. conoides
thus performs a dual role: it aids in release
and also in the protection of the released sper-
matozoids.
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DesumukHE, G.V. and Tatewaki, M. The life history and evidence of the macroscopic male
gametophyte in Pa/maria palmata (Rhodophyta) from Muroran, Hokkaido, Japan. Jpn. J. Phycol. 38: 215-
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Palmaria palmata was grown in cultures from spores and studied for cytology of fertilization process, life
history and male gametophytic development. Tetraspores developed into female and male gametophytes
in 1: 1 segregation in cultures. The female gametophytes (discs) became mature by producing carpogonia
with trichogynes even at 10~12 celled stage in 4~5-day-old culture. When the spermatia from locally col-
lected plants were added to the female culture, they were readily attached to the trichogyne, the male
nucleus entered into the trichogyne and fused with the carpogonium nucleus. The fertilized carpogonium
formed a diploid erect thallus which consequently formed tetraspores in 6~7-month-old culture. The male
gametophytes grew vegetatively and formed haploid erect thalli, on which the spermatia were formed in
3~4-month-old culture. Meiosis was observed in tetrasporangial first division. Morphological observa-
tions of macroscopic and microscopic plants of P. palmata from Muroran revealed some resemblances with

P. mollis (S. & G.) vaN DER MEER and Birp.

Key Index
palmata— Rhodophyta.

The life history of Palmaria palmata (L.)
KunTzE has been studied by several workers
(van DER MEER 1976, vaN DER MEER and
CHEN 1979, vaN pDErR MEER and Tobp 1980).
Yasu (1971, 1976) gave the cytological ac-
count on the chromosome numbers in this
species (as Rhodymenia palmata). YaBU and
Yasur (1984), describing male gametophytic
structure in the material (as P. palmata) from
Hakodate, suggested that the male
gametophyte also occurred in a microscopic
form. However, the detailed cytological
study of the fertilization process in P. palmata
has not been done. In the present study we
emphasized on the morphology and anatomy
of male and female gametophytes and
cytology of fertilization process. Also the
diploid and haploid stages in the life history of
P. palmata were confirmed. These results
were similar to those demonstrated by van
DER MEER and Tobbp (1980).

Words:  female gametophyte—fertilization—life

history—male  gametophyte—Palmaria

Elevation of P. mollis (S. & G.) VAN DER
MEeERr and Birp as an individual species from
P. palmata f. mollis (S. & G.) GUIrY from the
North Pacific Ocean and the comparison bet-
ween these two species by vaN DER MEER and
Birp (1985) prompted us to reexamine the P.
palmata from Muroran. Palmaria species col-
lected along Muroran coast was so far refer-
red as P. palmata (Tazawa 1975, Lee 1978).
In our observations, we found that this
species showed more resemblance with P.
mollis than with P. palmata from the North
Atlantic Ocean.

Materials and Methods

Mature tetrasporophytes of P. palmata were
collected from  Muroran, Hokkaido.
Tetraspores were cultured unialgally in PES
medium (ProvasoLr 1966) at 10°C, and both
14:10 and 10:14 LD conditions under
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55 pmol m~2 s~! from cool-white fluorescent
tubes.  After the male and female
gametophytes were differentiated from each
other clearly (the female gametophyte is
characterized by trichogynes), they were
cultured separately. The spermatia obtained
from locally collected mature male plants
were inoculated on female gametophytes to
observe fertilization process.  For the
cytological observations on fertilization and
further developments, materials were fixed in
3 parts of 95% ethanol to 1 part of acetic acid
for 2 hr and stained by aceto-iron-heamato-
xylin method (WiTTMANN 1965). To observe
the fertilization process the slides were fixed at
the intervals of 4, 6, 8, 10, 12 and 24 hr after
the spermatium inoculation.

The anatomical details were compared with
those given by Guiry (1975), LeE (1978) and
VAN DER MEER and Birp (1985).

Results

Phenological and morphological observations

The mature thalli were found growing lux-
uriantly in number and size from December
to May (upto 30-50~100cm height) as
described by LEE (1978). These thalli includ-
ed both tetrasporophytes (Fig. 1) and sper-
matial thalli (Fig. 2), while some were
sterile. The tetrasporic plants were large in
number. The spermatial plants were also
found frequently although a little less than
tetrasporophytes.

The tetrasporic plants are easily distinguish-
ed by dark red in color from the pale colored

spermatangial plants. The cortical cell size
varied between 8-16 #m in diameter and the
medullary cell size at the base of frond varied
130-410 gm in diameter. The arrangement
of tetrasporangia confined to the outer cor-
tical layer was found similar as showed by
Lee (1978). The mature tetrasporangium
was elliptical in transverse view and its size
was 50-60 ym in length and 40-54 ym in
width (Fig. 3). The mature spermatangia
were oblong with size 8.6-11.2 #m in length
and 3.4-4.8um in width (Fig. 4). The
tetraspores were dark red in color and
measured 15-20 ym in diameter, while the
spermatia were light in color and 4.8-6.0 ym
in diameter (Figs. 5, 6).

Culture experiments

The tetraspores germinated to form male
and female gametophytes in 1: 1 segregation
(Fig. 7). [Initial development of both the
gametophytes was similar in form of prostrate
disc. Within 4-day incubation, one cell of
the female disc enlarged to form a car-
pogonium cell and a trichogyne emerged from
the same cell. Sometimes more than one
trichogyne emerging from the periphery were
observed on the same disc (Figs. 7, 8). These
carpogonium cells (eggs) were larger in size
than the other disc cells and their nuclei were
diffused, in contrast to the condensed
vegetative cell nuclei. The female disc
matured even at 10~12 celled stage (Fig.
10). Generally the disc of 100-125 ym size
bears 18~50 trichogynes. These female
discs, if not fertilized, grew into small erect

Surface view of male gametophyte showing superficially arranged spermatangia (scale=30 ym).

One: one segregation of male and female gametophytes after tetraspore germination in 4-day-old-

Fig. 1. Tetrasporophytic habit of Palmaria palmata from Muroran.
Fig. 2. P. palmata male gametophytic habit from Muroran.
Fig. 3. Surface view of tetrasporophytic thallus showing mature sporangia (scale=30 gm).
Fig. 4.
Fig. 5. Released tetraspores (scale=20 #m). Fig. 6. Released spermatia (scale=15 pm).
Fig. 7.
culture (female is shown by arrow; scale=100 gm).
Fig. 8. Mature female gametophyte with 3 trichogynes (4-day-old) (scale =100 g#m).

Fig. 9. Young male gametophyte with prostrate disc and centrally protruding erect thallus (scale=100 pm).
Fig. 10. Female gametophyte with an enlarged carpogonium having diffused nucleus (arrow) and vegetative
cells with condensed nuclei (arrowhead). Five spermatia are seen attached to a single trichogyne (scale=30 pm).

Figs. 11, 12.

Process of karyogamy (scale=10 #m). Fig. 11 showing migration of spermatium nucleus

(large arrow) in the trichogyne after dissolving the trichogyne wall (small arrow). Fig. 12. Fusion between the
spermatium and carpogonium nucleus takes place within 6-12 hr (s, spermatium nucleus; e, carpogonium

nucleus).



Life history of Palmaria palmata




218 DesuMUKHE, G. V. and TaTEwaki, M.




Life history of Palmaria palmata 219

thalli of 1 mm height with numerous long
trichogynes and usually aborted in the culture
dishes witin 2 months. The size of female
disc varied from 100 to 500 #m in diameter.

Male discs showed a uniform growth and
in 4~5-day-old incubation, their central cells
divided obliquely to produce an erect
thallus. The cells of erect thallus were easily
distinguishable by dark red pigmentation
(Fig. 9).

When adding the female cultures, the sper-
matia attached to the trichogyne within 4 hr.
Attachment of more than one spermatium to
a single trichogyne was quite a common
feature (Fig. 10). After dissolving the
trichogyne wall at the point of attachment,
the spermatium nucleus migrated into the
trichogyne and fused with the carpogonium
nucleus (Figs. 11, 12). Once one sper-
matium nucleus fused with that of the car-
pogonium cell, the trichogyne of that cell be-
came narrower forming a septum between
itself and the carpogonium cell (Fig. 13). Thus
the other spermatium nuclei which might
have been entered in the same trichogyne could
not enter in the carpogonium cell. The
karyogamy took place within 6 to 12 hr.
After fertilization, the carpogonium divided
first transversely, and later vertically and obli-
quely, producing an erect thallus. No car-
pospore formation was observed. The erect
frond developed directly on the female disc

(Figs. 14-16). Growth of many erect thalli
on a single female disc was due to one female
disc bearing many carpogonia. These erect
thalli were diploid where the disc still remain-
ed in haploid state. The diploid cells showed
chromosome numbers 2n=40-42, and the
haploid cells, n=20-21 (Figs. 16-18).
Although the growth of these thalli was slower
than the male plants, they developed into
mature tetrasporic plants in 6~7-month-old
culture (Figs. 19, 20).

The male gametophyte formed an erect
thallus by protruding the central cells (Fig.
9). A 15~20-day-old erect thallus showed
the uniform growth. Both the erect and disc
cells were haploid (n=20-21) (Figs. 21, 23).
In 1~2-month-old cultures, numerous male
erect thalli showing the same chromosome
numbers were observed growing radially on
the same disc (Fig. 22). Figure 24 shows a
cross section of young vegetative male disc.
The light peripheral cells remained as the
holdfast cells while the dark central cells
dividing transversely and vertically formed
the erect thallus. In 10°C and 14:10 LD
culture condition the male plants matured
within 3~4 months. In cross section
(Fig. 25) the spermatangial mother cell was
observed cutting off from the cortical cells.
The spermatangial cluster was developed
on these cells. The spermatangia were
loosely arranged superficially on the cortex

Fig. 13.

After the karyogamy, trichogyne of that carpogonium cell becomes narrow to form a septum (ar-

row) between the carpogonium cell and itself (scale=20 gm).

Figs. 14, 15.
Fig. 15 showing 4 celled stage.
Fig. 16.
day-old) (scale=30 gm).
Fig. 17.
Fig. 18.

Fertilized diploid erect thallus on the haploid disc.

Development of fertilized carpogonium cells (scale=30 #m). Fig. 14 showing 2 celled and

The disc persists the trichogynes (15~20-

Diploid nucleus from the erect thallus. 2n=40-42 (scale=2 pm).
Haploid nuclues of the disc cell. n=20-21 (scale=2 pm).

Fig. 19. Tetraspore formation 1st division (arrow) in the tetrasporangium mother cell in 7-month-old

culture (scale=5 gm).

Fig. 20. Cross section of tetrasporic thallus showing development of tatrasporangia in cortical region

(scale=30 pm).

Fig. 21. Haploid male erect thallus from 15~20-day-old culture (scale=30 y#m).
Fig. 22. Radial growth of many male thalli on the same disc (scale =400 yzm).
Fig. 23. Male gametophytic cell with the haploid nucleus. n=20-21 (scale=2 g#m).

Fig. 24. Cross section of young male gametophyte (4~5-day-old culture) showing vegetative stage. The
central cells with dark pigmentation form the erect thallus (arrow) and the peripheral cells with light pigmentation

remain as disc cells (scale=30 pm).
Fig. 25.

Cross section of mature male plant (3~4-month-old culture) showing development of sper-

matangia. The spermatangial mother cells (arrow) cutting off from cortical cells from loosely arranged sper-
matangia on the thallus surface (arrowhead) (scale=30 pm).
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and had the same morphology of those of
male gametphytes from nature.

Discussion

The development of male and female plants
in culture, the process of fertilization and the
development of erect thallus of P. palmata
from Muroran, Japan, show a similar pattern
described for the order Palmariales (VAN DER
MEER 1976, vaN DER MEER and CHEN 1979,
vAN DER MEER and Topp 1980, vaN DER
MEeer and Birp 1985). The chromosome
numbers were similar to those observed by
vaN DER MEER and CHEN (1979). Although
there are many reports on the life history of
the order Palmariales, very few reports give
the detail picture of the fertilization process.
MitMAN and PHINNEY (1985) studied fertiliza-
tion and development of zygote in Halosaccion
americanum using SEM. YaBu and Yasul
(1984) observed the migration of spermatium
in the trichogyne of P. palmata. Both studies
show the attachment and entry of the sper-
matia in the trichogyne. However, the ac-
tual karyogamic process was not described by
these workers. The direct development of
diploid erect thallus on the female disc has
been very well demonstrated by vAN DER
MEER and Tobp (1980) by using green female
for crossing; the diploid erect thallus, red in
color, grew directly on the green female disc.
In our experiment, we used both wild types
and confirmed the diploid phase by
chromosome counts.

The collections for anatomical features of
our Palmaria plants showed the same
characteristics given by Tazawa (1975) and
LeE (1978). The development of spermatia
on the spermatangial mother cell was distinct
in collected as well as cultured male plants.
This is a common character of Florideae
(Tazawa, 1975). YaBu and Yasur (1984)
demonstrated particular development of male
gametophytes. In their culture study, they
described 1~8 celled mature male discs in
4-day-old culture; namely, the cell contents of
such germlings divided rapidly into numerous
minute granules to form spermatia. Further

YaBu and Yasur (1984) related existence of
these dwarf male plants with the rare occur-
rence of macrophytic male gametophytes at
Hakodate. However, during the present in-
vestigations we could not observe this kind
of male gamete formation. HawkEes and
ScaceL (1986), discussing the life histories in
Palmariales, expressed doubts on the ex-
istence of such a dwarf male until confirma-
tion.

In our culture experiments, we observed
that the development of male plant was not a
rare phenomenon. In fact the male erect
thalli were numerous. At our collection site
near the Institute of Algological Research,
Muroran (42°19'N; 140°59'E), we observed a
frequent growth of male thalli. Previous
reporters Tazawa (1975) and Lek (1978) also
noted the frequent growth of male P. palmata
in Muroran area. However, in P
marginicrassa, LEE (1978) reported the rare
occurrence of male plants in the field.
Despite numerous growth of male plants in
culture, they occur comparatively less in
numbers in the field than the tetra-
sporophytes. The ecological reason for this
situation is not known. Guiry (1975)
suggested that the plants were possibly
neglected while making the collections.
Hence a detail phenological study can help to
understand the distribution of male and
tetrasporophytic plants in the field.

Tazawa (1975) and LeE (1978) studied the
P. palmata from Muroran and retained at the
same species level. Although LEg’s (1978)
anatomical description was comparable with
those given by Guiry (1975), he did not give
any comparative account. In our culture ex-
periments we observed many carpogonia pro-
ducing numerous trichogynes toward the
periphery of the disc. This result is quite
similar to those illustrated by vaN DER MEER
and Birp (1985) and Hawkes and ScaGeL
(1986). Therefore, on the basis of our observa-
tions we propose that the present species
Palmaria palmata from Muroran should be
regarded as Palmaria mollis (S. & G.) VAN DER
MEeer and Birp. Also in this aspect
specimens of Palmaria from other localities
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along Japan coasts should be reexamined.
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Material and methods

Samples of mature Ecklonia  cava
sporophytes were collected from a depth of
about 5 m in Nabeta Bay, Shimoda, on the
Pacific coast of central Japan in August
1985. They were kept in an outdoor water
tank before use. Bladelets with few attached
organisms were selected and detached from
the sample plants, and were transported to
the laboratory. Discs of 3.6 cm? or rec-
tangular samples of about 15 cm? were cut out
from parts with or without zoosporangial sori
of the bladelets (cf. Fig. 2). These discs and
rectangular samples of bladelets were kept in
running seawater overnight (for about 12 h)
in the laboratory before measuring photosyn-
thesis and respiration to avoid unreliable
results due to cutting (SAKANISHI ¢f al. 1988).

Differential gas-volumeters (YOKOHAMA
and IcHIMURA 1969, YOKOHAMA et al. 1986)
were used to measure photosynthesis and
respiration. Vessels with a capacity of about
50 or 200 m/ were used as reaction and com-
pensation vessels of the gas-volumeter. For
the measurements a blade sample was placed
in the reaction vessel with 10 or 50 m/ of
filtered seawater in the former or the latter
vessel. A slide projector (Elmo S-300) with
an incandescent lamp (Kondo 100 V 300 W)
was used as the light source. Light intensity
was measured with a lux meter
(Lichtmesstechnik) and a quantum meter
(LI-COR LI-185B). Various light inten-
sities were attained by using neutral density
glass filters.

After the measurements, the blade samples
were rinsed with freshwater, dried at 85°C for
24 h in an electric drying chamber and weigh-
ed with a chemical balance to obtain dry
weight. The blade discs of 0.57 cm? for the
quantitative analysis of chlorophyll a were cut
out from portions close to those used for
measurements of photosynthesis and respira-
tion, and ground with 909 acetone in a mor-
tar to extract photosynthetic pigments. Ab-
sorbances of the extract were measured at
630, 645, 663 and 750 nm with a Shimadzu
UV-3000 recording spectrophotometer and

the chlorophyll a concentration was calculated
by the formula of SCOR-Unesco (1966).

Results

Figure 1 shows photosynthesis-light curves
of Ecklonia cava bladelets with or without
zoosporangial sori on an area basis, on a dry
weight basis and on a chlorophyll a basis,
which  were  determined from  six
measurements at 20°C. In each case, the
photosynthetic rate increased almost linearly
with increase in light intensity up to about
25 #tE m~2s~!, and slowly increased with fur-
ther increase in light intensity to reach the
light saturation at about 200 gEm™2s~ !
Photosynthetic rates of sorus portion were
always lower than those of non-sorus por-
tion. The light-saturated net photosynthetic
rate was 24.5 p/O;cm™?h™!  (0.95 plO,
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Fig. 1. Photosynthesis-light curves of sorus
portion (solid circles) and non-sorus portion (open
circles) of Ecklonia cava bladelets at 20°C. Mean
with SD of 6 measurements.
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Table 1. Comparison of dry weight per unit
area (mg cm™?) in sorus and non-sorus portions of
Ecklonia cava bladelets used for measurements of
photosynthesis and respiration.

(2) (b)

Date Sorus portion Non-sorus portion (@)/(b)
Aug. 17 26.5 15.4 1.7
18 25.8 8.6 3.0
25 29.2 7.4 3.9
26 27.3 10.2 2.8
29 21.9 9.8 2.2
30 24.7 10.7 2.3
Average 25.9 10.4 2.7
SD 2.5 2.6 0.8

mg(d.w.)"th™!,  0.68 plO, pg(chl.a)~'h~1)
in sorus portion, whereas it was 35.0 /O,
cm~?h™!  (3.50 /Oy mg(d.w.)"th~!, 1.00
#1Oq pg(chl.a)™th™!) in non-sorus portion.
Photoinhibition of photosynthesis was not
observed in the light intensity range
employed (maximum 370 ¢kE m~2s7!).

The rate of dark respiration was higher in
sorus portion than in non-sorus portion both
on an area basis and on a chlorophyll a basis,
but was almost the same on a dry weight
basis:  7.24 plOycm~%h~!,  0.28 ¢lOy mg
(d-w.)"'h™! and 0.21 plO, pg(chl.a)~'h~! in
sorus portion; 3.45 #lO; cm™2h~!] 0.36 plO,
mg(d.w.)"th™! and 0.10 #lO, pg(chl.a)~!
h~!in non-sorus portion. The light compen-
sation point was apparently higher in sorus

Table 2. Comparison of chlorophyll a content
per unit area (¢#g cm™2) in sorus and non-sorus por-
tions of Ecklonia cava bladelets used for
measurements of photosynthesis and respiration.

(2) (b)

Date Sorus portion Non-sorus portion (@)/(b)

Aug. 17 37.5 37.5 1.00
18 40.4 34.1 1.18

25 29.4 33.0 0.89

26 45.4 39.3 1.16

29 33.2 30.6 1.08

30 31.4 34.0 0.92
Average 36.2 34.8 1.04
SD 6.0 3.2 0.12

Fig. 2. Trace of an Ecklonia cava bladelet in-
dicating the position of blade discs used for
measurements of photosynthesis (Fig. 3), dry weight
and chlorophyll (Table 3). The shaded part shows
sorus portion.

portion than in non-sorus portion.

Dry weight per unit area was 25.9
mg(d.w.) cm™2, in average, in sorus portion,
while it was only 10.4mg(d.w.) cm™2, in
average, in non-sorus portion of bladelets
(Table 1). This indicates that sorus portion
is  thicker than non-sorus portion.
Chlorophyll a content per unit area was not
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Fig. 3. Photosynthesis-light curves of various

parts of an Ecklonia cava bladelet at 20°C. 1, open
circle; 2, solid circle; 3, solid triangle; 4, solid
square; 5, cross; 6, open triangle (cf. Fig. 2).



226 AruGA, Y., TovosHiMa, M. and YOkOHAMA, Y.

Table 3.

Comparison of dry weight and chlorophyll a content per unit area in sorus and non-sorus portions

of an Ecklonia cava bladelet on Ang. 11 (cf. Fig. 2) and Ang. 13 (cf. Fig. 4). Samples 1 and 6, non-sorus portion;

samples 2-5, sorus portion (cf. Fig. 4).

Dry weight (mg cm™?)

Chlorophyll a (#tg cm™?)

Date

2 3 4 5 6

1 2 3 4 5 6

Aug. 11 30.4 35.6 31.2 26.5 23.3 11.1
13 25.8 32.2 28.1 24.6 22.8 10.2

25.4 40.4 35.4 32.2 32.9 29.1
36.5 43.7 42.4 44.2 43.6 29.8

significantly different between sorus and non-
sorus portions (Table 2).

Photosynthesis-light curves were compared
with discs from various portions of an E. cava
bladelet (Fig. 2). Figure 3 shows photosyn-
thesis-light curves of 6 blade discs from the
same bladelet including sorus and non-sorus
portions. Blade discs from sorus portion had
almost the same photosynthetic rates on an
area basis, on a dry weight basis and on a
chlorophyll a basis, irrespective of the position
in a bladelet. The photosynthetic rate of
blade discs from non-sorus portion was slight-
ly higher at the apical part than at the basal
part of a bladelet on an area basis, while on a
dry weight basis it was clearly higher at the
apical part than at the basal part.

As indicated in Table 3, dry weight per
unit area was higher in the basal part than in
the distal part within sorus portion, being also
higher in sorus portion than in non-sorus por-
tion near by; and in non-sorus portion it was
considerably higher at the basal part than at
the tip part of a bladelet (Figs. 2 and 4).
Thus, the photosynthetic rate on a dry weight

Fig. 4.
dicating the position of blade discs used for
measurements of dry weight and chlorophyll a in

Table 3.

Trace of an Ecklonia cava bladelet in-

basis was apparently lower in the basal part
without zoosporangial sori of a bladelet.
Chlorophyll a content per unit area was
significantly higher in sorus portion than in
non-sorus portion (Table 3).

Discussion

Sporophytes of Ecklonia cava in Nabeta Bay
usually begin to form zoosporangial sori in
their bladelets in July. Sorus portion of
bladelets occupied 18.9% of the total dry
weight of blades in August and 28.9% in
September 1985 as illustrated in Fig. 5 which
was compiled by the technique of Monst and

Relative Light Intensity (%)

Number of Stipes (Indivi./m2)
50

100

o
o

o

Height of Population (cm)

3
o

50

0
600 400 200 0 100
Dry Weight of Blades(g/m?) Dry Weight of stipes(g/mz)
Fig. 5. Production structure diagrams of

Ecklonia cava communities measured after the tech-
nique of Monsr and Saekr (1953) in Nabeta Bay in
August and September 1985. Shaded part indicates
sorus portion. L, relative light intensity; S, number
of stipes.



Photosynthesis of Ecklonia cava with and without zoosporangia 227

Saekr (1953). In the present study, it is
shown clearly that the photosynthetic rate was
lower in sorus portion than in non-sorus por-
tion of a bladelet either on an area basis, on a
dry weight basis or on a chlorophyll a basis
(Fig. 1). The light-saturated net photosyn-
thetic rate of sorus portion was about 30%
lower than that of non-sorus portion both on
an area basis and on a chlorophyll a basis.
The light-saturated net photosynthetic rate
was about 72% lower in sorus portion than in
non-sorus portion on a dry weight basis.
This is mainly due to a great difference in dry
weight per unit area between sorus portion
and non-sorus portion, dry weight being 2.7
times as high in the former as in the latter
(Table 1).

The rate of dark respiration was about
twice as high in sorus portion as in non-sorus
portion both on an area basis and on a
chlorophyll a basis, whereas on a dry weight
basis it was almost the same. It was shown
that the light compensation point of sorus por-
tion was about twice as high as that of non-
sorus portion (Fig. 1). Itis suggested that the
bladelet becomes thicker when zoosporangial
sori are formed in it, thus the light
penetrating blade being attenuated more
greatly to come to the assimilatory layer in
thick sorus portion than in non-sorus port-
ion. As it is expected that the respiratory
rate is generally the same on a dry weight
basis, thick sorus portion has higher
respiratory rate on an area basis.

Although there was no significant dif-
ference in chlorophyll a content between
sorus portion and non-sorus portion in the
result shown in Table 2, the sample for Fig. 4
clearly indicated that chlorophyll a content
per unit area was higher in sorus portion than
in non-sorus portion (cf. Table 3) possibly
due to additional chlorophyll a in sorus por-
tion.

The rate of daily production of E. cava
sporophytes in Nabeta Bay was reported to be
highest in April-May and lowest in August-
September (YokoHAMA et al. 1987). The
period of the lowest production corresponds
to that of reproduction in E. cava sporophytes,

sorus portion occupying about 30% of the
total dry weight of blade as shown above.
Sorus portions have higher compensation
point and lower photosynthetic activity as
compared with non-sorus portions as il-
lustrated in Figs. 1 and 3. Thus, the lower
photosynthetic rate of sorus portions is con-
sidered to be one of the causes for the lower
rate of production in E. cava sporophytes in
summer in Nabeta Bay.
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Loso, E. A. and Kosavasi, H. 1990. SHaNNON’s diversity index applied to some freshwater diatom
assemblages in the Sakawa River System (Kanagawa Pref., Japan) and its use as an indicator of water quali-

ty. Jpn. J. Phycol. 38: 229-243.

The reliability of SHANNON’s diversity index as an indicator of water quality was evaluated using
samples of benthic diatom assemblages collected from the Sakawa River System (Kanagawa Prefecture,
Japan). The accuracy of SHANNON’s index was determined in correlation with the diversity values obtained
and the saprobic index calculated by using Kosavasi and Mayama’ s grouping of river diatoms and the for-
mula of PANTLE and Buck. The results indicated that diatom assemblages growing in clean waters had
diversity values lower than those of moderately polluted conditions and critically polluted ones, therefore,
diversity in itself did not accurately coincide with water quality. Some taxonomical and ecological com-
ments for each one of the diatom taxa identified are given.

Key Index Words:  diatom assembl,

In order to estimate the degree of water
pollution using freshwater communities,
especially diatoms, many diversity indices
have been applied. However, mutual agree-
ment among investigators seems to be in-
complete on the following two important
points: (1) Which index is more appropriate
to measure the diversity of the community?
(2) Can the diversity indices be used as an in-
dicator of water quality?

As to the first question, MARGALEF (1974)
and PieLou (1975) have pointed out that an
adequate diversity index must take account of
some statistical requisites such as in-
dependence of the size of the sample and
sampling techniques (e.g. random selection,
stratified, etc.). Furthermore, the ecological
point of view has to be also considered
because the diversity depends not only on the
numbers of the species (richness) and the
number of individuals but also on the even-
ness (the property of a community that relates
to the relative frequency of the species).

har 24 Ch,
10 iprobic index—.

’s diversity index—uwater quality.

Thus, the diversity is the result of the interac-
tion between these basal indicators of the com-
munity structure. For this reason, according
to P1eLou (1966), the indices belonging to the
information theories such as SHANNON are ade-
quate and the diversity value of the popula-
tion, when the material is taken from a sam-
ple, should be better estimated using SHAN-
NON’s diversity index.

As to the second question, the problem has
been discussed by some authors (e.g. Awr-
cHIBALD 1972, HEnDEY 1977), however, their
conclusions are not in agreement. For exam-
ple, ArcHiBaLD (1972) working with the se-
quential comparison index as a measure of
diatom population diversity concluded that
diversity was not a reliable estimate of water
quality. On the contrary, HENDEY (1977)
working with inshore diatom communities
concluded that SHANNON’s index provided a
good indication of the impact of the environ-
ment upon the diatom community and he sug-
gested a scale for diversity values ranging



230 LoBo, E. A., and KoBavast H.

from 0 to 4 where 0-1 means severe pollution,
1-2 means moderate pollution, 2-3 means
slight pollution and 3-4 means slight passing
to negligible pollution.

Thus, the principal aim of this work is to
test the reliability of SHANNON’s diversity in-
dex as an indicator of water quality using
freshwater diatom assemblages.

Materials and methods

On 28 August 1987, samples of benthic
diatom assemblages were collected from
Dotene Haisuiro (Dotene Drainage) (St. 1),
Sakawa-gawa (Sakawa River) (St. 2), Kari-
kawa (Kari River) (St. 3) and Ayu-sawa (Ayu
River) (Sts. 4, 5) (Fig. 1). All rivers are
located in Kanagawa Prefecture, south-
eastern Central Japan.

For qualitative analyses, samples of attach-
ed diatoms were scraped off from stones more
than 10 cm in diameter and fixed with for-
malin (Koeavast and Mavama 1982). The
diatoms in these samples were cleaned with
sulfuric acid and hydrochloric acid and
mounted in Pleurax.

For quantitative analyses, samples were col-
lected from 5 X 5 cm? quadrates established at
random on flat surfaces of submerged stones
more than 10 cm in diameter and cleaned in
the same manner as described above. A
minimum of 600 valves on each prepared

Tama River

Sagami River

i

[ 10 Km

Ayusawa ~ | S

River

PACIFIC OCEAN

Fig. 1. Map of the study area showing the
sampling stations. 1, Dotene Drainage; 2, Sakawa
River; 3, Kari River; 4, downstream of the Ayusawa
River; 5, upstream of the Ayusawa River.

slide were examined and all species en-
countered were identified and counted
(KoBavast and Mavama 1982). When iden-
tification problems arose at the time of LM
counting (e.g. for correct identification of Nitz-
schia frustulum, N. hantzschiana and N. romana),
adjustment using SEM counting was made as
described in LoBo et al. (1990).

The accuracy of SHANNON’s index as an in-
dicator of water quality was evaluated in cor-
relation with the diversity values obtained
and the saprobic indices calculated using
KoBavast and MavaMma’s (1982) method.
The method, using their grouping of species
and PantLE and Buck’s (1955) formula, is
simple and easy and the results of applying
this method to the Japanese river waters are
in good agreement with chemical analyses
(KoBavast and Mavama 1990). In the pres-
ent work, the saprobic zone rating and the oc-
currence rating in PANTLE and Buck’s (1955)
formula are replaced with the group rating (g)
and the relative frequency (f%), after which
the SI values of our sampling stations were
calculated.

The chemical and bacteriological data of
each sampling station from January 1986 to
September 1987 measured by the technicians
of the Kanagawa Water Supply Authority
(Kanagawa Prefecture) were presented and
discussed.

Results and discussion

The water quality estimation using the
saprobic index indicates that the rivers ex-
amined can be rated into the following three
pollution levels (Fig. 2): Level 1,
oligosaprobic conditions or clean water (St.
2); Level II, B-mesosaprobic conditions or
moderately polluted water (Sts. 5, 4, 3); Level
III, a-mesosaprobic conditions or critically
polluted water (St. 1).

In addition, the chemical and bacterio-
logical data (averages of BODs, total number
of coliforms and conductivity) at these
sampling stations are also given in Fig. 2.
These data show an approximate correlation
with the levels of pollution estimated by
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SAPROBIC INDEX (5)

2 5 4 3 1
SAMPLING STATIONS

Water Quality Estimation (Levels)

(| |
I II III

Average of BOD-5 (mg0,-1%)

0.81:0.18 1.65 * 0.58 -

] 1
Level 1 Level 11 Level 111

Average of Coliforms (cells-ml™)
B2+ 67 984 : 777 2832 + 1882
{ |
Level 1 Level 11 Level 111

Average of conductivity(@S-cm)

167 £ 15 193 = 13 673 + 162
1 1
Level 1 Level 11 Level 111

Fig. 2. Water quality estimation expressed
by the saprobic index (S) using KoBavast and
Mavama’s (1990) grouping of river diatoms and PAN-
TLE and Buck’s (1955) formula. Level I,
oligosaprobic; Level II, S-mesosaprobic; Level III,
a-mesosaprobic. For each level of saprobity, the
average values of BOD;, total number of coliforms
and conductivity are given. No datum for BOD;
at Station 1 is available.

Kosavast and Mayvama’s (1990) method.
The average of BODjs estimated at Stations 2,
5, 4 and 3 was less than 2.0 mgO,-/~! and the
sampling points can be rated to be
oligosaprobic according to SLADEGEK (1973).
On the other hand, the average total number

s N (log)
40, 4
30 M _ ] 3
20 M 2
Hs (nat- cells) m Js (%)
- 80
2 ] ] M 60
] w
1 20
2 5§ 4 3 1 2 5§ 4 3 1
SAMPLING STATIONS
Fig. 3. Diversity indices computed. S,

richness of the species; N, total cell number; Hs,
SHANNON’s diversity index; Js, evenness index. The
stations arrangement is in agreement with in Fig. 2.

of coliforms at Station 2 was 82 cells-m/~!
and the average at Stations belonging to
Level IT was 984 cells-m/~!. These values in-
dicate oligosaprobic conditions in the former
and S-mesosaprobic ones in the latter. The
average number of coliforms at Station 1 was
2,832 cells-m/~! and indicates polysaprobic
conditions. Regarding the conductivity, the
average value at Station 1 can be connected
with polysaprobic conditions and the values
at Stations 2, 5, 4 and 3 can be connected
with 8-mesosaprobic conditions according to
Mavama and Kosavast (1984). From all the
data commented on above, it can be assumed
that Station 1 is a-mesosaprobic, Stations 5, 4
and 3 are S-mesosaprobic and Station 2 is
oligosaprobic.

As pointed out by HENDEY (1977), in order
to use SHANNON’s index as a measure of water
quality, it should be expected that diversity
values decrease significantly from oligo-
saprobic to polysaprobic conditions. How-
ever, as seen in Fig. 3, the Hs value
(SHANNON’s diversity index) of the clean
water (St. 2) was lower than those of the
moderately polluted waters (Sts. 4, 3) and the
critically polluted one (St. 1). These results
did not follow the principle established by
HenbpEey (1977).

The reason why the Hs value at Station 2
was lower than those of the other stations
must be considered. Regarding the other in-
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dicators of the community structure, the
number of individuals (N in Fig. 3) did not
show significant differences between the
diatom assemblages of Levels I and II,
however, the relative frequency of the species
was clearly different as seen in Table 1. The
community at Station 2 had fewer species
than those of Stations 4 and 3 and was
dominated by one taxon.
4, Nitzschia frustulum which is classified as a
member of the pollution-sensitive Group C of
Kogavast and Mavama (1990) when occur-
ring in freshwater was dominant, being 53.8%

As shown in Fig.

of the relative frequency, and consequently
the diversity value becomes lower.

The Hs value at Station 5 was lowest but it
was classified in Level II. This situation can
be explained also based on the dominant
species.  Nitzschia occupied
50.59% of the relative frequency and this
species is classified in the less pollution-
tolerant Group B of KoBavast and Mavama
(1990), though this species is treated as excep-
tional because it was an intermediate value

hantzschiana

50.5%

[T (B-MESOSAPROBIC CONDITIONS)

v 53.8% 10.5% g

1.4%

2

[ (OLIGOSAPROBIC CONDITIONS)

Fig. 4.

Il (a-MESOSAPROBIC CONDITIONS)

between sensitive and less pollution-tolerant
For this
Station 5 was classified to be a
moderately polluted one (3-mesosaprobic con-
ditions) and the high percentage occurrence
of N. hantzschiana made the value of the diversi-
ty index of diatom assemblage lower.

In the case of Stations 4 and 3, the diatom
communities showed the highest values of
evenness (Js in Fig. 3), i.e. the relative fre-
quency of each species more
homogeneous than those in the communities
of Levels I and III. Nizschia amphibia was
dominant, 23.6%, at Station 3 and N. hantz-
schiana was dominant, 20.6%, at Station 4,
however, no species was exceptionally domi-
nant over any other and consequently the Hs
values of these assemblages became higher.

As the environmental conditions become
worse, the number of species decreases, the
sensitive species are progressively eliminated,
and finally only a few of the most tolerant
species remain usually in great number.
This situation is illustrated at Station 1 (a-

when occurring in freshwater.
reason,

was

. Nitzschia frustulum
: Nitszchia hantzschiana
: Gomphonema parvulum

36.2% : Nitzschia amphibia

: Achnanthes minutissima

: Achnanthes minutissima
var. saprophila

: Navicula subminuscula
: Navicula seminulum
. Navicula vuraensis

CHREUBDENEDOER

¢ Others species (<<10,0%)

Relative frequency of each species at each station.
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Table 1. Relative frequencies (%) of each taxon in each sample collected from Dotene Drainage (St. 1),
Sakawa River (St. 2), Kari River (St. 3) and Ayusawa River (St. 4, downstream; St. 5, upstream). g=group
rating of ¢ach taxon.

Relative frequencies (%)

Diatoms observed

8 St1  St2  St.3  St4 S5

Achnanthes convergens 1 0.3 0.3
A exigua 2.5 2.7 2.3
A. lanceolata 1 0.3 1.8
4, minutissima 1 10.5 4.7 3.2 1.1 5.2
A minutissima v. saprophila 4 18.7 1.0
A, rostrata 1 0.3
4, subhudsonis 1 0.3 0.3
A. sp. 1 0.2
Amphora veneta 1 0.2
Anomoeoneis vitrea 1 0.3
Asterionella formosa 1 0.9 0.3
Bacillaria paradoxa 2.5 0.7
Cocconeis placentula 1 0.1 2.2 4.7 0.9 1.6
Cyclotella comta v. affinis 1 0.3
C. meneghiniana 2.5 0.6 0.3 0.2
Cymbella sinuata 1 0.9 1.1 0.4 0.4
C. tumida 1 1.0
Diatoma vulgare 1 0.1 0.2
Fragilaria brevistriata 2.5 6.5 1.8 0.2
F. capucina 1 0.2
F. capucina v. vaucheriae 2.5 0.2
F. construens 2.5 0.1 0.7 0.1 0.2
F. construens v. subsalina 1 0.3
F. elliptica 2.5 0.2 0.2
F. pinnata 2.5 6.4 1.1
Gomphonema parvulum 4 36.2 4.3 1.4 2.0 1.9
G. gracile 1 0.4
Navicula atomus 4 1.8 0.2
N. confervacea 2.5 1.4
N. constans v. symmelrica 1 0.3
N. cryptocephala 1 0.9
N. cryptotenella 1 0.3 0.4
N. goeppertiana 3.25 0.2 0.7 0.4 0.2
N. gregaria 2.5 0.5 2.6 2.7 0.6
N. minima 4 3.3 2.9 1.6 0.2 23.3
N. pupula 2.5 0.7
N. seminulum 4 13.2 1.9 3.8 1.1 0.9
N. schoenfeldii 1 0.2
N. subminuscula 2.5 8.9 2.0 14.6 1.3
N. tridentula 1 0.2
N. trivialis 2.5 0.3
N. veneta 3.25 0.2 0.2
N. viridula v. rostellata 1 0.6

v. rostrata 1 0.3 0.9 0.7
N. yuraensis 1 0.3 1.8 11.6
Nitzschia amphibia 2.5 1.6 3.0 23.6 13.9 8.9
N. Sfrustulum 1 53.8 13.6 10.0 14.8
N. hantzschiana 1.75 11.4 7.5 20.6 50.5
N. palea 4 3.2 0.9 5.0 5.3 2.5
N. paleacea 2.5 2.3 1.1
N. romana 1 7.0 2.3 2.7
Pinnularia burckii 1 0.2
P. subcapitata 2.5 0.7 0.2
Rhoicosphenia abbrwzata 1 1.4 4.9
Stephanodiscus mi 1 0.2 0.4
Stauroneu‘ Japonica 1 0.4
Synedra ulna 2.5 0.2
S. ungeriana 1 0.5
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mesosaprobic) where the total number of
species was lowest (Fig. 3) and Gomphonema
parvulum, classified as one of the most pollu-
tion-tolerant taxa (Group A) in Kosayasi and
Mavama (1990), was the dominant species,
being 36.2% in relative frequency (Table 1,
Fig. 4). Thus, in polysaprobic conditions,
the diversity of the diatom assemblages will
always be low.

The results indicate that diatom assem-
blages growing in clean waters (Station 2,
oligosaprobic) can have a low diversity
value, especially when the environmental con-
ditions favor the development of the par-
ticular sensitive taxa. This is not impossi-
ble. Thus, the diversity itself, using SHAN-
NON’s index, did not permit accurate differen-
tiation of the levels of pollution and therefore
cannot be used alone as an indicator of water
quality. However, in order to get a complete
description of the diatom assemblages as an in-
dicator of water pollution, we suggest the in-
clusion of the diversity component as a useful
element of the biological indicator systems
because the structure of the community will
be better understood.

The qualitative analyses of the diatom
samples collected from the rivers examined
indicate a total of 58 taxa belonging to 18
genera (Table 1). The taxa identified are
given below in alphabetical order together
with some comments on their dimensions,
structure and ecology. The references follow-
ing each of the listed taxa in parentheses are
those used for their identification. Reference
citations are in accordance with the guide at-
tached to the ICBN (STAFLEU et al. 1972).

1. Achnanthes convergens H. Kob. (KoBayast
et al. 1986. 4. f 1-17, 37-43, 51-
54). (Figs. 5, 6)

The specimens observed in the area are
rather small but their identity was confirmed
by SEM.

2. Achnanthes exigua Grun. var. exigua
(ScHoEMAN and AsHTON 1982. 84, 86. f.
1-8, 75-79, 105-110). (Figs. 7, 8)
Though this species is extremely variable in
valve shape and striation density, SCHOEMAN
and AsHTON (/. ¢.) examined Kutzing’s type
material from Lake Taearigua, Trinidad and
other materials, and synonymized var. constric-
ta and var. heterovalvata with the nominate
variety.
3. Achnanthes lanceolata (Breb.) Grun. var.
lanceolata (Moss and CarTer 1982.
160, 161. pl. 1. f. 1, 2, 8-15).
Specimens with cavum are separated from
this taxon under the name of A. rostrata Oestr.
4. Achnanthes minutissima Kuetz. var.
minutissima (LANGE-BERTALOT and Rup-
pEL 1980. 18. f. 74-112, 126-132, 218-
304). (Figs. 9-12, 37, 38)
5. Achnanthes minutissima var. saprophila H.
Kob. & Mayama (KoBavasi and
Mavama 1982. 195. f. 2a-h).
(Figs. 9-12, 37, 38)
In contrast to the distribution of the
nominate variety, this variety was found only
in heavily to excessively polluted waters in
Japan.
6. Achnanthes rostrata Oestr. (Moss and
CarTER 1982. 160. pl. 1. f. 3-7, 16-25).
This taxon has long been considered by
many authors to be a variety of 4. lanceolata,
however, it was clearly distinguished by Moss
and CARTER (/. ¢.) in their detailed examina-
tion of the type material. The araphid valve
has a central cavum on one side.
7. Achnanthes subhudsonis Hust. var. subhud-
sonis (SIMONSEN 1987. 54. pl. 68. f. 1-9).
Specimens observed in the area are rather
smaller than those in the lectotype slide,
photographed by Simonsen (L. ¢.).
8. Achnanthes sp.
This species resembles A. minutissima,
however, observations using SEM showed

Plate 1.

X 2,000 unless otherwise noted (broad bar=10 #m, narrow bar=1 gm). Figs. 5, 6. Achnanthes con-

vergens. Figs. 7, 8. A. exigua. Figs. 9-12, 37, 38. A. minutissima var. saprophila (11, 12. TEM X 6,000; 37, 38. Ex-
terior RV and AV, SEM X 10,000). Fig. 13. Fragilaria brevistriata. Figs. 14, 15. F. construens. Figs. 16, 17. F. pinnata.
Figs. 18-20. Gomphonema parvulum (20. TEM X 4,000). Figs. 21, 22. Navicula atomus. Fig. 23. N. constans var. sym-
metrica. Figs. 24, 25. N. cryptotenella. Figs. 26-29. N. minima (29. TEM X 4,000). Figs. 30, 31. N. schoenfeldii. Figs.
32, 33. N. goeppertiana. Figs. 34-36, 39. N. seminulum (36. TEM % 8,000; 39. External valve, SEM X 20,000).
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that these two species were not corispecific.
9. Amphora veneta Kuetz. var. veneta
(ScHoEMAN and ARrcHIBALD 1976-80.
no. 4. f. 1-34, 1979. no. 5. f. 1-38).

10. Anomoeoneis vitrea (Grun.) Ross var.
vitrea (KRAMMER and LANGE-BERTALOT
1986. 256 f 15/6, 94/21-28, 30,
103a/14).

11.  Asterionella formosa Hassal var. formosa
(HustepT 1930. 146. f. 755).

12.  Bacillaria paradoxa Gmel. var. paradoxa
(Hustept 1930. 189. £ 755).

13.  Cocconeis placentula Ehr. var. placentula
(Hustept 1930. 189. f. 260).

In the area, specimens identifiable not only
as the nominate variety but also as var. lineata
(Ehr.) V. H., var. pseudolineata Geitl. were
found, but their variation was continuous and
these were counted altogether as one taxon.
14.  Cyclotella comta (Ehr.) Kuetz. var. affinis

Grun. (Van Heurck 1880-83. pl. 93. f.
11-13).

15. Cyclotella  meneghiniana Kuetz. var.
meneghiniana (HAxaNssoN 1981. f 7-
8, 11-13, 16).

16. Cymbella sinuata Greg. var. sinuata
(KraMMER and LaNGe-BErTALOT 1986.
341. f. 148/10-17).

17. Cymbella tumida (Breb.) V. Heurck var.
tumide (KrRaMMER and LANGE-BER-
TaLoT 1986. 318. f. 130/4-6).

18. Diatoma wulgare Bory var. ovulgare
(WiLLiams 1985. 75. pl. 1. f. 1-9; pl. 6. f.
58-63; pl. 7. f. 64-70).

Specimens found are identical with those in
the lectotype slide presented by WiLLiams (L
¢.).

19.  Fragilaria  brevistriata  Grun.  var.
brevistriata (GERMAIN 1981. 68. pl. 20.
S 22-31). (Fig. 13)

Specimens in the area are small, being 4-
7 pm in valve length.

20. Fragilaria capucina Desml. var. capucina
(LaNGe-BeErTALOT 1980a. 747. pl. 2. f.
39-41).

21. Fragilaria  capucina  var.  vaucheriae
(Kuetz.) Lange-B. (LANGE-BERTALOT
1980a. pl. 1. f. 26-34).

22.  Fragilaria construens (Ehr.) Grun. var. con-
struens (GERMAIN 1981. 68. pl. 21. f I-
19). (Figs. 14, 15)

23. Fragilaria construens var. subsalina Hust,
(GerMaIN 1981. 69. pl. 21. f. 40-43)

24. Fragilaria elliptica Schum. var. elliptica
(ArcHiBALD 1983. 104. f. 199-206, 519-
522).

25.  Fragilaria pinnata Ehr. var. pinnata (GER-
MAIN 1981. 72. pl. 21. f. 44-52; pl. 156.
f 8. (Figs. 16, 17)

Though this species was characterized by

CHoOLNOKY (1968) as a good indicator of the ox-

ygen rich oligotrophic waters, it is tolerant to

a-mesosaprobic conditions and is rated as a

member of Group B of Kosavasi and

Mavyama (1990).

26. Gomphonema parvulum (Kuetz.) Kuetz.
var. paruvulum (KRaMMER and LANGE-
BertaLor 1986. 358-360. f 154/1-
25). (Figs. 18-20)

This species is very variable in valve
shape. Specimens in the area were found
also to have all kinds of variations in valve
shape as shown in KRAMMER and LANGE-BER-
taLoT (L. ¢.).

27. Gomphonema gracile Ehr. var. gracile
(KraMMER and LaNGe-BeErTtaLoTr 1986.
361, 362. f. 156/26, 27).

28. Navicula atomus (Kuetz.) Grun. var.
atomus (Mavyama and Kosavasi 1988.
f. 1-40). (Figs. 21, 22)

29. Navicula confervacea (Kuetz.) Grun. var.
confervacea (KRaMMER and LANGE-BER-
TaLoT 1986. 221. f. 75/29-31).

30. Navicula constans Hust. var. symmetrica

Plate 2.

% 2,000 unless otherwise noted (broad bar=10 #m, narrow bar=1 gm). Figs. 40, 41. Navicula

cryptocephala. Figs. 42-44. N. subminuscula (44. TEM X 5,000). Fig. 45. N. pupula. Figs. 46, 47. N. viridula var.
rostellata. Figs. 48, 49. N. viridula var. rostrata. Figs. 50-52. N. yuraensis (52. SEM X 2,000). Figs. 53-55. Nitzschia am-
phibia (53. TEM X 2,000). Figs. 56, 71. N. frustulum (56. TEM X 8,000; 71. Exterior valve center, SEM X 30,000).
Fig. 57. N. hantzschiana (TEM X 9,000). Figs. 58-60. N. paleacea (58. Interior valve, SEM X 2,000). Figs. 61-63. N.
palea (63. TEM X 2,000). Figs. 64-66. N. romana (64. SEM X 2,000). Figs. 67, 68. Rhoicosphenia abbreviata. Figs. 69,

70. Stauroneis japonica.
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This species is one of the widely distributed
diatoms in the oligotrophic Japanese rivers.
46. Nitzschia amphibia Grun. var. amphibia

(SCHOEMAN et al. 1984. 199-202. f. 72-
86). (Figs. 53-55, 72-75)

The fine structure of our specimens coin-
cides well with that of South African
specimens. All valves have a central nodule
as pointed out by SCHOEMAN et al. (L. ¢.) con-
trary to HusteEDT’s (1937-38) statement in
that the central nodule appears only in larger
specimens. The pore occlusions of this
species are peculiar. External to the hymen
with perforations arranged in a hexagonal ar-
ray, a cribrum is present to form a double
layer (Figs. 72-74). The cingulum consists of
four open bands, a valvocopula and three
bands, but as seen in Figs. 72, 73 and 75, the
valvocopula and the third band are
remarkably broader than the second and
fourth bands.

47. Nitzschia frustulum (Kuetz.) Grun. var.
Sfrustulum (KoBavast 1985. 305. pl. 3. f.
21-34). (Figs. 56, 71)

This species is one of the most frequently
and widely distributed taxa in the Japanese
rivers. The striae are straight and without
bifurcations on the canal raphe. The areolae
composing striae are sometimes obviously ir-
regular in both size and intervals.

48. Nitzschia hantzschiana Rabh. var. hantz-
schiana (KoBavast 1985. 312. pl. 5. f.
44-49). (Figs. 57, 78-81)

This species frequently occurs with N.
Srustulum in the Japanese rivers. In the
area, these two species and N. romana have oc-
curred mixed with each other. The clear
recognition of these three species is very
difficult without the employment of SEM.
The striae of this species can be clearly
distinguished from those of N. frustulum by the
bifurcation of the stria on the raphe canal
(Figs. 78, 81). The cingulum of this species

consists of three open bands, a broad
valvocopula with a row of round poroids on
the pars exterior along the valve margin, and
three narrow bands (Figs. 79, 80).
49. Nitzschia palea (Kuetz.) W. Smith
(LanGe-BerTaLoT 1977. 271-273. pl. 3.
S 17-21). (Figs. 61-63)
This species is one of the representative
members of the most pollution-tolerant
Group A (Kosayasr and Mavama 1990).
50. Nitzschia paleacea Grun. (Kopavast 1985.
305. pl. 1. f. 1-8) (Figs. 58-60, 82, 83)
Valves of our specimens are 45-65 #m long
and 2.1-3.0 pm wide. These measurements
are somewhat larger than those hitherto
observed in Japan (Komavasi l¢.). How-
ever, the fine structure is fully identical
with our previous observations as well as with
those of LaNGe-BerTaLOT (1977) and CosTE
and Ricarp (1980). Though LANGE-BER-
taLoT (. ¢.) described this taxon as being a
most frequently occurring diatom in the heavi-
ly polluted European rivers, and it was later
placed in his No. 2 Group (LANGE-BERTALOT
1979), it has not been found in Japanese
rivers as confirmed by SEM observations.
Therefore, the present occurrence is the first
recorded for Japanese rivers. We gave, ten-
tatively, the group rating of g=2.5 to this
taxon.
51. Nitzschia romana Grun. var. romana
(KoBavasr 1985. 312. pl. 6. f 56-
64). (Figs. 64-66, 76, 77)
The difficulty of identification of this
species only by LM is already discussed under
N. hantzschiana. The interstriae are strongly
elevated forming a corrugated surface (Fig.
76). The bifurcate striae have a furcate
branch with two areolae on the raphe canal
(Figs. 76, 77).
52. Pinnularia burckii Patr. (PATRICK and
REIMER 1966. 596. pl. 55. f. 7).
53. Pinnularia subcapitata Greg. var. sub-

Plate 4. Fine structure of small Nitzschia (narrow bar=1 gm). Figs. 78-81. Nitzschia hantzschiana. 78. Whole
valve, X 10,000; 79. Exterior frustule end showing the band morphology, SEM X 30,000; 80. Diagrammatic
representation of the frustule showing the band morphology, X 10,000; 81. Enlargement of exterior valve center
showing the bifurcate striae and the central raphe endings, SEM X 30,000. Figs. 82, 83. N. paleacea. 82. Broken
valve end, SEM X 10,000; 83. External girdle view of the frustule end showing the band morphology,

SEM X 20,000.
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capitata (KrRaMMER and LANGE-BERr-
TaLoT 1986. 426. f. 193/1-3).

54. Rhoicosphenia abbreviata (C. Ag.) Lange-
B. (Lange-Bertaror 1980b. 586-589. f.
14., 3CD, 54). (Figs. 67, 68)

55. Stephanodiscus minutulus (Kuetz.) Round
(KoBavasi ¢t al. 1985. 293-300. f. 1-25).

56. Stauroneis japonica H. Kob. (Kopavasi
and Mavama 1986. 97. f. 13-21).

(Figs. 69, 70)

57. Synedra ungeriana (Grun.) Williams
(WiLLiams 1986. 135. f. 10-18).

58. Synedra ulna (Nitzsch.) Ehr. var. ulna
(WiLLiams 1986. 133. f. 1-9).
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The life history of Griffithsia japonica Oxkamura (Rhodophyceae,

Ceramiales) in laboratory culture. Jpn. J. Phycol. 38: 245-251.

The life history of the marine red alga Griffithsia japonica OxaMURA, collected from Saikai-bashi,
Nagasaki Pref., Kyushu, Japan was studied in laboratory culture. Tetraspores released from a field-col-
lected plant developed into uniseriate dichotomously branched male or female plants within two months.
After fertilization, female plants formed cystocarps surrounded by one-celled incurved involucres. Car-
pospores released from these culture plants developed into tetrasporophytes which discharged tetraspores
after two months. Thus, in laboratory culture, the life history of G. japonica was completed within four
months. This species can also easily fragment and each detached fragment can regenerate into a new plant

as reported in other Griffithsia species.

Key Index Words: Cerami Ceramial

Griffithsia japonica OKAMURA is an epilithic
or epiphytic dichotomously branched filamen-
tous red alga which grows in the intertidal
and subtidal zones on the Pacific and East
China Sea coasts of Japan. Plants of the
genus Grifithsia (named after the British
phycologist, Amelia W. GrirriTHs) have
uniseriate uncorticated axes of characteris-
tically large vegetative cells which are visible
to the unaided eye (ca. 500-700 gm diam. in
G. japonica). Moreover each cell has the
ability to regenerate into a new plant.
Because of these features, Griffithsia has been
widely used in cytological (MYERs et al. 1956,
Prirou 1962, Ramus 1971) and mor-
phogenetic studies (DurriELD ef al. 1972,
WaaLanp  and Cirerano 1972, 1974,
WAALAND ¢t al. 1972, WAALAND and WAALAND
1975, WaaLAND 1978).

In spite of its characteristic morphology,
this group (tribe Griffithsieae) is a tax-
onomically complicated group (ITono 1981).

* Dedicated to the memory of the late Dr. Munenao
Kurocr (1921-1988), Professor Emeritus of Hokkaido
University.

Griffithsia japonica—/ife history—Rhodophyceae.

Various taxonomic criterions in this tribe
have been proposed by many workers (KyLIN
1956, HomMERsAND 1963, BaLpock 1976).

On the other hand, little information has
been published on the reproduction and life
history of Griffithsia. Only Lewis (1909)
reported the reproduction and subsequent
development of G. bornetiana.

Yenpo (1909) first reported Griffithsia
Japonica from Japan as G. schousboer MON-
TAGNE, a species found on Atlantic and
Mediterranean coasts. Subsequently
OxaMURAa (1930) described the Japanese tax-
on as a new species, G. japonica, on the basis
of its differences in morphology and distribu-
tion from G. schousboei. Since then, the
distribution of G. japonica has been confirmed
as southern parts of Japan (cf. SEcawa 1956)
and China (Tsenc 1942). However there has
been no report on the life history of this
species, or of the genus Griffithsia, in Japan.
Hence an attempt has been made in the
present study to follow the life history of
G. japonica in laboratory culture.
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Materials and methods

Culture studies were initially started from
tetrasporophyte as this was the predominant
phase in the field populations of Griffithsia
Japonica.

Fertile tetrasporic plants were collected at
Saikai-bashi, Nagasaki Pref. and brought to
the laboratory on May 29, 1987, June 4 and
June 15, 1988. Plants were rinsed in filtered
seawater and placed in Petri dishes (6 X 2 cm)
containing 20-30 m/ sterile seawater for few
hours to induce spore liberation. The re-
leased tetraspores were rinsed several times
with filtered seawater from a capillary pipette
and inoculated into culture vessels (7 X 2 cm)
containing 40 m/ of PES medium (Prova-
soL1 1966). The dishes were then maintained
at 18-20°C under cool-white 40W fluores-
cent lamps at 2000-3000 lux, and a 12: 12
photoperiod. The medium in the culture
vessels was renewed weekly. When germ-
lings grew up to about 5 mm in height, they
were transferred to aeration cultures.

Chromosome counts were made using
Mature
tetrasporophytes were fixed in ethanol : acetic
acid (3 : 1 v/v) and stained with an aceto-iron-
haematoxylin-chloral hydrate solution (Wrrr-
MANN 1965).

plants cultured from carpospores.

Results

Griffithsia japonica is a dichotomously branch-
ed filamentous alga which grows up to 2-5 cm
in height (Fig. 1). Most of the plants found
in the field were tetrasporophytes, with very
few female gametophytes bearing cystocarps
and no male plants found. Tetrasporangial
fascicles appear in whorls around the second
joint from the apex and each fascicle bears a
single inflated involucral cell recurved to
enclose the tetrasporangial clusters (Fig. 2).
The tetraspores are spherical (35-40 #m in
diam.) and dark red in color (Fig. 3-A). In
culture, released tetraspores attached to the
substratum within a few hours and ger-
minated by forming an elongated hyaline
rhizoidal cell, and an apical cell which later

divided to form the thallus. Within 3 days,
germlings developed to a 3-celled stage about
150 #m in length and 50 pm in width (Fig. 3-
B). Within one week, cell number increased
to more than 10 cells and new lateral branches
were produced (Fig. 3-C). After 21 days,
germlings were about 2-3 mm in length (Fig.
3-D) and became detached from the
substratum (glass surface). At this stage, the
free-living germlings were transferred into
aeration flasks. The germlings grew up to 1-
2cm in length after 40 days in aeration
culture (Fig. 3-E).

Spermatangia (Fig. 3-F) formed in whorls

Field-collected  plant

Fig. 1. of  Griffithsia
Japonica.
Fig. 2. Branches with tetrasporangia releas-

ing tetraspores.
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A C
L

100pm

Fig. 3. Development of tetraspore. A. Tetraspore released from tetrasporangium. B. Three-day-old germ-
ling with hyaline rhizoidal cell. C. Seven-day-old plant with a branch. D. Twenty-one-day-old plant with
pseudodichotomous branches. E. Forty-day-old plants with reproductive organs (m, male plant; f, female plant).
F. Spermatangia of male plant releasing spermatia. G. Procarps of female plant with two trichogynes. Scale in A
applies also to B, F and G.
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around the shoulder of the second joint from
the apex of one-month-old male plants, and
female reproductive organs developed about
Gametophytic plants were

ten days later.

almost dioecious, but only one
monoecious plant did occur. Carpogonial
branches and trichogynes developed at the up-

per end of the terminal cells of female plants

always

Fig. 4. Development of carpospore released from cultured plant. A. Branch with mature cystocarp. B.
Mature cystocarp releasing carpospores. C. Carpospores from cultured plant. D. Fourteen-day-old germling from
carpospore. E. Mature tetrasporangial clusters of cultured plant. Scale in C applies also to E.
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(Fig. 3-G).

The spermatia released from spermatangia
attached to trichogynes and ultimately
resulted in the formation of cystocarps (Fig.
4-A). Carpospores were released (Fig. 4-B)
within 2 months of germination. The released
carpospores were 35-40 #m in diameter
(Fig. 4-C). The germination pattern and
development of the carpospores were identical
to those of the tetraspores (Fig. 4-D).

After two months in culture, germlings
derived from carpospores formed tetra-
sporangial fascicles with 14-16 one-celled
incurved involucres (Fig. 4-E). The mor-
phology of the tetrasporangia was the same as
in field-collected plants.

The chromosome number was about 20 (n)
in tetrasporangia (Fig. 5). Unfortunately
chromosomes in the diploid stage (2n) or dur-
ing meiosis were not observed in the present
study.

Some mature vegetative filaments were
fragmented into single cells and maintained
in culture under the same conditions. Most
of the fragments regenerated into normal
plants as reported earlier for other species of
Griffithsia (DUFFIELD et al. 1972).

Fig. 5.

Discussion

All phases in the life history of Griffithsia
Jjaponica were observed over 4 months in
laboratory culture. Germlings derived from
tetraspores developed into dioecious male and
female gametophytes and, after fertilization,
cystocarps were formed. The carpospores
released cystocarps  subsequently
developed into tetrasporophytes. G. japonica,
therefore, has a triphasic Polysiphonia-type life
history, having dioecious gametophytes, an
isomorphic tetrasporophyte, and a carpo-
sporophyte which remains attached to the
female gametophyte. Such a life history is
reported to be common in other members of
the Ceramiales (cf. WEsT and HoMMERsAND
1981).

Epwarbs (1968, 1969, 1973) reported other
types of life history, in addition to the
Polysiphonia-type, in some members of the
Ceramiales, but G. japonica showed only the
Polysiphonia-type of life history in the present
study.

In the field, G. japonica is abundant during
spring (April to June), then disappears in sum-
mer (July or August). At the beginning of
this study, tetraspores from G. japonica were

from

@
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A. Chromosomes in the tetrasporangium (about 20). B. Drawing of A.



250 ImiMa, M. and Micira, S.

cultured at 18-20°C and, simultaneously, at
room temperature (above 25°C). While
spores cultured at the former temperature
could germinate, those of the latter did not
and gradually degenerated. This may indi-
cate the inhibition of germination at higher
temperatures, perhaps together with other fac-
tors, which may inhibit growth of G. japonica
in the field in summer.

The early development of this species ap-
pears to be similar to that of G. bornetiana
(LEwrs 1909). Lewis (1909) observed that
the 3-cell stage was reached about twelve
hours after the spore was shed. However, in
the present study, G. japonica did not reach
the 3-cell stage until the second day after set-
tlement.

Morphological features typical of plants in
the field were also observed in plants grown in
culture; the filamentous plants being dichoto-
mously branched with giant vegetative
cells and tetrasporangial fascicles surrounded
by one-celled incurved involucres around the
second joint from the apex. Such features
are characteristics of the tribe Griffithsieae
(ITono 1981).

However, as Norris and MoLrLoy (1988)
recently reported in the culture experiments
of Griffithsia schousboei, many rhizoids were pro-
duced in cultured plants though they ap-
peared to less common in the original field-col-
lected plants.

The chromosome number of Griffithsia
Jjaponica (n=ca. 20) corresponds with that
reported for G. corallina (KyLIN 1916; n=20,
2n=40), but differs from that of G. bornetiana
(Lewis 1909; n=7, 2n=11-14).

In the present study, Griffithsia japonica from
Japan was found to be easily cultured in the
laboratory. The species therefore has poten-
tial for use in cytological and morphogenetic
studies as performed with other Griffithsia
species.
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(Gruv.) comb. nov.

Keigo Osapa* and Hiromu Koavasr**

*Department of Biology, Nippon Dental University, School of Dentistry at Nigata, Niigata-shi, Niigata, 951 Japan
**Tokyo Diatom Institute, Honcho 3-8-9-813, Koganei-shi, Tokyo, 184 Japan

Osada, K. and Kosavasi, H. 1990. Fine structure of the marine pennate diatom Entomoneis decussata

(Grun.) comb. nov. Jpn. J. Phycol. 38: 253-261.

The fine structure of Entomoneis decussata collected from Japanese marine habitats has been examined

using mainly electron microscopy to clarify stable features of this taxon.

Through the reproduction

process in clonal cultures, valves of both maximum and minimum size were produced and then compared. The
taxon has the following morphological features recognizable to be stable and characteristic: 1) Decussating
wing costae with many linking fibulae: 2) Arcuate junction line formed by a row of basal fibulae fusing with
each other into H or Y shape in places: 3) Spines on the costae of the valve body: 4) Density of striae, being 22—
26 in 10 #m: 5) Perforations arranged in a line of the hymenate areolar occlusion of the valve: 6) Externally
raised interareolar costae and numerous warts on the surface of the band.

Key Index Words:
diatom.
The species, Entomoneis decussata, was

originally described by Grunow (CLEVE and
Grunow 1880) as Amphiprora decussata. In the
original description, the valve dimensions of
63-65 ym long, 21-24 striae in 10 #m, and the
presence of a keel with decussate lines were
given, but the figures were not given.
However, GRuNow’s figure was presented in
Van Heurck’s (1880) atlas. The figure
which measured 64 pm long and about 22
striae in 10 #m seems to coincide well with the
original description. The taxon was later in-
cluded in Amphiprora gigantea Grun. as one of
its varieties by CLEVE (1894) based on only
the similarity in its decussate puncta on the
wings. Although there had been a few
records of this taxon in literature, POULIN e
al. (1987) recently reported the taxon under a
new name combination, E. gigantea var.
decussata.

Our light (LM) and electron microscopical
(SEM and TEM) examinations of this taxon
collected from two Japanese marine habitats
and the clonal cultures obtained showed that
the taxon should be better classified as a

clonal culture—Entomoneis—Entomoneis decussata—fine structure—marine

separate species.
A new nomenclatural combination to the
genus Entomone:s is proposed.

Material and methods

Materials were collected from the bottom
mud of the coast of Shimabara-wan
(Shimabara Bay), Misumi-cho, Kumamoto
Pref., on October 12, 1986 (OS-381) and
from a culture tank of abalones in the
Yamagata Prefectural Fisheries Experimental
Station, Tsuruoka City, Yamagata Pref., on
January 20, 1988 (OS-425). Some in-
dividuals from the latter were isolated into
clonal cultures and grown in Erlenmeyer
flasks containing a modified PES medium
(Osapa and Kosavast 1990). The cultures
were maintained at 18°C under fluorescent
light of about 2000 lux with a 14/10 light-
dark cycle. When the culture materials were
transferred to a fresh medium about three
months later from the first inoculation, auxo-
spore formation was induced (KE-1554-3).

To obtain cleaned specimens all materials
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were treated by the method in KoBavast ez al.
(1985). The specimens were embedded in
Pleurax for light microscopy (LM). For
SEM, the specimens were dried naturally or
critical point drying and then coated with
platinum-palladium using a HITACHI E-
102. The specimens for TEM were placed
on formvar-coated copper grids. SEM and
TEM observations were made using a
HITACHI S-800 and a JEOL 1200EX
respectively.

The terminology used is that suggested by
Anonymous (1975), Ross et al. (1979) and
Pappock and SiMs (1977, 1981).

Observations and discussion

The frustules are panduriform in outline
constricted deeply on both sides of the valve
centre from a girdle view, because of the
strong bilobate keel of the valve. The keel is
divided into two wings by a lower central
nodule (Figs. 1, 3, 5, 6, 22). In the valve
view, the valve is linear-lanceolate with acute
ends and the keel is sigmoid (Fig. 2). In LM,
the valve body and the wing are separated
clearly by an obvious junction line. These
two parts have clearly different structures
from each other. The wing is composed of
peripheral hyaline region with the raphe and
the region with decussating rows of small
puncta, while the valve body bears trans-
apical striae throughout. The valves are 40-
66 ym long and about 7-12 ym wide, and
have 22-26 striae in 10 yum. The junction
lines are arcuate. The above features of our
specimens agree fairly well with both
Grunow’s original description (CLEVE and
Grunow 1880. p. 63) and his illustration in
Van Heurck (1880. pl. 22. f. 13). However,
our specimens seem to be different from
PouLiN et al.’s (1987) E. gigantea var. decussata
which has short striae along the raphe canal in
their light micrographs.

In one clonal culture (KE-1554-3) contain-
ing auxospores, mother valves of 26-30 ym
long (Fig. 5) and large auxospores or valves
which attain a maximum size of 71-87 ym
long (Fig. 6) by the sexual reproduction pro-

cess are observed. The LM structures of the
valve body and the wing, i.e. the striae densi-
ty and the shape of the junction line, are not
observed to vary so markedly among
specimens in the field materials nor between
field and cultured specimens. The valve
length of this species is considered to be at
least in a range from 26 to 87 pm.

In SEM and TEM, the costae continue
from the valve edge to the raphe canal at the
distal margin of the wing (Figs. 4, 7, 8). The
wing costae on the two walls forming a wing
are decussate in the girdle view (Fig. 4). The
wing costae on one half of the keel are arrang-
ed obliquely and in parallel slanting toward
the apex, while on the other wing of the same
keel almost all the costae are arranged also
slanting in the same direction as the former
but change their direction radially only at the
apex (Figs. 7, 8). Many small spines are on
the valve body costae externally but not on
the wing costae (Figs. 7, 8, 13, 18). Each in-
tercosta forming a stria also continues from
the valve margin to the raphe canal across the
junction line, and has two rows of areolae and
randomly distributed external small spines
(Figs. 9, 10). The areolae of the valve body
are round, 160-175 in 10 #m, while those of
the wing are extremely elongated, 40-90 in
10 gm. Each of the areolae bears an external-
ly swollen pore occlusion in the same manner
as that of E. alata var. japonica (Osapa and
KoBavast 1985) and of E. paludosa (Osapa
and Kosavast 1990) (Figs. 10, 11).
However, the pore occlusion of this species is
a hymen with perforations forming lines
arranged in parallel (Figs. 10-12). Such an
arrangement of the perforations is clearly
different from those of E. alata (MANN 1981),
E. alata var. japonica (Osapa and Komavasi
1985) and E. paludosa (Osapa and Kopavast
1990), and also can be distinguished from the
parallel array type described by Kosavasi
and Nacumo (1985).

In broken valves, the small puncta on the
wing seen in LM are the fibulae linking costae
on opposite walls of the wing (Figs. 18, 19).
The outermost fibulae, raphe fibulae, are ar-
ranged in a row and separate proximally the
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cavity of the raphe canal. The inmost row of
fibulae, the basal fibulae, divides the wing
from the valve body (Fig. 19). The neighbor-
ing two basal fibulae frequently fuse at their
midpoints (Fig. 21). These lateral fusions of
the fibulae are continuous and form a
fishbone-like structure near the central
nodule (Fig. 20). Though the fusion struc-
ture is not the same, the fusion of basal
fibulae was seen in E. pseudoduplex Osada &
H. Kob. (1990). It seems that the fusion of
basal fibulae is closely related to the forms
with decussating wing costae.

The raphe fissure is extremely narrow
throughout in comparison with the broad ex-
ternal wall of the raphe canal. Each of the
central endings of the raphe fissures ter-
minates in a slightly dilated central pore exter-
nally (Fig. 14), but terminates more simply
on the inside (Fig. 15). The terminal fissures

curve in opposite directions at both ends of a
valve (Figs. 16, 17).

The cingulum is composed of at least five to
six open bands; one valvocopula and four to
five bands. They open and close alternately
at each pole of the frustule (Fig. 24) and all
have similar structure. Each band has two
rows of areolae on the pars exterior and has a
smooth edge on the pars interior even in the
valvocopula (Figs. 25, 26). The band areolae
forming the advalvar row are elliptical or
almost circular in the valvocopula, but those
of the abvalvar row are elongated (Figs. 23,
26). Each band areola is occluded externally
by a hymen with marginal linear perforations
arranged in a parallel array (KoBavas! and
Nacumo 1985) and randomly scattered cen-
tral ones (Fig. 27). The interareolar costae
are markedly raised and numerous warts are
on the band surface especially on that be-

Plate 1. Entomoneis decussata. Scale bar=10 gm.
Fig. 1. Girdle view of valve. Shimabara-wan. OS-381. Fig. 2. Valve view. KE-1554-3. Fig. 3. Girdle view of valve.
Yamagata Prefectural Fisheries Experimental Station. OS-425. Fig. 4. Girdle view of a frustule corner.
Shimabara-wan. OS-381. TEM. Fig. 5. Frustule in girdle view just before sexual reproduction, 28 #m in length.
KE-1554-3. Fig. 6. Frustule attained maximum size just after auxospore formation, 87 #m in length. KE-1554-3.

Plate 2. Entomoneis decussata. Shimabara-wan. Scale bars: Figs. 7, 8=5 pm, Figs. 9-11=1pgm, Fig.
12=0.1 #m. Fig. 7. External girdle view of a frustule corner showing the winged keel (wing). The wing costae are
arranged obliquely and in parallel slanting toward the valve centre except those arranged radially near the apex.
A row of small spines is on the valve costae. Fig. 8. The other corner of the same winged keel as shown in Fig. 7,
showing the wing costae all arranged obliquely and in parallel. Fig. 9. Internal valve showing the inner openings of
areolae arranged in two rows in each intercosta. Fig. 10. External valve body showing broad valve costae and
domed pore occlusions of areolae in each intercosta. Fig. 11. External wing showing the narrow wing costae
and elongated pore occlusions with perforations arranged in parallel. Fig. 12. Pore occlusions of areolae on the
valve body showing hymenes each with perforations forming lateral lines and arranged in parallel. TEM.

Plate 3. Entomoneis decussata. Shimabara-wan. Scale bars=1 gm.

Fig. 13. External surface of the valve margin showing the small spines on the valve costae and on the intercostae.
Fig. 14. Oblique view of the central nodule showing the smooth external surface of the raphe canal elevated from
the valve body, and the central raphe endings which terminate in slightly dilated central pores. Fig. 15. Internal
view of the central nodule showing the inner opening of the raphe canal, and the central raphe endings which ter-
minate simply (arrows). Figs. 16, 17. Both external apices of the same valve showing terminal fissures curving in op-
posite directions. Fig. 18. External broken valve showing the smooth surface of the raphe canal and the wing
costae. Fig. 19. Broken end of Fig. 18 at a different angle showing the raphe canal (rc), linking fibulae between
opposing wing costae, the raphe fibula (rf), and the basal fibula (bf) dividing the valve body and the wing. Fig. 20.
Internal valve centre showing the central opening of the raphe canal (arrow), and the basal fibulae centrally fused
into a fishbone-like structure. Fig. 21. Internal basal fibulae fused into H or Y shape at location more distal from
the valve centre.

Plate 4. Entomoneis decussata. Shimabara-wan. Scale bars: Fig. 22=10 gm, Figs. 23, 26=5 pm, Figs. 24,
25=1 pm, Fig. 27=0.5 gm. Fig. 22. External girdle view of a whole frustule. Fig. 23. Enlargement of the frustule
shown in Fig. 22, showing the epicingulum composed of six bands; one valvocopula (VC), five bands (B1, B2, B3,
B4, B5). Fig. 24. Oblique view of one end of the broken theca showing the open end (arrow) of the band between
two bands each with a closed apex. Fig. 25. Internal valve margin and a valvocopula with its smooth advalvar
edge. The advalvar areolar row of the band is composed of shorter areolae and those of the abvalvar row are com-
posed of more elongated ones. Fig. 26. Advalvar cingulum end showing the internal and external surfaces. Warts
are on the external surface of the bands. Fig. 27. Pore occlusions of both the short and the elongate areolae of a
band showing linear perforations arranged in parallel near the margins and randomly scattered ones toward the
centre. TEM.
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tween two areolar rows. The internal surface
of the bands is flat (Fig. 26). These features
of the cingulum are extremely similar to those
of E. pseudoduplex, but clearly different from
those of E. alata var. japonica, E. paludosa and
E. punctulata mainly in the presence of the
raised interareolar costae. This species seems
to be closely related to E. pseudoduplex.

The above-mentioned fine structural
features are common in both small and large
frustules before and after sexual reproduc-
tion. Consequently, it is considered that the
following features are stable and charac-
teristic of this species: 1) Decussating wing
costae with many fibulae: 2) Arcuate
junction line formed by the row of basal
fibulae fused randomly to each other: 3)
Spines on the costae of the valve body: 4)
Density of striae, being 22-26 in 10 gm: 5)
Perforations arranged in lines in the hymenes
which close valve areolae: 6) Externally raised
interareolar costae and numerous warts on
the surface of the bands.

Nomenclatural treatment

Entomoneis decussata (Grun.) comb. nov.

Basionym: Amphiprora decussata Grun. In
Cleve and Grunow. Kongl.
Sven. Vet. Akad. Handl.
17(2): 63. 1880.

Synonym: Amphiprora gigantea Grun. var.
decussata (Grun.) Cl. Kongl.
Sven. Vet. Akad. Handl
26(2): 18. 1894.
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Egg liberation, germling development and seasonal changes in

photosynthetic rates of autumnal Sargassum micracanthum. Jpn. J. Phycol. 38: 263-268.

This paper presents the results of studies on egg liberation, germling development and seasonal
changes in photosynthetic rates of autumnal Sargassum micracanthum from the coast of Tosa, Kochi Pref. In
this population, 1) egg liberation does not synchronize with the lunar cycle; 2) egg size varies within a recep-
tacle and also among receptacles in a plant; 3) division of a rhizoid cell is 16-celled type as in the ordinary S.

micracanthum; and 4) the photosynthetic rate is highest in autumn.

The photosynthetic rate of the or-

dinary vernal S. micracanthum from Tsuyazaki, Fukuoka Pref., follows the change in temperature, being

highest in summer.

Key Index Words:
Sargassum micracanthum.

egg liberation—egg size— Phaeophyceae—photosynthesis—rhizoid—Sargassaceas—
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Tosa

Tsuyazaki

Fig. 1.

Maps of sampling stations.
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Table 1. Dates of egg liberation in autumnal
Sargassum micracanthum at Tosa, 1984.
r
Moon's
Phase. @  Nov. 1984

22 23 24 25 26 27 28 29

€ O

Moon’s
Pﬁgge 'D Dec.
30 1 2 3 4 5 6 17
Moon's
Phase ()

8 91011 12 13 14

©

®: A small number of eggs liber-
ated.
¢): A large number of eggs liber-
ated.

BEREOHHEOBZAR I 2 ANL3HATH -1, 1
Bl B DR EFERREKD 2/3 U LOBHETTbAh
BH0h% L, 2 EB LD KBTI A T h
-1

BHEIIOX & JXPMTREL, B, 45
BEROEMBMUTHNEL BB EAIBD LRI
(Table 2), FROBEEIEBEORICHHATS 7 E
7 THRD B (Table 3),

SO AR,

KBS 5 b 7 7 RO REFEKY Fig. 2 1R
T, BUHINE 8 Bk L (Fig. 2a), ZH5tk 1 BiD 2
Lozl 2 5. F—oEliaREics L TREIE
Z b (Fig. 2b), H-HEITL v XROFBHABELTHK
Sh 5 (Fig. 2¢) & OERMARL 4 BDO5|8ETThH

Fig. 2.

Germling development of autumnal Sargassum micracanthum at Tosa. a, egg with 8 nuclei; b, first

segmentation; c, second segmentation, forming a rhizoid cell; d, first segmentation of the rhizoid cell; e, second
segmentation of the rhizoid cell; f, third segmentation of the rhizoid cell; g, rhizoid cell in a 16-celled stage; h & i,
rhizoids somewhat elongated; j, rhizoids further elongated; k, rhizoids ramified.
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Table 2. Egg size in mean value (#m) for
autumnal Sargassum micracanthum at Tosa.

Position in one receptacle

Basal Upper

Upper 229 X 170 > 216 X 179
Position A A
in Middle 257 X 199 > 246 X 194
one plant 1l 1l
252 X 182 > 243 X 188

Basal

Il : Differrence is not significant (P<0.05).
A,> : Difference is significant (P<0.05).

Table 3. Egg size in mean value (¢#m) for
Sargassum micracanthum at Tsuyazaki.

Position in one receptacle

Basal Upper

Upper 217 X 171 > 209 X 161
Position A
in Middle 235 X 179
one plant Y
Basal 245 X 180 > 217 X 165

V,A,> : Difference is significant (P<0.05).
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Fig. 3. Seasonal changes in photosynthesis-
light relationships of Sargassum micracanthum at
Tsuyazaki.
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Fig. 4. Seasonal changes in photosynthesis-
light relationships of autumnal Sargassum micracan-
thum at Tosa.
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Collinsiella SETCHELL et GARDNER, 1903 LA Z 5 H &
B
cava (YENDO) PrinTz L HAE I B EE
IDEDBAEIHEE
tuberculata SETCHELL et GARDNER BHA L 5 b £ &
CEDALI S EER

Japonica (YENDO) PRrINTZ

Collinsiellopsis CHIHARA, 1967
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expansa CHIHARA KE DAL H b L&

CHLOROCOCCALES PascHER, 1915 7 rRr =2
v 7 5B
Endosphaeraceae (KLEBs) ARrTARI, 1892 =¥ FA
7 > =58
Chlorochytrium Conn, 1872 Zrr¥ } ) 7 A (2)
porphyrae SETCHELL et GARDNER
Codiolum A. Braun, 1855 =25 4 AL AR
gregarium A. BRAUN
R E DR
polyrhiza (LAGERHEIM) BORNET et FLAHAULT 7B\ A

Eh

Gomontia BorNET et FLaHAULT, 1888

A x 58
ST 4 VAR (3)

Palmellaceae DEcaIsNE, 1842
Palmophyllum Ktrzing, 1847
crassum (NAGCARI) RABENHORST
var. orbiculare (BORNET) FELDMANN

[orbiculare)

ULOTRICHALES Borzi, 1895 O-U'%RESHH
Ulotrichaceae Kitzing, 1843 OUH & A%
Ulothrix KitziNg, 1833 O\O'AREARE
Sflacca (DiLLwyN) THURET in LE JoLis O O'RE S (4)
[pseudoflacca WiLLe (2L DA E 5]
flexuosa KORNMANN
implexa (KUTzING) KUTZING (4)

[acrorhiza KORNMANN]

CHAETOPHORALES WiLLg, 1901
ZH
Chaetophoraceae GreviLLE, 1824 H =t 7 4 5§
(T bFh

Bolbocoleon PriNGsHEIM, 1862 HA A2 vt vEg

7]3‘-]‘7,}-

* piliferum PRINGSHEIM (5)

Entocladia REINKE, 1879 =V + 2554, 7B
LE<CEDned
hypoglossiae Noba 7L\ ~E\E

cladophorae Noba

polysiphoniae SETCHELL et GARDNER \> & &
Internoretia SETCHELL et GARDNER, 1920 1 Y7 1/
VT 4 TIE (6)
Sfryeana SETCHELL et GARDNER
Ulvella Crouan frat., 1859 HH0 b B (7)
HHUH

lens CrOUAN frat.

ULVALES BLacKMANN et TANsLEY, 1902 B} X
B

Capsosiphonaceae CHAPMAN, 1952 D& X HED D

B
Capsosiphon Gosr, 1879 MEIHEDHE

Sulvescens (C. AGARDH) SETCHELL et GARDNER 7.6 &
BEDDY

groenlandicus (J. AcarbH) Vinocrapova OO %
<&

[Monostroma groenlandica)

Kornmanniaceae GoLpEN et CoLE, 1986 H DX
Lz < &E
Kornmannia BLipiNG, 1969 - 3220 L 2 &
leptoderma (KjeLLMAN) BLiDING  $ D&V & 2 (8)
[zostericola]

[Monostroma zostericola]

Monostromataceae Kuniepa, 1934 O & x < &%
Monostroma THURET, 1854 U & 2 ¢&B
alittoralis TANAKA et K. Nozawa in Tanaka LA D>
VWO EZCE
angicava KjeLLMAN 2 £OE 2 <&
arcticum WITTROCK XD EZ ¢ &
crassidermum Toxkipa H 20 & 2
crassissimum Iwamoro  H 22XV & 2
grevillei (THureT) WitTROCK 5 T E 2 ¢ &
latissimum WiTTROCK ONAIZDDNE 2 ¢ &
nitidum Wittrock O & % <&
oxyspermum (Kitzing) Doty ¥ 20 & %
[wittrock:i]
tubiforme Iwamoro B ~I1XD & 2
Protomonostroma VINOGRADOVA, 1969 L& % <&
2R
undulatum (WITTROCK) VINOGRADOVA
=3

[Monostroma undulatum]

LbOE L

Prasiolaceae BLACKMAN et TANsLEY, 1902 233D b
#
Prasiola (C. AcarpH) MENEGHINI, 1836 nom. cons.
PhDYHE
delicata SETCHELL et GARDNER OND\WZndoD b

Ulvaceae LAMOUROUX ex DUMORTIER, 1822 H Ik X
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#
Blidingia KyLIN, 1947 U BHBD h§
minima (NAGELI in KUrzing) KyLIN DD BH D H
[Enteromorpha nana var. minima)

[Enteromorpha micrococca)

Enteromorpha Link in Neks, 1820 nom. cons. HIsD
HE& (9)
capillaris Nopa in Nopa et Kitamr \~ & HIsD b

clathrata (RoTH) GREVILLE

Obbisnh
BExEHEDD
flexuosa (WULFEN) J. AGARDH

compressa (LINNAEUS) NEES

crinita (RorH) NEES

5 HBODY
5FiEbiDb

intestinalis (LINNAEUS) NEES
linza (LINNAEUS) J. AGARDH
[bulbosa var. japonica]
marginata J. AGARDH
plumosa Kitzine EREDHED Y (blcFh D
)
prolifera (MULLER) J. AcaroH T UHFD h
ramulosa (SmiTH) CARMICHAEL in Hooker ONFH I
Dh
Percursaria Bory, 1823 A Z A4V TH
percursa (C. AGARDH) ROSENVINGE
HEIR
amamiensis TaNaka 9 Ly { HF
arasakii CHIHARA TEH DB X
conglobata KJeLLMAN (X1 A H s X (10)
DFABHEI
fenestrata PosTELS et RUPRECHT (11)
Japonica (HoLMEs) PapEnFuss R.5h <&
[Letterstedtia japonica)
BREBB I
pertusa KjeLLman  HicH I S
reticulata FOrRssKAL B A DI X
rigida C. AcarpH (11) -
spinulosa OKAMURA et SEGAWA in SEGAwA
sublittoralis SEGawa I H s X
Ulvaria RuprecHT, 1850 < AU E 2 ¢ EB

obscura (KUTzING) GAYRAL

Ulva LinNAEUS, 1753 nom. cons.

fasciata DELILE

latissima LINNAEUS

var. blyttii (ArREscHOUG) BLibiING { AV & 2 <&
[Monostroma fuscum)

[Monostroma splendens BBV & % < &)

ACROSIPHONIALES KornmaNN, 1965 % 2h
¢2H

Acrosiphoniaceae J6nsson, 1959 % D <& XF}
Spongomorpha KiTzing, 1843 2R <X E (12)
3 oh< X (13, 14)
ElcHhboh ¥
heterocladia Sakar \ &) Hoh & X (13)

[mertensiz £. tenuis 13 Dh < ¥]

mertensii SETCHELL et GARDNER D& §Dh < & (13)
EFeLdoh<

duriuscula (RuPRECHT) CoLLINS

[breviarticulata

saxatilis (RuPRECHT) CoOLLINS

(19)

spiralis SAKAI

5o E (13)

Urospora ARESCHOUG, 1866 nom. cons. L h k&R E A
B (16)
penicilliformis (RoTH) ArRescHouc L W kHE A

[mairabilis)
wormskioldii (MERTENs in HORNEMANN) ROSENVINGE

BRELIBAREA

CLADOPHORALES HAckel, 1894 Lk < XH
Anadyomenaceae Kirzing, 1843 5 Xk HZ 58
Anadyomene LaMouroux, 1812 orth. cons. 5 &¥ b
TR
wrightii HARVEY in Gray 5 ¥R D Z 5
BHrbL LR
Japonicum SETCHELL HH b L H

KAHBHEB LD

Microdictyon DEcAIsNE, 1841

nigrescens (YAMADA) SETCHELL

okamurae SETCHELL ToD % <&

LD bHadb LS

Valoniopsis BorGesen, 1934 12 FIEARHE

BEEEAHH

Willeella BorcEsen, 1930 OB LE < XE (17)
Jjaponica YAMADA et SEGAWA in SEcawa U5 LI <

=S

vanbosseae SETCHELL

pachynema (MARTENS) BORGESEN

Cladophoraceae WILLE in WARMING, 1884 nom. cons.

Lis<&H
Chaetomorpha Kirzing, 1845 nom. cons.

(18)

aerea (DiLLwyN) KiTzing 7503 Ly $h

antennina (Bory) Kotzind 273 L wTd
[media)

basiretrorsa SETcHELL H oI Lw T %

brachygona HARVEY

LeTbE

BELeTh
gracilis Kitzine 72 LwT'd
5FTVALeTh (bbb

crassa (C. Acarpn) KUTzINGg

linum (MULLER) KUTzZING
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{F'D)
melagonium (WEBER et Monr) KiTzine (X DR L
»Td
moniligera KjeLiman 7o % Lo 37
pachynema (Montacne) Kotzine X5 LT
spiralis OkaMURA b & Lip 3%
Cladophora Kirzing, 1843 nom. cons.
albida (NEEs) Komzine dofc LB I
aokii YaMapa BHEBEZ LB
Fhelsd
catenata (Linnagus) Kotzine O LI <&
[fuliginosa)
conchopheria SAKAI

LECRRE

arenaria SAKAI

PNIAHD
fascicularis (MERTENSs ex C. AcarpH) Kiitzing &3 L
BB
glomerata (Linnakus) Kotzine 22 LLE SR
gracilis Kirzing 7ok LB <X
Jjaponica Yamapa FI LIF <X
meridionalis SAKAI et YOSHIDA in YosHIDA ZR7&A& L
B
[patula Saxai]
ohkuboana HoLmes iz L <&
oligoclada Harvey SWEELE X
DRELLEBSCE(EV VA LELCE)
[glaucescens auct. japon.]
ordinata (BorceseN) Hoek 7AW H LB X
[Willeella ordinata)
Ll
rudolphiana (C. Acarpn) Kirtzine 7oF ) LE<E
(19)

rugulosa MARTENS

opaca SAKAI

pusilla SAka1

{AHLELSR
rupestris (LINNAEUS) KOTzING v L3S & &
ryukyuensis SAKAI et YOSHIDA in YosHIDA B #(F LIS
<&
[fastigiata HARVEY]
sakaii ABBOTT BHIHAEH LB X
[densa HARVEY]
sibogae REmnBoLp RIEL LF <X
HZRUWLE R
stimpsonii HARvEY EWA LB E
uncinella Harvey F & LE<X
wrightiana Harvey H o LECE
Rhizoclonium KiTziNG, 1843 RIELSZE
grande BoroESEN BRRIZL X
hookeri Kitzine FZigbhiZL X

spectosa SAKAI

implexum (DiLLwyn) KoTzine 23 S H&E A (20)
[kerneri]
[kochianum VYA 5 EHRE A]
riparium (RotH) KoTzIne ex Harvey (@ FHR7IELS
=
[arenosum)

tortuosum (DiLLwyn) Kitzing  7223% D

SIPHONOCLADALES (BLackMAN et TANSLEY)
OvrtManns, 1904 L& DI HE
Boodleaceae BorGEsEN, 1925 BHIsdh < IF
Boodlea Murray et DE Tont, 1889 Hisdh ¢ EE
coacta (DickiE) MUurray et De Tont in Murray B3

$<E

composita (HARVEY et HoOkeR) Branp  (ZhBH B d <
=
[siamensis W B HEH < E)
Struvea SONDER, 1845 nom. cons. HHILE
anastomosans (HARVEY) PiccoNE et GRUNOW in P1ccoNE
FVDDBHHRIL
[delicatula)

haterumensis Itono DD BH BT

japonica OKAMURA et SEGAWA in SEcawa ¥ 5 H Al
orientalis A. et E. S. Gepp B H AL

Bk

tenuis ZANARDINI

Siphonocladaceae Scumitz, 1879 nom. cons. %A%
e XY
Boergesenia J. FELDMANN, 1938 ¥ 237c% LB
forbesii (HARVEY) FELDMANN  E237o %}
[Valonia forbesii)
Chamaedoris MONTAGNE, 1842 7T-AIERDHE
orientalis OKAMURA et HigasHI in Okamura 7o AIE
®h
Cladophoropsis BorGESEN, 1905 nom. cons.
B
* corallinicola KajiMura (21)
herpestica (MoNTAGNE) Howe 23 7ciI &R & D iF
sundanensis REmnpoLp  OND&RE D F

vaucheriagformis (ARESCHOUG) PAPENFUSS

RE DT

Eohok
[Spongocladia vaucheriaeformis]
zollingeri (Kitzing) REINBOLD & & D I
[fasciculatus)
Siphonocladus Scamirz, 1879 < KRIELSIE
{FERELCR

tropicus J. AGARDH
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AT HE
Dictyosphaeria DECAISNE ex ENDLICHER, 1843 & - =
HCER
cavernosa (FORSSKAL) BGRGESEN
[fabulosa]
versluysit WEBER VAN Bosse T3 ¥ 5 Z 5 ¢ X
L& 25 ¢
Valonia C. AcarpH, 1822 (EAIHE
aegagropila C. Acarbn  ToEEAIH
Sfastigiata HARVEY ex J. AGARDH
macrophysa Kitzine 170 F T AILH
oblongata J. AcarpH (22)

Valoniaceae KiTzing, 1849

E,25¢%

[bokotensis

EAird
Ventricaria OLsEN et WEsT, 1988 RHBIEAIZHIE (23)
ventricosa (J. AGaRDH) OLSEN et WEsT FISIEAICH

[Valonia ventricosa)

utricularis (RotH) C. AGARDH

DASYCLADALES PascHER, 1931 52D b H
Dasycladaceae Kiitznig, 1843 22X D b §}
Acetabularia LaMouroux, 1821 nom. cons.
B (24)
caliculus LAMOUROUX in Quoy et GAIMARD %% 2 7%

<
[calyculus)

MmIDH

iehn &
Dwd X 50&
exigua SoLms-LauBacH (3 LDcir & D h
parvula SoLms-LausacH O\ EDH (5T EHN
)
[moebiz]
ryukyuensis OKAMURA et YAMADA in OKAMURA D3 & D
H
Bornetella Munier-CHALMaS, 1877 HRT1-% B
clavellina Tanaka 1ZZHRTICE
nitida MuNiER-CHALMAS ex SONDER 23 ART7- &
oligospora SoLms-LAauBacH
sphaerica (ZANARDINI) SoLms-LauBacH R

clavata YAMADA

dentata SoLms-LAUBACH

[ovalis]
Cymopolia Lamouroux, 1816 5+ &8
5THER
Halicoryne Harvey, 1859 T3 ¥/c/@
wrightii HARvEY \~EF &g
Neomeris LaMouroux, 1816 % TDIZE
annulata DickIE %5 TD{Z
mucosa Howe #2416 TODIZ

van-bosseae SOLMS-LAUBACH

vanbosseae Howe Z /g3 726 TDIZ
CODIALES FeLDMANN, 1954 &5 B
R
b E (25)
corticulans SETcHELL R E LIz}
corymbosa J. AcarbH % Xith b
harveyana J. AcaroH  D>FIEDER D
hypnoides Lamouroux IsiEigiihad
indica A. et E.S. Gepp A FiZhad
maxima OkaMURA  FS¥iThd
muscosa LAMOUROUX  7£AMZ DT D
plumosa (Hupson) C. Acarbn  (1had (26)
ryukyuensis Yamapa lciifad
Pseudobryopsis BErRTHOLD in OLT™MANNS, 1904
RHE (27)

hainanensis TSENG

Bryopsidaceae Bory, 1829
Bryopsis Lamouroux, 1809

Iz

Bhbd L

[myura sensu YENDO]

Caulerpaceae Kirzing, 1843 \~i>37-%}
Caulerpa Lamouroux, 1809 \ 378

ambigua OkaMURA U\ I DT

brachypus HARVEY DB\ 337

cupressoides (VAHL) C. AGARDH
Ve { LA

var. lycopodium WEBER VAN BOssE

var. cupressoides

f. amicorum (HARVEY) WEBER VAN Bosse
f. distiche WEBER VAN BossE
f. elegans WEBER VAN Bosse 5 2 L-J7
Jastigiata MonTAGNE [T\ o D7
fergusonii MURRAY % LODIX 37
filicoides Yamapa O L7237
[verticillata £. acuta)
lentillifera J. Acarbr  { V37
nummularia HARVEY ex J. Acaron 3337
[peltata var. nummularia)
okamurae WEBER vaN Bosst in OkaMURA (28)
S X bk
f. oligophylla ORAMURA

f. okamurae

[tateyamaensis YENDO]
parvifolia Harvey UM\ do 3T
[brachypus f. parvifolia]
racemosa (FORsSKAL) J. AGarDH (29)
var. clavifera (TURNER) WEBER VAN Bosse

f. macrophysa (KUTzING) WEBER VAN Bosse ¥ A
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2NURST
f. microphysa WEBER VAN BOssE

Stz

ZOLRAKRD

f. reducta BGRGESEN

var. laete-virens (MONTAGNE) WEBER VAN Bosse 3
hZ &Il

var. lamourouxii (TURNER) WEBER VAN Bosse UMb
P &Sl

var. occidentalis (. AGARDH) BoRGESEN 2D & D7

var. peliata (LaMouroux) Eusank  fehsD & 37

[peltata]

var. uvifera (C. AcarDH) J. AcarpH L ¥ D7

scalpelliformis (R. BRowN ex TURNER) C. AGARDH
var. denticulata (DECAISNE) WEBER VAN Bosse B ¥

ADL A X1 (30)

var. intermedia WEBER VAN Bosse  { 5 37
serrulata (FOrsskAL) J. AGARDH
var. serrulata
f. lata (WEBER van Bosse) Tsene X h3ic

var. boryana (J. AGARDH) YAMADA et TANAKA
f. occidentalis (WEBER VAN Bosse) Yamapa et
Tanaka  ZWEWDie
sertularioides (GMELIN) Howe
f. longipes (J. Acarpn) CoLLins  Fo DTSt
subserrata OKAMURA & XL
taxifolia (Vani) C. Acaron b3
verticillata J. AGARDH
f. charoides (HARVEY) WEBER VAN Bosse 5 B>
St
webbiana MONTAGNE
f. disticha WEBER VAN BOsSE
f. elegans YaMaDA et TANAKA
f. tomentella (HARVEY in J. AcarpH) WEBER
vaN Bosse  ZiF\ St
Chaetosiphonaceae BLACKMAN et TANsLEY, 1902
r—trv7 v
Blastophysa REINKE, 1888 BHir AL HE
rhizopus REINKE  HI>H &E D

Codiaceae KirtziNg, 1843 AL 58}

15 bhE

amadelpha (MonTAGNE) A. et E. S. Gepp
5 Bb (31)

[lacerata var. robustior)

Avrainvillea DEcaIsNg, 1842
(=303

erecta (BERKELEY) A. et E.S. Gepp T TA DL
b

lacerata HARVEY ex J. AGARDH

AL bhb

obscura (C. AcarpH) J. Acaron % AXiL5 bbb
(€D

[capituliformis

nigricans DECAISNE

5HEDI]
riukiuensis Yamapa TA <DL 5 Hb
Boodleopsis A. et E. S. Geep, 1911 $2hb i 5 HA
&
* pusilla (CoLLiNs) TAYLOR, JoLy et BERNATOWICZ
bonb s 5 BA (32
Chlorodesmis HARVEY et BAILEY, 1851 FWiX & LB
caespitosa J. AcarbH N ETDEPILE
[formosana)
Jastigiata (C. Acarpn) Ducker EWI3 ¥
[comosal]
haterumana TaNaka et ITono in ItoNo UM EWpiL &
b
Codium STACKHOUSE, 1797 A 5E
adhaerens (CABRERA) C. AGARDH (X &%
arabicum Kirzing 7L AAEANT & D
barbatum Okamura O % (33)
WERB]
coactum OxaMura RE LA S
[coarctatum)
contractum KJjLLMan I &5 E LD
£
{AHRD (34)
fragile (SURINGAR) HarlOT & 5
BAhpbEE
intricatum OkaMURA DA 3B
latum SURINGAR DA B
lucasii SETCHELL in Lucas
minus (SCHMIDT) SiLva 1o ¥ 45

[mamillosum var. minus)

[tenue auct. japon.

cylindricum HoLMES

divaricatum HOLMES

hubbsii DawsoN

minutissimum Nopa ONE&R 3

ZDOEILERD

ZHELARD

repens CROUAN frat. in Vickers 2827z ohAh B
(Le<&th&khs)

saccatum OkAMURA % AR D

yezoense (TOKIDA) VINOGRADOVA X LA % (33)

ovale ZANARDINI

pugniforme OKAMURA

[dichotomum auct. japon.]

[tomentosum auct. japon.

W Ehd]
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Halimeda LaMouroux, 1812 nom. et orth. cons. X(F
TASER
discoidea DECAISNE

5BbIFTALE

[cuneata auct. japon.]

Sfragilis TayLoR

incrassata (ELL1S) LamourROUx HDTIEFTACE
(35)

macroloba DEcasNe QAR ZIETA ¢

ZIEDIEFETALE
opuntia (LINNAEUS) Lamouroux (36)
renschii Hauck DD JFTA R

[opuntia f. renschiz)

micronesica Y AMADA

tuna (ELLIS et SOLANDER) LaMouroux 27 ZIFTA
<&
velasquezii TayLor OB IEFTACE
[opuntia f. intermedia Y AmaDA]
KREDIERE
furcellata (ZaNARDINI) BorgEsEN ICH E WL ¥
Rhipilia KoTzing, 1858 124435 HHE
* orientalis A. et E. S. Gepp I3 5 o (37)
Rhipiliopsis A. et E. S. Gepp, 1911 ) €Y+ 7 RE
39
echinocaulos (CriBB) FARGHALY in KRAFT TR UMD
brd
[Geppella japonica]
yaeyamensis (Tanaka) Krarr OD\W B x5 £ &
[Geppella yaeyamense)

Pseudochlorodesmis BorGcesen, 1925

Tydemania WEBER vaN Bosse, 1901 332 F 48
expeditionis WEBER vaN Bosse 332513 %

BIAHLE

argentea ZANARDINI BIIX I A %

glaucescens HARVEY in J. AcarpH HBHRUDD ¢

5

Jjavensis (MONTAGNE) A. et E. S. Gepp O'D\vh x5

BIAH

yamadae Tanaka et Itono 5 TIXIX T AL

Udotea Lamouroux, 1812

orientalis A. et E. S. Gepp

Derbesiaceae Hauck, 1884 DD\~ L EL
Derbesia SOLIER, 1847 DD\ LB
marina (LYNGBYE) SOLIER {ZZ D@D\~ & (39)
minima WEBER VAN BossE & 5 D@PD\ &
rhizophora Yamapa R7ELDP D&
tenuissima (Moris et DE NoTaris) CROUAN frat. D@
D\~ EFIE (40)
Pedobesia MACRAILD et WOMERSLEY, 1974 H L2 X\

LR
lamourouxit (J. AcarbH) J. FELDMANN, Loreau,
Copomier et Couté B LoE 5 &\
[Derbesia lamourouxii D@D\~ &
ryukyuensis (YamaDa et Tanaka) KoBara et CHIHARA
HLOEVDW LT
[Derbesia ryukyuensis  O->2P D\~ k]

HRECBITD — b

(1) CHiHARA (1967) (X Collinsiella J& & Collinsiellopsis
B LT Collinsiellaccae BlHR|EL, Thi
Chlorosphaerales BIZFTE3 5 & L,

(2) Chlorochytrium FY Y X ek
Spongomorpha D\ O DEORTFHERTH S
(Bt - BK 1976),

(3) Palmophyllum J&DFFBIZ 2\ TiX BOURRELLY
(1966) & Index Nominum Genericorum (FARR ¢t al.
1979) 14 - 72,

(4) BLICO\Ti% Lokuorst (1978) DRI X 5,

(5) /M8 - #HH (1988) HiitiBERE L DHE Lic,

(6) O’Keiy (1983) ic L ¥, ZOBIIERETH
5, AATORFLIBFRATILEIH D,

(7) Pseudulvella J&\% Ulvella |& L XFITEI\NED
NiLsen (1977) OB R ESE, BHEMLBH O
Pseudulvella sp. DFEE (TR 1957) #FE Lich -
1o

(8) Gorpen and CoLE (1986) (¥ Kornmanniaceae ¥}
HREL, KFHEED K. zostericola HXKPEED K.
leptoderma LXK FTEIL & LT,

(9) M (1936) (X E. coarctata, E. lingulata, E.
coerulescens % ERER L, I (1964) L E. bullosa, E.
fascia, E. hirsuta #E LT\ 5%, SHBOSEFERN
B x LT\ 5%,

(10) f. densa BRI T5 (B 1936),

(11) BERTOIEFLU. lactuca b D THHTHHLE
"B

(12) Yenpo (1915) Aijbiglin LA LI S. arcta i3 S.
saxatilis DREHE £ Bbh 3,

(13) EYVIY, A7V EYVISY, AFEY LS
¥, v Xy v/ EREBHERTH Y, RTHE
AL Chlorochytrium inclusum ThH 5 (BHh - BK
1976),

(149) RACOVTLEM (1985) DRAC L %, var.
tenuis 5 Y £ Y U 74, var. cartilaginea A R €V V7
FHRFER TS (B 1936),

inclusum 3
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(15) BaFAKIL Codiolum petrocelidis T 5 (EHh 1984),

(16)  Urospora acrogona i KjeLLMAN (1897) H3RIGF RLEF
FHE > & 8 L CTLUREESR Ao\ TIRER Ligh -
7

(17) van pEN Hoek (1979) (22 DRBR%ERHT, W.
ordinata % Cladophora JBIZ 5 D L1, & J Vi 7T
DUTHBRHEET %,

(18)  Ch. macrotona & Ch. confervicola \IFEFR I T\ i
WOT, WE LAt

(19) f. brevisegmentea Sakal 7 A £ = U A 74K Gl
INTW% (Sakar 1964),

(20) RAKDOWTIE Koster (1955), WOMERSLEY
(1984) iIZHE - 12,

(21) Kajmmura (1987) 2\ RRIEE DEA i £ E ] L
1o

(22) BREkDLEEBM I N TLLR, BRHEESFHov,

(23) Ousen and West (1988) 23S DB & L7z,

(24) Polyphysa BB BHLETICLEM L (B
i, #E),

(25) B. caespitosa \¥. Yenpo (1915) HMET FTHE DK
IBROBERC L > TRELLCLDOT, ZIBFL
Tehy -1,

(26) var. condensata KjeLiman DX FIZ T3 (4
#+ 1936),

(27)  Pseudobryopsis % Trichosolen WZ3f U CIRET % X
SIREIhIH, FRAMVREIRTVRVLOT,
BRLDOCTOMEIE-> T\ 5, AREDMZ
Tk, Ps. mpura £ D b Ps. hainanensis % A\NBF
NEIWTHAH S,

(28) (IDT f. minor (NariTA 1915) MEEH I oA,
EHTRETH 5,

(29) Omupa and Enomoro (1987), PEtERsoN (1972) i%
C. racemosa DERELRBIC L > THBEELLLE2 S
T & %R LI, BADHERC OV TRBERAL Y
BThArd,

(30) Tanaxa (1965) IZft » CTEBEL XAV,

(31) RAKO\TiE Ousen-Stojkovicu (1985) 1T X
%,

(32) J. Tanaka (1987) A\EEPaRE B0 L L,

(33) Swva (FfE) DERHES,

(34) f. hybrida DEER IR T B (K 1936),

(385) f. lamourouxii 7 € » —% KT v 7', f ovata =2
YRT v IHHRRGIENh D (B 1936),

(36) f. cordata DIXFE D (K 1936),

(37) Irono (1986) 1R Lic,

(38) R4 Krarr (1986) IZHE - 7,

(39) EL{B{&(Y Halicystis ovalis ThH% (KoBara and
CHiHARA 1981),

(40) ECBEIL Halicystis parvula Tk % (Kosara and
CHIHARA 1981),

PHAEOPHYCEAE KjeLLMAN in ENGLER et

PranTL, 1891 %R
(FUCOPHYCEAE WarwmingG, 1884)

ECTOCARPALES SercHELL et GARDNER, 1922
LiE&REAR
Ectocarpaceae C. AGARDH, 1828 LA & AE}
Acinetospora BorneT, 1892 7 ¥ % F AR TR
crinita (CARMICHAEL ex HARVEY in HOOKER)
KoRrNMANN
[Ectocarpus filamentosus Nopa]

[Ectocarpus ugoensis)

Bachelotia (Borner) Kuckuck et HaMmEL, 1939 -3 =
eF 4 78

* antillarum (GRuNow) GERLOFF (1)

Ectocarpus LyNGBYE, 1819 nom. cons. LBHE AR

)
acuto-ramulis Noba &M D ZIELEHRE A
arctus Kitzine J7 L LEARE A

[confervoides)
brevicellularis Nopa 7CAZ LEBHREAH
cladosiphoniae Noba FIEHZIELEBHRE A
commixtus Nopa (3% L& E A

[tenellus Nopa)
confusiophyllus Noba 5 LT UHDLIHESH
cystophyllophilus Nopa M\ b S D LKL E A
densus OHTA
dictyoptericola Noba UL TDOLEHE A
WELBAREA
DUNTLEHRE A

hemisphaericus SAUNDERS

elachistaeformis HEYDRICH

Sfustformis NaGal

THLDOLERE S
hornericola Nopa E(XIDLEAREH

(BRI EDLBHRES
laminariae Noba 2 LD LEHEAH

laurenciae Yamapa BT LR E A
lepasicola Noba ZIELD LEHESH

minor Nobpa OO % LEsHE S

mitchelloides Nopa {IhlF Liskh & A

f. minor SAUNDERS

kjellmanioides Nopa
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monzensis Nopa et Konvo  HAEA LEHZE A
nitgatensis Noba 1Z LI LERE S
[hiemalis Nopa]
oblongatus Nopa L HD LEHES
obtuosus Nopa F¥BHLEEREAH
penicillatus (C. Acaron) KjeLLMAN 2.5 TLEARE
5
plasticola Nopa 3L H LEHREA
plumosus Noba X TehLBHRE A
polysiphoniae Nopa &SI LBARES
rotundato-apicalis Nopa et Honpa in Honpa et Nopa
27 LLBHRES
sadoensis Noba VDB LEHRE S
sargassicaulinus Nopa FRIEHDLEAES
sargassiphyllus Nopa $ DX LR ES
"D LELEA
shityaensis Noba 13X X 12 LEBRE A
LB ERLEAREA
siliculosus (DILLWYN) LyneyE LBHE S
socialis SETCHELL et GARDNER UNDARD LEBAHE S
sphaericus OuTa 5 LEBHREH
tappiensis OHTA TCH> U LBHREAH
tasshaensis Noba BT LEBHRE A
tsugaruensis OHTA  OH3 5 LBHRE A
yezoensis Yamapa et Tanaka XL LEHESH
zosterae NopDA et OHTA in OHTA U H O F LAY
5
Feldmannia HAMEL, 1939 7 = AV F==7T&
formosana (Yamapa) ITono TR A LERE A
[Ectocarpus formosanus]
indica (SONDER) WOMERSLEY et BalLEY  7e23 % LA
A
[Ectocarpus indicus)
[Giffordia indica]
irregularis (KOtzing) HamMeL A3 LEARE A

[Ectocarpus izuensis)

seytosiphonae Nopa

shimokitaensis OHTA

EVE 34
aecidioides (ROSENVINGE) PEDERSEN Jo2®dR0 L h &
EA
[Streblonema aecidioides)
Hincksia J. E. Gray, 1864 t v 7 7§ (3)
breviarticulatus (J. AGARDH) SiLva  ToE Ao LA E
5
[Ectocarpus breviarticulatus)

[Giffordia breviarticulata]

Gononema Kuckuck et SKOTTSBERG, 1921

granulosa (J. E. SMITH) SiLva
[Ectocarpus granulosus)
[Giffordia granulosa)
mitchellae (HARVEY) SiLva  Teb bl LBARES
[Ectocarpus mitchellae]
[Giffordia mitchellae]
ovata (KJELLMAN) SiLva
[Ectocarpus ovatus)
[Giffordia ovata)
sandriana (ZANARDINI) SILVA
[Ectocarpus sandrianus)
[Giffordia sandriana)
Laminariocolax Kyuin, 1947 F 3+ V4 =25, 7 A
B
draparnaldioides Nopa D5 EHESHD
Pilayella Bory, 1823 U'H 2 LB
littoralis (LinNaEUS) KjELLMAN T8> 2. &
petaloniae Nopa UMsO'BH 2 B
Spongonema Kitzing, 1849 M E LA EAHRE
tomentosum (Hupson) Kitzine 7 & LBARE S
Streblonema DErBEs et SOLIER in CASTAGNE, 1851 R0 &
WHRELR
codii BARTON H 5D\ &
evagatum SETCHELL et GARDNER .5 E DR EAH
fasciculatum THURET in LE JoLis
gracilicola Nopa MED h KR E A

Sorocarpaceae PEDERSEN, 1977 W E5E 5F
Botrytella Bory, 1822 W25 5E (4)
micromora Bory \~E 5 E D
[Sorocarpus uvaeformis)
Polytretus Sauvageau, 1900 &7 LEhEAHRE
reinboldii (REINKE) SAUVAGEAU Z T LIBHRE A (5)
[Ectocarpus intricatus)

[Ectocarpus iwadatensis)

[Ectocarpus recurvatus)

RALFSIALES Nakamura, 1972 \E23b 5 H
y b F<E
Pseudolithoderma SVEDEL1Us in ENGLER et PrRaNTL, 1911
TRV LOMbE
subextensum (WAERN) S. Lunp

Lithodermataceae Hauck, 1883

e Losb

Mesosporaceae J. TaNAKA et CHIHARA, 1982 £V
AR FE
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Mesospora WEBER VAN Bossg, 1911 £ YV AR TE

schmidtii WEBER VAN Bosse

Ralfsiaceae FarLow, 1881 T A bHE
Analipus KjeLLman, 1889 O3B
filiformis (RUPRECHT) PaPENFUSS \ & FD %
[Chordaria gunjii]
Japonicus (HHARVEY) WYNNE ED0 3
[Heterochordaria abietina)
Diplura HoLLENBERG, 1969 < AIXADAR
simplex J. Tanaka et CHiHARA  { AIXA DA
Endoplura HOLLENBERG, 1969 Z AW AIXALAR
aurea HOLLENBERG AW AIXA DA
Hapterophycus SETCHELL et GARDNER in SETCHELL, 1912
WERbLLEERE
canaliculatus SETCHELL et GARDNER Wb b dh &
&
echigoensis Nopa
Heteroralfsia Kawar, 1989 W L2 ZU'HRE (6)
saxicola (OKAMURA et Yamapa) Kawar W LD & 2O
b
[Gobia saxicola]
[Saundersella saxicola]
Ralfsia BERKELEY in SMITH et SOWERBY, 1843 \ % hid
L&
borneti Kuckuck
endopluroides J. TANAKA et CHIHARA
expansa (J. AGARDH) J. AGARDH
fungiformis (GUNNERUS) SETCHELL et GARDNER  \ % 3
bbb
integra HOLLENBERG
pedicellata J. TaNAKA et CHIHARA
tenuis KyLIN
verrucosa (ARESCHOUG) ARESGHOUG \»Z\ dotfel)

(WCEIRADA, BADALS)

CHORDARIALES SercHELL et GARDNER, 1925
£3:3%: 3% N E|
Acrotrichaceae Kuckuck, 1929 4 %3 < §}
Acrothrix KyLin, 1907 €3 < B
Stk Ny i Y
pacifica OKAMURA et YAMADA in Yamapa {283 3°<

@)

gracilis KyLIN

Chordariaceae GRrevILLE, 1830 7eAiE 04§}

EREOLE
Sagelliformis (O. F. MULLER) C. AcarDH 7223 E D%
®
gracilis SETCHELL et GARDNER 13X ED 3
Cladosiphon Kitzing, 1843 K Zithd TR
okamuranus Toxipa R E e b 3¢
[Eudesme virescens sensu OKAMURA]
Eudesme J. AcarpH, 1882 8.5 & HT<KE
virescens (CARMICHAEL ex HARVEY in HOOKER) J.
s E BTN
Heterosaundersella Tokipa, 1942 2255+ H TR
hattoriana Tokipa 23 BH .5 & 3¢
Myriogloea Kuckuck ex OLtManys, 1922 EOhd ik
=
simplex (SEGAwA et OHTA) INAGAKI
Papenfussiella KyLin, 1940 < A3 B
<AHH (9

Chordaria C. AGARDH, 1817 nom. cons.

AGARDH

Xohnk

kuromo (YENDO) INAGAKI
[Mpyriocladia kuromo)
Saundersella KyLin, 1940 32X b+ Z 5 DAR
simplex (SAUNDERS) KyLIN 20X H oL 5HA
[Gobia simplex Z T 2]
Sauvageaugloia HaMEL ex KyLin, 1940 < A 33X R
<AHBHFH
Sphaerotrichia KyLin, 1940 WL 43K B
divaricata (C. AcarpH) KyLin W L3 3¢ (10)
[aponica]
[Chordaria cladosiphon
[Chordaria firma]
sadoensis Noba  $si} X 3 3°<
Tinocladia KyLin, 1940 % & 33K B
crassa (SURINGAR) KyLin % & $3°¢

[Eudesme crassa]

tkomae (NARITA) INAGAKI

-2 N |

Elachistaceae KjeLLmaN, 1890 7% % < HF}
HRELHRE
coccophorae Takamatsu T EH L DI HhEL B
confusicola Noba \&7eHEL B

crassa TAkaMATsU (11)

Elachista Dusy, 1830 nom. cons.

Sflaceida (D1iLLwyN) Fries

globosa Takamatsu 7o R EL B
[fucicola sensu OkaMURA]

mollis TAKAMATSU

nigra TAKAMATSU

nipponica UMEZAKI

orbicularis (OHTA) SKINNER
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sadoensis Nobpa FIXZiHZFEFLH
sargassicola Noba $OE/HEL S
taeniaeformis YaMapa O BIEHEL B
tenuis YAMADA 12 7eHEL B (12)
vellosa TAKAMATSU
zosterae Nopa in Nopa et Kitam1 HF D& ¥ <
)
Halothrix REINKE, 1888 Z3blt ¢ XE
ambigua Yamapa L ¥iolF <X (13)
coccophorae OHTA
lumbricalis (KUtzing) REINkE QM DL biT ¢ &
sadoensis Nopa BT XL bl &
tortuosa TAKAMATSU
Leptonematella SiLva, 1959 V7 +F:x<7 58
* fasciculata (REINKE) SILVA (14)

Ishigeaceae OkaMURA in SEcawa, 1935 > LiFE
Ishige Yenpo, 1907 \~LIFB
okamurae YENDO \ > LUF
sinicola (SETCHELL et GARDNER) CHIHARA \ A 5
[foliacea)

Leathesiaceae FarLow, 1881 ¥ b HF
Leathesia S. F. Grav, 1821 X h B
crassipilosa Takamatsu . 72RrFiiE b b
difformioides TAKAMATSU (15)
difformis (LINNAEUS) ARescHOuG  AUE D 3
Jjaponica Inacaxt T Z3HHULH b
monilicellulata TAKAMATSU  T2A & AZUT D B
primaria Takamatsu  \~&RuEH
pulvinata Takamatsu  OsiuE b %
sadoensis Inacak1  FIF EHUEH b
saxicola Takamatsu R b § (16)
[granulosa)
sphaerocephala Yamapa U DRIED B
tsugaruensis OHTA
yezoensis INacakt T O5FULD %
[umbellata sensu OkaMURA]
Myriactula Kuntze, 1898 I V7 7 F 2 58 (17)
clavata (TAKAMATSU) FELDMANN
sargassi (YENDO) FELDMANN T DD H
saromaensis YAMADA et IwamoTo in Iwamoro 3% { D
o
Petrospongium NAceLI ex KiTzing, 1858 LD 3o
=4

rugosum (OKAMURA) SETCHELL et GARDNER LoD 7>
b

[Cylindrocarpus rugosus)

Myrionemataceae NAGELI, 1847 I U A% <§}
Ascocyclus Magnus, 1874 7 A 2% 7 L A& (18)
dichotomus OHTA
Compsonema Kuckuck, 1899 2 v 7V X<§
chordae Noba DB DL H %
coccophorae Nopa TEH L DL H
coniferum SETCHELL et GARDNER (19)
dictyotoides Noba et Honpa in Honpa et Noba &
BOIEHH
intercalare Nopa 3\ BT D b
nummuloides SETCHELL et GARDNER $ { DT H b
oblongum Nopa in Honpa et Nopa 7 &HDITH
secundum SETCHELL et GARDNER
f. terminale SETCHELL et GARDNER
Hecatonema SAUVAGEAU, 1898 ~# + * <&
maculans (COLLINS) SAUVAGEAU £ AL x~hrE R E
terminale (Kitzing) KyLin  ~Dr & h ¥
Microspongium REINKE, 1888 7 r ARV F 7 AR
globosum REINKE (20)
[Myrionema globosum ¥ B H3TcAH bh) k%]
Myrionema GRevVILLE, 1827 VA X~<@
acrochaetiae Noba 7oA ULw AR Dtk
corunnae SAUVAGEAU & D FBsha %
dichotomum Nopa et Honpa in Honpa et Noba 57
FlchhkhE
grateloupiae Noba EDF 2 HhbkhE
obscurum SETCHELL et GARDNER
orbiculare J. AGARDH
padinae Nopa
tenue Nopa et Honpa in HonpA et Noba
terminale NODA
Protectocarpus KOorRNMANN, 1955 7B 5 7 b AAT A
%
* speciosus (BORGESEN) KORNMANN (21)
[Compsonema ramulosa sensu Noba TAWVZ AL

ZhE]

Spermatochnaceae KjeLLmany, 1890 &3 <&t
Nemacystus DERBEs et SOLIER, 1850 3 < &

decipiens (SurinGar) Kuckuck %3¢
Stilophora J. AcARDH, 1841 nom. cons. O'b %< HIE
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rhizodes (TURNER) J. AcarbH OB EL B

SCYTOSIPHONALES J. FELDMANN, 194958 %
DbHAE
Chnoosporaceae SETCHELL et GARDNER, 1925 55
HLEDF
Chnoospora J. Acaron, 1847 L HHLE DR
implexa J. AcaroH  TeHHE D
minima (HerING) PapEnruss (E 5 23 crbHED
[pacifica)

b0 HEE

SOLIER in

Scytosiphonaceae FarLow, 1881
Colpomenia (ENpLICHER) DEerBEs et
H{HDHE
bullosa (SAUNDERs) Yamapa dolcd

[sinuosa f. deformans)

CASTAGNE, 1851

phaeodactyla WYNNE et J. N. Norris
sinuosa (MERTENs ex RorH) DERBEs et SOLIER in
CasTaAGNE 5 AD D
Endarachne J. AcarpH, 1896 (XiXD h &
binghamiae J. Acaron (TIED b
Hydroclathrus Bory, 1825 2% D h &
clathratus (C. AcarpH) Howe I3 D D
Petalonia DerBEs et SOLIER, 1850 nom. cons.
XD H & (22)
fascia (O. F. MoLLer) KuntzE #\ X 52ED b
[Llea fascia)
zosterifolia (REINKE) KuntzE (1 ZIER VX 5 iED
H
Rosenvingea BorcEsen, 1914 3 &L 5L AR
LS A

B AR ]

intricata (J. AGARDH) BORGESEN
ortentalis (J. AGARDH) B@RGESEN
Scytosiphon C. AGarpH, 1820 nom. cons. MR D H

&
lomentaria (LYNGBYE) LINk 220 % D b (23)

DICTYOSIPHONALES SercHELL et GARDNER,
1925 5w&r53%H
Asperococcaceae FarLow, 1881 = H A%< AFH
ZhALELS AR
ZHAENEL A (24)

Asperococcus Lamouroux, 1813
bullosus LaMouroux
[turneri]
Melanosiphon WynNNE, 1969 X 7o\ bONTE
intestinalis (SAUNDERS) WYNNE & 72\ v NS

[Mpyelophycus intestinalis)

Myelophycus KjELLMAN in ENGLER et PRANTL, 1893 \»
HOTR

* cavum J. Tanaka et CHIHARA 5 DB\ ONT (25)

Wb

simplex (HARVEY) PAPENFUSS

[caespitosus]

Coilodesmaceae SETCHELL et GARDNER, 1925 % %

S A

Akkesiphycus Yamapa et Tanaka, 1944 ZA5H & &
&
lubricus YaMADA et Tanaka ZA LS & &

Coilodesme STROMFELT, 1886 2 F.%5< AB
cystoseirae (RUPRECHT) SETCHELL et GARDNER (3% X
5L A
japonica YaMADA X F 5K A

[epstoseirae sensu YENDO]

R H
LR
attenuata (KJELLMAN) ROSENVINGE  {ITH DR D
Stschapovia A. D. ZiNova, 1954 v F + HETE
Sflagellaris A. D. ZiNnova

Delamareaceae A. D. ZiNnova, 1953

Delamarea Harior, 1889

Dictyosiphonaceae KiTziNg, 1849 5\ & 1 5 3 #}
Dictyosiphon GRevILLE, 1830 nom. cons. 5\ ¥ 1 5
LR
chordaria ArescHoue S EIES VX5 Y
corymbosus KjELLMAN
Sv&Erdd
hippuroides (LyneBYE) KiiTziNd % & D\ v & 1 5 %

Jfoeniculaceus (Hupson) GREVILLE

Punctariaceae (THURET) KjELLMAN, 1880 (i &
)
Litosiphon HArVEY, 1849 WZONT LB
groenlandicus Lunp  \~EONT %
Pogotrichum REINKE, 1892 Z SO
yezoense (YAMADA et NAKAMURA in YAMADA) SAkAI et
Saca T EDOVNF
[Litosiphon yezoense]
Punctaria GreviLLE, 1830 (¥ d & EB

conglomerata Y AMADA et IwamoTo in Iwamoto UM
b L&
Sfaccida Nacar B LEIZIEH & &

kinoshitae YamaDpa et Iwamoro in Iwamoro s dsiEit

&N
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latifolia GREVILLE (ZIEdH &

mageshimensis TANAKA T H A D

occidentalis SETCHELL et GARDNER 2SI M XL dH &

& (26)

[chartacea sensu YENDO]

pilosa Umezakt 13 5503iEd & &

plantaginea (RotH) GrEvILLE (XX 72 F L (26)
[rubescens sensu YENDO]

projecta Yamapa W B BIHIEY L&

tenuis Yamapa et Iwamoro in Iwamoro 5 i

bz

Striariaceae KjeLLMAN, 1890 X Z U h§l
Kjellmania REINKE, 1888 XD ¥ ¢ XE
arasakii Yamapa I HFEX
Striaria GRevILLE, 1828 X Z UEDHRE
attenuata (GREVILLE) GReviLLE L Z UEDH

CUTLERIALES OLtMmanNs, 1922 b3 H
Cutleriaceae Hauck, 1883 IrH 3 H}
Cutleria GreviLLE, 1830 IrHH/E
adspersa (Roth) DE Notaris XD <X
cylindrica Oxamura  T0H 3
multifida (TuRNER) GrEVILLE OB isH D

SPHACELARIALES Orrmanns, 1922 < AA0L
2|
Sphacelariaceae Decaisng, 1842 < A2 L HF
Sphacelaria Lyncsye, 1819 < A4 L5 (27)
axilaris TAKAMATSU
caespitosa TAKAMATSU
*californica SAUVAGEAU (TR CAEA L AHLE (28)
divaricata MONTAGNE
f. japonica TAKAMATSU
expansa Noba U H1cAKAHMNLDL
hizikize Outa et Nobpa UL EDL AN LD
iridacophytica Nacar EABHA L AHLL
iwagasakensis Noba 2 HIT L AMNLL
linearis TAKAMATSU
lutea TAKAMATSU
plumigera HoLmes (IR AN LD
prostrata TAKAMATSU I > IFA EHEE L AHHLL
pyriformis Noba T LOKL AL 5
radiata Takamatsu U A LD
rigidula Kitzing b\~ UA e AL 5 (29)

[furcigera]
sessilis TAKAMATSU
shiiyaensis Noba (3Z 2 A LB
subfusca SETCHELL et GARDNER H D F 1 AHIL 5L
tenuis TAKAMATSU
tribuloides MENEGHINI CARA L AHLDL
variabilis Sauvaceau FEF X XL AHLL
viridis TAKAMATSU
yamadae Secawa D TR AHRLS

Stypocaulaceae OLTMANNS, 1922 22 LB T &H}
Halopteris Kitzing, 1843 2L XX B

filicina (GraTeLOUP) KiTzING 2L B EE

scoparia (LINNAEUS) SaUuVAGEAU 2 FDrL B I &

DESMARESTIALES SetcHELL et GARDNER, 1925
55L<CZH
Desmarestiaceae (THUreT) KjELLMAN, 1880 55 L
<2
Desmarestia LaMouroux, 1813 nom. cons. 5 5 L <
=3
ligulata (STACKHOUSE) LaMourOUX 5 A L <&
tabacoides OxkaMURA  ToiE & < &
viridis (MULLER) Lamouroux 175 5L <&

SPOROCHNALES Sauvaceau, 1926 b3
B
Sporochnaceae GreviLLE, 1830 10 1§t
Carpomitra Kitzing, 1843 nom. cons. W H®HHIE
cabrerae (CLEMENTE) KiUTzING L H2OA X
Nereia ZANARDINI, 1846 5 ZIT > TE
intricata YAMADA 5 HE T
Sporochnus C. Acaron, 1817 (R HE
radiciformis (R. BRown ex TURNER) C. AcarpH  TC %
(o)
scoparius HARVEY ] b

LAMINARIALES Kvuiv, 1917 ZA.5H
Alariaceae SETCHELL et GARDNER, 1925 H23\ T E
Alaria GReVILLE, 1830 nom. cons. H\ b1 DE
angusta KjeLLMAN (3 F (T8
crassifolia KJELLMAN in KJELLMAN et PETERSEN DA\
*
fistulosa POSTELs et RUPRECHT JSiTioh
paradisea (M1vABE et Nacar) WippowsoN %55 H
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5bhed
[Pleuropterum paradiseum]
praelonga KJELLMAN S\ ~¥2doh D

S LArbhe
Undaria SURINGAR, 1873 302D &
peterseniana  (KJELLMAN in KjELLMAN et PETERSEN)
Oxkamura  BH It
pinnatifida (HARVEY) SURINGAR o732 (30)
undarioides (YENDO) OkAMURA TN 53D

taeniata KJELLMAN

Chordaceae DUMORTIER, 1822 0% H§l
Chorda StackHOUSE, 1797 25 b &

filum (LINNAEUS) STACKHOUSE 2% %

ZASH
HicDE

Laminariaceae Bory, 1827
Agarum Bory, 1826 nom. cons.
cribrosum Bory &7 (31)

oharaense YAMADA EDH T
Arthrothamnus RuprecHT, 1848 R I HLZALSE
bifidus (GMELIN) RUPRECHT in MIDDENDORFF 12T 5
LZASL
Costaria GREVILLE, 1830 T U»E
costata (C.. AcarDH) SaUNDERs 3 U3 (32)
Cymathaere J. AcarpH, 1868 AT UL ZASE
Jjaponica Mivase et Nacal in Nacar H2EHRT U
AL
Ecklonia HORNEMANN, 1828 7 U3JE
cava KJELLMAN in KjELLMAN et PETERSEN 7> U3
kurome Okamura < A (33)
stolonifera OxAMURA 2% B H ¥
Eckloniopsis OxaMuRra, 1927 HA &L DRE
radicosa (KJELLMAN
Oxamura  HA L (34)
Eisenia ARESCHOUG, 1876 HHDE
arborea ARESCHOUG XA H ¥
bicyclis (KJELLMAN in KJELLMAN et PETERSEN) SETCHELL
B
Hedophyllum SETcHELL, 1901

in KJELLMAN et PETERSEN)

KALBDRE
<A Lis (35)
Kjellmaniella Mivasg, 1902 & A5 ZA LR

crassifolia MivaBe in OkamMURa 53273

kuroshioense SEGAWA

gyrata (KJELLMAN) MivaBE in OkaMURA LA BT A
£ (36)
Laminaria LaMouroux, 1813 nom. cons. < A 5B

angustata KJELLMAN in KJELLMAN et PETERSEN D\

LZAL
cichorioides MivaBE in OkaMURA  HBRZ AL
coriacea MIYABE in OKAMURA D3 oD T AL
diabolica M1yaBe in OKAMURA  BIZZ A% (37)
Jjaponica AREscHOUG % Z A% (38)
longissima M1vABE in OkAMURA  TEDIZ A%
[angustata var. longissima)
longipedalis Oxamura X TEMZ AL (MWELEZA
£)
ochotensis MivaBe in Okamura D LD Z AL
religiosa MiyaBe in OkaMURA (2T D T AL
saccharina (LINNAEUS) LAMOUROUX
f. linearis J. AcaARDH D b5 E T AL
sachalinensis (M1vYABE) M1vABE in Mi1vaBE et Nacar 7>
bHEEALZAL
yendoana MIYABE in OkaMURA 2 A & 5 Z AL
yezoensis M1YABE in OKAMURA T AL Z A%
Pseudochordaceae Kawar et Kuroci, 1985 Z#2
% b B (39)
Pseudochorda Yamapa, Tokipa et INAGAKI in INAGAKI,
1958 Z#OB LB
* gracilis Kawal et NaBaTA (3% 2% %
nagaii (Tokipa) INaGAKI 28D 5 %

[Chorda nagait]

SYLINGODERMATALES Henry, 1984 5 37
KREH
Syringodermataceae Henry, 198¢ 5 ik ¥H
Syringoderma LevrING, 1940 5 Tk ¥E
abyssicola (SETCHELL et GARDNER) LEvrinG 5 TIE%
$ ¥ (40)

[australe sensu YaMADA et MATSUNAGA]

DICTYOTALES KjeLLMAN in ENGLER et PRANTL,
1896 HHUCZXH
Dictyotaceae LAMOUROUX ex DuMORTIER, 1822 B
AU EH
Dictyopteris LaMouroux, 1809 nom. cons.
2B (41)
divaricata (OkaMURA) OkaMURA 2. F 11T
Sucoides Tanaka FkIERIT T
latiuscula (OkAMURA) OkaMURA (LT < &
papenfussii Tanaka D IEA LT

plagiogramma (MONTAGNE) VICKERS

RET

TUrReRd
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polypodioides (DE CanpoLLE) Lamouroux 5 HIiFL
i1 (42)
[membranacea)
prolifera (Okamura in DE Toni et OkaMURA) OkAMURA
BRI
punctata Noba 5 TiER3 ¥
repens (OkaMURA) Borgesen UM DR1L
LT
Dictyota Lamouroux, 1809 nom. cons.
(43)
adhaerens Noba \vhBHH L
binghamiae J. AcarDH  FA D H A U
cervicornis Kitzine X hBHAH U
dentata Lamouroux & HHR U
dichotoma (Hupson) Lamouroux  H& L <& &
dilatata Yamapa L EVAHHAL
divaricata Lamouroux 3D HAH L
Sabellata (CoLLiNs) SETCHELL et GARDNER ® AT \»
BHHLSE
indica SONDER in KUTzING
linearis (C. AcarpH) GRevILLE & BHH L
BEEBHLCE
ZhABAL
spathulata Yamapa ~HHH LI
spinulosa HARVEY in HOOKER et ARNOTT
virellus Noba R E D HAH L
Dilophus J. Acaron, 1882 854 UE (44)
okamurae DawsoN %< DA BHH L
[marginatus OxAMURA]
Distromium LEVRING, 1940 5l BB ER
decumbens (OkaMURA) LEVRING  STCX KR &
[Chlanidophora repens)
[Clanidote decumbens)
Homoeostrichus J. AcarpH, 1894 hEEXE
flabellatus Oxamura Ph B I E
Lobophora J. AcarpH, 1894 (I KR ER
variegata (LAMOUROUX) WOMERSLEY (X I8k &

undulata HoLMES

BHLCZRE

maxima ZANARDINI

patens J. AGARDH

HBHRL

[Gymnosorus collaris)
[Pocockiella variegata]

Pachydictyon J. AcarpH, 1894 IS IR
coriaceum (HoLmEes) Okamura I 7¢7E< &
Padina ADANsON, 1763 nom. cons. 5% 5 bbE

arborescens HoLmes 5 & 5 o
australis Hauck 5308 5 & 5 b (45)

boryana THIvY in TavLor HE 5 A D bbb

[commersonii)

ZE5H5bb

Japonica Yamapa I X 75 b

53TRES b

stipitata TANAKA et Nozawa in Tanaka %2 D& 5 &
5bb

Spatoglossum KuTzing, 1843

crassa YAMADA

minor YAMADA

ZHASCZR
cornigerum J. AGARDH

ZHhALSRE

solieri (CHAUVIN ex MoNTAGNE) KiTzING
BEEIHALCE
Stypopodium Kirzing, 1843 BHLEXE
BAHZSE

pacificum YENDO

variabile Ficari et DE Notaris

zonale (LAMOUROUX) PAPENFUSS
[lobatum]
Zonaria C. AGaRrDH, 1817 nom. cons. L ¥R K XRE
LERRE
stipitata TaNARA et K. Nozawa 12O LEFRKE

diesingiana J. AGARDH

FUCALES Kvuin, 1917 OME% 1B
Cystoseiraceae KiTzING, 1843 5 23D % < §}
Coccophora GreviLLE, 1830 TEL LB
langsdorfii (TurNER) GrEviLLE T & § <
500D E
crassipes (MERTENs ex TURNER) C. Acaron &L
<
[Cystophyllum crassipes]

Cystoseira C. AcarpH, 1820 nom. cons.

geminata C. AGaRDH X T % <
[Cystophyllum geminatum)
hakodatensis (YENDO) FENsHOLT 5 A D % <
[Cystophyllum hakodatense)
Hormophysa Kitzing, 1843 ®i¥hd B
cunetformis (GMELIN) Siva X4 % < (46)
[triquetra)
[Cystoseira prolifera)
LrhpdlE
myagroides (MERTENS ex TURNER) FENsHOLT
NG
[yendoi FENsHOLT]
[Cystophplium caespitosum >\ >33 ]

Myagropsis Kitzing, 1843
Lxhrd

[Cystophyllum sisymbrioides)
[Cystophyllum turneri V% b <]

Fucaceae Apanson, 1763 NI % 7o}
Fucus LiNNaEUs, 1753 ONEECR

distichus LINNAEUS
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ssp. evanescens (C. AcarpH) PoweLL NI F 7
[evanescens]
Pelvetia DEcAISNE et THURET, 1845 % ZF\LITE
wrightii OkaMura 2. T\~ LI (48)

Sargassaceae Kitzing, 1843 (1ZAKEHHH
Hizikia OkAMURA, 1932 O LU EE

fusiformis (HarVEY) OkaMura O~ U & (49)
Sargassum C. AcarpH, 1820 nom. cons. (XA bH

& (50)

alternato-pinnatum Yamapa E UL b < (51)

[asymmetricum  23tcdod <]
ammophilum YosHIDA et T. KonNo in Konno et
Yosuiba FTHROEH <
angustifolium G. Acarbn (3 ZIX P <
[vulgare £. linearifolium sensu YENDO]

assimile Harvey < L <

autumnale Yosua HE Lh i <

berberifolium J. Acarbn X H X h 3 <

brevifolium Kirzineg O T % <

carpophyllum J. Acaron  F U D $ <

confusum C. Acarbn 5 LT U3 <
* crassifolium J. AcarbH  HDIE D < (52)
ZHELAHBK
EEnH L
duplicatum J. Acaron  Sfoz b <
LiEd <
Julvellum (Turner) C. AcarbH (3A KB

[enerve]
giganteifolium YAMADA in OxaMURA FRIZDZ X b
%<

hemiphyllum (TUrRNER) C. AGARDH

crispifolium Y AMADA

cristagfolium C. AGARDH

Sflicinum HARVEY

WEDHL
henslowianum C. AGARDH ex J. AGARDH

var. condensatum YAMADA 2783 % <
horneri (TurNEr) C. AcarRDH B2 <
hyugaense Yamapa O 5 b3 <
ilictfolium (TurNeEr) C. AGARDH

var. conduplicatum GruNow STcZ DN\B E ) {
kashiwajimanum Yenpo & X 3 <
kushimotense YENDO LA Z 3} <
macrocarpum C. AGARDH DT E bh 3} {

[serratifolium sensu YENDO]

micracanthum (KUtzInG) EnpLicHER &1 % <

microceratium (MERTENS ex TURNER) C. AGArRDH .5 L

wEBHL

YosHipa, T., NakajiMa, Y. and NAKATA, Y.

miyabei YENDO  H2~ Y <
[krellmanianum)
muticum (YENDO) FEnssoLT T EIHL & % <
[kjellmanianum f. muticum)
nigrifolium Yenoo TeH &
nipponicum YENDO T2 E 7R L3 <
okamurae YosHipa et T. Konvo ObHHUH <
pallidum (Turner) C. AcarbH > T A 3 <
patens C. Acaron D E 723 £ (53)
piluliferum (TurNER) C. AcarbH  E Tcbh b (54)
pinnatifidum Harvey bH < H <
b <
* polyporum MONTAGNE (55)

polycystum C. AGARDH

ringgoldianum HARVEY

ssp. ringgoldianum B I}IX D <

ssp. coreanum (J. AGARDH) YosHiDA 7L & § <
sagamianum YENDO R U % <
salicifolioides Yamapa %< iy <
sandei REINBOLD in WEBER VAN Bosse  7¢ A2\ 3 <
segii YosHIDA LU E § <

[racemosum Y amapa et Seci)

¥FBEDORDH B
S5FiEDC ¥

[ringgoldianum f. elliptica
serratifolium (C. AcarpH) C. AGARDH
h$<
siliquastrum (TURNER) C. Acaron L <
[tortile)
siliguosum J. Acaron ¥ Lw 5 <
tenuifolium Yamapa 5 $iEd <
thunbergii (MERTENS ex Rot) Kuntze 5 & & HD¥s
tosaense YENDO 72D < )
trichophyllum (KUtzinc) Kuntze & L d <
yamadae YosHipa et T. Konno HFER LD <
Ihdlp L
yendoi OKAMURA et YAMADA in YaMADA 2 A &5 b
<
yezoense (YamaDA) YosHIDA et T. Konnvo 2 FDHh U
<
[sagami var. y ]
Turbinaria Lamouroux, 1825 5% < B
ornata (TURNER) J. AcarbH B (X% <
trialata (J. AcarbH) Kitzine 72 ¥ <

yamamotoi YOSHIDA

g T5 — b
(1) Tanaka and CHiHARA (1987) 2 AEEED L#E
L7,
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(2) BEEOBIBBRHILET, b L B0E
EHLRHTHAH,

(3) Giffordia X % Hincksia D&RFH A5 DMIE
L\ &5 Siva, MeREz and Mok (1987) D& Bic
B>,

(4) Sorocarpus DZEIRB I Tt T,
Botrytella % FI\ B DMIE L\,

(5) f. minutus Kuroc1 B3X B & iz, £ Kuroo
(1978) L X %,

(6) Kawar (1989) OBIR L v H LVBERETS
ZEDRENI,

(7) f crassa 7 b =22 X7 HRFIZNic (INacakr
1954),

(8) f. chordaeformis & € FF = %, f. ramusculifera =
A5 FH =Y THRFPEIR T B (Inacakr 1958),
(9) f. densa 797 B E, f gracilis x7V 7 m 2K

B (INacakr 1958),

(10) f. chordarioides = F 7= Y %, f. epiphytica ¥ &
X7, f gracilis RV ) =€ FH< Y epKH &
e (Inacakr 1958),

(11) TakamATsU (1938) i3 f. lumbricalis, . rigida % X B
L7,

(12) Taxamatsu (1938) 12 X b f. pacifica DIXK G X e,

(13) Takamatsu (1938) (¥ f. rigida % X3 L7z,

(14) Tanaka (1988) i X hiLiEERERI»LBE S
o

(15) f. globosa (Takamatsu 1939) 2K B X huic,

(16) BFIL Inacaxr (1958) i X B,

(17)  Gonodia BV¥ Myriactula DRZ L I TVWBDT,
Gonodia fusiformis Noba 13 & &k L b B * BT 5,

(18) Mpyri ¥ 7243 Hecat DRALIATWD
(Lorseaux 1968), HAEDEZ O\ TIIHFE L D
ascocyst bRIN TR LT, BRAYET 2,

(19) Kajmura (1979) 2SRRIk EH bHE L,

(20) Tanaka (1987) A3EC& L7,

(21) Tanaka (1986) D& L 5,

(22) Ilea zosterifolia Noba d Z DBIZAD L Bbh 5,
Ilea X, Petalonia DRZTH 5,

(23) f. complanatus, f. cylindricus nanus & A 7 ¥ %€, f.
oylindricus major 4 b H ¥ %, f. tortilis 2 VA ¥ ENE
F T\ 5 (Toxkpa 1954, [F 1936),

(24) 241X WomersLey (1987) IL X %,

(25) Tanaka and CHinara (1984) DMRENHEHE L
o

(26) RABITKHE (1984) T X 5,

(27) 8. apicalis Takamatsu FEDOFEL-L D, S
novae-caledoniae IEMARATHRICET DM E 5 b
B L\, S radicans dEETRE,

(28) dLili - FH (1989) HERR LR LI,

(29) R4IX Prup’HoMME vaN REINE (1982) 12 % 5,

(30) f. distans 77 A A, f. narutensis 7/ + T A
A, var. elongata, var. vulgaris 7 ERGEH I h T3
(F%} 1936, SuriNcar 1872),

(31) f.rishiriense Y >V 7 F A, f. rugosum 5T F A,
f. yakishiriense 7 9V 7 F ADRRKBPIEHA T3
(Yamapa 1974),

(32) f. cuneata, f. latifolia HX B Xz (Nacar 1941),

(33) f. contorta, £. latissima, f. plana DX FIZ Ntz (BFH
1936),

(34) f. clongata, f. latifolia KX PN & hiz (B 1936),

(35) Wippowson (1965) (X Laminaria 12, KAjiMURA
(1981) % Streptophyllopsis & L1z, 3 L\BREINE
Thb,

(36) f. linearis, {. latior, f. ovata, var. crispata \EX G| X h
o (R 1936),

(37) f. angustifolia =V " A =27, { longipes =F
HA =2 v THEG Zh b (Nacar 1940, FAHS 1936),

(38) f. membranacea ¥ 7 ADGTRINTV5 (AR
1936),

(39) Kawar and Kuroar (1985) i X b = v 7 HOH
LuBLE SR, HIT Kawar and Nasara (1990) iZ X
hILEETERES D 1 AN Z Hhic,

(40) RAI)FH - ILE (1990) DERIC X 5, Henry
(1984) (XAEBELORFE,L S HO VA THILER S
T EREE LI,

(41) Neurocarpus, Haliseris i3 Dictyopteris DRE,

(42) E4iX Sieva, MefEez and Mok (1987) 12 & %,

(43) D. naevosa i% YEnDo (1909) D#REH, THEH
 EHTH,

(44) D. radicans & 2 7 7Y V(X Padina BD s DD
HHEETH 5,

(45) var. cuneata ¥ V'3 Y AT 3 7 F 7 (TANAKA
and Nozawa 1962) 235C B I h T\ %,

(46) R4 Siwva, MeREz and Mok (1987) I X %,

(47) 24X Yosuma and Kawar (1987) i & %,

(48) f. babingtonii, f. japonica DI I hich’, KFI4
HUBRINEBb ha,

(49) f. clavigera, f. cylindrica, f. foliifera, f. Liniformis H350
BXh T3 (FR 1936),

(50) Yenpo (1907) HFC&E LT S. aquifolium, S. cer-
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vicorne (=cinctum sensu YENDO), S. gracillimum, S.

graminifolium, S. heterocystum, S. latifolium V3% DERWER

EhTELT, T,
(51) REIEFE - Bk (1990) T X 5,
(52) KZE - HHE (1982) KEEENBEHR LI,
(53) f. schizophyllum HXFN Xt (R 1936),
(54) var. patula, var. pinnatifolium, var. serratifolium % v
Ay =227 RRPIINL (LA 1942),
(55) BBIR - Kiar (1990) SRS HHE L,

RHODOPHYCEAE RaBeNHORsT, 1863 KL ¥4H
(BANGIOPHYCEAE Cronguisrt, 1960)

PORPHYRIDIALES Kyuiy, 1937 %D h B
Goniotrichaceae G. M. Smith, 1933 ~NIZ&H E AR
Asterocytis GoBi ex ScuMITz in ENGLER et PRaNTL, 1896
TATe*xT 4 AR
echigoensis Nopa 2z BT D& (1)
Bangiopsis ScHMITz in ENGLER et PranTL, 1896 124 5
LFO YR
subsimplex (MONTAGNE) ScumiTz in ENGLER et PRANTL
g5 LidDb
[Goniotrichum humphreyi sensu TANAKA]
Chroodactylon HanscirG, 1885 7-¥ DO/ ¥R
ornatum (C. AcarDH) Basson fo¥0/c &
[Asterocytis ornata)
Colacodictyon FELDMANN, 1955 BHAEPLEERE
reticulatum (BATTERS) J. FELDMANN B AR EWISF
[Colaconema reticulatum)
Stylonema ReinscH, 1874-1875 ~NiZ&h & AR (2)
alsidii (Zanarpin) Drew  XIZH L 5
[elegans)
[Goniotrichum alsidiz)
cornu-cervi REINscH 22T DIZ LDV &

[Goniotrichum cornu-cervi)

Porphyridiaceae KyLIN ex Skuja, 1939 HD h 1§}
(3)
Rhodella Evans, 1970 r 5 58
* maculata EvANns
* reticulata DEASON, BUTLER et RHYNE
* violacea (KORNMANN) WEHRMEYER
Rhodosorus GEITLER, 1930 » F Y L RE
* marinus GEITLER

Rhodospora GeITLER, 1927 R» FAKESR

* sordida GEITLER

ERYTHROPELTIDALES GarBary, HANSEN et
ScaceL, 1980 =Y A v XLTF 4 AH
Erythropeltidaceae Skuja, 1939 =Y R w7 4
AR
Erythrocladia RosenvinGe, 1909 W ZiX7isO'R
irregularis ROSENVINGE  \Z(L7cTF
[subintegra)
Erythrotrichia AREscHOUG, 1850 nom. cons. (L DL»
LR
carnea (DILLWYN) J. AGarDH (Z LD & (4)
[biseriata]
[reflexa)
filibasalis Noba HLIEEVLEEL D
[pulvinata Nopa et HonDA]
incrassata Tanaka \ T DIFA
japonica Tokipa (X LD I
[Bangia ciliata)
parietalis TaNARA  \ v & DITA
regularis Nopa ®\ I DE LOFYL
sargassicola Nopa < DEELOKY
Porphyropsis RosenvinGe, 1909 OsdD h B
coccinea (J. AGARDH ex ARESCHOUG) ROSENVINGE UM
Dh

BANGIALES Scumitz in ENGLER, 1892 5 LT D
h B
Bangiaceae EncLer, 1892 5 LiT® hEt
Bangia Lynceye, 1819 5 LT DY E
atropurpurea (RotH) C. AcarbH 5 LIT®D b
[fuscopurpurea)
gloiopeltidicola Tanaka SHD H D5 LI
Porphyra C. AGARDH, 1824 nom. cons. HE D h & (5)
akasakae Miura LA RBED D
amplissima (KJeELLMAN) SETCHELL et Hus in Hus  ~{iZ
122 (6)
angusta OKAMURA et UEDA in UEpa
HoIbEODY
crispata KJELLMAN (sensu Uepa) 2K LHEFDH
dentata KjELLMAN BIZHED h
irregularis FukUHARA 2 DL HED DY
ishigecola MIURA RATHED DY
katadae Miura  ZHbITHED b

kinositae (Yamapa et Tanaka) Fukunara 5732

ZFTLDH (7)

crassa UEDA
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Dh
kuniedae Kuroct EB1XH X EDH
lacerata Miura RSN BHEFD D
moriensis OHMI D> D b
occidentalis SETCHELL et Hus in Hus X\ A7 &
ochotensis Nacar BHicHED b (8)

[perforata sensu YENDO]

KADY
onoi Uepa BRDDH

[abyssicola sensu Uepa]

okamurae UEDA

pseudocrassa Yamapa et Mikami in Mikamr % { b
¥Dh
pseudolinearis Ueba 5 > 5B\ D D
punctate YAMADA et Mikam1 in Mikami  $70 25 %
Dh
purpurea (RotH) C. Acaron HLEL AD D
[umbilicalis auct. japon.]
seriata KjeLLMAN W B EDOD D
suborbiculata KjeLLMAN X BIEHED Y (9)
tanegashimensis SHINMURA TR LEDHED D
tenera KjeLiman  H I XD H (10)
tenuipedalis Miura DB HED D
variegata (KjELLMAN) KjELLMAN in Hus 5\ D 7o &
[tenuitasa)
[uedac]
yezoensis Ueba T EVD b (11)

NEMALIALES (=NEMALIONALES) Scuwmitz
in ENGLER, 1892 54 ZF 5% AH
Acrochaetiaceae FritscH ex W. R. TayLor, 1957
7 7 ey Fv s (12)
[Audouinellaceae WOELKERLING, 1971]
[Rhodochortaceae Nasr, 1947]
Acrochaetium NAgeLl, 1862 7 7 m 7 F 7 AR (13)
sargassicaulinus Nopba in Nopa et Kitamr
* scinatae DAwsON (14)
toyamense Nopa et HoNDA in Nopa et Kiramr
Audouinella Bory, 1823 #+—7 .1 X 7 & (15)
alariae (J6NssON) WOELKERLING
attenuata (ROSENVINGE) GARBARY
[Rhodochorton attenuatum)
callithamnionoides (NAKAMURA) GARBARY
[Rhodochorton callithamnionoides)
*catenulata (Howe) GARBARY (16)

codicola (BORGESEN) GARBARY

[Rhodochorton codicola)
codii (CROUAN frat.) GARBARY
[Rhodochorton codii)

daviesii (DILLWYN) WOELKERLING
[Rhodochorton daviesii)

densa (DREW) GARBARY
[Rhodochorton densum]
[arcuatum)

howei (YaMADA) GARBARY & 5 DT

[Acrochaetium hower)
[Rhodochorton affine Y AMADA]
[Rhodochorton howei]

* humilis (ROSENVINGE) GARBARY (16)
hyalosiphoniae (NAKAMURA) GARBARY
[Rhodochorton hyalosiphoniae]

immersa (ROSENVINGE) SouTH et TITTLEY
[Acrochaetium immersum]

[Chantransia immersa)

infestans (HowE et Hoyt) Dixon in PARKE et DixoN
[Rhodochorton infestans)

Jjaponica (PAPENFUss) GarBARY NIZEFWP1EE
[Acrochaetium japonicum)
[Colaconema simplex)

kurogii Y. P. LEE et LinpsTROM (3 HNIZ D &

* macropus (KYLIN) GARBARY (16)

microscopica (NAGELI in KUTzING) WOELKERLING
[erassipes]

[moniliformiis)

occidentalis (BORGESEN) GARBARY

plumosa (DREW) GARBARY
[Rhodochorton plumosum]

polyspora (Howe) GARBARY

purpurea (LIGHTFOOT) WOELKERLING
[Rhodochorton purpureum)

[Rhodochorton rothit]
radiata Ja0
rhizoidea (DREW) GARBARY
robusta (BoRGESEN) GARBARY
[Rhodochorton robustum)
ryukyuensis (NAKAMURA) GARBARY
[Rhodochorton ryukyuensis)
sanctae-thomae (BORGESEN) GARBARY

[Rhodochorton sanctae-thomae)

secundata (LYNGBYE) WOELKERLING

[Chantransia secundata]
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seriata (BORGESEN) GARBARY
sessilis (NAKAMURA) GARBARY
[Rhodochorton sessile]
subimmersum (SETCHELL et GARDNER) GARBARY et
RuENESs
[Rhodochorton subimmersum)
terminalis (NAKAMURA) GARBARY
[Kylinta terminalis]
[Rhodochorton terminale)
Colaconema BATTERs, 1896 ~NIZ¥ Wi FE
Sfurcata Tanaka X7 W EPREE
Liagorophila YaMaDA, 1944 V7 2 r 7 4 )& (17)
endophytica YAMADA
Rhodochorton NAGeLi, 1862 = F = + Vg (13)
membranaceum (MacNus) Hauck
*spetsbergense (KjeLLMAN) KJELLMAN (16)
Rhodochortonopsis Yamapa, 1944 2\ DA LIEHE
spongicola YaMADA M\ DA LIE D

Bonnemaisoniaceae ScuMITz in ENGLER, 1892 ¥
o b (18)
Asparagopsis MONTAGNE in WEBB et BERTHELOT, 1841
nEFO DR
taxiformis (DELILE) TrReviIsan D E1FD b (19)
[sanfordiana)
Bonnemaisonia C. Acarpbh, 1822 XD hHE
hamifera Harior 1 E D h (20)
[Asparagopsis hamifera]
Delisea Lamouroux, 1819 7o\ eii E B
Japonica Okamura  FoE W CREE (21)
[fimbriata auct. japon.]
[pulchra auct. japon.]
Ptilonia (HARVEY) J. AGARDH, 1852 U ARl \ ekl
E& (22)
okadae Yamapa O AXlcE ol
[Delisea okadae]

Dermonemataceae (ScHMITz et HAUPTFLEISCH)

AsgorT, 1976 7% ¥ o}
Dermonema HaRrvVEY ex HEvDRICH, 1894 22X ¥ DO

divaricatum OKAMURA et SEGAWA in OkamMura L ¥ >
IED

Sfrappieri (MONTAGNE et MILLARDET) BorcEsEN 7 &
¥

[gracile)

pulvinatum (Grunow in HoLmes) Fan 23 2L 5D
U

[Nemalion pulvinatum)

Patenocarpus YosHizak1, 1987 35/ A1 7 A& (23)

* paraphysiferus Y OSHIZAKI

Yamadaella AeotT, 1970 I\ KT E

caenomyce (DECAISNE) ABBOTT (X \Z 7Lid 7S
[Liagora annulata sensu YENDO)
[Liagora caenomyce)

[Liagora rugosa)

Galaxauraceae ParkiNsoN, 1983 23523568t
[Chaetangiaceae KiTzING, 1843]

Actinotrichia DECAISNE, 1842 £ THH LB

fragilis (FOrRssKAL) BORGESEN £ TH B A&
[rigida]

robusta ItoNo L ¥ X ThHiH A _

Galaxaura Lamouroux, 1812 A5 A58 (24)

apiculata KjeLiman  EiF 5 LB AL

articulata TaNaka < IEHBHDIH

clavigera KjeLLMaN  BHOIEN BN G

contigua KJELLMAN

cuculligera KjeLLMan 2 LB AL

cylindrica (SOLANDER) LAMOUROUX

delabida KjgLLMAN 2O B AL

elongata J. AGARDH eSSBS

Jalcata KjeLiman - OB AL A5

Sasciculata KjeLiMaN - VA 5 ERB AL

fastigiata DEcAISNE A58 5

filamentosa CHou in TaYLOR %I NBHAL
[rudis]

glabriuscula KjeLLMAN DRI B AL

hystrix KJeLLMAN - ~NBAB 25

kjellmanii WEBER vaN Bosse XL H S

oblongata (ELLIS et SOLANDER) LaMOUROUX 7L A &M

Lhb
obtusata (ELL1s et SOLANDER) Lamouroux .5 < 548
2y

pacifica Tanaka BN HHH

papillata KjeLiman (XS L85

pilifera KjELLMAN

robusta KjeLLman U T035035

stupocaula KjLLMAN  1ZZIEDIH A5 (25)
[arborea)

subfruticulosa Crou in TayLor  d INBHAH
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[fruticulosa]

subverticillata KJELLMAN

LENDLHL
ventricosa KjeLLMAN 5 T EHH A5 (26)
[yaeyamensis)
verprecula KjeLLman 5 $UED HAS
yamadae ITONO
Scinaia BivoNa-BERNARDI, 1822 55X D HE
* flabellata KajiMura (27)
Jjaponica SETCHELL %I Db
latifrons Howe OB 45ID b
[cottonii]
Letsdnh
CRHEDD (28)

moniliformis J. AGARDH
okamurae (SETCHELL) HuisMaN
[Gloiophloea okamurai)
* okiensis KajiMURA (27)
* tokidae KAjIMURA (27)

Helminthocladiaceae J. Acarpn, 1851 ~XiZ 3¢
#
[Nemalionaceae (FarLow) De Tont et Levi,
1886]

Helminthocladia J. AcarpH, 1851 nom. cons. “~NIZ 3
Ry
australis HARvey  ~IZ 3 3¢
macrocephala Yamapa L ¥ X123 3°<
yendoana Narita  (Z 2~ %3¢
TR
boergesenii Yamapa 3 U Z7gid il
boninensis Yamapa X 5 1CA Z Teid e
ceranoides LAMOUROUX
f. leprosa (J. AcaRDH) YAMADA s T 7gid e
[leprosa]

f. pulverulenta (C. AGARDH) YAaMADA
clavata Yamapa % R T ik
farinosa Lamouroux 1} 7eid e

[cheyneana)

[Ganonema farinosa)

Liagora Lamouroux, 1812

Z ik

hawaiiana BUTTERS
LThoinixis

[eliftoni sensu YENDO]

Jjaponica YAMADA

mucosissima YaMADA  ¥2 5L 7E

orientalis J. AGARDH 5 & T 7L 7

papenfussii ABBoTT (TR T ILIXE
[pinnata sensu YAMADA]

robusta YaMabpa 1o bH it e

segawae YAMADA A E T 7LiL TS
setchellii YaMapA  \~ LIT7S
[valida sensu OkaMURA]
tanakae ABBOTT
Liagoropsis YaMmADA, 1944 8 Z 372 R
yamadae Onm1 et ITono
Nemalion Dusy, 1830 35 ZZ5DARE
multifidum (WEBER et MOHR) J. AcarbH D $ D D
(29)
vermiculare SURINGAR 9 R Z 5 A,
Trichogloea Kitzing, 1847 HHED LB
papenfussii Tanaka X ZHBFIFD LT
requienii (MoNTAGNE) Kitzine  HIFIED 43¢
[lubrica)
subnuda Howe

GELIDIALES Kvyuin, 1923 TA<XH
Gelidiaceae Kitzing, 1843 TA < &H
Acanthopeltis OKAMURA in YATABE, 1892 W\ & h &

japonica OKAMURA in YaTaBE WL & D

Gelidium Lamouroux, 1813 nom. cons. TA S XB
(30)
amamiense TANAKA et K. Nozawa in Tanaka LA D
WOHLE
decumbensum OxaMURA  TokBh < &

VDDHTALCE
elegans Kitzine ¥ < X (31)
[amansii auct. japon.]
isabelae TAYLOR ~H U &L
Jjaponicum (HARVEY) OkaMura  FSI1Z< & (32)

divaricatum MARTENS

[Onikusa japonica)
johnstonii SETCHELL et GARDNER DR &
linoides Kitzine &M< &
DBV b
pacificum OkaMURA T F .5
polystichum GARDNER X L TA S &
pulchrum GarDNER X XD & &
purpurascens GARDNER Tt H I Z &5 &
T A & X (33)

nanum INAGAKI

pusillum (STACKHOUSE) LE JoLis
WETALE]
pyramidale GARDNER  TEHA & 55 &
subfastigiatum ORAMURA  TEA &S &
Z0b

vagum Oxkamura  JHh < X

yamadae Fan T .5 &

[crinale

tenue OKAMURA
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[densum Oxramura]
Pterocladia J. AcarpH, 1852 X< IR
capillacea (GMELIN) BORNET in BORNET et THURET ¥
K&
[tenuis]
densa Oxamura Mok &
nana Okamura B £ ERIEL
Ptilophora Kitzing, 1847 OB { /& (34)
trregularis (AKATSUKA et Masaki) NORRis
3
[Beckerella irregularis)

29/ 0NZRY

subcostata (OxaMURA in Schmitz) Norris O b K &
[Beckerella subcostata)
[Gelidium subcostatum)

Yatabella Okamura, 1900 XX

hirsuta Okamura R~ E X

Gelidiellaceae Fan, 1961 L ¥ TA < EF
Gelidiella FELDMANN et HaMEL, 193¢ L EFTACXE

acerosa (ForsskAL) FELDMANN et Hamer L E¥TAS
S

ramellosa (KUtzinG) FELDMANN et HAMEL ¥ 5T 5 L
FTACE

CRYPTONEMIALES ScuMitz in ENGLER, 1892
n<hw&f
Choreocolacaceae STUrRCH, 1926
#t
Gelidiocolax GARDNER, 1927 TACEREDHE
mammillata Fan et PapENFuss TA CEIRED
Leachiella Kucrens, 1982 (X <$ERE DR
* pacifica KuGrens (TR IR E D (35)

avtaF, 7R

Corallinaceae Lamouroux, 1812 XA Z bl (36)

Amphiroa Lamouroux, 1812 2IZDTHE

* anastomosans WEBER VAN Bossk (37)
dilatata Lamouroux /T DT
echigoensis YENDO 2. H TN DT
ephedraca (LaMARCK) DECAISNE % 35 9 T DT

* foliacea Lamouroux (37)
fragilissima (LINNAEUS) LAMOUROUX

* itonoi SRIMANOBHAS et MAsaKI \ & hAi b (38)
misakiensis YENDO OMDANTD T
pusilla YENDO ONEMZ DT
rigida LaMouroux \ T (¥ b

valonioides YENDO \ UL b 23R
yendoi DE Tont A EMITDT
zonata YENDO 5 T hviomiZ DT
[beauvorsii]
Bossiella SiLva, 1957 W& HE
cretacea (POSTELS et RUPRECHT) JOHANSEN \~E X b
[Amphiroa cretacea]
Calliarthron Manza, 1937 2 £ L Z AR (39)
latissimum (YENDO) MANzA
[Cheilosporum latissimum)
modestum (YENDO) Manza LT LI A
[Alatocladia modesta)

[Cheilosporum anceps var. modestum)

yessoense (YENDO) Manza 2 ZE LT A
[Cheilosporum yessonese)
Cheilosporum (DECAISNE) ZANARDINI, 1844 UL Z
AR (40)
acutilobum (DECAISNE) PiccoNe UMD LT A
[jungermannioides)
* spectabile HARVEY ex GruNow (THROBDLZ A
Choreonema Scumirz, 1889 L\ B
thuretii (BORNET) ScHMITZ
Clathromorphum FosLig, 1898 X7\ L8
circumseriptum (STROMFELT) FosLie  Efo\vL
compactum (KjeLman) FosLie  Hish X Ei\ L
Corallina LINNAEUS, 1758 ZAZLE
confusa YENDO ~ HRPONE (41)
[squamata auct. japon.]
officinalis LINNAEUS XA Z %
pilulifera PosTeLs et RuprECHT O b DME (42)
[kaifuensis VDN
sessilis YENDO  HROUNE D &£ &
Ezo ADEY, MasaAKI et AKIOKA, 1974 L3 WLIT AR
B
epiyessoense ADEY, Masakl et Akioka LWL T
A
Fosliella Howk in BRITTON et MiLLsPauGH, 1920 \MF
LH IR
farinosa (LaMourRoUx) Howe \MEH A&
paschalis (LEMOINE) SETCHELL et GARDNER \ T { 2>
IhLE
Goniolithon FosLIE, 1898 LD LR
mamillare (HARVEY) FosLie W NEWL %
propinquum (FosLIE) FosLIE

versabile FOSLIE
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Jania Lamouroux, 1812 » XFXF

adhaerens Lamouroux O ddH XFF
[decussato-dichotoma]

arborescens (YENDO) YENDO E .5 h % IT°%

capillacea HARVEY TODH T

nipponica (YENDO) YENDO 5 B} P&

pumila LAMOUROUX

radiata YENDO Ok 5 &

rubens (LINNAEUS) LamMouroux

tenella (KUtzINGg) GRUNOW

ungulata (YENDO) YENDO X XU AP I TE

yenoshimensis (YENDO) YENDO

Leptophytum ApEy, 1966 V7 F7 4 Vv AR
laeve (FosLiE) Abey L %

[Lithothamnion laeve f. tenue)

Lithophyllum PuiLiep1, 1837 WL I AGLE
absimile FosLIE et HOWE in FosLie W 3o®D X
acanthinum FosLIE
amplexifrons (HArRvEY) HEyDRIcH < IONEHLEX

* balmeri (HEypricH) HEypriIcH OB 7oL (43)
cartbaeum (FosLie) FosLie

ERRBIZRIVHEE

Jasciculatum (Lamarck) FosLie 5D Z b

f. boreale Masak1

grumosum (FosLIE) FosLIE
* kotschyanum UNGER  HRTILH\ L b (43)
1B om0 Ld (43)
EZRNLIAH Y
okamurae FosLie OB AUNE
racemus (LAMARCK) FOsLIE
ThHLTHD
shioense FosLlE HIEWLWLITAH

THOTL
5HIT

yessoense FosLIE 2 L\ LI A
Lithothamnion HeypricH, 1897 nom. cons.

(#4)

aculeiferum MAsON in SETCHELL et MasoN # &\ L

Y

canariense FosLie Dx7e h HUVL

{EXDhE

* moluccense (FOsLIE) FOSLIE

neoatalayense MASAKI

samoense FOSLIE

tortuosum (EsPER) FosLIE

yendoi (FosLig) FosLiE

WLILEB

cystocarpideum FOSLIE
erubescens FOSLIE

f. madagascarensis FosLie 2725 BAWL %
glaciale KJELLMAN
intermedium KJELLMAN

Jjaponicum FosLie HPNIBT L

[fretense 23\ 538 Z L]
lenormandii (ArEscHoUG) FosLie H -1 L L 3
membranaceum (EsPER) FosLIE
nitidum FOSLIE
notatum FOSLIE
obtectulum (FosLig) FosLie H - LT L
pacificum (FosLig) FosLie 3 < LUMEWL L
siamense FOSLIE
simulans (FosLIE) FosLIE in WEBER vaN Bossk et FosLIE
bbb Lb
sonderi Hauek WM L
spissum FOSLIE
vescum FosLie ObZ L
Marginisporum (YENDO) GanEsaN, 1968 ~ D & b s
CDOTRE
aberrans (YENDO) JOHANSEN et CHIHARA in JOHANSEN
5 IMEDT
[Amphiroa aberrans)
crassissima (YENDO) GANESAN N\ D & h DT
[Amphiroa crassissima)
declinata (YENDO) GANEsAN  E 23 D 532D T
[Amphiroa declinata)
Mastophora Decaisng, 1842 L DIX7cE
Ll
[Lithoporella melobesioides sensu Masaki]
rosea (C. AGARDH) SETCHELL \» L D178

pacifica (HEyDRICH) FOSLIE

[macrocarpa)
Melobesia Lamouroux, 1812 XU
pacifica Masakt  BIXIc 2

Mesophyllum Lemoing, 1928 275 bW LHE
nitidum (FosLIE) ADEY
Neogoniolithon SETCHELL et Mason, 1943 L&D %
LER
accretum (FosLie et HOWE) SETCHELL et MasoN D 7%
gwld
* fosliei (HEYDRICH) SETCHELL et MasON S 3T H —\»
L (43)
misakiense (FOSLIE) SETCHELL et MasoN M ERu-L
)
[Goniolithon misakiense]
pacificun (FosLig) SETCHELL et Mason 3™ DiXHu L
b
[Goniolithon pactficum]
Neopolyporolithon ADEY et JoHANSEN, 1972 5 E ZD
ZWLLRE
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reclinatum (FOSLIE) ADEY et JOHANSEN D EED I\
L
Paragoniolithon Apey, TowNsEND et Bovkins, 1952 %
sa=4Y b VR 45)
* conicum (DAwWsON) ADEY, TOWNSEND et Bovkins
Pneophyllum Kirzing, 1843 2> X J& (46)
confervicola (KUTzING) CHAMBERLAIN UMD H 23 E
[Fosliella minutula]
lgjolisii (RosanoFF) CHAMBERLAIN LA B &
[Fosliella lejolisti]
sargassi (FosLie) CHaMBERLAIN < TA D
[Heteroderma sargassi]
zostericolum (FosLig) Fupita  $ 02
[Fosliella zostericola)
[Heteroderma zostericola)
Porolithon (FosLie) FosLig, 1909 H7eHE\ LD B
boergesenii (FosLIE) LEMOINE in BORGESEN & & W VE L
L
colliculosum Masakt &\ E
onkodes (HEYDRIGH) FosLIE  B7eHh &\ l,vll>
BrETWLD
Pseudolithophyllum LEMOINE, 1913 Y2 —FV + 7 4
PN
decipiens (FosLIE) STENECK et PAINE

[Hydrolithon decipiens)

orbiculatum MAasAKI

5HKRIVHEE

neofarlowii (SETCHELL et MAsSON) ADEY
b
Serraticardia (YENDO) SiLva, 1957 H¥B LI HBE
maxima (YENDO) SiLva RR LI A

[Chetlosporum maximum)

ZHENLITA

[Joculator maximus)
Spongites Kirzing, 1841 Z.5\W LR (47)
reinboldii (WEBER VAN Bosst et FosLIE) PENROSE et
ZH0Lb

[Hydrolithon reinbold:i]
Sporolithon HeypricH, 1897 AKX r Y + V[E

WOELKERLING

schmidtii (FosLiE) GORDON, MasaK! et AKIOKA
Titanoderma NigeL1, 1858 D b ¥ X & (48)
canescens (FosLiE) WOELKERLING, CHAMBERLAIN et
Siva £ 5L A
[Dermatolithon canescens)
[Lithophyllum canescens)
corallinae (CROUAN frat.) WOELKERLING, CHAMBERLAIN
et Sitva DT AH Y

[ Tenarea corallinae)

dispar (FosLIE) WOELKERLING, CHAMBERLAIN et SILVA
DHEXLLE
[Tenarea dispar]
pustulatum (Lamouroux) NAGELI
[Lithophyllum pustulatum]
* tessellatum (LEMOINE) WOELKERLING, CHAMBERLAIN et
5TEELASD (49)
tumidulum (FosLiE) WOELKERLING, CHAMBERLAIN et
Siva D hEE
[Dermatolithon tumidulum)

[Lithophyllum tumidulum]

SiLva

[ Tenarea tumidulum]
Yamadaea SEcawa, 1955 XUV L EE
melobesioides SEGawa IV K&
Dumontiaceae Bory, 1828 Y 5 H A % 5 F (50)
Constantinea PosTELs et RUPRECHT, 1840 3 ZX D5
B
rosa-marina (GMELIN) PosTELs et RupRECHT 38 & DIE
)
subulifera SErcHELL  FHRIX I X OIE D

Dudresnaya Crouan frat., 1835 nom. cons. 005 5
Ly
Jjaponica Okamura OU'AH 5 &
minima OKAMURA ODOONA 5 £ (51)
Dumontia Lamouroux, 1813 D w3 AL 5B
contorta (GMELIN) RupPrecHT D 5 A E 5
[filiforms)
[tncrassata)

simplex CotrroN ~H D w 5 H A
Gibsmithia Doty, 1963 %2 2E0U55 LB
hawaiiensis Doty 2 DEOUA 5 £ (52)
Hyalosiphonia Oxamura, 1909 W2 5% % K ER
caespitosa OKAMURA  \E 5 E &

Masudaphycus Linpstrom, 1988 i ¥ <R
(53)
irregularis (YAMADA) LinDsTROM IR E ¢

[Farlowia trregularis)
Neodilsea Tokipa, 1943 H0MEE
crispata Masupa BB HHE
longissima (MasupA) LiNDsTROM 7223 AN
[integra var. longissima)]
tenuipes YAMADA et MIkamI in Mikamr
yendoana Tokiba HHNE

FHEBME

[Dilsea edulis auct. japon.]
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Pikea Harvey, 1853 Zbiix £ 5B
californica HARVEY HZ L2 T H

Endocladiaceae (J. Acaron) Kyuin, 1928 5D h§}
(54)
Gloiopeltis J. AcarpH, 1842 5D DB
complanata (HARVEY) YamaDpa (17060 b
furcata (POSTELS et RUPRECHT) J. AGARDH %< A.%
DY (55)
tenax (TURNER) DEcAISNE  E 5D b
Gloiosiphoniaceae Scumirz, 1892 & .50 hE}
Gloeophycus I. K. LEe et S. A. Yoo, 1979 & U3
B
koreanum 1. K. LEE et S. A. Yoo K& U %7
Gloiosiphonia CARMICHAEL in BERKELEY, 1833 \ &%
DYHE
capillaris (Hupson) CARMICHAEL in BERKELEY \ &%
DY
Schimmelmannia ScHousBoE ex KiTzING, 1849 782k
EhE
plumosa (SETCHELL) ABBOTT 782 IsIEA
[Baylesia plumosa)

Halymeniaceae Bory, 1828 s> T®D h§}
Carpopeltis Scumitz, 1889 L oI XA &L X[B (56)
affnis (HARVEY) OKAMURA  E DD 1) (57)
Jformosana OKAMURA
maillardii (MONTAGNE et MILLARDET) CHIANG D (T
EALE
(rigida)
prolifera (HarioT) KaAwacucHI et Masuba
[fabellata)
Cryptonemia J. AGARDH, 1842 M h\ (B
luxurians (C. AGARDH) J. AcarpH UAIOM L A
&
semiprocumbens TANAKA  TLA D\ Dr i &
5FiEn hune
Grateloupia C. AcarpH, 1822 Hs22TD HE
FRUNTO D (58)

[Halymenia acuminata)

ZHDh

yendoi WEBER VAN Bosse

acuminata HOLMES
carnosa YAMADA et SEGAwA in Yamapa < I T
divaricata OKAMURA 7o D b

filicina (LaMouroux) C. AcarbH TA>TD b (59)

gelatinosa GRuNow ex HoLMEs

imbricata Houmes X { LD b (60)

incurvata Nopa in Noba et Krrami
Dh

Jjubata YENDO

kaifuensis YENDO D\ 25D b

EBIESIEH L (133)

FUF Lt

* kurogii KaAwAGUCHI
latissima OKAMURA
livida (HARVEY) YaMaDA OMH1shT
nipponica YENDO
okamurae YAMADA £ r 5DV}

[lancifolia)
prolongata J. AcaroH  ONAIXDIsHTD b
sparsa (OkaMURA) CHianG UMNB DDA
[Cyrtymenia sparsa)
[Phyllymenia sparsa)
turuturu YAMADA D AD5

Halymenia C. Acarpn, 1817 \EFDi1icE
dilatata ZANARDINI 5\ D < &

durvillaet Bory

var. formosa (HARVEy ex KUrziNng) REINBOLD in
RemNecke D3h <&

floresia (CLEMENTE) C. AGARDH \E Dl 7e

OrolAE
rotunda OkaMURA % HE <

Kintokiocolax TAaNakA et Y. Nozawa, 1960 XA & ¥

tpoensis YAGI

REDIE (61)
aggregato-cerantha Tanaka et Y. Nozawa &AL &R
Eh
Pachymeniopsis Yamapa in Kawasara, 1954 5755
<R (62)

elliptica (HoLMES) YamaDa in Kawasata  7CAAED B
[Grateloupia elliptica]
lanceolata (OkAMURA) YaMaDA in KawaBata 51D
<
[Aeodes lanceolata)
Polyopes J. Acarph, 1849 F7E5RB
polyideoides Oxamura % T2IE 5
Prionitis J. AcarDH, 1851 nom. cons. XA & EJ& (63)
angusta (HarvEY) Okamura EA L &
[Carpopeltis angusta]
articulata OkAMURA 5 L EA L &
[Carpopeltis articulata)
cornea (OkaMURA) DawsoN DD {HT
[Carpopeltis cornea)
EEMED

crispata (Okamura) KawagucHr
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[Carpopeltis crispata]

divaricata (Okamura) KawagucHi
[Carpopeltis divaricata]

elata OkaMURA TEMEA L &
[Carpopeltis okamurae)

patens Okamura OB EA L &

ramosissima (OkAMURA) KAWAGUCHI

V&DED

FTLLMTOY
[Grateloupia ramosissimal
schmitziana Okamura FRIXEA L &

[Cryptonemia schmitziana)

Hildenbrandiaceae RosenvINGE, 1917 NI EXEH
B (64)
Hildbrandtia Naroo, 1834 I ¥ 7558 (65)
rubra (SOMMERFELT) MENEGHINI NI ¥ 72 >
[prototypus]
[rosea)

yessoensis YENDO X ZENIZEED

Kallymeniaceae W. R. TavLor, 1937 DH3DH
B
Callophyllis Kitzing, 1843 & Ehdh & XJ& (66)
K ABLEIMBEE
adnata Okamura RI LD L INHEE
crispata OKAMURA O'BIID E I L&
cristata (C. Acarbn) Kitzine W5 £ 5H
[Euthora fruticulosa)
hayamensis YAMADA X DED L XM L E
Jjaponica OkaMURA in DE Toni et Okamura 1 ZIED
EZhBEE
mageshimensis TANAKA  TLA N E I EE
okamurae Siva  ZFYUTTE
[chilensis]
[frma)

[Microcoelia chilensis]

adhaerens YAMADA

[Pugetia japonica)
palmata YaMADA D THc L EMP EE
rhynchocarpa RUPRECHT in MIDDENDORFF UMD & I
BEE
Cirrulicarpus Tokipa et Masaki, 1956 % % & IMBE
gmelini (Grunow) Toxkipa et Masakt 2 £ & s
[Erythrophyllum gmelini)
Kallymenia J. AGARDH, 1842 D" IDHE
callophylloides OKRAMURA et SEGAWA in SEcawa 37¢
DI H DD

crassiusculs OKAMURA  HIED h DITH

oligonema Yamapa OHDONI D bH

ornata (PosTELs et RUPRECHT) J. AGARDH ~ Z J D) &
Dh

perforata J. AcarbH  OH X H K

reniformis (TURNER) J. AGARDH
var. cuneata J. AGARDH X LI DD

sagamiana YAMADA REONIDDH

sessilis OkaMura 2.7 Ly h DITH

stipitata OKAMURA XD EDOMED Y

Peyssonneliaceae DEnizoT, 1968 \ D h ikt
[Squamariaceae J. AcarpH, 1851]
Cruoriella CrouAN frat., 1859 W biFL 1 5 &
EFBdLbiFLr )

[Peyssonnelia mariti)

Jfissurata DAWSON

WhOrbE

caulifera OKAMURA XD E\ Dbk

conchicola P1ccoNE et GRUNOW in PiccoNe  NIZ\ 3>
Db

[rubra sensu YENDO]

Peyssonnelia DEcaIsng, 1841

distenta (HARVEY) Yamapa < 73\ oDk
dubyi CrouaN frat.
Jjaponica (SEGAWA) YONESHIGUE D>\ DD ko
[Cruoriopsis japonica)
orientalis (WEBER VAN Bosse) Cormact et FURNARL 5
MWD b

Tichocarpaceae (Scumitz et HauprrLEIscH) KyLin,
1928 phE<SH
Tichocarpus RUPRECHT in MIDDENDORFF, 1851
TR
crinitus (GMELIN) RUPRECHT in MIDDENDORFF  23HL &

<&

rh g

Insertae sedis 7B 7~8H
Ethelia (WEBER vaN Bosse) WEBER vaN Bossg, 1921 (&
CWborbE
biradiata (WEBER VAN Bosse) WEBER vaN Bosse 1 <

WhDhd

AHNFELTIALES Maggs et PUgsseL, 1989 X \»
B
Ahnfeltiaceae Maccs et PuesHeL, 1989 XU AH}
Ahnfeltia E. M. Fries, 1835 XL LB
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concinna J. AGARDH &\ &
Jastigiata (ENDLICHER) Makyenko RO EL oo
X (67)
[plicata auct. japon.]
Sfurcellata OkaMURA 5 X IR
gracilis (YaMaDA) YAMADA et MikamI in Mikamr X
=
[Besa gracilis)
yamadae (SEGAWA) Mikamr (TR E - H
GIGARTINALES Scumitz in ENGLER, 1892 T &
DhHHE
Calosiphoniaceae KyLiN, 1932 ¥ b < X F
Calosiphonia Crouan frat., 1852 ¥ h < XE
vermicularis (J. AcarpH) ScuMmitz ¥ h <X
Schmitzia SiLva, 1959 25 DI/E
Jjaponica (OKAMURA) SiLvA (35 D
[Bertholdia japonica)
[Platoma japonica)

Caulacanthaceae Kitzing, 1843 \ X} - Fl
[Rhabdoniaceae KyLin, 1925]
Catenella GreviLLE, 1830 nom. cons. \ b ->&
caespitosa (WITHERING) IRVINE in PARKE et DixoN \»
Zd o
[opuntia)
[repens]
impudica (MONTAGNE) J. AGARDH
nipae ZANARDINI
Caulacanthus Kiitzing, 1843 WETEADS R
compressus HARVEY (68)
okamurae YaMADA \ T TEA DS

Furcellariaceae GReVILLE, 1830 3+ h:F~icht
Halarachnion Kitzing, 1843 3+h NI
latissimum Oxamura 330X
a2 o) e BN paN e
Neurocaulon ZaNarpini ex KiiTzING, 1849 LA L 5D
hE
Japonicum SEcawa LA L 5D D

parvum YAMADA

Gigartinaceae Bory, 1828 3 ¥ hE}
Chondrus StackHOUSE, 1797 DD ¥ 1§

elatus HoLmes 2 & UD2D % 1z (69)

giganteus YENDO B BIXDD % 1= (70)

[ocellatus f. giganteus)
nipponicus YENDO % BIEDD F I (71)

[erispus auct. japon. & B b, RFTODF
7]
ocellatus HoLmes 2D ¥ 1z (72)

pinnulatus (HarvEY) OkAMURA OB Z & U (73)
WEDDER

[ocellatus f. canaliculatus)

verrucosus MIKAMI

[Gigartina mikamii)
yendoi YAMADA et Mikami in Mikami AiX ¥ A7
AZH (REPDEL) (74)
[Iridaea laminarioides sensu OKAMURA]
[Iridophycus cornucopiae sensu TOKIDA]
Gigartina StackHouse, 1809 TX¥D hHE
intermedia SURINGAR D>\ D D
teedii (RoTH) Lamouroux L EAD D
tenella HARVEY T XD b
[Chondrus filiformis  \~ & 2D F 1]
Rhodoglossum J. AcarpH, 1876 BHMWIEEATLA LS
&
hemisphaericum Mixam1  \MEE A TLA (75)
BINLEAICAT D (76)
[Gigartina japonica)
[Iridaea pulchra sensu OKAMURA]

japonicum MIKAMI

Gracilariaceae NAGELI, 1847 nom. cons. R I DD
B (77)
Ceratodictyon ZANARDINI, 1878 22\ DA% 5B

PLBDAES
avIsSvISVTR

spongiosum ZANARDINI
Congracilaria Yamamoto, 1986
* babae Yamamoro (78)
Gelidiopsis Scamirz, 1895 TA &3 & xR

gracilis (KUTZING) VICGKERS
BHLirdTALE

hachijoensis YAMADA et SEGAWA

b

intricata (C. AcarDH) VIcKERs HOHTALEIH E
El

repens (KUtzing) Scumitz TA SIS EE

Gracilaria GReVILLE, 1830 nom. cons. 352D b & (79)
arcuata ZANARDINI WD HE IR TD b
asiatica ZHANG et X1a T D b (80)
[confervoides)
[verrucosa)
blodgettii HARVEY

bursa-pastoris (GMELIN) SiLva

{ThEsZDh
Lbd
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[compressa]

2BHLLY
[Gracilariopsis chorda)

coronopifolia J. AcarbH H IR I DY

cuneifolia (OkaMURA) LEE et KuroG1

chorda HOLMES

ERHIED D
[Rhodymenia cuneifolia)

edulis (GMELIN) S1LvA Dok ZD )
[lzchenoides)

eucheumoides HARVEY D w5 X 5B TDDH

gigas HARVEY BEFIDD

incurvata OKAMURA AL FEITD b

punctata (OkAMURA) YAMADA \ DD EWD
[Rhodymenia punctata)

salicornia (C. AcarpH) Dawson 5 L < hd b (81)

[crassa To\bARTDO Y, LEESLIhD
"]
[Corallopsis opuntia)

spinulosa (OkamURA) CHANG et X1A
f. srilankia CHANG et X1a 135 S EMED H

[purpurascens)

textorii (SURINGAR) Harlor /XD h

vermiculophylla (Onmr) PapEnFuss RT3 L &
[Gracilariopsis vermiculophylla)

vieillardii Siva  EFDNED Y

[denticulata WEBER vAN Bosskg]

Tylotus J. AcarpH, 1876 7e&\ ol B

lichenoides OxaMURA e B\ 3ottt

WEH D hE
Hypnea Lamouroux, 1813 WMEHD W E
cenomyce J. AGARDH B} Z T\ XD
cervicornis J. AGaRDH T DWES
charoides Lamouroux \MEHD h

Hypneaceae J. AcarpH, 1851

[seticulosa)
chordacea KUTzING
f. simpliciuscula (OxaMURA) TANAKA
)
cornuta (KUTZING) J. AGARDH
esperi Bory UDWMEBD b
Slagelliformis J. Acaron 3 ULMEHD b
Jjaponica Tanaka D>EWESD b
[musciformis sensu OkAMURA]
hall's Y 43
[nidulans T35 X F ZFED)
LLIEWIES (82)

ZOHWE

FELWEBD D

pannosa J. AGARDH

saidana HOLMES

variabilis OkaMURA T BWNEBD D
yamadae Tanaka NI\ NEBHD H
Hypneocolax BorGeseN, 1920 Hhehicd hE
stellaris BORGESEN
f. orientalis WEBER VAN Bosse  HIaeh7cdD b

Nemastomataceae ScHMITZ, 1892 nom. cons. prop.
onFouw LR
[Gymnophlaeaceae KiTtziNng, 1843]
Nemastoma J. AGARDH, 1842 orth. cons.
(83)
Joliacea Yamapa U3 53 XM
lancifolia OkaMURA 5 T EQQ
Platoma ScHOUSBOE ex ScuMiITz, 1894 <135 Dk
&
izunosimensis SEGAWA 1< 135 DF
Predaeca G. DE Toni f., 1936 WD 5B EX¥NRE
* bisporifera KAJIMURA (84)
Japonica YosHIDA WP 5 B E W
* tokidae KajiMmura (84)
Schizymenia J. AcarpH, 1851

5T ERIR

~NFe T
dubyi (CHAUVIN in Dusy) J. Acarbr N7 76
Titanophora (J. AcarpH) FELDMANN, 1942 N2 X5 X
B
palmata ItoNo  BHEHZONIZIH X
weberae BORGESEN NIZ & H X
Tsengia K. C. FaN et Y. P. Fan, 1962 OO EB
nakamurae (YENDO) K. C. Fan et Y. P. Fan O\ D
Wwe

[Nemastoma nakamurae)

Petrocelidaceae Denizor, 1968 W MED b}
Mastocarpus KiTzinG, 1843 \MNED DB
mamillosus (auct. japon.) DB L
[Gigartina mamillosa auct. japon.]
pacificus (KJELLMAN) PERESTENKO  \MED D) (85)
[Gigartina ochotensis 1L\ NED D)
[Gigartina pacifica)

[Gigartina unalaskensis)

Phacelocarpaceae SearLEes, 1968 ¥ UDkE}
Phacelocarpus ENDLICHER et DigsiNG, 1845 nom. cons.

& LOKE

Jjaponicus Okamura X LD ¥
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Phyllophoraceae RABENHORST, 1863 35 &DD h F}
Gymnogongrus Marrius, 1833 & 2D b & (86)
* catenatus YENDO I Z(XDD B I A
BRElEEO0DD
Sflabelliformis HARVEY in PERRY R Z DD b
aponicus % 2 2 7278 Lis &)
1 hArh
[furcellatus var. japonicus)
[Ahnfeltia paradoxa)
Stenogramma HaRVEY in HOOKER et ArnoTT, 1840 (1.
TSR

interrupta (C. AGARDH) MONTAGNE

divaricatus HOLMES

paradoxus SURINGAR

Free

Plocamiaceae Kiitzing, 1843 W b}
Plocamium Lamouroux, 1813 nom. cons. W h B
leptophyllum (auct. japon.) (ZZ%H b (87)
ovicornis OKAMURA  U3DWPH b
[oviforme)
recurvatum OKAMURA % 2D D
* serrulatum OKAMURA & EHPH b (88)

telfairiac (HARVEY) HARVEY in KiTzING W7 D (89)

Polyidaceae KyLiN, 1956 + Y A 72§}
Rhodopeltis HarVEY, 1863 XA TG EEE
borealis YaMaDA DIHNBH G L&
gracilis YAMADA et TANAKA in YaMADA (ZZIED B2
L L
liagoroides YaMaDA T Tgid7idh & E
setchellii Yamapa TLAWXAD DAL H L&

Rhizophyllidaceae Scumitz in ENGLER, 1892 7¢
DL 7eE

Contarinia ZANARDINI, 1843 LE<CIITADHE
okamurae SEGawa LIEB<ETAHY

Portieria Zanarbini, 1851 7e R DL 7s/& (90)

hornemannii (LYNGBYE) SiLva (3 2 Te R D 7s
[Chondrococcus hornemannii]

Jjaponica (HARVEY) SiLva  7e R DL 7e

[Chondrococcus japonicus)

Rhodophyllidaceae ScumiTz in ENGLER, 1892 FH &
A
Rhodophyllis Kitzing, 1847 nom. cons.
capillaris TOKIDA  \~& BHARILIE

HRITB

Sarcodiaceae Kyuin, 1932 H2iXD b §}
Sarcodia J. AGaRrDH, 1852 BHDOIED HE
ceylanica HARVEY ex Kitzine HDED b
cunetfolia Yamapa OAIXHUED b
Trematocarpus Kirzing, 1843 A B IR
pygmaeus YENDO  H B 7L <X (91)

Sebdeniaceae KyLin, 1932 $sh3irhH & &FF
Sebdenia (J. AcarpH) BErTHOLD, 1884 JshirhH ¢ &
B
flabellata (J. AcarbH) Parkinson #2 5 < X
[agardhii]
[Halymenia agardhii]
okamurae Yamapa BH{H X
polydactyla (BorGESEN) BaLakrIsHNAN £ AHalb € &
[Halymenia polydactyla]

yamadae OKAMURA et SEGAWA in SEcawa R F <X

Solieriaceae J. AcarpH, 1876 & b AF}
Eucheuma J. Acarpn, 1847 Z HAIVE
amakusaense OxkaMURa HE I DA X
arnoldii WEBER vaN Bosse OF o2 { LA Z HA I
[cupressoideum]
denticulatum (Burman) CoLLins et HErvEY & DA &
W
[muricatum)
gelatinum (ESPER) J. AGARDH D To®DA & D A I\
okamurae Yamapa FhisH E HA I
serra (J. AcarDH) J. Acarbn LT & DA I\
BREDAZIL
Meristotheca J. AcarpH, 1872 L XIMD DR
coacta OkaMURA & { & X
papulosa (MONTAGNE) J. AGARDH
[yaponica)
Solieria J. AcarpH, 1842 % b AE (92)
dichotoma Yosuiba OHA D A
pacifica (YAMADA) YOsHIDA & D A

[robusta auct. japon.]

striatum SCHMITZ

LXMDY

tenuis ZHANG et X1a in XIa et ZHANG (R TIER DA
[mollis auct. japon.]
Turnerella Scumitz in ENGLER et PRANTL, 1896 % £7¢
»LE

mertensiana (POSTELS et RUPRECHT) SchHMmITZ

HL

ZET



298 Yosuipa, T., NakajiMa, Y. and Nakara, Y.

Insertae sedis fZE N
Wurdemannia Harvey, 1853 DA F< =7
miniata (DuBY) FELDMANN et HaMEL

[setacea]

PALMARIALES Guiry et D. IrvINg, 1978 7%
T8
Palmariaceae Guiry, 1974 751§t
Halosaccion KiTziNG, 1843 Nit5< ADHE
firmum (PosTELs et RUPRECHT) KUTtzING /Mo NIZS
KBEDY (KELHLAHDD)
ramentaceum (LINNAEUS) J. AGARDH (FZ N4 A
Dh
yendoi 1. K. LEe NIZ5H< AD D
[saccatum auct. japon.]
5 TR
marginicrassa 1. K. Lee L% T
palmata (Linnakus) O. Kuntze 1253

Palmaria StackHOUSE, 1801

[Rhodymenia palmata)
Pseudorhododiscus Masupa, 1976 N2 ZA BB
nipponicus Masupa NI Z AP
Rhodophysema BATTERs, 1900 5% & D RIZ/B
elegans (CRrOUAN frat. ex J. AcarpH) Dixon
HLhRI
[Rhododermis elegans)
georgii BATTERS 5D & HNIT
[Rhododermis georgii)
odonthaliae Masupa et M. Onta U'bSH & HXIT
Rhodophysemopsis Masuba, 1976 5$H& h\iLd &
2R
laminariae Masupa b & hN\ILh L&

5%%

RHODYMENIALES Scumitz in ENGLER, 1892
F¥FIZTLIEDA
Champiaceae Kirzing, 1843 07 &% 5§
[Lomentariaceae J. AGARDH, 1876]
Binghamia J. Acaron, 1894 %25 T EB
californica J. AGARDH M Z. BT
[Binghamiella californica)
Champia Desveaux, 1809 27 XL 5 R
bifida Okamura VB O EL
echigoensis Noba 2 b Th2Me&¥ %X 5
expansa YENDO 5 T X0 &L S
Japonica Oxkamura B> DI EEL S
parvula (C. AcarpH) HarvEY D7 &% 5

recta Noba  Tobb 2l ¥L 5
Gastroclonium Kirzing, 1843 W2 0B
pacificum (Dawson) CHANG et Xia W E ED
[ovale sensu OkaMURA]
[Coelosetra pacifica)
Lomentaria LyNGBYE, 1819 % LK ¥E
catenata HARVEY in PERRY % LO7LE
flaccida Tanaka 5 X5 LD E
hakodatensis Yenpo T3 L% L7 &
lubrica (YENDO) YaMADA \ETCRREE S
okamurae SEcawa O AILS L7 E
[orcadensis)
[rosea sensu OkAMURA]
pinnata SEcawa OS5 LO7n ¥

Rhodymeniaceae Harvey, 1849 F X LIXH$E
Botryocladia (J. AcarpH) KyLiN, 1931 nom. cons. (X
DX IR
leptopoda (J. AcarpH) KyLIN (27D % 72
skottsbergii (BorRGESEN) LEVRING  H DO bILIe D X
[kuckuck:t]
Chrysymenia J. AGARDH, 1842 7ok ¥ L 5B
grandis OkaMURA BB H 5L A
1723 H
[kairnbachii sensu OKAMURA]
wrightii (HARVEY) Yamaba Tods®E¥ L 5
Coelarthrum BercEseN, 1910 %< 507 ¥ B

boergesenii WEBER VAN Bosse LD b

okamurae YAMADA et SEGAWA

[coactum]
lomentariae TaNAKA et K. Nozawa in TANAKA D30 &
D& AN E
muelleri (SONDER) BORGESEN 5 { H270 ¥
Coelothrix Borgesen, 1920 IZEWELD H B
ZRIEBD D
UbhickeE R
polyglandulosa (OxkaMURA) SEcawa DB lck R ¥
[Chrysymenia polyglandulosa]
Erythrocolon (J. Acarbn) J. AcarpH, 1896 U@.% <
A0 ER
podagrica J. AcarDH in GrRuNow UMD %< AL E
Fauchea MONTAGNE et Bory in Duriku, 1846 F 71556 <
=y
leptophylla Secawa LTI LERDL
rhizophylla TavLoR OO ULAeD b (13701
5)

trregularis (HARVEY) BGRGESEN

Cryptarachne (Harvey) KyLin, 1931
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spinulosa OkAMURA et SEGAwa in SEcawa & ¥ 78
b
stipitata YAMADA et SEGAWA in YaMADA 2 D& F 7
B
Gloioderma J. AcarpH, 1851 UL.&<K AB
iyoense OkamMura DD L&KL A
Jjaponicum Orkamura O L &K A
Halichrysis (J. AcarDH) ScumMmitz, 1889 B D IFT-ABE
Jjaponica SEcawa B DITTCA
micans (HAUPTFLEISCH in ENGLER et PranTL) P. et H.
HuvE 5 %<3

[ Weberella micans)

Rhodymenia GRreVILLE, 1830 nom. cons. ¥ X I LiX
hE
adnata OKAMURA D> E OO ER
coacta OKAMURA et SEGAWA in SEcawa (L7eh &

intricata (OkamuRra) Okamura ¥ I T LIEH

liniformis OKAMURA (3 F 25T

parva Yamapa ODIEBHT

pertusa (PosTELs et RuPRECHT) J. AGAaRDH  BHTe7E%
.?-

prostrata TANAKA  LADNNODTIESD T

CERAMIALES Ortmanns, 1904 W X3 H
Ceramiaceae DUMORTIER, 1822 \ ¥ 3§}
Acrothamnion J. AGARDH, 1892 hHw 5D %8
butleriae (CoLLins) Kyin OB Ue { Didhad
by 5 DcE
[pulchelium < U= {i3dad]

[Antith
U

preissii (SONDER) WOLLANSTON

terminale)

Aglaothamnion FELDMANN-Mazover, 1941 7 7774
PINES )
cordatum (BORGESEN) FELDMANN-MAZOYER
neglectum FELDMANN-MAZOYER
oosumiense ITONO
Anotrichium NAceL, 1862 Z®Rf ¢ 3B
Surcellatum (J. AcarpH) Batpock  Z Wl & &
[Monospora tenuis)
[Neomonospora furcellata)
tenue (J. AcarpH) NAGELr &L X
[Griffitsia tenuis)
yagii (OkaMURA) Batbock & E@lf
[Monospora yagit]
Antithamnion NAGELI, 1847 Sl EhE

amamiense ITONO

antillanum BorGESEN 28 XD\ & ¢ X
callocladus ITono
eristirhizophorum TOKIDA et INABA %5 X452 DM X
el
defectum KYLIN ER\ & S7cDp &R
[sparsum < LOIXSTIcD0n &k, ERv& LD
IR
echigoense Nopa Z®\ X DOMZh
nipponicum YAMADA et INAGAKI HTo DM T
* okiense KajimMura (93)
percurrens DawsoN i3 D ST 0h dh
plumula (ELLis) THURET in LE JoLis
secundum ITONO
tanakae ItoNo  LIF &R L KX
Antithamnionella LyLg, 1922 3 ZR X hRE
basispora (Tokipa et INaBa) CorMAcI et FURNARI 1T
hondh
[Antithamnion basisporum)
elegans (BERTHOLD) PRICE et Joun UML.57c0hi&h
99)
[breviramosal)
[Antithamnion breviramosum)
spirographidis (ScHIFFNER) WoLLasToN (22 A 34
(%)
[miharae)
[Antithamnion gardneri & ¥\~ & H3 I
Balliella ITono et TaNaka, 1973 NV =58
crouanioides (ITono) IToNO et TANAKA
[Antithamnion crouanioides)
subcorticata (ITono) ITONO et TANAKA TLA DN NI
3hd
[Antithamnion subcorticatum)
Callithamnion LyncByE, 1819 X\ & < EB
aglaothamnioides IToNO
apicalis Nopa FcEF &RV ECE
callophyllidicola Yamapa Ea\ & <X
corymbosum (SmitH) LYNGBYE
echigoense Noba 2 HT R E X
Sfurcellariae J. AGARDH
Jjaponicum Nopa in Nopa et Kitam1 Dy EFA3cu & <
3
minutissima Yamapa OMeD R E S
nipponicum Nopa in Noba et Kitamr  72A L E¥al»
Q&

Campylaephora J. Acaron, 1851 %2 ZDHE
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crassa (OkaMURA) NAKAMURA 5 &\ & T (96)
[Ceramium crassum]
hypnacoides J. AcarbH . T D H (97)
[Ceramium hypnaeoides)
japonica Nopa UDZITDH
Carpoblepharis KiTzInG, 1843 nom. cons. H# A K7 v
75 V)RR
warburgii HeypricH  B31XH H & U (98)
Ton R
apiculatum YaAMADA TEANTDH
LFWET

Centroceras Kiitzing, 1841

clavulatum (C. AGARDH) MONTAGNE
TDHE
Jjaponicum Itono  TEADINNEFWET
WETE

distichum OKAMURA

Ceramium RorH, 1797 nom. cons.
aduncum Nakamura ¥ E\¥J
affine SETCHELL et GARDNER
amamiense ITONO
boydenii Gepp  HI < X
ciliatum (ELLis) DucLuzeau DD\ &3 (99)
cimbricum H. PETERSEN in ROSENVINGE ¥ DIEH W&

El
codii (RIcHARDS) MazovEr &M DL ET
[mucronatum SkcI)
fastigiramosum Boo et L U\ E T
[fastigiatum HarvVEY]
Saccidum (HARVEY ex KOT1zING) ARDISSONE L\ &
3 (100)
[fmbriatum %X DE\NET)
[gracillimum)
[taylorii)
howei WEBER VAN Bosse 7 A B\ E T

* itonoi ARDRE (101)

[Centroceras minimum sensu ITono]

v

kondoi YENDO \ ¥

[rubrum sensu YENDO]
minutulum Nopa et Konno in Nopa O'iThVWE3
nakamurae DawsoN D L\ ¥-F

[equisetoides NAKAMURA]
ZHhWET

procumbens SETCHELL et GARDNER

Japonicum OKAMURA

paniculatum OKAMURA

serpens SETCHELL et GARDNER
sympodiale DawsoN X THIc\ET
tenerrimum (MARTENs) Okamura (&3

tenuicorticatum Konno in Konno et Noba $: L\ ¥

T

tenuissimum (RoTH) J. AGARDH ZHA\ & W EF

B ERFRE
sericata (SEGAWA) YosHipa (T Al

[Neomonospora sericata)

Crouania J. AGARDH, 1842 X DD I TRH
atienuata (C. AGARDH) J. AcarDH L DD I T
divaricata OkaAMURA  H X XL DPD X T
mageshimensis IToNO
minutissima Yamapa O XD I T

Dasyphila SoNDER, 1845 H ¥ LOLSR
plumarioides YENDO B E LODL

Delesseriopsis OkaMURA, 1931 5T LI ERE
elegans Oxamura 5 T H X E

Euptilota (Kitzing) KiTzing, 1849 W Z LOSR
articulata (J. AGARDH) ScumiTz \ Z LD.&S

Gattya Harvey, 1855 # v 7 4 7B

obtusa ITonO

Corynospora J. AGarpH, 1851

Gordoniella ITono, 1977

I TEER
yonakuniensis (YamaDaA et Tanaka) ITono L7812
TRE
[Spermothamnion yonakuniense)
Griffitsia C. Acaroh, 1817 M I L SR
coacta Oxamura  bIclFHELCE
corallinoides (LINNAEUS) TREVISAN T D5 EL <X
[corallina]
heteroclada Yamapa et Hasecawa in Hasecawa ¥ <
DHELLE
Jjaponica Okamura NI LI
okiensis Kajimura R EMNILCE
rhizoidea Noba RIELHIT L
rhizophora GRuNow ex WEBER VAN Bosse
subeylindrica OxaMURA TRV EMITL X
tomo-yamadae OkaMURA  BRMNPI L X
venusta Yamapa FCEMNIT LI
Gymnothamnion J. AcarpH, 1892 NiZizh 3R
elegans (SCHOUSBOE ex C. AGARDH) J. AGARDH NIT
hdE
[Plumaria ramosa)
Haloplegma MONTAGNE, 1842 ~NIZZ 5 LB
duperreyi MONTAGNE NIZZ 5 L
Herpochondria FALKENBERG in ENGLER et PrRaNTL, 1897
L XXKR
corallinae (MARTENS) FALKENBERG in ENGLER et PRANTL

R &
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[Microcladia corallinae]

dentata (OxaMuRA) ITONO =T U & 275

[Microcladia dentata)

elegans (OkamuRra) ITono X 2 15
[Microcladia elegans)

pygmaea IToNO

Lejolisea BornET, 1859 V¥ 3 Y v 7§
pacifica IToNo

Neoptilota KyLIN, 1956 M icioNIZONEB
asplenioides (EsPER) KyLIN 23T XiCONE

[Prilota aspleniordes)

Platythamnion J. AcarbH, 1892 X223 hE
horridum ToOKIDA et INaBA FSIZD X DIF X
intermedium TokiDA O LDE X
polyspora IToNO

IohiEh (X2 L)

[Antithamnion plumula sensu OKAMURA]

CTREER

yezoense INAGAKI

Pleonosporium NAGELI, 1862 nom. cons.
(102)
caribacum (B@RGESEN) NORRIS
[Mesothamnion carib ]
dichotomum Nopa U DL T72F
elongatum Noba 3% 2 12 T %

Japonicum IToNO

AWK ER

[Compsothamniella japonica)
kobayashii Okamura < T E
mageshimense (ITono) NORR1s
[Compsothamniella mageshimensis]
mazeense Nopa FH < T1EF
polymorphum Itono  HON TIEE
[Mesothamnion: polymorphum]
pusillum Yamapa b oF THE
Fh{FHEE
[pinnatum OxAMURA et SEGAWA in SEGawA]
EORESTIEE
ALK TEE

segawae Y OSHIDA

tohyamanum TOKIDA et INABA
venustissimum (MoNTAGNE) DE Tont
yagii (Yamapa) Norris { 722 ¥
[Mesothamnion yagii]
Plumariella OxaMURA, 1930 & LD SE
* minima KajiMura (103)
yoshikawae OxkamURA M & L D&
Psilothallia ScamiTz in ENGLER et PranTL, 1897 NI
(244
dentata (Oxamura) KyLin - ~XIZONE

[Ptilota dentata)

Ptilocladia SonDER, 1845 77 4 02554, TR
Japonica ITONO
Ptilota C. AGARDH, 1817 nom. cons. < LNEWMIE
(104)
flicina J. Acaron  { LI NE
[californica sensu Oxkamura %> LoiE~IZ ONE]
[pectinata auct. japon.]
[serrata auct. japon.]
* phacelocarpoides A. Zinova ZIED L LN
[pectinata £. litoralis auct. japon.]
Ptilothamnion THurer in Le Jouis, 1863 \ & OOV
£33
cladophorae (YaMaDA et TaNaka) G. FELDMANN &
(OO
[Spermothamnion cladophorae]
pusillum (OkaMURA et SEGAWA in SEGawa) ITONO
[Spermothamnion pusillum]
Reinboldiella DE Toni, 1895 % H 3 A LB
filamentosa IToNo
robusta IToNo
schmitziana (REmnsoLp) DE Tont % H & U
[Carpoblepharis schmitziana)
Rhodocallis Kitzing, 1847 NI E LB
elegans KitzIne ~NIZONEIEE L
Scagelia WoLLasTON, 1972 23 bH.5 & IO IHE
pylaisaei (MONTAGNE) WYNNE DB 4% & XDA X R
(105)
[corallina)
[Antithamnion corallina]
Seirospora HARVEY, 1846 ~N{Z\ 2555
orientalis KRAFT NI\ E 5 L5 (106)
[occidentalis sensu IToNO)
Spermothamnion ARrescHouc, 1847 VU XRB
echigoensis Noba %2 H O E
endophytica Okamura > OV E
Spyridia HarvEY in HOOKER, 1833 3 &SIF < XB
aculeata (C. AGARDH ex DEcAsNe) Kitzine &1 5 .48
Fe
elongata OkaMURA 72835 S ¢ &
filamentosa (WuLFeN) HARVvEY 5 &1F <&
tenuis Nopa 3% 5 &F <&
Tanakaella IToNo, 1977 2 FH=S5E
Japonica IToNO
Tiffaniella Doty et MeREZ, 1960 7 4 7 » == 5 &

apiculata IrToNo
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codicola (YAMADA et TaNAkA) Doty et MeNez R 5T
[0 3
[Spermothamnion codicola]
supehiroi (Oxamura) Kaneko T2 OAVUTEE
[Spermothamnion suyehiror)
tamamiru (SEGawa) GorbOoN 7o EHR B VUV E
[Spermothamnion tamamiru)
Tokidaea Yosuipa, 1974 ~NiZizhd B
corticata (TokiDA) YosHma ~NiZidhad
[Antithamnion corticatum)
Wrangelia C. Acarol, 1828 HATF D HE
OibATF Y B
penicillata (C. Acarpn) C. Acaron BE LA H H
tagoi (OKAMURA) KAMURA et SEGAWA in SEcawa 72T
Dh
tanegana HARVEY (107)
LAY B
[argus sensu YENDO]
[japonica)
tenuis Noba 3L\ EBAT DD

minor Nopa in Noba et Kirami

tayloriana TSENG

Dasyaceae Kirzing, 1843 72 UHFH
Dasya C. AGARDH, 1824 nom. cons. 2 UHRE
collabens HOOKER et HARVEY
¢ylindrica Noba OO0 U
echigoensis Noba X BT LD
elongata Nopa 7e3 &1L H
minor Nopa in Noba et Kitam1 0D Ub

scoparia HARVEY ex J. Acarbn  $ X7EUH

sessilis Yamapa 27t LIEUH

villosa HarvEY T80 7 UH
Dictyurus Bory in BELANGER et Bory, 1834 HA I A

bR

purpurascens Bory HHRITH %

Heterosiphonia MONTAGNE, 1842 nom. cons. L ¥/ U
bE
Japonica YENDO (L ¥ (108)
pulchra (Okamura) FaLkensere L EEUD

Rhodoptilum (J. Acarbn) KvLiN, 1956 < U% & ER
plumosum (HARVEY et Baiey) Kvuin 72U % &%

Sympodothamnion Itono, 1977 7AW 2 KE
leptophyllum (Tanaka) Itono TR A& 27

Z oo hE
ZAN RN >

Delesseriaceae Bory, 1828

Acrosorium ZANARDINI ex KiUTzING, 1869

DY

flabellatum Yamapa h 5 FiEo b

okamurae Nopa in Nopa et Kirami
h

polyneurum Oxamura T U5 TED Y

venulosum (ZaNarpint) Kyuin - 22& 5 X0 b (109)

[uncinatum]

i 5o

FeS DD
Apoglossum J. AcarpH, 1898 UMEL H ¥R
minimum Yamapa OMEE D ¥
Asterocolax J. et G. FELDMANN, 1951

7 AR
denticulata (Toxipa) J. et G. FELomann (£ H Z i
[Polycoryne denticulata)
Branchioglossum KyLiv, 1924 OFUHE 2B
ciliatum Oxkamura O H X &
ODLHLIE
Caloglossa J. AcarpH, 1876 HREXRE
O BIEHRER

yendoi Y AMADA

TATRrR2T

nanum INAGAKI

adnata (ZanarDINT) DE Toni
bombayensis BORGESEN
leprieurii (MONTAGNE) J. AcarbH  H R E ¥ (110)
ogasawaraensis OkAMURA 12T HRER
ZORDYE
TORDDY

Congregatocarpus Mikawmi, 1971
pacificus (YAMADA) MiIkamI
[Laingia pacifica]
Cottoniella BarGESEN, 1919 LT ZDIXDHE
* amamiensis Itono  EVFZ DD b (111)

Cryptopleura Kirtzing, 1843 nom. cons. A:{f3 L
B
hayamensis Yamapa (ZZEDON T U
membranacea Yamapa 0 3T U

Delesseria LAMOUROUX, 1813 nom. cons. ¥a¥iXD b
&
serrulata HARVEY 233D b

[violacea]

Erythroglossum J. AcarpH, 1898 U 5 TN

minimum Oxkamura UMD 5 TXIZ

pinnatum Oxkamura 1o 5 TXIT
Hymenena GreviLLE, 1830 5TEDh L L X
5TiEDhH L E
Hypoglossum KiTziNg, 1843 ~NiZixd h & (112)

barbatum Okamura  ONFXIZIXD b

geminatum OKAMURA  XIZ{3.D h

minimum YaMapa ONDNRIZLD h

nipponicum YaAMADA (FETLHINITIZD Y

tenuis YAMADA
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sagamianum YaMADA T UNIZIXD b
serratifolium OkaMURA D Z ¥ D IXXIZITD h
Kurogia YosHIpa, 1979 WK Z D@
pulchra YosHIDA \ D313 Z DL
Marionella WAGNER, 1954 (3.57:x D hE

schmitziana (DE Toni et OkaMuRrA) YosHipA (T.557C
DY
[Hemineura schmitziana)
Martensia HErING, 1841 nom. cons. HRR L XB

denticulata HarvEy HOIC L &
Sflabelliformis HARVEY ex J. AcarbH X DX HRIC L
&
Membranoptera STacKHOUSE, 1809
=
* spinulosa (RuprecHT) KuntzE ONDNIZREH &R
(113)
Myriogramme (J. AcarbH) KyLiN, 1924 T UXW0E
ciliata Yamapa R7IELTULER
polyneura Oramura T U ER
variegata YAMADA 5\ D ¥
Neoholmesia Mikam1, 1972 3FLADDE
TFLADY

BrEeiEhnl

Jjaponica (OkAMURA) MiIkam1
[Holmesia japonica]
Neohypophyllum WyNNE, 1983 72232 DD H B

middendorfii (RUPRECHT) WYNNE 72232 DIXD b
[Hypophyllum middendorfii]
Nitophyllum GRrevILLE, 1830 nom. cons.

B

stellato-corticatum OKAMURA

5FiED b

ELAISTiED Y
yezoense (YAMADA et TokiDA in Yamapa) Mikamt 3
DETLER
[Hideophyllum yezoense]
[Mpyriogramme yezoense]
Phycodrys Kirzing, 1843 2 LbXZDIXDHE
fimbriata (DE La PYLAIE ex J. AcarpH) KyLin 7> Lo
EZoinh
radicosa (OKAMURA) YAMADA et INAGAKI in YAMADA
DB DIEDY
rubens (LINNAEUS) BATTERS 22 LolEZ DI d £ ¥
O 5 TR
clevelandii (FarLow) Papenruss ONF 5 370
* parva S1Lva et CLEARY TR AWM 5 X (114)
Pollexfenia HARVEY, 1844 < AAEWZ DITE
CAEVLT DI (115)
Polyneura (J. Acarpn) KyLiN, 1924 nom. cons. (%7

Platysiphonia BorGesen, 1931

* japonica YOSHIDA et MIKAMI

LERR
Japonica (YaMADA) Mikami 13 U ¥
[Nienburgia japonica)
Schizoseris KvLin, 1924 201318
minima KANEKO et Masakl X O DNz i3
subdichotoma (SEcawa) YamMapa O DRI
5FIB

Sorella HOLLENBERG, 1943

pulchra (YAMADA) YosHIDA et Mikamt < LDIL 5%
~i
[Erythroglossum pulchrum)
repens (OkaMURA) HOLLENBERG  H $™NIT
[Erythroglossum repens)
Taenioma J. Acarpn, 1863 (023
nanum (KUtzING) PaPENFUss TL A\ DT 7
(116)
[macrourum)

perpusillum (J. AGARDH) J. AcarpH  UD-D7c
Tokidadendron WynnNE, 1970 S D31 Z DITE
kurilensis (RUPRECHT) PERESTENKO LWL DTV Z D
i (117)
[bullata]
[Pseudophycodrys rainosker]
Vanvoorstia HarRvey, 1854 2L A BB
coccinea HARVEY ex J. AcaroH b T A D
[spectabilis sensu OkaMURA]
Yamadaphycus Mikami, 1973 Z DD H L ERE
(118)
carnosus Mikam1 ZDIID H H L X
[Okamurina carnosa)
Zellera MarTENs, 1866 ~XiZit 5 bR
* tawallina MARTENs  NIZI3 5 B> (119)
Rhodomelaceae J.E. ArescHouc, 1847 %LU ¥
b
Acanthophora Lamouroux, 1813 LD B
aokii OkamurRa OND LT D b
ZEFoh
Loy

muscoides (LINNAEUS) BoOry
spicifera (VAHL) BORGESEN
[orientalis)
Acrocystis ZANARDINI, 1872 DL LIig 5 TR
2L LES TR
Amansia Lamouroux, 1809 ¥ { U3 & LB (120)
glomerata C. Acaron L OB E L
5T REL
Ardissonula G. DE Toni f., 1936 O X< X5 &

nana ZANARDINI

mitsuii SEGAWA
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regularis (Okamura) G. DE Ton f. O &< %5 zonaricola (OkAMURA) T. et M. Yosuiba LD &<
[Isoptera regularis) [Herpopteros zonaricola]
Benzaitenia YENDO, 1913 RATALE Enantiocladia FALKENBERG in ENGLER et PraNTL, 1897
yenoshimensis YENDO RATA b HUEDHCIR
Bostrychia MONTAGNE in RAMON DE LA SaGra, 1842 okamurae YAMADA B\ F ¥ & X
nom. cons. ZiFdH EEXRE Enelittosiphonia Sec1, 1949 F &L L IR
binderi HarvEy UM LT EE hakodatensis (YENDO) SEG1  F L L <
Slagellifera Post S>3 EE [Polysiphonia hakodatensis)
hamana-tokidae Post {ZRIiC Tt £ & Exophyllum WeBeR van Bossg, 1910 H21XZ 5% b
moritziana (SONDER in KUtzinG) J. AcarDH X 7EH T DHE
Hhex wentii WEBER vaN Bosse H Xz 53 h Db
* pinnata J. TANAKA et CHiHARA (3T IT$H &£ & (121)  Herposiphonia NAGELL, 1846 UMD TR
[calliptera sensu Itono Rz RE T & &] caespitosa TsENG  \ o UND T
radicans (MONTAGNE) MONTAGNE in KitziInd UMD T fissidentoides (HoLMES) OkamMura UMD T
[ k-1 insidiosa (GReVILLE) FALKENBERG D E DD T
simpliciuscula HARVEY ex J. AcarpH 122 TiT 3 & & parca SETcHELL  { DTV I (123)
[andoz] [tenella auct. japon.)
[tenuss f. simpliciuscula) [terminalis)
tenella (LaMOUROUX) J. AcarDH T % & & subdisticha Oxamura & AVD T
Chondria C. AcarpH, 1817 nom. cons. ML ED HJE  Janczewskia SoLms-Lausach, 1877 Z X ¥ LR
(122) morimotoi Tokiba D H EXZLEL D
armata (K01zinG) OkaMURA {70070 & [tokidae)
crassicaulis HARVEY W 7¢ Laurencia Lamouroux, 1813 nom. cons. %@
dasyphylla (Woopwarp) C. AcarbH 7L ED h brongniartii J. Acaron £ X DL it
expansa Okamura IR & [grevilleana)
intertexta SiLva b OHWPTL capituliformis Yamapa ¥ 5L L
[¢ntricata OraMURA] * carolinensis Sarto (124)
lancifolia Oxamura S Z(ERED Y cartilaginea Yamapa it F
mageshimensis Tanaka et K. Nozawa in Tanaka LA ceylanica J. AcarbH B\ HALE
Al composita YAMADA X XX
minutula Nopa UNDRTLED b fliformis (C. AcarRDH) MonTAGNE TR A TA L X
polyrhiza CoLLins et HERVEY [heteroclada)
repens BorRGESEN UMD ED H hamata Yamapa ¥ L F
ryukyuensis YaMapa NIRRT ED b intermedia Yamapa < AL %
stolonifera OKAMURA DB RILED b intricata LAMouroux DN L F
tenuissima (GOODENOUGH et WooDWARD) C. AGARDH majuscula (HARVEY) Lucas Bt %
BEREDD [obtusa var. majuscula]
Dasyclonium J. AcarpH, 1894 < LDILE mariannensis Yamapa 5 < L%
Sfaccidum (Harvey) Kyuin - < L% nidifica J. AcaroH  RIcHRLE
[Euzoniella flaccida] nipponica Yamapa 5 L X%
ocellatum (YENDO) ScaceL { LDt & & [glandulifera sensu YaMaDA]
[Euzoniella ocellata) obtusa (Hupson) Lamouroux ¥ ¥h X%
Digenea C. AcarpH, 1822 %< H§ okamurae YAMADA ADTEL X (125)
simplex (WULFEN) C. Acaron %< ) [aponica 3% TEXL]

Ditria HOLLENBERG, 1967 L D& XE papillosa (C. Acarpn) GreviLLE (XU B XX


Rin
四角形
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hrx
surculigera TSENG  \~bohi b
* tropica YAMADA  TCLAM\EE (124)
EEE
venusta YamMapA ONDE L
yamadana Howe L ¥ %%
[amabilis)
yendoi Yamapa E 1oL %
Lenormandiopsis Papenruss, 1967 3 Uit LS XB
lorenzii (WEBER VAN Bosse) Papenruss 3 U7c L ¢ &

pinnata YAMADA

undulata YAMADA

[Aneuria lorenzii]
Leveillea Decaisng, 1839 U xiXbobhE
Jungermannioides (MARTENs et HERING) HarvEy U %
Ebob
Lophocladia Scumitz, 1893 LhA < XB
Jjaponica Yamapa JIhH <X
lallemandii (MONTAGNE) ScHMITZ
minima ItoNo  Te A\ L AR
Lophosiphonia FALKENBERG in ENGLER et PranTL, 1897
B ECER
2 URIRP G
Melanamansia Norris, 1988 U35 & L < X & (120)
ORELLSR

hayashii SEcAwA

Japonica (HoLmEs) NORRis
[Amansia japonica]
scalpellata (Tanaka) Norris T U LOBE L
[Amansia scalpellata)
Murrayella Scumitz, 1893 7t AR B
periclados (C. AGARDH) ScuMITz LA A & &
[squarrosa)
Neorhodomela Masupa, 1982 %S UED2LE
aculeata (PERESTENKO) Masupa 5 UED %
[Rhodomela larix auct. japon.]
munita (PERESTENKO) Masuba W &5 LU ED
[Rhodomela subfusca auct. japon.]
oregona (Doty) Masuba H -1 LSLEDD
WEELI SR
fraxinifolia (MERTENS ex TURNER) J. AcarRDH \ (¥
L5
nigricans Tanaka et Itono < BVEiXL 1 5
DT EHMNE

Neurymenia J. AGArDH, 1863

Odonthalia LynGBYE, 1819 nom. cons.
&
annae PEResTENKO H D 0w 5 Lo ADZ ¥ Hh MY
[aleutica auct. japon.]
HFEEDZEHO

corymbifera (GMELIN) GREVILLE
(24

kawabatae Masuba L Z7CADZ ¥ hNE

macrocarpa MAsUDA  JFD Z F h ONE

yamadae Masuba BT LDOZ ¥ h O
[kamtschatica auct. japon.]

Placophora J. AcarpH, 1863 I\ Z ThE
binderi (J. AcArRDH) J. AGarDH [T\ Z ¥
Jjaponica TANAKA DX\ ~HIE 5 T4

Polysiphonia GREVILLE, 1823 nom. cons.
(126)
abscissa HOOKER et HARVEY Z AT S5\ & <X
bicornis OHTA
brodiaer (DILLWYN) SPRENGEL Bk & ¢ &
crassa OKAMURA L\ E KX
cystophyllicola Noba OSE\ & <X

DIFAVELCR

echigoensis Nopa 2 HIT\WE X

elongata (HuDSON) SPRENGEL

WESCER

decumbens SEGI

f. schuebelerii (FOSLIE) ROSENVINGE
ferulacea SUHR ex J. AcarbH (F 5\ E <KX
KHVELCE

[forcipata sensu Seci]
harlandii HARVEY T2\ bAVE <&
japonica HARVEY & .5 D\ & X (127)

[akkeshiensis B ->F L\~ & < &)

[grateloupeoides 2. ZV DU & &)

[nipponica W HIFANNE < &)
3Bl F AR R
EFVWECY)
STLHLIZELSE
morrowii HARVEY $ A\ & X

[senticulosa sensu SEc1)

DEVELSZE
ohmaensis OnTa BRFEFL L ¢
porrecta SEG1  TeAi\ & KR
richardsonii Hooker  HOh\ & ¢ &
sadoensis Nobpa ZI L\ &S
savatieri Harior D3\ & <&

[aggregata)
senticulosa HARVEY

fragilis SURINGAR

[novae-angliae sensu Sec1
[spinosa sensu Sect

latiovalis NopA

notoensts SEGI

Lx5LCxr5FDbh (128)
[urceolata auct. japon.]
siretokensis YAMADA in YaMapDa et Tanaka &Efc\ &
<&
sphaerocarpa BorGEsEN OMg\ & <R
[pulvinata sensu SEci]

tapinocarpa SURINGAR T\ E <&
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teradomariensis Noba % T D&
tokidae SEG1 5 T\ &R
tongatensis HARVEY ex Kirzine ~XiZIE >3
upolensis (GrRunow) HOLLENBERG
ZAED L E CE (129)
[codiicola sensu SEGt (X H V& <]
[obsoleta 1ZF & & &)
b <]
ERTEB)]
89/ S ARP Rt
Pterosiphonia FALKENBERG in ENGLER et PraNTL, 1897
BRSSRE
arctica (J. AGARDH) SETCHELL et GARDNER W MIgIE <
3
bipinnata (PosTELS et RUPRECHT) FALKENBERG > & R°
-4
Abrillosa Okamura  [Hidda< 2
pennata (C. AcarpH) FALKENBERG (342 < &
Rhodolachne WynNE, 1970 » F 35 7 X &
* radicosa ITono (130)
Rhodomela C. AgarpH, 1822 nom. cons.
CLEo4R
lycopodioides (LINNAEUS) C. AGARDH
f. tenuissima (RuPRECHT) KjELLMAN  HRRU% U
03
sachalinensis Masupa D3H.5 &5 LEDD
[macracantha sensu ToOKIDA]
teres (PERESTENKO) Masupa (3 %1E5 LEDOD
[gracilis Yamapa et NAKAMURA]
Spirocladia Borcesen, 1935 WNFLhA<CEB
loochooensis (YENDO) Yosuiba N L < X (131)
[ Wrightiella loochovensis B\ %z ]
Stictosiphonia HOOKER et HARVEY, 1847 A F 7 b ¥ 7
+ =78 (132)
hookert (HaRVEY) HARVEY in HOOKER
L
[Bostrychia dichotoma)

yendoi SEGI

[scopulorum sensu Secr
[subtilissima sensu SEGI

yonakuniensis SEGI

R ARV LIS

XEHRCTD

[Bostrychia mixta)
kelanensis (GRunow ex Post) KiNG et Purrock 572
¥lezFb L
[Bostrychia kelanensis)
tangatensis (Post) Kine et PurTock
[Bostrychia tangatensis)
Symphyocladia FALKENBERG in ENGLER et PranTL, 1897

ZERLE

latiuscula (HARVEY) Yamapa WEirhH X &
[gracilis)

linearis (OkaMURA) FaLkENBERG (3% Z ¥R D
marchantioides (HArRVEY in HOOKER) FALKENBERG in
Zghb

pennata OkaMURA UMD Z T
Tolypiocladia Scumirz in ENGLER et PrRANTL, 1897 \»

ELFCZR

glomerulata (C. AcarpH) ScHMITZ in ENGLER et PRANTL

WELTCE

[Roschera glomerulata)

ENGLER et PRANTL

Vidalia LaAMouroUx ex J. AGarpH, 1863 nom. cons.
S BRI
obtusiloba (MERTENS ex C. AGARDH) J. AGARDH /%
VRIS

BB+ s, — 1

(1) Asterocytis B Chroodactylon BDORE L IR T\
50T, WHELETHRHFTHLEIND D, Noba
(1975) ' & D f. simplex DSEEH I TV B,

(2) Dgew (1956) i34 L Stylonema DBEHIE L\
E LT,

(3) F7 YV =ROBEXEOVTIR - Mgk - T
& (1985) DL X 5,

(4) 2412 Heeresour (1968) IZ X %,

(5) P bulbopes 7 7 » &4, P.tasa &2 HXHMHIALTF
BB oI DD THRIA L,

(6) f.crassa 7 V3= 2%, f elliptica <N "X= XK
W, f. lonceolata > H AR =24 HBEFEIh B
(KawaBaTta 1941, Nacar 1941),

(7) BHEME Lic\ f sanrikuensis = €2 A2/ Y
PEFRADALR TS (BK 1961),

(8) f. lanceolata > #7737 =7 VR Ihic
(Tanaka 1952),

(9) f latifelia e r~=A 7= VHERFZhic
(Tanaka 1952),

(10) f. kjellmanii & var. tamatsuensis & X7 % 7 %/
Y 2EBbRTS (R 1936, =i# 1971, 1972),

(11) f. coreana & f. narawaensis 5 7 A% /7 Y HiH
bhTw5 (MR 1936, =il 1971, 1972),

(12) $l£ix Rhodochortaceae DIt 5 MR FEEZh
o RERDLDEFAL TR, TDOBHIL DD
BERDINBRODNND LZAHTH S,

(13)  Acrochaetium, Rhodochorton W2\ ~TIX Audouinella
~DOEARNThhTWiELbDL DY, &L,
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TEFEOMBERYEHBDT, TOEFEL LI,

(14) Kapmura (1987b) 23R A S L,

(15) Auduinella DFEH A Bory KX > THRERIhI
2, BEOCHACHR TS dudouinella DFR H H3{R
g3hi,

(16) Lee (1980) Adtigin: b Lic,

(17)  Yamapa (1944),

(18) 37 H Bonnemaisoniales &+ 5E R 55,

(19) P53 RATFKiL Falkenbergia rufolanosa TH 5,

(20) PULBRTFAANY Trailliella intricata Toh 5,

21) BEEDOBIA—A+5 V703D LEFERED
BAn Ry, ZofAAVLhB,

(22) Delisea BERILHE\5 Bonin and Hawks
(1988) DEEWRES o

(23) Yosuizaki (1987) iz X b iR, SRR I his,

(24) BREDOH 7 ¥ 7BREBHOEHEH I LT
. Zhbikd - A FOBEHLNBETHS Y,
PAPENFUSS et al. (1982) ¢ £ X i

G. marginata= clavigera, ventricosa, veprecula

G. oblongata=cylindrica, fastigiata, pilifera

G. rugosa= cuculigera, elongata, glabriuscula
EFRETHD LD, EREOWRLEDTEHE
DR,

(25) R4i% Itono (1985) IT X B,

(26) E4% Itono (1977) 1T X %,

(27) KajMura (1988) i X b BBk 2 6, S huie,

(28)  Pseudogloiophloea J&% R Te\ » Huisman (1985) O
BReRS,

(29) =—m o A TILZ DREL N. helminthoides & FIE
L¥hTuwb,

(30) Skct (1957) 2 $RE L7z G. corneum var. pulchellum
V2¥¥a V7 IR EORELABBDOTI T
IR Lish -1,

31) =7 Y DELIDOWT SanteLices (1988), Nor-
ris (1990) I X b EERIAH Shic, MRTHREI L
BRI ESL G degans DEFIXFEBTHONE
YUThHDd, BASERC OV TIRHEET 5,

(32) AxaTsUKA (1986) (X Onikusa BE | L1z, =D
BoMII e BERIAFF TV 3 (SANTELICES,
1988),

(33) var. conchicola r A4 TV U, f. foliacea &
moand 7Yy ERARAE R (B 1936),

(34) Norris (1987) IZ X b Beckerella i3, Ptilophora W&
Hhhic,

(35) ¥ - HH (1990) it X W RE,LRE Shis,

(36) BDOV~/T Corallinales & 3XETHS LW
5BRMH% (SiLva and Jouansen, 1986),

(37) SriManoBHAS (1987) ASEEHAEE & LTHRE L1z,

(38) SrimManoBHAS and Masaki (1987) BB BB 5
BE® L1,
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