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Although there are minor differences among Batrachospermum procarpum Skuja, B.
equisetoideum, sp. nov. and B. cipoense, sp. nov., concerning vegetative characteristics
these three species are distinguished from the other taxa of the genus Batrachospermum

in having the audouinelloid fascicles.
Batrachospermum is as follows :

A key for the above-mentioned three species of

1. Gonimoblast 100-300 ym in diameter—B. procarpum SKUja

1. Gonimoblast 300-900 ym in diameter.

2. Carposporangia 13-19 ym long—B. cipoense KumaNo et NECCHI, sp. nov.
2. Carposporangia 19-30 yum long—B. equisetoideum KumaNo et NECCHI, sp. nov.

Key Index Words: Audouinelloid fascicle; B. cipoense sp. nov.;. B. equisetoideum
sp. nov.; Brazil; freshwater Rhodophyta; taxonomy.

As regards the freshwater Rhodophyta,
especially the genus Batrachospermum, of
Brazil, Skuja (1931) described Batracho-
spermum orthostichum and B. procarpum
from Santa Teresa in State of Espirito Santo
as a new species and SKUJA (1969) described
B. vagum (ROTH) C. AGARDH var. periplocum
from Rio Negro in State of Amazonas as a
new variety. Recently, NECCHI and KUMANO
(1984) reported three taxa of the genus
Batrachospermum including B. cayennense,
B. orthostichum and a new variety of B.
capense from Itabaiana Mountains, Municipio
of Areia Branca in State of Sergipe. The
present paper deals with two new species
of the genus Batrachospermum based on the
specimens collected from States of Amazonas
and Minas Gerais.

Specimens Examined

The specimens examined in the present
study were deposited in the Herbarium of
Institute of Botany, Sdo Paulo, Brazil (SP),
and in the Herbarium of Faculty of Science,
Kobe University, Kobe, Japan. The speci-
mens of Batrachospermum equisetoideum
were collected on Feb. 22 in 1978 by C.
PAPE (SP-152530), on Sept. 30 in 1982 by O.
YANoO (SP-176239) and on Jan. 31 in 1984 by
O. NEccHI Jr. (SP-187177) from Igarapé
Acari, Reserva Florestal Adolfo Ducke at
about 25km from Manaus to Itacoatiara
(Route AM-10), ca. 100 m alt. and situated
at 2°54’S, and 59°56’W, Municipio of Manaus,
State of Amazonas. The specimens of B.
cipoense were collected on Feb. 7 in 1976
by L. Sormus (SP-187192) and on Sept. 7
in 1974 by I. SAziIMA and M. SazimMA (SP-
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Map. 1. Map of Brazil showing the localities
where specimens were collected.

187193) from Cipé Mountains, at about 126
km from Vespasiano to Concei¢do de Mato
Dentro (Route MG-2), ca. 1,200 m alt. and
situated at 19°10’S and 43°32’W, Municipio
of Santana do Riacho, State of Minas Gerais.
Two localities above-mentioned are shown
in Map. 1.

Descriptions of Species

1. Batrachospermum equisetoideum KUMANO
et NECCHI, sp. nov. (Figs 1-5, 6-16)

Frons monoica, ca. 6 cm alta, 300-800 #m
crassa, abundanter irregulariteque ramosa,
parum mucosa, atropurpurea. Cellulae axiales
cylindricae, 30-80 yum crassae, 140-300 ym
longae. Verticilli equisetoidei et distantes
vel contigui. Cellulae basales globosae,
cum 1 (-2) fasciculis. Ramuli primarii
arcuati, audouinelloidei, unilateraliter, alterne
vel opposite ramificantes, ex 7-15 cellulis
constantes ; cellulae fasciculorum cylindricae,
5-8.5um crassae, 16-48 ym longae; pili
nuli. Fila corticalia bene evoluta. Ramuli
secundarii rari vel sparsim evoluti.
Spermatangia globosa vel obovata, 6-9 ym
diametro, in ramulis primariis, rari in

ramulis secundariis, lateralia vel terminalia.
Ramuli carpogoniferi e cellulis basi
ramulorum primariorum orientes, ex cellulis
5-7 disci- vel doliiformibus constantes,
tortuosi; carpogonium 40-55pm longum,

basi 7-8 pm crassum, apice 10-13 pm
crassum; trichogyne  ellipsoidea vel
urniformis, distincte pedicellata. Bracteae

numerosae, breves, ex cellulis rotundatarum
constantes. Gonimoblastus singulus, indefini-
tiforme, verticilliis crassiorus, 300-800 ym
diametro, plus minusve diffusus ; fila gonimo-
blastorum ex cellulis cylindratis vel longis
constantes, laxa agglomerata. Carposporangia
globosa vel obovoidea, 15-24 pm crassa, 19-
30 ym longa.

Frond monoecious, ca. 6 cm high, 300-800
pm wide, abundantly and irregularly
branched, slightly mucilaginous, blackish
purple. Axial cells cylindrical, 30-80 ym
wide, 140-300 ym long. Whorls Equisetum-
like and separated or touching each other.
Basal cell globose, with 1 (-2) fascicles.
Primary branchlets curved, audouinelloid,
unilaterally, alternately or oppositely
branched, consisting of 7-15 cell-stories;
cells of fascicles cylindrical, 5-8.5 ym wide,
16-48 pm long; hairs lacking.  Cortical
filaments well-developed. Secondary branch-
lets rare, sparsely developed. Spermatangia
globose or obovoidal, 6-9 ym in diameter,
lateral or terminal on primary branchlets,
rarely on secondary branchlets. Carpogonium-
bearing branch arising from the basal cell
of primary branchlet, consisting of 5-7 disc-
or barrel-shaped cells, twisted; carpogonium
40-55 ym long, 7-8 pm wide at the base, 10-
13pym wide at the apex; trichogyne
ellipsoidal or urn-shaped, distinctly stalked.
Bracts numerous, short, consisting of rounded
cells. Gonimoblast single, indefinite-shaped,
wider than whorls, 300-800 ym in diameter,
more or less diffused ; gonimoblast filaments
with cylindrical and long cells, loosely
aggregated.  Carposporangia globose or
obovoidal, 15-24 ym wide, 19-30 ym long.

Holotype: O. NEcCHI Jr., SP-187177,
31/1 1984, Herbarium of Institute of Botany,
S3do Paulo, Brazil.
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Other specimens examined : C. PAPE, SP-
152530, 22/I1 1978; O. YaNo, SP-176239,
30/IX 1982; J.A. STEYERMARK & J.J.
WURDACK, BMP 419, 21/1 1955.

Type Locality : Reserva Florestal Adolfo
Ducke, Municipio of Manaus, Amazonas
State, Brazil.

Distribution: Type locality and Tirica
River, between “La Laja” and Base Camp,
Chimantd Massif, Bolivar State, Venezuela.

Habitat: Epilithic in a rivulet with limpid
and current water in shaded places.

Batrachospermum equisetifolium was des-
cribed from French Guiana by MONTAGNE
(1850), who supplied only a poor description
and no figures with detail of structures as
an aid to a precise identification. Although
B. equisetoideum resembles B. equisetifolium
in the Latin epithets and there is not
enough information to judge securely, the
former seems to be a different species from
the latter, judging from the original des-
cription in MONTAGNE (1850) and that in
SIRODOT (1884).

B. equisetoideum closely resembles B.
procarpum SKUJA in having a twisted
carpogonium-bearing branch, a large gonimo-
blast consisting of loosely aggregated fila-
ments and fascicles which are unilaterally,
alternately or oppositely branched and
containing spiral and ribbon-shaped chromato-
phores. However, this species differs from
B. procarpum in the shape and size of
carposporangia and gonimoblasts.  The
carposporangia for this species are globose
or obovoidal, 15-24 pm wide and 19-30 pm
long, while those for B. procarpum are
obovoidal or pear-shaped, 8.5-9.5 ym wide
and 10-13 pm long (Skuja 1931). The
gonimoblasts for this species are more or
less diffused and indefinite-shaped, 300-800
pm in diameter, while those for B. procarpum
are semiglobular and up to 300 gm in dia-
meter (SKUJA 1931).

2. Batrachospermum cipoense KUMANO et
NEccHI, sp. nov. (Figs 17-21, 22-31)

Frons monoica, ca. 5cm alta, 350-700 #m

crassa, abundanter irregulariteque ramosa,

parum mucosa, aeruginosa. Cellulae axiales
cylindricae, 25-90 ym crassae, 70-200 ym
longae. Verticilli distantes vel contigui et
cylindratii vel obconici. Cellulae basales
globosae, cum 1-2 fasciculis. Ramuli primarii
audouinelloidei, alterne vel unilaterliter
raminificantes, ex 9-19 cellulis proximalibus
et distalibus constantes; cellulae distales
fasciculorum doliiformes, 5.5-8 pm crassae,
12-16 pm longae ; cellulae proximales cylin-
dricae, 6.5-9 ym crassae, 20-28 ym longae;
pili numerosi, unus vel duo in quoque cellula
terminales. Fila corticalia bene evoluta.
Ramuli secundarii abundi, in parte vetustiore
frondis totum internodium obtegentes.
Spermatangia globosa vel obovata, 5-8 um
diametro, in ramulis primariis et secundariis
lateralia vel terminalia. Ramuli carpogoniferi
e cellulis basi ramulorum primariorum
orientes, ex cellulis 4-7 disci- vel dolii-
formibus constantes, tortuosi; carpogonium
33-48 #m longum, basi 5-10 ym crassum, apice
7-10 pm crassum ; trichogyne ellipsoidea vel
claviformis, plus minusve distincte pedicellata.
Bracteae numerosae, breves, ex cellulis
rotundatarum constantes.  Gonimoblastus
singulus, globosus vel semiglobosus, 400-900
pm crassus, 400-700 gm altus, verticilliis
crassiorus; fila gonimoblastorum longa, plus
minusve laxe agglomerata. Carposporangia
globosa vel obovoidea, 11-17 ym crassa, 13-
19 gm longa.

Frond monoecious, ca. 5cm high, 350-700
pm wide, abundantly and irregularly
branched, slightly mucilaginous, green with
a bluish tinge. Axial cells cylindrical, 25-
90 pm wide, 70-200 ym long.  Whorls
obconical or cylindrical, separated or touch-
ing each other. Basal cell globose, with 1-
2 fascicles. Primary branchlets audouinelloid,
curved, alternately or unilaterally branched,
consisting of 9-19 both distal and proximal
cell-stories ; distal cells of fascicles barrel-
shaped, 5.5-8 um wide, 12-16 ym long;
proximal cells cylindrical, 6.5-5pm wide,
20-28 ym long ; hairs abundant, 1-2 on each
terminal cell. Cortical filaments well-
developed. Secondary branchlets abundant,
covering all the internodes in older parts of
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frond. Spermatangia globose or obovoidal,
5-8 ym in diameter, lateral or terminal on
primary and secondary branchlets. Carpo-
gonium-bearing branch arising from the
basal cell of primary branchlets, consisting
of 4-7 disc- or barrel-shaped cells, twisted ;
carpogonium 33-48 ym long, 5-10 ym wide
at the base, 7-10 um wide at the apex;
trichogyne ellipsoidal or club-shaped, more
or less distinctly stalked. Bracts numerous,
short, consisting of rounded cells. Gonimo-
blast single, globular or semiglobular, wider
than whorls, 400-900 ym wide, 400-700 #m
high; gonimoblast filaments more or less
loosely aggregated. Carposporangia globose
or obovoidal, 11-17 gm wide, 13-19 p#m long.

Holotype: L. Sormus, SP-187192, 7/11
1976, Herbarium of Institute of Botany, Sdo
Paulo, Brazil.

Other specimens examined: I SaziMA
and M. Sazima, SP-187193, 7/IX 1974.

Type Locality: Cipé Mountains, Muni-
cipio of Santana do Riacho, Minas Gerais
State, Brazil.

Distribution: Known only from the type
locality.

Habitat : Epilithic in a mountain rivulet
with limpid and current water in shaded
places.

This species resembles B. procarpum and
B. equisetoidewm in general appearence.
However, this species differs from B.
procarpum in the shape and size of carpo-
sporangia and gonimoblasts; the carpo-
sporangia for B. cipoense are globose or
obovoidal, 11-17 um wide, 13-19 ygm long
and the gonimoblasts for B. cipoense are
globular or semiglobular, 400-900 ym wide,
while the carposporangia for B. procarpum
are obovoidal or pear-shaped, 8.5-9.5pum
wide, 10-13 um long and the gonimoblast
for B. procarpum are semiglobular and up
to 300.ym wide (SKUJA 1931). This species
differs from B. equisetoideurn in having
secondary branchlets more abundantly
developed, gonimoblasts more compactly
aggregated and in the size of carpospo-
rangia; the carposporangia for B. cipoense
are 13-19 ym long, while those for B. equi-

setoidewm are 19-30 gm long.
Discussion

Most taxa of the genus Batrachospermum
have the fascicles, which are di-, tri- or
tetrachotomously branched laterals of limited
growth, all of about the same length.
These laterals are composed of small el-
lipsoidal or moniliform cells. However, B.
equisetoidewm  presents some important
characteristics, which are whorls of audo-
uinelloid fascicles with alternate, opposite
or unilateral branches. B. equisetoidem is
compared with B. procarpum, which also has
the audouinelloid branches, but is different
from the latter in having the whorl of
audouinelliod fascicles with opposite branches
in addition to the alternate and unilateral
ones found in B. procarpum, and strongly
curved fascicles in contrast to the slightly
curved ones found in B. procarpum. The
cells of fascicles in B. equisetoidem are
perfectly cylindrical without swellings or
constrictions at the cross-walls as found in
B. procarpum. B. cipoense is different from
B. equisetoideum in having branches in the
distal ends of the fascicles, the secondary
branchlets more abundantly developed and
hairs. Although there are minor differences
among B. procarpum, B. equisetoideum and
B. cipoense, concerning vegetative character-
istic these three species are distinguished
from the other taxa of the genus Batracho-
spermum in having the audouinelloid fascicles.
In this respect, it is reasonable to consider
them as a definite group of species named
Batrachospermum procarpum complex, which
has a geographical distribution restricted to
the Americal Continent up to now. On the
other hand, in relation to the reproductive
characteristics, there are distinct differences
among these three species as shown in the
Table. However, these three species have the
twisted or coiled carpogonium-bearing branches
as found in taxa belonging to the section
Contorta. This section is very heterogenous
at the present, and consists of a miscellany
of species that has the just mentioned
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Figs 1-5. Batrachospermum equisetoideum Kumano et Neccui, sp. nov. 1. Holotype, leg. O.
Necchi Jr., SP-187177, 31/ 1984, several gonimoblasts are recognized (arrow); 2. A part of thallus
showing well-developed cortical filaments and many spermatangia terminal or lateral on primary
and rarely secondary branchlets; 3. A part of whorl showing primary branchlets, cortical filaments
and a carpogonium-bearing branch surrounded by rounded cells of bracts; 4. An indefinite-shaped
gonimoblast; 5. Carposporangia terminal on loosely aggregated gonimoblast filaments. (Scale bar;
100 p#m for Figs 2, 4 and 5; 50 #m for Fig 3).




186 KuMmano, S. and NeccHi, O.

Figs 6-16. Batrachospermum equisetoideum KuMANoO et NECCHI, sp. nov. 6. A part of
thallus showing axial cells, primary branchlet and a young carpogonium-bearing branch;
7. Proximal cells of primary branchlet containing spiral ribbon-shaped chromatophores;
8. Spermatangia terminal or lateral on primary branchlets; 9-11. Carpogonium-bearing
branches at very early stage in development; 12. An early stage in development of a
twisted carpogonium-bearing branch with a young carpogonium; 13. A carpogonium-bearing
branch with a mature carpogonium; 14. A fertilized carpogonium with a spermatium; 15.
Carposporangia terminal on gonimoblast filaments containing ribbon-shaped chromatophores;
16. A carpospore. (Scale bar; 100 ym for Fig. 6; 20 pm for Figs 7-16)
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Figs 17-21. Batrachospermum cipoense Kumaxo et Neccui, sp. nov. 17. Holotype. leg. L.
Sormus, SP-187192, 7/II 1976, several gonimoblasts are recognized (arrow); 18. A part of thallus
showing well-developed cortical filaments and spermatangia terminal or lateral on primary and
secondary branchlets (arrow); 19. A carpogonium with a trichogyne; 20. Semiglobular gonimo-
blast; 21. Carposporangia terminal on gonimoblast filaments. (Scale bar; 100 zm for Figs 18 and
20; 50 pm for Figs 19 and 21).
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Figs 22-33. Batrachospermum cipoense Kumano et NEccHi, sp. nov. 22. A part of
thallus showing axial cells, cortical filaments, primary and secondary branchlets and a young
carpogonium-bearing branch; 23. Proximal cells of primary branchlets containing parietal
chromatophores; 24. Spermatangia terminal or lateral on secondary branchlet; 25-27.
Carpogonium-bearing branches at very early stages in development; 28. An early stage in
development of a coiled carpogonium-bearing branch with a young carpogonium; 29-30.
Carpogonium-bearing branches with mature carpogonia; 31. A fertilized carpogonium
with a spermatium; 32. Gonimoblast filaments at an early stage of development; 33.
Carposporangia terminal on gonimoblast filaments. (Scale bar; 100 pm for Fig. 22; 20 um
for Figs 23-33)
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Gonimoblast Carposporangia
B. procarpum semiglobular obovoidal or pear-shaped

up to 300 pm in diameter 8.5-9.5 pm wide, 10-13 ym long
B. equisetoideum more or less diffuse obovoidal or globose

300-800 #m in diameter 15-24 pm wide, 19-30 #m long
B. cipoense globular or semiglobular obovoidal or globose

400-900 ym in diameter 11-17 pm wide, 13-19 ym long

characteristic in common. The other sections supported in part by a ‘FAPESP, Fundacdo
of the genus are generally identified mainly de Amparo a Pesquisa do Estado de S3o
by reproductive characteristics, such as size Paulo’ Grant nr 82/1071-9 given to the
and position of gonimoblasts, shape of junior author.

trichogyne, size of carpogonium-bearing
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present. The need for a more natural enumeratio universalis. Ann. Sci. Nat., Bot.
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NeccHi, O., Jr. and Kumano, S. 1984. Studies on
the freshwater Rhodophyta of Brazil I. Three

infrageneric arrangement is becoming greater
every time a new species is described.

Thus, a further rearrangement of the species taxa of Batrachospermum RoTH from the
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Seasonal variation of desmids at a small marsh

in Hiroshima, Japan*
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OuTtani, S. 1985. Seasonal variation of desmids at a small marsh in Hiroshima, Japan. Jap.
J. Phycol. 33: 190-198.

Seasonal changes in cell size and occurrence of desmids were studied from April 1984
to February 1985 in a small marsh in Hiroshima-ken, western Honshu, Japan. In this study,
23 species of desmids belonging to 10 genera were observed. Only Netrium digitus and
Euastrum montanum showed a tendency of periodicity of occurrence. In Netrium digitus,
the periodicity was considered to be a result of the formation of zygospores in the autumn
and their germination in the spring. In Netrium digitus, Closterium costatum, C. pseudo-
lunula and Hyalotheca dissiliens, cell width was considered to be the more reliable charac-
ter for classification than cell length. Concerning the seasonal variation in cell length, all
species except Closterium costatum showed rather large variations without any correlation
to the seasonal changes, while cell width was rather stable throughout the whole year in

all the species examined.

Key Index Words: Cell size; Chlorophyceae; desmids; seasonal variation.

The variation of vegetative cell characters
in desmids has been studied by many in-
vestigators. However, most of them have
dealt with the qualitative characters such as
those of spines, warts and radiations (RAY-
NOLDS 1940, ROSENBERG 1944, TEILING 1957,
Bicupo and CARVALHO 1969, GERRATH 1979,
SouTH 1984). Although the cell size is much
used as a taxonomic criterion, the variation
of cell size has been poorly studied in the
laboratory (ICHIMURA and WATANABE 1976,
WATANABE 1978) and still more poorly in
the field. DuUTHIE (1965b) and RUZICKA
(1971) showed that cell size of desmids was
influenced by temperature under culture con-
ditions. Therefore, it is expected that des-
mids may show periodical variation in cell
size according to the seasonal change in
temperature. In order to study this, perio-
dical observations of desmid populations at

* Contribution from Phytotaxonomical and Geo-
botanical Laboratory, Hiroshima University,
N. Ser. No. 300.

a fixed site in a marsh were carried out
from April 1984 to February 1985. The
marsh is at about 770m altitude and is
located in liyama, Saeki-cho, Saeki-gun, Hi-
roshima-ken, which is situated in the western
part of Honshu, Japan. This marsh has been
used as a paddy field but it has been left
without cultivation of the crop for about 20
years. The vegetation at present is mainly
composed of Scirpus wichrae, Carex dispalata,
Cirsium sieboldii, Eriocaulon iskokianum,
Thuidium glaucinum, etc. In August heights
of the vegetation attained up to about 1m,
but the sunlight reached the surface of the
water through the vegetation. During the
months of January and February in 1985
this marsh was covered with snow. To
show the climate of this region, monthly
mean atmospheric temperatures at Yoshiwa-
cho, which is located about 8 km northeast
of the studied site are shown in Table 1.
The present study deals mainly with vari-
ations of vegetative cell size in natural popu-
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Table 1. Seasonal changes of atmospheric temperature at Yoshiwa-cho, which is located

about Skm northeast of the studied site.

Jan. Feb. Mar. Apr. May

June July Aug. Sep. Oct. Nov. Dec.

Mean temp. -0.5" 0.2

Maximum temp. 3.8 4.9 9.6 16.4 20.9

Minimum temp. -4.8 -4.4 -1.7 3.5

4.0 10.0 14.5

18.3 23.1 23.5 19.2 12.8 7.4 2.5
23.7 27.8 28.8 24.6 19.1 13.4 7.4
12.9 18.3 18.2 13.8 6.5 1.3 -2.6

1 Degrees Celsius (°C); all data are mean values during the past 20 years.

lations of several desmids along with their
seasonal fluctuation in abundance, but also
with the occurrence of zygospores in the
field.

Materials and Methods

Samples (ca. 20 ml) were collected by glass
pipette once a month from a definite spot of
about 100cm?® in the marsh. At the time
of collection, pH and water temperature were
measured by a pocket pH meter (Model PH51,
Yokogawa Electric Works) and the data are
shown in Table 2. Cells were taken out
from each sample to study the morphology
of chloroplasts and pyrenoids in living con-
dition. After this, the rest of the samples
were preserved in 5 percent formalin and
used for the measurement of cell size. For
each measurement, 25 cells per species, ex-

Table 2. Water temperature and pH of the
samples studied.

i 1
e e e eter!
$0-934 27 iv ’84 12:30 23.8 5.5
$0-944 1 vi 10:10 20.5 5.7
50-949 5 vii 19:40 23.2 5.6
$0-951 5 viii 12:30 32.3 5.6
50-956 5 ix 11:20 19.9 5.8
$0-962 6 x 13:00 15.3 5.4
$0-969 4 xi 11:00 3.9 5.8
$0-9742 4 xii 13:00 2.5 5.9
s0-9802 11 i 85  12:00 1.7 5.2
$0-983 7 ii 13:30 3.0 -

1 Degrees Celsius (°C). 2 Marsh was covered
with snow, and samples were collected from
another site near the study point.

cept for some cases when fewer cells were
available, were observed under the light
microscope using the micrometer. All the
samples studied were deposited in the Her-
barium of Hiroshima University (HIRO).

The experiment of zygospore germination
of Netrium digitus was carried out at about
20°C. Light was provided by cool white
fluorescent tubes on a cycle of 12hr light
and 12hr dark. Light intensity was about
2500 lux. Samples containing zygospores
were kept in a refrigerator until the time
of use. When the sample was set on this
condition, a great number of zygospores
germinated within a few days.

Results

1) Seasonal changes in desmid population

During the present study 23 species of
desmids belonging to 10 genera were found
and their monthly occurrences are shown in
Table 3. Associated algae with these des-
mids were mainly diatoms, blue-green algae
and other groups of green algae. Some
species of diatoms were abundant during the
winter, and Eremosphaera viridis (Chlorel-
lales) was always dominant throughout the
period of this study.

Among the desmids found in this marsh,
Micrasterias denticulata var. angulosa (Fig.
1j) was always dominant throughout the year.
Even during the winter, many vegetative
cells of this species were observed, but no
zygospores were found. Netrium digitus
(Fig. la), however, showed a marked con-
trast: to this. The vegetative cells were
abundant from April to October, but sudden-
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Table 3. Occurrence of desmids from April 1984 to February 1985.

Species Apr. June July Aug. Sep. Oct. Nov. Dec. Jan. Feb.
Spirotaenia condensata rr Ir — — 1T Ir rr r rrIr

S. obscura rr rr — — rr Ir rrIr r rr

Cylindrocystis brebissonii —_ - = = = = rr _- = =
Netrium digitus c [ c cc cct !t ' ot !
Closterium closterioides var. intermedium rr T ¢ + r r — rr - T
C. costatum : r r + + c r + + + +
C. dianae var. minus B &
C. intermedium - - - - T - - - = =
C. (cf.) kuetzingii e — — Ir rr rr T rr - - =
C. lunula i r T r rIr rrIr r rr — r

C. moniliferum - — o = = = = — = =
C. pseudolunula r + + + + + r =+ r r
C. striolatum - - —- - rITr - I — rr —
Tetmemorus granulatus f. minor - — — fIr — rr rr I — —
Euastrum luetkemuelleri var. carniolicum - — — rr rr IT — — - -
E. montanum cc cc + + + + rr Ir T r

E. oblongum ’ r o= = = = = = = = —
Micrasterias denticulata var. denticulata + + r r r r r r r rr
M. denticulata var. angulosa c c c c c c c c c c

Actinotaenium cucurbita S =
Cosmarium quadratum . . rr rr I — — — — — — Ir
C. westii rr rr rr — 1r — — — — I
Hyalotheca dissiliens cc ¢ 42 r? r + + + c +

cc: Very abundant;
observed.

¢: Abundant;
2 Parthenospores were observed.

ly decreased their numbers after October,
when zygospores (Fig. 1b) of this species
were first observed. Although a small
number of living vegetative cells were
seen with zygospores from November to
January, no living vegetative cells were ob-
served in February. Zygospore germination
was observed in the sample collected in April
1984. Euastrum montanum (Fig. 1h) also
showed a marked fluctuation in vegetative
cell number. It was abundant from April
to June, and commonly seen from July to
October, but rarely from November to
January and very rarely in:February. No
zygospores were observed - throughout the
year. Closterium pseudolunula (Fig. le), C.
costatum (Fig. 1f), C. closterioides var. in-

+ : Common;

r: Rare; rr: Very rare. ! Zygospores were

termedium (Fig. 1g), Micrasterias denticulata
var. denticulata (Fig. 1i) and Hyalotheca
dissiliens (Fig. 1c) were observed throughout
the period studied. In these four species,
however, neither seasonal fluctuation in
vegetative cell number nor zygospore forma-
tion were detected. But from June to
August only parthenospores of Hyaloteca
dissiliens (Fig. 1d) were observed. The
remaining species were rare or occurred
sporadically, and no zygospores were ob-
served.

2) Variation of cell size

As to the most frequently appearing six
species, Netrium digitus, Closterium costatum,
C. pseudolunula, Micrasterias denticulata var.
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B _50um !
c . 100um ;

Fig. 1. Representative species of the desmids studied. a. Netrium digitus (RALFs) ITzics &
RoTHE. b. Zygospore of N. digitus. c. Hyalotheca dissiliens RaLrs. d. Parthenospore of H,
dissiliens. e. Closterium pseudolunula BorGge. f. C. costatum RaLFs. g. C. closterioides (RALFS)
Louis & PEeTERs var. intermedium (Roy & Biss.) Rozicka. h. Euastrum montanum WEesT &
WEST. i. Micrasterias denticulata RaLFs var. denticulata. j. M. denticulata var. angulosa (HAN-
TzscH) WEST & WEsT. Scale: A for h, B for ¢, d, g and C for others.



Table 4. Seasonal variation of coefficient of variability of cell size in six species of desmids from Hiroshima.

Netrium digitus Closterium Closterium Hyalotheca Micrasterias denticulata Micrasterias denticulata
Month costatum pseudolunula dissiliens var. denticulata var. angulosa

¥61

Length! Width® Length Width Length Width Length Width Length Width Isthmus' Length Width Isthmus

Apr. 13.4 9.2 11.6 2.6 7.4 2.0 . 8.6 4.2 5.8 3.1 3.3 2.6 3.1 5.0
June 9.8 6.1 8.2 2.6 6.9 2.5 10.0 4.5 4.4 3.6 5.2 4.0 3.6 3.8
July 9.6 2.5 10.6 2.4 6.5 1.8 9.4 3.4 2.9¢ 3.8 5.2 3.1 3.6 2.8
Aug. 8.4 1.9 11.4 2.9 7.0 1.8 7.5 3.8 3.1 2.7 3.7 4.2 3.4 3.3
Sep. 6.7 2.4 11.3 2.9 7.1 1.8 9.3 3.8 3.3 3.4 2.7 3.6 3.6 3.9
Oct. 6.1 1.7 9.1 2.4 8.0 1.6 7.3 3.7 3.2 3.9 3.0 4.5 4.3 2.9
Nov. 8.12 3.1 10.0 2.6 7.3% 2.0 8.5 3.4 2.57 3.8 3.9 3.6 4.0 4.2
Dec. — - 13.3 2.6 6.8 1.8 6.5 3.8 2.7 2.8 2.7 3.9 3.2 4.0
Jan. — — 13.7 1.9 5. 0¢ 2.2 11.1 4.1 3.28 1.9 1.8 4.1 4.1 3.0
Feb. — — 11.6 2.6 6. 8° 2.2 8.1 3.8 — — — 4.5 3.7 3.4

! Coefficient of variability (%).
27 Cell number measured. 2 N=15. 3 N=19. ¢ N=15. 5 N=16. ¢ N=13. 7 N=14. 8 N=7. Others N=25.

°S ‘INVILHQ |
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denticulata, its var. angulosa and Hyalotheca
dissiliens, variations in vegetative cell size
were statistically analyzed.

a) Variation of cell size in each sample

In Netrium digitus, Closterium costatum,
C. pseudolunula and Hyalotheca dissiliens,
CV (Coefficient of variability : standard de-
viation/mean) of cell width varied in a
smaller range than that of cell length (Table
4). For example, in Closterium costatum, CV
of cell width ranged from 1.9 to 2.9, while
that of cell length was from 8.2 to 13.7.
Thus, the cell width is rather stable and
can be considered to be a more reliable
taxonomic character than the cell length.
Nevertheless in Micrasterias denticulata var.

e
il

Fig. 2. Germination vesicles and developing
cells of Netrium digitis in a sample s0-934
(April). a,b. Two gones within a vesicle. c-
f. Young developing cells of various sizes. g.
Fully grown vegetative cell.

denticulata CV of cell width, that of cell
length and that of width of isthmus were
in the range from 1.9 to 3.9, from 2.5 to 5.8
and from 1.8 to 5.2, respectively. Therefore,
these three characters seem to vary about
equally in this desmid. The same is true
for M. denticulata var. angulosa.

b) Seasonal variation of cell size

In Netrium digitus, CV of cell length in
April and CV of cell width in April and
June were considerably larger than those of
other months. These higher values resulted
from the presence of many small cells in the
samples collected in these months. These
small cells are considered to be juvenile cells
appeared from germination zygospores, be-
cause all the developmental stages from
small young to fully developed cell were
observed with several germination vesicles
in these samples (Fig. 2). It is clear from
Fig. 3 that cell size variation in July, when
no zygospore germination was observed, is
restricted to the normal moderate range,
while that in April is more widely scattered,
especially toward smaller cell size. Mean
values of cell size of both months were
somewhat smaller than those of other months

(Fig. 4a). In Closterium costatum (Fig. 4c),
® April
o July °
300f % ©
o6e® 88
— o8 g°
£ 0 .0 *e%
5 0882° o
5 L) .O.. 88 °
=] 03009 o
5 ® o ooo
- *8 o ,
° °
© 200} . L4
L)
. ° o
.
L o®
" 1 1 1 .
o 60 70 80 90

Cell width (pm)

Fig. 3. Cell size variation of Netrium digitus
in April (@) and July (O).
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Fig. 4. Seasonal variation of cell size in six species of desmids.
d. C. pseudolunula.
®: Cell length;

theca dissiliens.
denticulata.
isthmus.

c. Closterium costatum.
f. M. denticulata var. angulosa.

a marked seasonal fluctuation in the cell
length was observed. The cell length was
significantly diminished from April to August,
and increased again from August to Feb-
ruary. In contrast, the cell width was con-
siderably stable throughout the year. In
Micrasterias denticulata var. denticulata (Fig.
4e) and its var. angulosa (Fig. 4f), however,
both the cell width and length considerably
varied throughout the year and no
meaningful change was detected, while the
width of isthmus was considerably stable

b H. dissiliens
= 30k _ o a0
£ 30| —o- §,
£ £
;?.’. 20r W 120 ;
3 3
Q
L 410
12 L =
oLt 1 1 1 i 1 1 1 i 1. JO0
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Date
a. Netrium digitus. b. Hyalo-

e. Micrasterias denticulata var.
O: Cell width; a: Width of

throughout the year. In Closterium pseudo-
lunula (Fig. 4d) and Hyalotheca dissiliens
(Fig. 4b), the cell length varied to a large ex-
tent without any correlation with the seasons,
but cell width was always rather stable.

Discussion

WEST and WEST (1912) showed the clear
seasonal fluctuation in planktonic desmids such
as Staurastrum jaculiferum and S. lunatum
var. planctonicum. These species were abun-
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dant during the summer and the autumn,
but diminished in numbers during the winter
months, while some other desmids were not
rare or rather abundant during winter
months (WEST and WEST 1912, DUTHIE
1965a). In the present study, Netrium
digitus and Euastrum montanum showed the
seasonal fluctuation, while Micrasterias den-
ticulata var. angulosa did not show such a
tendency, abounding throughout the year.
It is probable that, in Netrium digitus,
the marked changes in vegetative cell num-
ber are caused by the formation of zygo-
spores in the autumn and their germination
in the spring. The zygospores of N. digitus
seem to be resistant to the winter coldness.
COESEL (1974) reported that a shallow water
habitat appeared to be favorable for the
formation of zygospores in certain species
of desmids and considered that the forma-
tion of zygospores could be explained as a
means of survival when desiccation threa-
tens. In the present study, the zygospores
of N. digitus were also collected from shal-
low water. But the sampling site was never
completely dried up throughout the period
of study and the water containing fresh
zygospores was very gelatinous. My col-
league, Dr. T. BANDO, and I have collected
zygospores of N. digitus at several sites in-
cluding the one reported in this paper during
the autumn months (Oct. 30, 1977, Oct. 18,
1982, Nov. 19, 1983, Oct. 6 and 22, 1984) in
the same marsh. I could observe the process
of zygospore formation in two samples col-
lected on Oct. 18, 1982 and Oct. 22, 1984.
Moreover, GRONBLAD (1957) reported zygo-
spores on Sep. 20, 1936 in SW Finlnad and
BANDO (1981) on Oct. 12-15, 1979 at Kiri-
gamine highland in Japan. On the basis of
these results, the formation of zygospores
in N. digitus seems to occur frequently in
the autumn. [ consider that the sexual
reproduction of N. digitus is induced not
only by desiccation but also by other factors
appearing during the autumn months. Ger-
mination of zygospores was not observed
from November to February, but was ob-
served in April 1984 in the field. In the

laboratory, however, zygospores could ger-
minate at room temperature (ca 20°C) even
in January. On the basis of these results of
observations in nature and the experiment
in the laboratory, I consider the zygospore
of N. digitus to be a resistant form against
low temperature.

Investigating the size variation of some
desmids under different temperature condi-
tions in the laboratory, RUZICKA (1971)
reported that most species showed a ten-
dency to be smaller in cell size in high tem-
perature (30°C) than in low temperature
(10°C). DuTHIE (1965b) also showed similar
results on some desmids in two sets of tem-
perature conditions of 4°C and 20°C. Al-
though it was expected that the desmids
might show clear seasonal change in cell
size, most of the desmids studied did not
show such changes, their cell sizes being con-
stant throughout the whole year. RUZICKA
(1971) showed that the light intensity also
controlled the cell size in desmids. In the
field, the combination of temperature, light
intensity and other factors probably controls
sizes of the desmids. Further studies at
different places and on other species will
contribute to understanding the problem of
the stability of mnatural populations of
desmids.
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Ultrastructural studies on nuclear division in the sporophyte
of Carpomitra cabrerae (CLEMENTE) KUTZING
(Phaeophyta, Sporochnales)
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MoTtoMuRA, T. and Sakal, Y. 1985. Ultrastructural studies on nuclear division in the
sporophyte of Carpomitra cabrerae (CLEMENTE) KiTzING (Phaeophyta, Sporochnales), Jap.
J. Phycol. 33: 199-209.

Nuclear division in cells of trichothallic hairs of Carpomitra cabrerae was studied with
the electron microscope. A pair of centrioles was observed near the interphase nucleus.
In early prophase, each pair of centrioles was derived from the duplication of the original,
which had migrated to the poles, and the nucleus was depressed at both poles. Many
microtubules radiated from electron dense material around the centrioles into the depression
of the nuclear envelope. Chromatin condensed gradually and a nucleolus disappeared. In
metaphase, chromosomes were arranged at the nuclear equator, and many spindle fibers
were observed in the nucleoplasm, but kinetochores were not seen. The nuclear envelope
was almost intact except for both polar fenestrate regions. In anaphase, separation of
chromosomes was accompanied by increased distance between the poles, and disintegration
of the nuclear envelope. In early telophase, the new nuclear envelope was formed around
daughter nuclei in which the spindle fibers still remained. Large vacuoles were observed
between daughter nuclei, and they were compressed by an increment in volume of daughter
nuclei which was caused by the dispersal of chromatin and the regeneration of the nucleolus.

Key Index Words: Carpomitra cabrerae; nuclear division; Phaeophyta; tricho-

thallic hairs; ultrastructure.

Ultrastructural investigations of algal mi-
tosis have been reported recently. Some of
these have suggested a phylogenetic scheme
in the Chlorophyta. In the Phaeophyta,
these works have been carried out in the
Ectocarpales ; Pylaiella littoralis plurilocular
sporangia (MARKEY and WILCE 1975), Spha-
celariales ; Sphacelaria tribuloides apical cell
(KATSAROS et al. 1983), Dictyotales ; Zonaria
farlowii, Dictyopteris zonarioides, Padina
pavonia, Dictyota dichotoma apical cells
(NEUusHUL and DAHL 1972), Cutleriales;
Cutleria hancockii male gametangium (LA
CLAIRE and WEST 1979), C. cylindrica tricho-
thallic meristem (LA CLAIRE 1982), Fucales;
Fucus vesiculosus antheridium (LEEDALE 1970),
F. vesiculosus embryo (BRAWLEY et al. 1977),

F. serratus antheridium (BERKALOFF and
Rousseau 1979), and Hormosira banksii
embryo (FORBES and HALLUM 1979). Many
of these observations were limited to one or
a few stages of mitosis, usually metaphase.
Detailed ultrastructural investigations on the
whole process of mitosis is anticipated for
the Phaeophyta.

More recently, LA CLAIRE (1982) and
KATSAROS et al. (1983) investigated nuclear
division in detail in the active dividing
region of the trichothallic meristem of the
Cutleria cylindrica gametophyte and the
apical cell of Sphacelaria tribuloides.

The assimilatory hairs of the Carpomitra
cabrerae spdroph'yte grow from a trichothallic
meristem (SAUVAGEAU 1926). As the case
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of C. c¢ylindrica, it provides a good system
for investigation of nuclear division, because
1) active cell divisions occur in one region
(trichothallic growth), 2) the axis of nuclear
division is one direction (haplostichy), and
3) the thallus grows actively in culture. In
the present study, the process of nuclear
division of the Carpomitra cabrerae sporo-
phyte is reported in detail from electron
microscope observations.

Materials and Methods

The strain used for the present obser-
vations was the same as the material used
previously for the study of the life history
of Carpomitra cabrerae (MOTOMURA et al.
1985). The medium used was PESI medium
(TATEWAKI 1966). Vegetative gametophytes
were maintained at 18°C, and illuminated
with cool white fluorescent lamps (40-80
pmol m™*s7!), 14: 10 LD cycles. These were
transferred to 14°C, 10: 14 LD under the
same light conditions for the induction of
maturation of gametophytes. After one
month, monoecious gametophytes had ma-
tured and formed oogonia and antheridia.

Fertilized eggs developed into sporophytes.
Juvenile sporophytes were transferred again
to a 18°C, 14: 10 LD incubator for conduct-
ing active growth. Afterwards, the sporo-
phytes reached 1-2cm in height, and the
apical regions, including trichothallic hairs
were used for examining nuclear division.

Methods of fixation, dehydration and em-
bedding were identical with those previously
described for Laminaria angustata gameto-
genesis (MOTOMURA and SAKAI 1984). Thin
sections were prepared on a Poter-Blum
MT-1 ultramicrotome using glass and dia-
mond knives, and they were double stained
with uranyl acetate and REYNOLD’S lead
citrate (REYNOLDS 1963), and observed with
a Hitachi H-300 electron microscope. Serial
sections were placed on formvar-coated slit
grids.

Results

An interphase nucleus of cells of tricho-
thallic hairs (Figs 1, 2) usually had one nu-
cleolus and took spherical or ovoid form
(Fig. 3). The nuclear envelope was intact
and several Golgi bodies were present at the

Note: Legend abbreviations: C=centriole, CH=chromosome, Ch=chloroplast,
ER=endoplasmic reticulum, G=Golgi body,

Nu=nucleolus, V=vacuole.

Fig. 1. Apical region of Carpomitra cabrerae.

AR

CW=cell wall,

M=mitochondrion, Mb=microbody, N=nucleus,

Note many trichothallic hairs.

Fig. 2. Longitudinal section through the apex stained with 1% toluidine blue-O in 1% borax.
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Fig. 3. Interphase nucleus with a nucleolus. A pair of centrioles exists. Arrow indicates the
connecting structure between two centrioles.

Figs 4-9. Serial sections of a pair of centrioles (Cl and C2) in interphase. Note that many
microtubules radiate from electron dense material around the centrioles. Small vesicles (arrow)
exist around the centrioles. Double arrow in Fig. 5 indicates the connecting structure between two
centrioles.
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Fig. 10. Early prophase nucleus with a nucleolus. Each pair of centrioles migrates toward the
both poles and the nucleus depresses at these regions.

Fig. 11. Polar depression of nucleus at the poles in prophase. Many microtubules radiate from
the centriole to the nuclear depression. Electron opaque layer (double arrow) exists along the
nuclear depression. Note several small vesicles (arrow) and many ribosomes in the nuclear depres-
sion.

Fig. 12. Another polar depression in prophase. Note electron opaque layer (double arrow) along
the nuclear depression and several small vesicles (arrow).

Fig. 13. Late prophase nucleus. A nucleolus disappears and the chromatin condenses gradually.
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perinuclear region. Examination of many
thin sections of the interphase cells revealed
that a pair of centrioles was situated at the
side of the nuclear envelope perpendicular
to the axis of nuclear division. Serial sec-
tions (Figs 4-9) showed that two centrioles
were arranged at right angles to each other.
Amorphous electron dense material existed
either in spots or uniformly in some places
around the centrioles. At the basal part of
the centrioles, this amorphous material was
thick. Occasionally, a structure which ap-
peared to connect two centrioles was detected
(Figs 3, 5). Many microtubules which
radiated from the amorphous material were
found in the cytoplasm, but not in the nu-
cleoplasm. Small vesicles were present
around the centrioles (Figs 4-9).

The first indication of early prophase must
be the duplication of centrioles and their
migration to the opposite poles. Although
many sections were examined, these proc-
esses could not be followed in detail, there-
fore both processes must occur rapidly. Fig.
10 shows the early prophase nucleus. The
nucleus was depressed at both poles, but the
nuclear envelope was not ruptured. The
nucleolus still existed. In the polar depres-
sion, many microtubules were found (Figs
11, 12). A layer of electron opaque material
was present along the perinuclear region in
the depression (Figs 11, 12), and microtubules
terminated in this layer. The nuclear de-
pression may be formed by the growth of
microtubules. Several vesicles could be ob-
served on the inside of the nuclear depres-
sion, and aggregation of ribosomes existed
locally in the bottom of the depression (Figs
10, 11). In later prophase, a nucleolus dis-
persed and the chromatin began to condense.
Polar fenestrae (the gap of the nuclear en-
velope at poles) developed, and microtubules
began to enter into the nucleoplasm through
the polar fenestrae (Fig. 13).

During metaphase, the nucleus turned into
a spindle-shape, and chromosomes were
arranged at the equator of the nucleus (Fig.
14). Polar fenestrae developed well. Many
spindle fibers were observed in the nucleo-

plasm, but not in the cytoplasm. There was
not apparent structure of kinetochores. The
nuclear envelope, except for both polar
fenestrate regions, was almost intact. In
this period, several vesicles appeared in the
nucleoplasm. Pole-to-pole distance was ca.
5um, and this value was the same as in a
prophase nucleus.

At anaphase, daughter chromosomes sep-
arated toward the opposite poles. Fig. 15
shows the stage in which daughter chromo-
somes had almost migrated to the poles.
The nuclear envelope was considerably
broken, but remained at the vicinity of the
chromosomes. Interzonal spindle fibers de-
veloped between the groups of daughter
chromosomes. Pole-to-pole distance was ca.
7 pm, which was longer than those in pro-
phase and metaphase nuclei. In later ana-
phase, the daughter chromosomes appeared
to disperse a little and interzonal spindle
fibers between the daughter chromosomes
were hardly noticeable (Fig. 16). Golgi
bodies had already moved toward the poles,
and ER developed well along the axis of
nuclear division. The nuclear envelope was
gradually reformed, and ER was present
nearby (Fig. 17).

In early telophase, the nuclear envelope
was completely reformed around the group
of daughter chromosomes and a pair of
centrioles existed in the depression of the
nuclear envelope (Figs 18, 19). Microtubules
radiated from the electron dense material
around centrioles to the cytoplasm. The
daughter chromosomes dispersed gradually,
and several spindle fibers were detected in
daughter nuclei (Fig. 19). Large vacuoles
appeared between two daughter nuclei (Fig.
18). Afterwards, the volume of the nucleus
increased concomitantly with the dispersion
of chromatin and with regeneration of the
nucleolus (Fig. 20). Subsequently, the two
daughter nuclei approached closely to each
other. In early telophase, pole-to-pole dis-
tance was ca. 7 pm, which was the same as
in the anaphase nucleus, but it gradually
increased during cytokinesis.
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The nuclear envelope

.

Chromosomes arrange at the nuclear equator.
Many spindle fibers are noticeable from the electron
Note several

Fig. 14. Metaphase nucleus.
seems intact except for the polar fenestrae.
dense material around the centriole to chromosomes, but kinetochores are not detected.

small vesicles (arrow) in the nucleoplasm.
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Fig. 15. Late anaphase nucleus. The mass of chromatin migrates almost to both poles. Nuclear
envelope breaks down considerably. Note spindle fibers (double arrow) and small vesicles between
the separated chromatin.

Fig. 16. More advanced late anaphase. ER developed well, and Golgi bodies migrate to the poles.

Fig. 17. Highly magnified figure of the upper nucleus in Fig. 16. Note spindle fibers in the
nucleus (arrow).



206 Moromura, T. and Sakar, Y.

Fig. 18. Early telophase. Nuclear envelope is restored completely and condensed chromatin dis-
perses gradually. Note large vacuole between daughter nuclei.

Fig. 19. Highly magnified figure of the upper nucleus in Fig. 18. A pair of centrioles exists at
nuclear depression and several spindle fibers (arrow) are noticeable in the nucleus.

Fig. 20. Late telophase. The nucleolus regenerates in each daughter nucleus and the volume of
nuclei increases with the dispersal of chromatin.
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Discussion

There has been discussion as to whether
a pair of centrioles existed throughout the
whole cell cycle or whether they are formed
de novo during mitosis in brown algae. Ac-
cording to recent studies using the electron
microscope, it is evident that one pair of
centrioles exists in interphase cells (LA
CLAIRE 1982, KATSAROS et al. 1983). In
Carpomitra cabrerae, a pair of centrioles is
found easily in the interphase nucleus. The
first indication of nuclear division is the du-
plication of centrioles and their migration to
both poles. However, in the present study,
the processes of duplication and migration of
centrioles were not observed, in spite of
observations on many sections. As suggested
by LA CLAIRE (1982), these processes may
be very rapid.

Polar depression of the prophase nucleus
and a layer of electron opaque material
along the depression have been observed in
other species of Phaeophyta, Pylaiella lit-
toralis (MARKEY and WILCE 1975) and Cut-
leria cylindrica (LA CLAIRE 1982). As
compared with interphase, the number of
microtubules increased in prophase. They
radiated from the amorphous electron dense
material around the centrioles to the layer
of electron opaque material along the depres-
sion. The structures taking part in micro-
tubule formation are reported as microtubule-
organizing centers (MTOC) (PICKETT-HEAPS
1969, 1975), polar rings (MCDONALD 1972,
SCcOTT et al. 1980), and rhizoplast in Ochro-
monas (SLANKIS and GIBBS 1972, Bouck and
BrOWN 1973) and Tetraselmis (= Platymonas)
(STEWART et al. 1974). In several species
of the Dictyotales (Phaeophyta), NEUSHUL and
DAHL (1972) called the dark staining material
around the centrioles the MTOC. Similar
electron dense material is also observed in
Pylaiella MARKEY and WILCE 1975), Cutleria
(LA CLAIRE 1982), Sphacelaria (KATSAROS
et al. 1983), and Carpomitra. In these algae,
microtubules radiated from this material,
suggesting that it functions as the MTOC.

In the present observation, many ribosomes
and several small vesicles are characteristi-
cally distributed in the polar depression of
the prophase nucleus, although their function
is not clear. With deepening of the polar
depression, the number of microtubules
which radiate from the electron dense ma-
terial around the centrioles into the depres-
sion increases. As mentioned by LA CLAIRE
(1982), it is possible that these microtubules
affect the formation of the nuclear depres-
sion and the creation of the polar gap, and
eventually function as the spindle fibers.

In Phaeophyta, two different types of
nuclear envelope, especially in metaphase
nuclei, have been reported. The first is the
intact type of nuclear envelope with the polar
gaps, and the other is the disperse type of
nuclear envelope. The former type has been
observed in Pylaiella littoralis plurilocular
gametangium (MARKEY and WILCE 1975),
Sphacelaria tribuloides apical cell (KATSAROS
et al. 1983), Zonaria farlowii, Dictyopteris
zonarioides, Padina pavonia, Dictyota dicho-
toma apical cells (NEUSHUL and DAHL 1972),
Cutleria cylindrica trichothallic meristem
(LA CLAIRE 1982), Laminaria angustata male
gametophyte (MOTOMURA and SAKAI 1984),
Fucus antheridium (LEEDALE 1970, BERKA-
LOFF and RoOUSSEAU 1979), and Hormosira
banksii embryo (FORBES and HALLAM 1979).
The latter type has been observed in Cut-
leria hancockii male gametangium (LA CLAIRE
and WEST 1979) and Fucus vesiculosus em-
bryo (BRAWLEY et al. 1977). In the present
study, Carpomitra cabrerae shows the intact
type of nuclear envelope in the metaphase
nuclei but this disintegrates in anaphase.
The behavior of the nuclear envleope in
mitosis is one of the important aspects for
considering phylogenetic relationships in
Chlorophyta. In the case of Fucus, Cutleria
and Chara (PICKETT-HEAPS 1967, 1968),
however, the behavior of nuclear division
may differ in different tissues, generations
and developmental stages. ALDRICH (1969)
suggested that there were two different
types of nuclear division in the life cycle
of Physarum, a genus of Myxomycetes.
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However, as mentioned by LA CLAIRE (1982),
in the present situation, any statements on
the phylogenetic implications can not be
made for Phaeophyta.

KATSAROS et al. (1983) are the only work-
ers to report kinetochores in Phaeophyta
(Sphacelaria apical cells), but other investi-
gators have not confirmed it. In the present
experiment, kinetochores could not be de-
tected, but many spindle fibers existed near
the chromosomes and some of them passed
through the chromosomes.

In the ultrastructural investigations of
mitosis of Phaeophyta, the stages of ana-
phase and early telophase have rarely been
observed, because the periods of these stages
progresses rapidly. MARKEY and WILCE
(1975) reported that microtubles were not
seen in the spindle region between the
separated daughter chromosomes in Pylaiella.
In the present study, however, the interzonal
spindle fibers situated between the groups
of daughter chromosomes could be detected
as with the case of Cutleria (LA CLAIRE
1982). In early telophase, when the nuclear
envelope was completely regenerated, they
could not be detected. In these stages, ER
developed gradually. As shown in Figs'17,
19, ER existed near the new nuclear en-
velope, therefore it seems to the present
writers that involvement of the ER is im-
plicated in the regeneration of the nuclear
enveloge.
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Toriumi, S. and T. NEmoTo, 1985. Morphological observations of Mesoporos perforatus
(Dinophyceae). Jap. J. Phycol. 33: 210-214.

Mesoporos perforatus (GRAN) LiLLick collected from Saroma Lake in Hokkaido was
examined with light and scanning electron microscope (SEM). The surface of the valves
is covered with minute spines similar to those of Prorocentrum minimum and P. balticum.
The margin of each valve is ornamented with one row of trichocyst pores. A few trichocyst
pores are located in the middle parts of the valves. The central pore of the valves is
funnel-shaped. The tip of its pore extending toward the inner part of the valve is closed.

The taxonomical relationship of the present species with other species of the genus
Mesoporos is discussed. This is the first report for the occurrence of the genus Mesoporos

in Japan.

Key Index Words: Dinophyceae; Mesoporos perforatus; Morphology; SEM; Tax-

onomy.

Mesoporos perforatus was originally de-
scribed by GRAN (1915) from the North Sea.
At that time, this species was considered to
be one species of the genus Exuviaella of
the family Prorocentraceae and was desig-
nated as E. perforata.

In 1918, ScHILLER described a new
species of Exuviaella bisimpressa from
the Adrea Sea. LEBOUR (1922) also reported
E. perforata from the English Channel. She
observed the flagellar pores on the species
which had not been noticed until then.

In 1928, SCHILLER established a new genus
Porella for the species which have a
central pore in the central part of each valve
among the species of Exuviaella. Then he
added two new species of Porella, P. adria-

* This report was presented at the 6th annual
meeting of the Japanese Society of Phycology
in Tokyo in 1982 and was supported in part by
a Cooperative Program (no. 80180) of the Ocean
Reseach Institute, University of Tokyo.

tica and P. globulus.

SCHILLER (1933) reported a new species
under the name of Porella asymmetrica. This
new species had been reported to be P.
perforata in 1928 by himself. The species
separated from P. perforata for no other
reason than that there are the differences in
size and form between P. perforata and the
new species. The generic name Porella,
however, had already been used for lichens
in the plant kingdom. Therefore, LILLICK
(1937) made a new genus Mesoporos instead
of the genus Porella according to the Interna-
tional Code of Botanical Nomenclature and
four species which had been known as Porella
were transferred to the new genus.

In 1945, BRAARUD cultivated P. perforatus
in Allen medium and observed the variation
of the form. SILVA (1953, 1960) reported M.
adriaticus and M. globulus from the coastal
waters of Portugal. Woop (1958) reported
M. perforatus from Australian waters.
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In 1966, SUBRAHMANYAN established a new
species M. parthasarathicus from the Indian
Ocean. Lately, RAMPI and BERNHARD (1980)
reported five species, M. adriaticus, M. asym-
metricus, M. bisimpressus, M. globulus and M.
perforatus from the Mediterranean Sea.

Thus, six species of the genus Mesoporos
are found in six areas, the Atlantic Ocean,
Mediterranean Sea, Indian Ocean, Australian
region, North Sea and Norwegian Sea.
However, the species of the genus Mesoporos
have not been reported from Japanese
coastal waters.

Materials and Methods

The materials were collected by a plank-
ton net from Saroma Lake, Hokkaido in 1977.
The materials were fixed with 2% formalin
and dehydrated in an ethyl alcohol series
of 30-100%. For light microscope examina-
tions, the specimens were mounted with
Pleurax. For the observations under the
SEM, the materials were dried at critical
point in an aluminum box using liquid carbon

dioxide. The dried materials were coated.

with gold. SEM micrographs were taken
with a JSM-35.

Results and Discussion

Cells are composed of two valves, covered
with small spines. Valves are almost
circular in external form. Flagellar pores
lie at the front of the valve, from which
two flagellar arise. A central pore of each
valve is funnel-shaped in cross section. An
entrance of the pore gradually opens toward
the surface of the valve. The form of the
entrance is almost circular in the valve view.
The opposite side of the entrance become
more and more slender toward the inside
of the valve and its terminal end is closed.
About 15 trichocyst pores are found near
the margin of the valve and several other
pores are scattered in the middle part of the
valve. Two or more yellow-brown chroma-
tophores are present in the valves. Length
and breadth are about 20 g#m.

Specimens collected from Saroma Lake
are nearly equal to the original species of
GRAN (1915) in size and form. (Figs 1-3).

BRAARUD (1945) observed that the shape
of M. perforatus changes from ovoid to
ellipsoid in cultures. In this respect, the
specimen described here resembles that of
pl. 1, Fig. a, in his paper. Moreover, he
observed that the margin of the valves was
not smooth but wavy under a high magni-
fication light microscope. These waves
correspond to the spines which were observed
in Prorocentrum balticum and P. minimum
(Tormumi, 1980) and Saroma’s specimens.
(Figs 4, 5). The number and arrangement
of trichocyst pores of specimens from
Saroma Lake slightly differ from the descrip-
tion of BRAARUD (1945). The number of
trichocyst pores is ca. 20 on his specimens
and they ring the margin of the valve. On
the other hand, our specimens are distri-
buted ca. 15 of trichocyst pores along the
margin of the valve and a few pores scat-
tered the central part of the valve (Fig. 7).

The present specimens are similar to M.
per foratus reported by LEBOUR (1922, 1925)
from the English Channel. She mentioned an
interesting feature in the region of the flagel-
lar pores. According to her, as though the
two valves bite each other like two gears,
they ‘conjugate at the anterior end of the
valves. But the region of the flagellar pores
in our specimen looks as if it lacks such
depression (Fig. 6).

Saroma specimens are more similar to M.
globulus than the original species of GRAN
in external form but differ from it in size.
According to BRAARUD, the size of M. per-
foratus varies from 14 ym to 20 gm in cultures.
This fact indicates that the size of M. glo-
bulus is within the limits of that of M.
per foratus. However, considering from the
original description of M. globulus, M. per-
foratus may be separated from it in size,
form and some other features such as
the number and arrangement of trichocyst
pores.

Thus, deciding on the specific name of the
genus Mesoporos implies several problems.



212 Toriumi, S. and NemoTo, T.




Mesoporos perforatus 213

For solving these problems, it is considered
that more detailed observations on many
specimens collected from various localities are
necessary.

Recently, DODGE (1981) concluded that the
four species of M. asymmetricus, M. adria-
ticus, M. bisimpressus and M. globulus are
all synonyms of M. perforatus. We agree
with his opinion for the present. Therefore,
the specimens collected from Saroma Lake are
assigned to M. perforatus.

This is the first report of Mesoporos
species from Japanese coastal waters.
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Fig. 1. Ventral view of M. perforatus, showing the central pore and the trichocyst pores of the

margin of the valve (LM). %1000

Fig. 2. Side view of M. perforatus, showing a funnel-shaped central pore (LM). x 1200
Fig. 3. Ventral view of M. perforatus, showing the depression of the flagellar pore region of the

valve (LM). x1800

Fig. 4. Ventral view of M. perforatus, showing the small spines of the valve (SEM). x3500
Fig. 5. Oblique side view of M. perforatus, showing the suture of the valve (SEM). x3500

Fig. 6. Flagellar pores of M. perforatus. x 9000

Fig. 7. Reverse side of M. perforatus, showing the distribution of trichocyst pores. The tip of the

central pore is closed (SEM). x4000
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Osapa, K. and KoBayasi, H. 1985. Fine structure of the brackish water pennate diatom
Entomoneis alata (Eur.) EHR. var. japonica CL. comb. nov. Jap. J. Phycol. 33: 215-224.

Observations of the fine structure of a brackish water diatom Entomoneis alata var.
japonica collected from a few localities were mainly carried out using scanning and transmis-
sion electron microscopy. In addition to this, some individuals were isolated from samples
collected from the estuary of Tama-gawa (Tama River) for clonal cultures, and structural
variations in the clonal cultures were examined in order to distinguish stable features of this
diatom. The following morphological features are apparently stable and characteristic of
this taxon: 1) bisinuous junction-line, 2) wing with many fibulae on each wing-costa, 3)
cingulum composed of five open bands, a valvocopula, three copulae and a pleura, 4) poroid
areola closed at the external surface by a hymenate pore occlusion with regularly scattered
perforations.

Key Index Words: Brackish diatom; clonal culture; Entomoneis; Entomoneis alata

var. japonica; fine structure.

The genus Entomoneis was first described
by EHRENBERG in 1845 based on a different
interpretation from that of his Amphiprora,
and typified by his Navicula alata. Never-
theless, a group of diatoms having a quite
characteristic and conspicuous features similar
to that of the type species has been called
Amphiprora, although the type species of
Amphiprora has already been transferred to
other genus. On the other hand, REIMER
(in PATRICK and REIMER 1975) have stated
about so doubtful availability of the generic
name, Amphiprora, and proposed that
Entomoneis, should be used instead.

In some species of the genus Entomoneis,
valves characterized mainly by the well
developed sigmoid wing have been shown
in electron microscopical studies of HELMCKE
and KRIEGER (1962), OKUNO (1970), GERLOFF
and HELMCKE (1977) and PLANCKE and BAIL-

LEUX (1976). Recently, the wing structure
of the genus and allied genera has con-
siderably ellucidated by the comprehensive
works of PADDOCK and SiMs (1977, 1981).

Entomoners alata var. japonica was origi-
nally described from Japan as Amphiprora
alata var. japonica by CLEVE (1894). Since
then, only a few records on this diatom have
appeared in the literature, even in Japan.
However, we have samples containing a
considerable number of individuals belonging
to this taxon from several brackish waters.
In order to clarify stable characteristics of
this diatom, some individuals were isolated
from fresh samples for clonal cultures.

The morphological terminology mainly
employed in this investigation is that pro--
posed by RoOSs et al. (1979) and PADDOCK
and SiMs (1981).
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Materials and Methods

Materials were collected from the mud
surface of the tideland of Obuchi-numa
(Obuchi Bog), Aomori Prefecture on May 2,
1980 and the estuary of Tama-gawa (Tama
River), Kanagawa Prefecture on June 16,
1980. According to Pringsheim’s pippette-
washing method, clonal cultures were in-
troduced from the samples collected from the
estuary of Tama-gawa.

The cultures were carried out in a series
of test tubes containing the agar-water bi-
phasic culture medium (O0SHIMA 1975). The
medium used as a liquid medium for the
liquid phase was made by adding Chu no.
10 (Cru 1942) to f-medium (GUILLARD and
RYTHER 1962) to obtain a final salinity of
15-25%0. The same medium with 0.6% agar
was used as an agar medium for the solid
phase. All the cultures were maintained at
18°C under fluorescent lights of ca. 3000 lux
intensity with a 12/12 hr light-dark cycle.
Consequently, the cultures, K.E-116, K.E-
213 and K.E-343, were established.

Both materials, field and culture, were
cleaned by the Patrick’s method (PATRICK
and REIMER 1966) but some of the materials
were treated with potassium persulphate
which is a mild oxidizing agent proposed by
MA and JEFFREY (1978) for the observation
of fragile girdle structures.

For light microscopy Pleurax was used as
a mountant. For SEM observation the
cleaned material was dried on glass cover-
slips (5x6 mm? and coated with platinum-
palladium. Likewise, some of the specimens
broken by a small knife were prepared for
SEM observation. SEM observations were
made with a Hitachi S-500 and a JSM F-15.
For TEM, the specimens were dried up on
grids coated with formvar and observed
with a Hitachi H-500.

In order to obtain thin sections, cultured
specimens were fixed for 1hr in 2% glu-
taraldehyde in 0.1 M phosphate buffer (pH
7.2) and washed with the same buffer and
then postfixed in 1% osmium tetroxide for

1hr. They were washed with distilled
water and embedded in 1% purified agar.
Small blocks of the agar were then dehy-
drated slowly in ethanol and embedded in
Spurr’s resin. Thin sections were cut on a
diamond knife. Sections were stained with
uranyl acetate and lead citrate.

Results and Discussion

Frustules of this variety are strongly
bilobate in girdle view because of their well
developed bilobed wing (Figs 1, 6). The
wing is strongly sigmoid in valve view (Fig
8) and deeply sunk at the central nodule
(Figs 2, 3, 5, 7). In valve view, the valve
is linear-lanceolate with acuminate ends.
Valves in the field materials (Figs 1-3) are
75-150 pm long and 20-40 ym wide and the
striae density on the valve face is 11-12
in 10 gm. The junction line observed in
girdle view is clearly bisinuous on each side
of the central nodule. In addition to these
features, the other features agree quite well
with Cleve’s description (CLEVE 1894).

In the clonal cultures, valves in the 5-
week-old cultures (K. E-343) showed the size
and features similar to those of the field
materials (Figs 7, 8), however, most of the
valves obtained from a continued 28 weeks
culture (K.E-213) showed a considerable de-
crease in size, being 55-80 ym in length and
18-30 #m in width (Figs 5, 6). Such smaller
valves are occasionally observed in the field
materials (Fig. 3). Therefore, the valve
dimensions of this variety seem to vary
within a wide range of 55-150 ym in length
and 18-40 pm in width. In contrast, the
striae density and the wing shape did not
vary so markedly with the decrease of the
valve size. The junction line described as
one of the important characteristics of this
variety by CLEVE (1894) retained bisinuous
shape in all valves obtained from cultures
(Figs 5-8) and field (Fig 3). Although, the
distal sinuosity of the bisinuous junction line
showed marked variation in shape, the
proximal one kept its constant shape (Figs
3, 5, 6).
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In SEM observations, it is evident that the
valve has indeed a prominent bilobed wing
(Figs 9, 10). Most of costae continue from
the valve body to the top of the wing across
the junction line (Figs 9-13). Some of these
costae bifurcate more frequently in the wing
than in the valve body (Figs 9, 10, 12, 13).
Intercostae viewed as striae under the light
microscope are composed of two rows of
pores (Figs 11-14) in the same manner with
that of Amphiprora alata (GERLOFF and
HELMCKE 1977). Each pore is a poroid areola
closed by a domed occlusion at the external
surface (Figs 13, 14). As seen in the TEM
micrographs of the pore occlusion and its
cross section, pore occlusions are of uniform
thickness (Fig. 28) and are perforated by
more or less elongate holes with a dimension
of 6-10nm (Fig. 27). This form of pore
occlusion agreed wellZwith that of hymenate
pore occlusion proposed by MANN (1981).
The type of arrangement of the perforations
is the regular scatter in contrast to the
centric array of the Entomoneis alata (MANN
Fig. 19, 1981).

In each wing of the valves, linear series
of dots as distinctly illustrated in Cleve’s
figure (CLEVE 1894) are clearly seen in the
light microscope (Figs 1-3, 5, 6). REIMER
(in PATRICK and REIMER 1975) have des-
cribed the dots as one of the important
characteristics distinguishing E. alata from
E. paludosa. However, our SEM observa-
tions of the external surface of the wing
could not reveal any structure except two
rows of areolae constituting each stria (Figs
12-14). However, in the observation of broken
valves, there are many fibulae inside the
wing (Fig. 12). The wing is traversed by
the fibulae arranged along on each wing-
costa, so that a fibula of the wing may be
observed to be a dot in the light microscope.
The fibulae row on a wing costa seem to
be homologous to the perforated fibulate
plate of Amphiprora sp. (PADDOCK and SiMS
1977).

Pappock and SiMs (1981) have suggested
that there may be no obvious morphological
distinction between the fibulae immediately

adjacent to the raphe canal and the rest of
the fibulae within the wing, but termed the
former “primary or raphe fibulae” and the
latter “secondary or keel fibulae”. Moreover,
they have applied the term “basal fibulae”
to the fibulae arranged longitudinally along
the base of the wing. In E. alata, so far
as it appeared on the SEM micrographs of
GERLOFF and HELMCKE (in HELMCKE and
KRIEGER 1977), the basal fibulae are lacking
from some costae. In contrast, basal fibulae
in this taxon occur regularly on all costae
and are situated on the border between wing
and valve body (Figs 11, 12). Consequently,
it is proved that the junction line obvious in
the light microscopical observations is a row
of basal fibulae. The perforated fibulate
plate could be observed particularly near the
junction line (Fig. 13).

Although the presence of a canal raphe in
some Amphiprora species has already been
pointed out by PADDOCK and Sims (1977),
this diatom also possesses the canal raphe
along the apex of the keel. The raphe
canal is a cavity separated by a row of
raphe fibulae (Fig. 14). The raphe fissure
is a plicate type as clearly seen in a trans-
apical section across the raphe (Fig. 14).
At each valve apex the raphe fissure
terminates internally in well developed
helictoglossa (Figs 9, 11). Terminal fissures
curve in opposite directions at both ends of
a valve (Figs 25, 26).

In the girdle view, a number of linear
series of short dashes arranged parallel to
the apical axis have been illustrated for E.
alata (REIMER, in PATRICK and REIMER 1975).
However, any comments on the girdle of this
taxon have not been found even in the
original description (CLEVE 1894). In the
present study, short dashes similar to those
of E. alata are observed in the girdle region
in the light microscope, and are 20-22 in
10 pm (Fig. 4). According to the SEM and
TEM observations, it is proved that each of
these dashes is a poroid areola with an
elongate or round inner aperture (Figs 16,
17, 22). Each areola is occluded by the
hymen (MANN 1981) with randomly arranged
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Plate 5.

Plate 1. Figs. 1-8. Light micrographs showing the variation in size. Scale bars=10 gm; 1-3.
Specimens in nature; 5,6. Specimens in 28-week-old cultures; 4,7,8. Valves and middle portion in
girdle view in 5-week-old cultures, 7. Girdle view showing bilobed wing and bisinuous junction line on
each side of the central nodule, 8. Valve view showing sigmoid wing.

Plate 2. Fig. 9. Oblique view of half valve showing the prominent wing with a keel at its top, bisinuo-
sity occurred on the border between wing and valve body and a helictoglossa (arrow) on the internal
surface of the valve apex. x2300. Fig. 10. External view of valve showing a sigmoid wing and costae
continuous from the valve edge to the wing top. x1500. Fig. 11. Internal view of valve showing a
row of basal fibulae placed on the border between the valve body and the wing and well developed
helictoglossa (arrow). x6000. Fig. 12. Broken valve showing many fibulae on each costa and a few
bifurcated costae. x6800. Fig. 13. Lower part of the valve shown in Fig. 12. showing the structure of
perforated fibulate plate and striae composed of two rows of poroid areolae with external domed pore
occlusions. x17000. Fig. 14. Transapical section of wing showing the plicate raphe fissure at the top,
the raphe canal separated by the raphe fibula, and poroid areolae with pore occlusions (arrow) on the
external surface. x25000.

Plate 3. Fig. 15. Frustule in girdle view. x900. Fig. 16. Enlargement of Fig. 15 showing epicingu-
lum composed of five bands distinguishable by imbrication lines (arrow heads), and open apices (arrows)
and closed apices of the bands arranged alternately. x2800. Fig. 17. Internal view of hypocingulum

composed of five bands showing a valvocopula (VC) with two rows of areolae nearly equal in size,
three copulae (C) with two rows composed of short and elongate areolae and a pleura (P) with a
single row of areolae. Note the smooth edges of pars interior of the copulae and pleura (arrows).
x3000. Fig. 18. Whole copula showing a tweezers-like open band. x780. Fig. 19. Internal view of
valvocopula showing two rows of areolae and undulate pars interior (arrow). x10000. Fig. 20.
Internal oblique view of valve margin showing the undulation (arrow) of the valvocopula edge overlap-
ping valve costae and striae composed of two rows of areolae. x12000.
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round holes in its thin area and radially
arranged linear holes around the margin and
lying near the external surface (Figs 29, 30).

The girdle region usually occupies about
1/3-1/2 of the breadth of the frustule in
girdle view, and the epicingulum overlaps
most of the hypocingulum (Figs 15-17).
Each cingulum is composed of five bands,
and each band is open at one apex (Figs
16-18). These open bands are classified into
three types, a valvocopula, three copulae and
a pleura, based on the structure of pars
interior and the arrangement of areolae. The
valvocopula has two rows of round or more
or less elongate areolae nearly equal in size
(Figs 17, 19) and its pars interior is undulate
except a short region near the closed apex
(Fig. 19). Each undulation is observed to
fit closely over the inner surface of the valve
costa (Fig. 20). Such a juncture between
the valvocopula and the valve seems to be
similar to that of Rhabdonema arcuatum re-
ported in detail by Pocock and Cox (1982),
except the difference in the degree of devel-
opment of the pars interior. Each copula
also has two rows of areolae, but each row
could be distinguished by the size of areola.
The abvalvar row is composed of more elongate
areolae and the advalvar one is composed
of short areolae (Figs 17, 21, 22). The pars
interior of the copula has a smooth edge
(Figs 21, 22). The fifth band in each
cingulum, pleura, is observed to have
basically a single row of areolae except
the short region near the closed apex where
two rows of areolae are present (Figs 23,

24). The opening of each band alternates
between the apices of the frustules (Fig. 16).
The closed apex in each band has an ex-
tension well developed in the advalvar
direction (Figs 16, 18, 21, 23). The exten-
sion seems to be homologous to a ligula as
seen in the bands of centric diatoms such
as Aulacosira italica (KoBAyasi and No-
ZAWA 1982).

According to the present investigation
using culture methods, it is considered that
the following characteristics are apparently
stable in Entomoneis alata var. japonica: 1)
the junction line is bisinuos from the valve
center to the apex. 2) the wing has
numerous fibulae in its major part and has a
raphe canal along its free edge. 3) the mature
cingulum is composed of five open bands,
i.e., a valvocopula, three copulae and a
pleura. 4) poroid areolae on both valve and
cingulum are closed at the external surface by
pore occlusions. 5) the pore occlusion of the
valve pore is a hymen with regularly scat-
tered perforations and that of cingulum is
also a hymen with scattered round perfora-
tions in its thin area and with radially ar-
ranged linear perforations along its margin.

As mentioned at the beginning of this paper,
if Reimer’s opinion is correct, thent his taxon
should have the following combination as its
correct and valid name.

Entomoneis alata (Ehr.) Ehr. var. japonica

(Cl.) comb. nov.

Amphiprora alata Kuetz. var. japonica
CL. Kong. Sven. Vet. Akad. Handle
26(2): 16. pl. 1. f. 2. 1984.

Plate 4. Fig. 21. Closed apex of the copula showing two rows of areolae and well developed exten-
tion and smooth edge of the pars interior (arrow). x6200. Fig. 22. Internal view of the open end of
the copula showing the long and short pores forming rows. x14000. Fig. 23. Closed apex of the
pleura showing well developed extention and a single row of round pores. x6000. Fig. 24. Oblique
view of open apex of the pleura showing a single row of pores and smooth edge. x10000. Figs. 25,
26. External view of both apices of the same valve showing terminal fissures curved in opposite
directions. x 12000.

Plate 5. Fig. 27. Hymenate pore occlusions with regularly scattered perforations. TEM x56000.
Fig. 28. Longitudinal thin section of wing showing pores occluded at the external surface by the domed
hymen of uniform thickness and perforations (arrows). TEM x84000. Fig. 29. Hymenate pore occlusions
on a band showing round holes in the thin area and radially arranged linear holes along its margin.
Note the thickened portion (arrow) and thin marginal portion with radially arranged linear holes (double
arrow). TEM x63000. Fig. 30. Thin section of the band parallel to the valvar plane showing thickened
(arrow) and thin marginal portion (double arrow), round holes (arrow head), and a linear hole (double
arrow head) of the hymen. TEM x112000.
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(Gigartinaceae) : relative abundance and distribution from British Columbia to Califormia,
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A rapid procedure for determining the life history stage of some (non-reproductive)
red algae has been developed, based on carrageenan type. Using this methodology the life
history phases of Iridaea cordata from five sites in Barkley Sound and from Vancouver
harbour (British Columbia) showed a dominance of gametophytic blades (ca. 60% gameto-
phytic). Within Barkley Sound there was a trend towards fewer gametophytes in areas of
greater wave exposure. When about 8000 blades from 12 populations were sampled in July,
1982, from Oregon to California, the proportion of gametophytic blades was low in northerly
populations (ca. 11%) and tended to be higher in more southern populations (ca. 78-90%).
These data are discussed in terms of a previous life history model suggested for Iridaea

cordata from California.

Key Index Words: Algal ecology; carrageenans; Iridaea; life histories.

Introduction

HANSEN and DoOYLE (1976) and HANSEN
(1977) suggested that populations of [ridaea
cordata from California may have an in situ
life history different from the simple Polysi-
phonia-type. In studies on the growth and
population structure of I. cordata these
authors found that tetrasporophytic blades
were more abundant than male and female
gametophytes in natural populations of I.
cordata. HANSEN and DoOYLE (1976) and
HANSEN (1977), sampled four populations
throughout the year and concluded that
plants regrew primarily from long-lived
crusts rather than re-establishing from spores
derived from reproductively mature plants.
FOSTER (1982) came to a similar conclusion

* This paper is dedicated to Professor Robert F.
Scagel on the occasion of his retirement (1986).

for I. flaccida (SETCHELL et GARDNER) SILA.
Growth, reproductive maturation, and senes-
cence of blades occurred throughout the year,
but with a larger proportion of the popula-
tion experiencing senescence during the
winter months (HANSEN 1977, FOSTER 1982).
Throughout the year tetrasporophytic blades
were most common, except in spring when
numbers were approximately equal.

There is an element of paradox in this
model. If sexual reproduction predominates,
the tetrasporangial blades should produce a
large number of gametophytic plants which
in turn should produce gametangial blades
in the next season. However, gametophytic
blades consistently made up only a minor
part of the populations they studied. HANSEN
and DOYLE (1976) and HANSEN (1977) pro-
posed . several mechanisms whereby domi-
nance of tetrasporophytes could be main-
tained : (i) tetrasporangial crusts are hardier
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and longer lived than gametangial crusts,
(ii) tetraspores have a higher mortality than
carpospores, and (iii) apomeiosis. The last
of these can occur in culture (KiMm 1976).
Apomeiosis appeared advantageous in ex-
plaining the expenditure of energy necessary
to produce the large number of spores ob-
served in I. cordata (HANSEN 1977).

Dominance of tetrasporophytic blades does
not, however, appear to be the rule for all
populations of I. cordata on the west coast
of North America. ADAMS (1971), examined
three sites in British Columbia and found
gametophytic blades to be equal or greater in
number than tetrasporangial blades from
May to August, after which the tetrasporo-
phytes became more abundant.

The research described in this paper was
undertaken to determine if dominance of
gametophytes occurs on the exposed west
coast of Vancouver Island as well as in the
more sheltered areas of the Strait of Georgia
and Vancouver harbour. In addition, a series
of samples was taken along the Oregon and
California coasts to determine if changes in
population structure could be observed over
this range.

In order to process large numbers of plants,
and to quickly separate gametophytic from
tetrasporophytic blades in samples where
large numbers of thalli may be sterile, a
modification of the resorcinol test described
by CRAIGIE and LEIGH (1978) was used. The
CRAIGIE and LEIGH method tests for 3, 6-
anhydrogalactose which is a constituent of
K-carrageenan (YAPHE and ARSENAULT
1965). The modification we used for analysis
of all samples taken in this study, involved
adding reagent directly to the dried algal
sample, bypassing the autoclaving step. This
modification was tested for consistency and
also compared to results obtained by the
CRrAIGIE and LEIGH methodology.

Materials and Methods
_ Acetal rescorcinol reagent was prepared

as outlined in CRAIGIE and LEIGH (1978) and
added directly to excised portions of air-

dried thalli. Material was designated as
tetrasporophytic if no (or only very slight)
color reaction occurred, and gametophytic if
the reagent mixture became pink to red.
Spectrophotometric analyses were done to
determine whether the revised procedure
was monitoring the same color reaction as
that of CRAIGIE and LEIGH (1978). The test
was initially carried out on plants of I
cordata from British Columbia and Chondrus
crispus STACKHOUSE from Nova Scotia,
Canada.

Increase in color intensity of the reaction
product with increase in biorace of the alga
was measured for dry weightz from 0.5 to
16 mg (Fig. 1). All reactions proceeded for
60 sec at 86°C in 2m/ of reagent diluted
with an additional 2 m/ of reagent prior to
reading the absorbance. Increase in color
intensity of the reaction product with in-
crease in reaction time was measured at
intervals from 15 to 150 sec (Fig. 2).
All readings were done at 510 nm using a
Perkin-Elmer UV-VIS Spectrophotometer
Model 139. Complete visible spectra (350-
700 nm) for the reaction products of both
gametophytic and tetrasporophytic material
of I. cordata and C. crispus, utilizing both
the CRAIGIE and LEIGH method and our
modification, were performed on a Unicam
Sp 800A Ultraviolet Recording Spectrophoto-
meter (Fig. 3).

Preliminary samples in British Columbia
were taken at Dixon Island, Wizard Island,
First Beach, Second Beach, and Execution
Rock (Fig. 4) in Barkley Sound, Vancouver
Island, and Stanley Park in Vancouver har-
bour during 1981. Sampling in each case
was done in a 0.5m wide belt transect
located from the upper to lower intertidal
zone through an area densely populated by
I. cordata. From each blade in the transect
greater than 5cm in height, a disk 6 mm in
diameter (ca. 3 mg dry weight) was removed
with a single hole paper punch.

At First Beach, Barkley Sound, four sites
were chosen along a wave exposure gradient.
At each site three vertical transects were
sampled (July 6-12, 1982) using 0.5 m® qua-
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Fig. 1. Absorbance at 510 nm for modified resorcinol test in gametophytic
(G) and tetrasporophytic (T) plants at different dry weights. (Mean+S.E.,

n=6)

Fig. 2. Absorbance at 510 nm for modified resorcinol test in gametophytic
(G) and tetrasporophytic (T) plants at different reaction times. (Mean=S.E.,
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Fig. 3. Absorption spectra of reaction products
of modified resorcinol test for gametophytic and
tetrasporophytic plants of Iridaea cordata (solid
line) and Chondrus crispus (dotted line).

drats; disks were collected from all blades
in each transect. The vertical extent of
the sampling varied with topography and
exposure, but each transect included the
lowest and highest extent of the Iridaea
population. The lowest elevation sampled
in each site was +0.2 m, the highest ranged
from +1.0m (sites 2 and 3) to +1.6 m (site

1); average sampling height was 0.66 m+

0.34 m. After an arc-sin transformation
to normalize data (SOKAL and ROHLF
1973), results were analyzed using an

ANOVA to examine differences in life history
stages among sites and tidal heights. At
each site any quadrat with less than 30 in-
dividual blades was excluded from the a-
nalysis. Site 2 was excluded for this reason.

Twelve sites along the Oregon and Cali-
fornia coasts were sampled between July
18-26, 1982 (Fig. 5). At each site represen-
tative areas were subjectively selected with
dense growths of [ridaea cordata. In order
to minimize bias, site selection was done
from a distance before the population had
been examined. At each site all blades in
4 to 10 separate 0.5 m? areas were punched
and combined for analysis.

In April, 1983, Pigeon Point (California)
was resampled. Five 625 cm? quadrats were
placed randomly along a 50 m transect line
in the upper (+67 to +39cm above mean
lower low water) extent of the Iridaea bed, and
seven additional quadrats were placed in the
same fashion in the lower (415 to —5cm)
extent of the Iridaea bed. Data were
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Fig. 4. Details of collection sites in Barkley Sound (arrows) with insert of Vancouver
Island showing general location (box and arrow) of sampling area.

Fig. 5. Map of western North America from
Vancouver Island to California indicating sampling
locations: Va, Vancouver; Ba, Barkley Sound;
A-E, Oregon; A, Indian Beach, Ecola State Park;
B, Otter Rock; C, Seal Rock; D, Cape Arago; E,
Cape Blanco; F-L California; F, Patrick’s Point;
G, Point Arena Lighthouse Station; H, University
of Califorria Marine Station, Bodega Bay; I,
Pigeon Point; J, Davenport, California; K, Point
Pinos, Pacific Grove; L, Point Joe, 17 Mile Drive.

analyzed with a one-way ANOVA to test for
differences in numbers of tetrasporophytic
versus gametophytic blades with respect to
tidal height.

All carrageenan analyses were performed
utilizing the modified resorcinol reagent test
described earlier. Plants were analyzed in
batches of ca. 75 disks and several disks of
known life history phase were included with
each batch as controls.

Note on the taxonomy of Iridaea
cordata var. cordata.

The taxonomy of the Iridaea cordata com-
plex in western North America is poorly
understood. The bulk of the plants sampled
in this study comply with concepts of I.
cordata var. cordata in most modern treat-
ments (e.g. ABBOTT 1971) and are similar
to plants identified by SCAGEL (1973) from
Barkley Sound. In Barkley Sound, however,
plants in more wave exposed sites tended
toward the morphology referred to as var.
splendens (ABBOTT 1971), and some plants
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in the upper part of the Iridaea zone in
California may be referable to I. flaccida.
Regardless of the potential confusion of I.
cordata and I. flaccida, no differences in
proportion of life history stages were re-
corded at different tidal heights (+40.2 to
+1.6m and —0.05 to +0.7m) in either
Barkley Sound (First Beach) or California
(Pigeon Point) respectively. FOSTER (1982)
suggests that there is little basis for the
separation of I. flaccida and I. cordata and
and that these taxa may be conspecific. Our
observations are consistent with this syno-
nymy. I. cordata var. cordata, I. cordata
var. splendens and I. flaccida form an ap-
parent continuum in morphology.

Results

Gametophytic tissue of I. cordata showed
a sharp increase in absorbance at 510 nm as
the mass of tissue was increased from 0 to
3mg. With greater mass there was little
or no measurable increase in absorbance.
Tetrasporophytic tissue showed an increase in
absorbance over the entire 0 to 16 mg range
used in the experiment (Fig. 1). Gametophytic
tissue also showed an increase in absorbance
with reaction time, from 0 to 60 sec, but
with little or no increase thereafter (Fig. 2).
Tetrasporophytic tissue showed an increase
over the entire 0 to 150 sec range tested.
Maximum separation of color intensity oc-
curred at about 60 sec using 3mg dry
weight.

Examination of the complete visible spectra
of the reaction products of gametophytic and
tetrasporophytic plants of I. cordata showed
different spectra for the two stages (Fig. 3).
C. crispus, the plant for which the test was
first used and from which the different car-
rageenans contributing to these spectra were
first isolated (MCCANDLESS et al. 1973), also
shows different spectra for the two stages.
Spectra for both plants show a single broad
absorption peak at 510 nm for gametophytic
tissue. Tetrasporophytic tissue produced
spectra with three peaks having maxima at
413, 500, and 672 nm. The absorption spectra

were the same as those generated from
tissues prepared according to the meth-
odology of CRAIGIE and LEIGH (1978).

Samples of 3mg dry weight, when com-
bined with the resorcinol reagent for 60
sec, produced a sufficient difference in
color intensity to make visual separation of
gametophytic and tetrasporophytic samples
simple and consistent. All samples taken
from Barkley Sound, Vancouver harbour,
and Oregon and California were approxi-
mately 3mg dry weight and were subjected
to 60 sec reaction time at 86°C.

The initial survey of life history stages in
Barkley Sound showed that variation oc-
curred at the same site over time and be-
tween nearby sites at the same time. How-
ever, gametophytic blades were most common
(55-90%) in 12 out of 15 samples. Similarly,
four samples taken in Vancouver harbour
during the spring of 1981 also showed a
predominance (80%) of gametophytic blades.

Sampling done at First Beach in 1982 at
sites with varying wave exposure, revealed
a patchy distribution of gametophytes and
tetrasporophytes. Results of ANOVA demon-
strated no apparent relationship between
tidal height and relative numbers of gameto-
phytic and tetrasporophytic blades. Pool-
ing of all the samples at a site (Fig. 6)

SITE

Fig. 6. Histograms showing proportions of
gametophytic (clear) and tetrasporophytic
(stippled) plants at four sites along a wave
force exposure gradient (one is least exposed)
at First Beach, Barkley Sound. Numbers
above sites are the total number of plants
sampled. Error bars denote+one standard
deviation.
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Fig. 7. Histograms showing proportions of gametophytic (clear) and tetrasporophytic
(stippled) plants at sites in Oregon and California. (F’, Abalone Rock; F”, Wedding Rock).

See legend for Fig. 5 for other site names.

reveals an apparent trend toward tetra-
sporophyte dominance with increasing wave
exposure. ANOVA showed a significant
difference (p=0.05) between site 1 and sites
3 and 4.

Senescence of virtually all blades of Iridaea
occurred late in October at First Beach, with
only a few widely scattered blades overwin-
tering. This was also reported by HRUBY
(1975) for populations in Washington State,
U.S. A., and by FOSTER (1982) for I. flaccida
in California. Blade initiation occurred early
in March, with rapid growth occurring for
the first two or three months and then de-
creasing during the summer.

The populations of I. cordata sampled on
the Oregon and California coasts from July
18 to 26, 1982 (Fig. 5) revealed unequal
quantities of gametophytes and tetrasporo-
phytes in most populations sampled (Fig. 7).
Sites from Point Arena south to Pebble
Beach, California (except for Bodega Bay),
exhibited gametophyte dominance. Sites
from Patrick’s Point State Park, California
north to Ecola State Park, Oregon showed
tetrasporophyte dominance.

Two samples were made at Otter Rock,
one of attached plants and the other of drift
plants. At this site 68% (N=188) of the

drift blades were gametophytes whereas only
1195 (N=957) of the attached blades were
that life history stage. ’

In the April, 1983, samples obtained from
Pigeon Point there was a mean gametophyte
dominance of 86% (N=782). The gameto-
phyte stage dominated in both the upper
(94% +59%, N=291) and lower (83% =+16.4
%, N=546) zone. A one-way ANOVA
showed no significant difference between the
percent of either gametophytes or tetra-
sporophytes in the upper and lower zones.

Discussion

Resorcinol reagent added directly to dried,
excised algal tissue proved as accurate an
indicator of constituent -carrageenans (and
thus nuclear phase) as is the methodology
outlined in CRAIGIE and LEIGH (1978). Our
modification results in a large reduction in
the time needed to process samples, and
non-destructive (and therefore repeated)
sampling is possible since only small disks
are removed from blades.

The proportions of gametophytes and
tetrasporophytes found in I. cordata popu-
lations along the Oregon and California coasts
differ between sites. In their entirety the
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twelve samples suggest that tetrasporophytes
predominate in the north (northern Oregon)
and gametophytes dominate in the south
(central-California). However, large differ-
ences occurred in samples taken relatively
short distances apart. An example of this
is between the Pigeon Point sample, with
over 80% gametophytes in 1982 and 1983,
and the nearby Davenport sample, with just
over 50% gametophytes. In addition, sam-
ples taken ca. 2.5 km apart at Patrick’s Point
State Park showed almost 25% more tetra-
sporophytic blades in the sample from Wedd-
ing Rock than from Abalone Rock. The
presence of a strong tetrasporophyte domi-
nance in the population of Bodega Bay,
within the southern area where gametophyte
dominance is most common, further supports
the possibility of local variability, as do the
samples taken in Barkley Sound, Vancouver
Island.

Thus, such a cline of reproductive stages,
if it does in fact exist, is quite different
from that which was postulated at the be-
ginning of our study on the basis of an ap-
parent gametophyte dominance in the Strait
of Georgia (ApaMs 1971) and a reported
year-round (except early spring) tetrasporo-
phyte dominace (HANSEN and DOYLE 1976)
in central California. Any gradation from
dominance of gametophytes in the north to
tetrasporophytes in the south was certainly not
shown by our samples. Instead, the pattern we
found (from Oregon to California) more closely
resembles that postulated by DixoN (1965) and
described for Ceramium by EDWARDS (1973) in
which gametophytes dominate the southern
ranges of certain Rhodophyta, giving way toa
predominace of tetrasporophytes and finally
to sterile blades as one progresses north-
ward. It should be noted, however, that
our methodology employing a test for chemi-
cal differences did not test the hypothesis
of DIXON (1965) who recorded reproductively
mature blades. Using DIXON’s methodology
it is possible that equal numbers of tetra-
sporophytes and gametophytes are in fact
present, but that only the tetrasporophytes
become reproductively mature in more nor-

thern sites. Using our methodology it would
be possible to score an area as having game-
tophyte dominance when none of the haploid
blades might become reproductively mature.

Our samples taken in the Monterey area
raise other questions, since they did not
confirm the reported dominance of tetra-
sporophytes for these populations (HANSEN
and DoYLE 1976). Instances of gametophyte
dominance for an entire year have - been
reported for Rhodoglossum affine and Gigar-
tina leptorhyncos (ABBOTT 1980) but not for
species of Iridaea.

Our sampling at Pigeon Point revealed an
80-90% gametophyte dominance in July, 1982,
and an 86% gametophyte dominance in April,
1983, different from the tetrasporophyte
dominance reported from this area by
HANSEN and DoOYLE (1976). This suggests
that the proportions of gametophytes and
tetrasporophytes in a particular population
may change over periods longer than a few
years. Such a reversal has occurred at
Pigeon Point in the nine years between the
work of HANSEN and DOYLE and this study.

In re-examining some of the proposed
mechanisms by which a tetrasporophytic
dominance might be maintained (HANSEN
and DOYLE 1976) in the light of our data,
the probability of apomeiosis now seems less
likely. An apomeiotic population is incapable
of producing the gametophyte dominance we
found at Pigeon Point. Because of the differ-
ences observed in earlier studies and in
our data, the various mechanisms proposed
by Hansen and Doyle do not appear important
in explaining the observations.

One possibility that must be considered is
that dominance of any life history stage of
Iridaea is part of a larger cycle which takes
some years before moving from one stage
to another. One mechanism which could
operate to produce an alternating dominance
of reproductive phases is suggested here.
For example, once a tetrasporophytic phase
became dominant, a subsequent event which
resulted in removal (grazing or very low
tides combined with hot weather) would
enable the spores of the remaining plants
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to settle and grow into the gametophytic
phase, which would then predominate until
the next local catastrophe.

The results from the sampling in Barkley
Sound have suggested one environmental
mechanism which may contribute to an
instance of tetrasporophyte dominance.
Sampling at the First Beach site showed that
areas of higher wave exposure had signifi-
cantly more tetrasporophytes than sheltered
areas.

Sampling done at Otter Rock, Oregon,
showed a tetrasporophyte dominance of 89%
in blades attached to rock in the intertidal
zone and gametophyte dominance of 68% in
a drift sample taken at the same site. This
suggests that gametophytic blades are more
susceptible to being stripped from rocks by
wave action than are the tetrasporophytes.

The patterns of change in populations of
Iridaea cordata, and the factors controlling
these patterns, may be such that only long
term studies carried out simultaneously at a
large number of sites of varied geography
are able to produce a satisfactory picture.
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BEXBNMERAT I /F1RIRE (5498 OBMEE

2. Stephanodiscus hantzschit GRUN. form. tenuis
(HusT.) HAK. et STOERM.*

IEEL - HERE - PIHFEH

REEZRFEYEHRE (T84 N HriEHALar 4-1-1)

KoBavasi, H., INoug, H. and KoBayvasHi, H. 1985. Fine structure and taxonomy of the
small and tiny Stephanodiscus (Bacillariophyceae) species in Japan. 2. Stephanodiscus hant-
zschii Grun. form. tenuis (Hust.) HAk. et SToERM. Jap. J. Phycol. 33: 233-238.

Specimens collected from Waku-ike, Hachiro-gata, the brackish region of Ara-kawa and
the brackish Hinuma-gawa were identified as Stephanodiscus hantzschii form. tenuis (Hust.)
HAk. et SToERM. after careful examination with TEM and SEM. Three types of valve
silicification, thin, medium and thick, are distinguished being accompanied by morphological
variations such as the locular structure of areolae, spine shape, and the shape of the
exterior tube of the labiate process. This taxon is clearly distinguished by the features
with flat valve surface, without a strutted process on the valve surface, with a single marginal
labiate process open at the site of a spine and with marginal strutted processes with three
satellite struts from closely related species, especially from S. invisitatus, occurring frequently

in nature mixed with this taxon.

Key Index Words:
Stephanodiscus hantzschii form. tenuis.

Centric diatom; fine structure; plankton; Stephanodiscus;

Hiromu Kobayasi, Hiroyoshi Inoue and Hideaki Kobayashi, Department of Biology,
Tokyo Gakugei University, Koganei-shi, Tokyo, 184 Japan.

/N Stephanodiscus B 4 ¥V 9 DBBOLrTHL
L, XE (M) CXs B OO IRDD
2, ThEdciel, AROMOEMUEN X »TH
FRCHBT B C &, B X0, ROM-EM L EEE
NEELTHETAOT, AULSEEOLDOTH-T
PRIEHDIO>LRZBZ LD B,

Stephanodiscus hantzschii form. tenuis (Hust.)
HAk. & StoErM. }fI4F T3, FKEBALRE
(N-1005, 1983410 A 4 BHRE), HAUEic)I I #EL045
(N-935, 1984 E11827H#E), L£FFEFHE (K-2118,
197249 A21H#E) oR¥lwc Stephanodiscus in-
visitatus 75 S D/INUERCE U > T HE LA, 4EN
FTH HBEHARBCE Lt L BRIIORB B
WTEE (TEM X SEM) X BBE»T-1.
LM #%3 X * TEM, SEM B8 -» 0K 0K
B IOBREOFEL L3Nk #HE (1985) ¢RLT

* AR EIRA B ERFREMEH SRS X
6&%73—%—65 60

H%o

Z OfEEX HusTtepr (1939) Xk hfE M v D=
AR D =Ry T T b BT~ T OHEREH
PHEYOBEE L CREINTCIDTHS, L,
v —v O HBREEYEE ©, GRUNOw 2% Ste-
phanodiscus hantzschii W L= L ZCFRHLLK
24 7E: R & #~Xt- HAkaNssoN and STOERMER
(1984) X &R F/HEXILT, Tv—sn =7 v
®» HUSTEDT 2v 7o 5 vih B S tenuis D& A
FASA4 F&FXT S. tenuis % S. hantzschii O
GiEIC Lo

HAKANSsON and STOERMER (1984) oL T
WB 24 FTOEHE®HEILTHRS & S. hantzschii (3
BE 12~15 pm <, HAER X 10 pm MBI 7 ~8 K
Hb, BEEE 2 FI0fkFINGe ), Rkl v R
T 5 REIEHAER 10 pm B 16~18@Hn bR 5,
—7 form. tenuis D& A4 7RS4 FihbLDOEHTIL,
&iE 23 pm (HusTEDT O FE#ki: 8~28 pm), fEAL
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B 10 pm Be 4 ~54&, FhZFholEfERit2~
4 RoREF b, RagFioliut kHGm <
10 pm fRICHI6ER 2 B Z L TE D, Thbb, &
DOFEIIFR A BT 5 a0 s, ROHE
D2/ET, sV BERERNTE SR, TOMD K
TIE L KApi4E, HAKANSSON Zsah b D EH
D—ANIRIADEMER LB &, BWRO—FHOBRMNE
ED S. hantzschii THBT HhhbbT,  5—FH
S. tenuis OFTHBEVIHD RbhB LD LT
HB, EELIIFKTE, S. hantzschii L [FETEHAR
NHOEBEANTNIRWDOTH IR TERVA, S.
tenuis % S. hantzschii oG+ L7- HAKANSSON
and STOERMER (1984) DBILMH B D LEL
bhb,

BREREER

Stephanodiscus invisitatus Hohn et Hell. D34
bE5 ThHoledt (e FHE, 1985) OBEEE
BOLEDEAVCELWEND D, BRoFEFK T
3D (Figs 1~9), rhiigy/cd o (Figs 11~13, 15~
18), FEHICE-L D (Figs 19~28) * Casuifs L
FRELTRBZ ENTET,

ROFH O, LM IR —EDEDIE
HELTHRL, HAORMYBRLTHRDBZLIXTE
fewvat (Figs 1, 2), spgmyicd o (Figs 11, 12) T
a2y b SR MITSTIRERVA, Btk RoT s
LUWEEL Y, ROBE-H 0 (Figs 19~22) Tik
M BRI SR E LTRBENTES, 2V} 5
AFHONCTERMHRICRZ 5 &, RELLREAT
AR —RELEFILTWB L5 EL 54, BE
CELTHAL TR L ERIFADLRAN 5T,

T DREEDORMAE O BB BRMICR L0 2iFig.
UTHHH, REIFRTHS & &, REPOLHFCAE
FRIIFELLWZ L, REERIBE B T2~
4 FIDRRKFITHR IS A RO TIE 1 ~ 2 5
D, FLRAWTIEE B TH B0 5 2 pt
S>TEAEMTS Z &, REWIREHRTThER]
Aot (@) ¥ oz b, BUAEER (b) X HEHRH
By CEFIL, 3~4EK (Fieb) SticlfE
BB L, BRETIREFIEET L—HcESIT5
L) I ERBHELT5, ‘

LM <%, BohlifichEreRoFErnTEg
BRI ROhIE, BAFHTHS A, BEE G
OETEMT 2 A, 8% BEERDERFIALRE &

RECERTS LEARAKCHEL, #IAOEDTH
#lc Stephanodiscus invisitatus LXK B35 LIt
AHEETIRIcV L L, BEE TR X b Bk
Thbo S. invisitatus TILBLBITLE M, ZOF
BHTRROW I OTIRERABRRIL b, BgEn
5503 Fh (Figs 4, 6), A—EETLEDORD L
O (Fig. 9 &H) ¢&EN RPCi) YIH KD 30
(Fig. 9 &%) D2@HO ML L 2L DAL RIS,
T, ROEWLOTIERTI L O AL, £z d
MBI RBERAMRD D, BEABIZIADhRL 85,
(Figs 15, 24~27)

BAEERRL BO SIS, AL, BER
LRIDFLin-THUHL, ThFh 3xdo
(Figs 4,5,8,18,25,27) AT S. invisitatus 3%
FoTW3 UM« FL 1985),

JARUI RO O T NEHEEL O BT, BT
DF EBOECH, iR (cribrum) %3%E,
oo hicie A% (Figs 7,8), R EL k5 LMK
RoPNEOHRIR MR cHAZET 5 (Figs 17,18) k5
Cieh, IORBELAR T NEONUDOBD H—
FoENLE YL, L (hole) & dicicys, IE
FOOUED X 5 Ieo b ofpp (flap) (Mann 1980)
X - THEEh, (Figs 26,28), MK K~
L2RED D ERstMLTERILE R BEY 0.3 um
DR CHEINhD X 5icics (Figs 25,27), =D
X5 R Loz L3, REOHECE -
HoOBECHBRCRS - & T& 5 (Fig. 28 &),
¥, BOIEEDET TEM SI2s\ T 3 BRE/E
Lic»>THIB (Figs 6,16,23),

Eitze#e (labiate process) (T &c 1 EH 5
2%, TORMBIIHHHCH L TEAE IR0
frE3d 5 (Figs 8,18,27), BREEDOHH~DB
ORBURO Chh b BERbLINECSH Y, Pk
Frinndn, ZOFXFEREONE L DI
AgEw (Figs 7 &H, 17 &H), L2aL, BOREE
Lz O CRAEIA~DOBE D3 B A8 L idie 5,
AL Ihi-HLica@E@sns b (Fig. 26),
Z OEEFhECMEME S, EiB)r B Efc
PI-BFLTADRII,

HARTFHRERCIED W -F143% (initial valve)
(Fig. 10) »ithss B AR RAS s, BiE
MHFEHE TR EAMCIRBZ &, KM THIR 54—
vevE-RnRALhBZ L, RKEWAHR TRV &,
BUBABRIE 2 &, SROBTEERRY Lo
L&, ThRETOWSOMDALEY M VY 0F
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Plate 1. Stephanodiscus hantzschii Grun. form tenuis (Hust.) HAk. et SToErRM. with thin valves.
Figs 1-3. Whole valves. x2000 (bar=10;zm). Figs 4, 5. Outside and inside views of valves
showing flat valve surface, marginal strutted processes with three struts and marginal spines with
flat and broad truncate apex. x7500 (bar=1pm). Fig. 6. Valve view. TEM x7000 (bar=1 gm).
Figs 7,8. Enlargement of valve margin showing the external tube of the labiate process (arrowed)
and marginal strutted process with three struts. x24000 (bar=1pm). Fig. 9. Side view of a
frustule showing spines with acute (arrowed) and truncate (arrow head) spines. x6600 (bar=1
p¢m). Fig. 10. Valve view of not flat but hemispherical initial valve showing large pattern center,
not fasciculate areolar rows and marginal strutted processes. %5000 (bar=1gm). Figs 1-10.
Waku-ike (Waku Pond).
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Plate 2. Stephanodiscus hantzschii Grun. form. fenuis (Hust.) HAK. et SToErRM. with mediately
silicified valves. Figs 11-13. Whole valves. x2000 (bar=10 pzm). Fig. 14. Diagramatic represen-
tation of the features of S. hantzschii form tenuis. a. marginal spines, b. marginal strutted processes,
c. vertical slit-like markings of the fringe, d. outer opening of the labiate process, e. areolar rows
on the valve mantle, f. fringe, g. pattern center, h. interfascicles, i. fascicles. Fig. 15. Outside
view of valve. x5000 (bar=1pm). Fig. 16. Valve view showing fascicles on the valve surface
and areolar rows on the valve mantle. TEM x4000 (bar=1pm). Figs 17,18. Enlargement of
outside and inside valve margins showing exterior tube (arrowed) and interior lips (arrowed) of
the marginal labiate process. x24000 (bar=1 gm). Figs. 11-18. Waku-ike.
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Plate 3. Stephanodiscus hantzschii form tenuis (Hust.) HAk. et Stoerm. with thick valves.
Figs 19-22. Whole valves. x2000 (bar=10,m). Fig. 23. Valve view. TEM x7000 (bar=1 zm).
Figs 24,25. Outside and inside valves showing acute marginal spines, areolae occluded Dby flaps
externally and by domed cribra internally, and marginal strutted processes with three struts. 24.
%5000 (bar=1pm). 25. x8500 (bar=1pgm). Fig. 26. Enlargement of valve margin showing the
outer opening of the labiate process (arrowed). x20000 (bar=1 pm). Fig. 27. Side view of a valve
edge showing marginal spines, strutted process and labiate process. x24000 (bar=1 pm). Fig. 28.
Broken valve face showing cross section of loculate areola (arrowed). x50000 (bar=0.1 zm). Figs
19-24, 26, 28. Hinuma-gawa (Hinuma River). Figs 25,27. Waku-ike.
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BRERELIBEUTS3DTH-7 (CRAWFORD 1974,
1975, Hoops and Froyp 1979, RoeEMER and Ro-
sowsklI 1980, ScumipT 1984),

'‘GENKEL and Kuzmin (1918) i Stephanodiscus
tenuis var. tener ML TV B2, ZHIIBOWH
WA F7OEGD X5 Bbhb, ¥f:, GERMAIN
(1981) 2% S. hantzschii ¢ L TEIFT\5 FHDS
BD %L S. hantzschii form. tenuis LFET
C LATEBN, Gasse(1980) 5% S. tenuif k LTus
HEBHIREAVEE Tl <, ¥4 S. tenuis form.
minor & UCEBMLTWAHHERIT LM BEE,LIL
S. hantzschii form. tenuis DOREO M MEED X 5
CAhx5h, ABCRRLTWS SEM EH T, B
EoiEr R, chitflosERLEbhb.
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R IV I AL ICAETIEROEEFHHE 1.
HERERCEXADIADORROEE

HAR=E - EBEKES

JEHERFKEFTAREEYFRE (T041 REHHET 3 TH 1-1)

Suzukl, M. and Masaki, T. 1985. Physiological investigations of blue-green algae endo-
phytic in the red alga Nemalion vermiculare 1. Influence of wavelength of light on photo-
synthetic pigments. Jap. J. Phycol. 33: 239-244.

Absorption spectra of 90% acetone extract (chlorophyll ¢ and carotenoids) were basi-
cally the same in the host alga Nemalion vermiculare Sur. and a mixed culture of two
endophytic species of blue-green algae, Calothrix parasitica (CHauv.) THur. and Phor-
midium sp. The phosphate buffer extract (phycobiliproteins) from the host alga showed
remarkable absorption at 460-580 nm, while that from the endophytes had conspicuous absorp-
tion at 550-640 nm.

During 14 days’ incubation under red, blue or white light, phycobiliprotein content of a
mixed culture of endophytes varied from 5.77 to 14.8% of dry weight, 3.26 to 5.69 times
as high as chlorophyll ¢ content. Content of phycocyanin of the endophytes increased in
red light, but decreased in blue light through the culture period. However, the ratio of

carotenoids to chlorophyll a was low and scarcely varied depending on the wavelength of
light used for the culture.

Key Index Words: Calothrix; endophytes; Nemalion; Phormidium; phycocyanin;
phycoerythrin.

Mitsuyoshi Suzuki and Tomitaro Masaki, Laboratory of Marine Botany, Faculty

of Fisheries, Hokkaido University, Hakodate, 041 Japan.

BRI OBRIPBEROFH LTERT 5 EHK
DEBEEL THIET 5o SHITTHABEEHE LB
RLTELZIDOTHD, B, 7rrr 7y
NRheF A4 FOENELLLY (JORGENSEN
1969, WALLEN and GEEN 1971, JEFFREY and VESK
1977, Ramus et al. 1976), 7 ; 2ty v BHORE
HE»ESDHZ & (Haxo and BLinks 1950, MYERS and
KraTz 1955, BroDY and EMERsoN 1959, JoNEs
and MYERs 1965, Moo~ and Dawes 1976) »i#i4s
ShTW5, L, ThbilBEEOBEECOWTHT
tbhicbDThHH, HRCHETHIEHEOBFECD
Tk, JacoB (1961) A4E# Codium bursa (L.)
AGARDH & §4 LT\% Phormidium codicola
Vouk iZ2OWT % LTV 53 H4%, ROSENBERG
and PAERL (1981) A% Codium decorticatum (Woob-
waRrD) Howe o4 E#TH % Calothrix sp. O
ROBBIZOWTENCShTWAIET THD, HE
ERIBECIDROBN,H S Idic, KREIE

(E) #FTied HiyemE BR) »5d #HRSh
b FITAWETILEE v Vv 2w Nemalion
vermiculare Sur. & Fhic P4ETHEHE Calothrix
parasitica(CHauv.) THUR. KU Phormidium sp. ©
KEBREEORIA 7 A RFAND L L bR, HBE
FRIC LY, ROBEHNAEEEDOXERAR LTS
2 BHPEXPHLMT LI,

MHEEHE

19814 7 Aicdbip i KRR OEFMTAR L Y v
: w2y Nemalion vermiculare ## 1L, /i
LI EEHOEBEA S KELBOERBCHLRY,
SR THREOMMEY T-1. ¥, vV 2 ViRA
#treEFEe ¥R Calothrix parasitice LREU
¢ = vERto Phormidium sp. (Fig. 1) %X LD
SEEL, chbhbbaFimtilc, REERED—
@iz ESP #z# (ProvasoL! 1966) w2 # L, B
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Fig. 1. Cross-section through a mature thallus
of Nemalion vermiculare, showing endophytic
blue-green algae which grow in a mucilagenous
interspace in the cortical region. ¢, cortex; bg,
blue-green algae.

JexT 2 VT 1 B 120¢R9M8E (0.8 W-m~%.s7%), 20°C
T2HEMFMEELICE RCRTIEL, XDOEREA
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oo TS BB NAEERD MR ER 30m! % ESP
B 200ml DA -7 300ml BO=F75 A2
%2, Fig. 2 0¥B* BT, Aa¥ (1.20W-m2.s71),
600 nm X b EHEORKREN (1.28W-m2.s71), %=
X 500 nm fFEDF EK (1.16 W-m=2-s71) o & T,
20°C, 1 B 12RRMRBITH& L Teds b B 2 B
L, BEPERFTHEEDELLORINAR? bk
HE Lice HRTHEEET XA, KREXE M/
500 =+ KB, HFEXE M/1000 51 7Y —
VKB, AEXEBKEThZh Fig. 2 o~
B —RANT, BEDOHROK%BHIDDO7 4 14
— &Ll ThOKBEKROKOE MY Fig. 3 ©
AL, .

k0D BFE i 579, APtz 3.0ml ©
pH 6.81 D#fifeizEig (M/15HER—KEF F Y v 2%
® 5.0mi+M/15 @#EEEAK > bV v A% 5.0ml)
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Fig. 2. Diagram of the incubation apparatus
used for culturing the blue-green algae under red
or blue light.
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Fig. 3. Transmission spectra of 0.002M eosin
solution and 0.001 M light green solution used in
the present study.
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Physiological investigations of endophytic blue-green algae I. 241

PARsons and STRiCKLAND (1963), 7 4 2 ¢V v7&
BiXEEH (1965) oA Lk hEFRLXRDI, AFED
Mis TOREL, XOFELHHRT S DRI
FEVIRRBTFT - 726
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VIV YAy EXONEEREOBBEERIC X 5
HE (74 2€) vED) £90% 7+ vHHEK (2
rR7 4 b AhwF )4 F)ORINA~N 7 b L% Fig.
4 L Fig. 5 @R LT 90% 7 & b+ v HiHE ORI A
RIZMMET I VY2V EREEREDOHTELVHE
BT, BBBRER TR > LRIRA X7
FARRBRI, Tibb, v I VY vORRRSE
BORILA R 7 b A3 460 525 580 nm D%
IRU, RIE AL 565 nm fFFEICH - fo DT LT,
HEETDF UL 550 75 640 nm I FEEARINARS
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Fig. 4. Absorption spectra of 90% acetone (a)
and phosphate buffer (b) extracts from Nemalion
vermiculare with endophytic blue-green algae.
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Fig. 5. Absorption spectra of 90% acetone (a)
and phosphate buffer (b) extracts from mixed
cultures of two endophytic blue-green algae, Calo-
thrix parasitica and Phormidium sp. immediately
after being isolated from the host alga.
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Fig. 6. Absorption spectra of 90% acetone (a-
c¢) and phosphate buffer (d-f) extracts from a
mixed cultures of two endophytic blue-green algae,
Calothrix parasitica and Phormidium sp. after
being incubated at 20°C with a 12: 12h LD cycle
for 14 days under white light (1.20 W-m~2-s71)
(a, d), red light (1.28 W-m=2-s7!) (b,e) or blue
light (1.16 W-m=2-s7) (c, f).

R, BIEAIE 620 nm 58 H - Foo
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R ORI A~ 7 b A% Fig. 6 1R L1 90%7
+ b IR DOBINA = 7 + 1 (Figs 6a, b, ) Tk
VTR ON TR LB AL ELVEWIR e h 5 T
L, SEESEIRIC X 5 i DBRIRA R 7 b LT
BETOHEENRRONI, Ticbb, FERXETEEL
fo S ORI IS A A% 565 nm AHEIC S - 1o
# (Fig. 6f), HEHTHEELALEEDO LT TIE 620
nm fFECBRRERARShic (Fig. 6e), i, A
BIEOT THR L Ic i) b ORI F G TR
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Table 1. Contents (ug/mg d.w.) of chlorophyll ¢ (Chl. @), total carotenoids (Carot.), phy-
cocyanin (PC) and phycoerythrin (PE) in two endophytic species of blue-green algae, Calo-
thrix parasitica and Phormidium sp. Cells were grown in mixed cultures under white light
(W, 1.20 W-m~2.s71), blue light (B, 1.16 W-m~2-s7!) or red light (R, 1.28 W-m~2-s71) for 7 and

14 days at 20°C with a 12: 12h LD cycle.

Days Chl. a Carot. PC PE PC+PE
0 31.5 6.61 69.7 35.9 105.6
W) 40.0 7.50 86.6 61.4 148.0
7 (B) 15.4 3.02 29.2 28.5 57.7
(R) 31.3 6.31 78.4 46.8 125.2
(W) 25.4 4.38 92.4 52.2 144.6
14 (B) 13.9 2.23 27.7 30.3 58.0
(R) 31.9 5.22 82.4 21.6 104.0

Table 2. The ratios of pigment contents in two endophytic species of blue-green algae, Calo-
thrix parasitica and Phormidium sp., which were grown in mixed cultures as shown in

Table 1.
Days PC PE PC+PE Carot. PC
Chl. a Chl. a Chl. a Chl. a PE

0 2.21 1.14 3.35 0.21 1.94
(W) 2.17 1.54 3.70 0.19 1.41

7 (B) 1.90 1.85 3.75 0.20 1.02
(R) 2.50 1.50 4.00 0.20 1.68
(W) 3.64 2.06 5.69 0.17 1.77

14 (B) 1.99 2.18 4,17 0.16 0.91
(R) 2.58 0.68 3.26 0.16 3.81

L7cBEOBE EUABRIRA <2 iR LE (Fig.
6d),

B, FEXERREXOTCOHM, 7AHM
FIOCMAMSERELANEEROGHRER 1lmg4)d
Drsmw7,40a AvFILAF, 742EY VvEH
DEEGHEEL, 7vr7 4 Ve BERTHEAREOL
BIV®7 4,20 7=2vieRTH 74, 2=V R ) VDR
%, FhFh Table 1 & Table 2 /R Lo 7
wr 7 a3y, BRERD 1.39% 16 4.04% %
5, £ERNMEEL T, REXTERLCEMED
FRFOHTHERLCEAL I LEFRIEL -1
Fte, PrF A FRITERCHAGXOEREIY L
T7re7 e ERABERERYRLLEY, SFE
EAERERD L SLUTT, sre 7 Lo
5EHED 016 25 0.20 THoteo —F, 742K
VEADERRIIEFERERDS8Y b 148% 1K

FEL, Z/rr 7, LaBEXT 5T 3.26 525 5.69
DEIThHote 7P 7 4 LaBRINTHT7 42
AV oY, BBRTHBTIEREFhOXTEEL
LBk L LFRA EEHT 150 25 1.85 DREITH -1
»%, ¥ 14 A BIIGREXROT T 58 L BTl
0.68 Lich, HaXD FTOfE 2.18 LH~NTHELL
Enote Z2rr7 4 LaBERHTH7 4 207 =V
DI, 2REENMAYE CTREXOTREFTLLER
OB HREFOXTEF LREIVEL, BRTHE
TIREIET T 2.50, FEXTT 190 ofixRL,
BSR4 AR/ -> THRA EEDLeh - 1,
¥k, 74307 =2vENTHE7 4232V RY) VO
i, FEXETCiE®ET B EOEMGE T 1.68, %14
B HOBGT 3.8 #R LA, FEETFTE LM
KL, LOBIHTH-10
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AEBRCR\T, 7 Iy 2y Y ERREEE Chh
&Lhéioﬂﬂx&ak»fu,%LumMﬁ4m
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640nm WHEELK. ThiZv iV rvy D 7,4 3€
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FEEY BT 2 BEEE U NEEE b R
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BRI ERFR7 4 2= VRY v E7 a0 T =y
DRIBAE—FKL, hbH2@D7 4 2Ky vER
DERRIBRCHVEXOERC X VB L. B
#& Tolypothrix tenuis KiTz. Ti¥, HEKL 74
2= YAY vEREREL, KEXX 7 20T =V
BARERET SN, srr740eRhuwF /(4 FT
Xz D X5 g i S v (Fusita and HATTORI
1960, 1962), ¥ t-BE¥ Fremyella diplosiphon (B.
et F.) DROUET #H{EXTHb KBAXTEBETL 7
432 YRY VERAEEL, 7rr7 40 aBiTH
TH5742=)R) yEFEIELETF LA (BeEn-
NETT and BoGorap 1973), AFEERC K\ TIL, K
BEXTERE LY VY2 vOREEED7 4 207
=vEFRIEML, 71av7=vENTH7 42
=) AY VOFFEOHIL, FEXCABXOT T
BULBACHENTEL Lot —F, HFAXDOTFT
742> 7=v3742=)R) VLEFENEL
SHEMTBZ Liiehot, 742 Y YERIIESR
BOMEEOEER = F ¥ —HEAETH) (§
H 1981), ZDEFEOELIIPEEEDHABITK
EYBTHTHS 5, % Codium bursa DR
B Phormidium codicola % 550 nm YD F TR
LEVCEARELT TS, ChIEETH7 42K
VERADORII A7 bk FERBEREY HFLTW
(JacoB 1961), &EIAW-7-4EFEDO—H Calothrix
barasitica ZHENF FITHFEEDOT T 2 BEKEEL
i, BBECHVWICEOTTHREREYIETS L,
FOXTHEELCRE LD SREXLTERLLEHED
FhbEWiEELRBLh: (K- EE 1982), Zh
ik, ko742 vEROSEROEL L B
Bifrx b obDEEXDLND, ¥, HRF /A FiL
74 2€Y VEARKRTEEEI L, »D, 7
re7 e BT SEEEOHIERCAGIE

DERC L » TAELEHTHZ LiZieh e &
b, WEEROXOHE (HER) ¥ 3HiLwit, 7
12 Y VEABRERERL TV W OEEZ DR
%o

Bl Xb, RERCH WY $ VY 2 vORLE
B, FREEEXHRICBRNTH D74 2EY v
BEHDOSREXWARTHENLFHEOLIDLEELLAD,

ROCEPRICH L, BHEE @MW
LEEE A KEEROLTEBHRC L0 LEHOEY
x5,
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Mikami, H. 1985. Some observations on Apoglossum minimum Yamapa (Delesseriaceae,

Rhodophyta). Jap. J. Phycol. 33: 245-248.

Morphological studies were carried out on the vegetative thallus and procarp structure

of Apoglossum minimum YAMADA on the basis of the original specimens.

As a result, the

following data were obtained: 1) a transversely dividing apical cell is present, 2) intercalary
cell divisions occur in the cell rows of the second order, 3) not all the apical cells of the
third order reach the thallus margin, 4) lateral pericentral cells are undivided, 5) the thallus
is monostromatic except the midrib, and is branching from the midrib, 6) no lateral veins
are present, 7) a central layer of large medullary cells are surrounded by many rhizoidal
cells, and 8) the procarps are borne acropetally on the first order cell rows and consist of
2 sterile groups and a 4-celled carpogonial branch. These features support well the system-
atic position of this species in the genus Apoglossum.

Key Index Words: Apical segmentation; Apoglossum minimum; Delesseriaceae;

procarp ; Rhodophyta; taxonomy.

Hideo Mikami, Sapporo Univ., Women’s Junior College, Sapporo Nishioka 3-7-3-1,

062 Japan.

EYFEERRTCHTE IR TV S e &£+ Y ¥ RITF
M54, ®ENBRELMEDOESH L DD TRES
h, Yamapa (1944) i X b Apoglossum minimum
ELTHXEOAR XAFEIEEMTiebhicn, o
#4540 ¥ TABC OV TORERS, FHERUEIKA
2L RERTW L, BV, ILRERKE-
THINCE LHE LE RS bh i Y Hur e o FE
AL ShB T ENTELRER, FBCOWTZhET
CEBRTETC D > EOrDEELHELYH
LM TBHIENTELDTRICHRET 5,

B M=

B, £HFEEHETCHTR IR TV 5 REOMEE
B, ZotUCELHEIR 1 E&ETEDOZ LT
B, 05~ kit No. 1214 (BEEXESD),
S. 620 (VAEEAEE), 2130a (YamMapa FEER
) EREATVB (Fig. A) 4%, Bix Z it YaMapa
(1944, p. 13) #H>rho No. 2348 YT HHD T,
TREBVHERATHB Z b ot £ TIhY
REEF 1 7BEX (Lectotype) LEDTHELI, £
DA AFERIEOBRCE LT b h im0 BlE#FI
#HS% YAMADA R X » TIERIZhic v 85 — M

A3 (LAEER SAP £%) hbbe THECH
Wi,

& #

(1) 4 : KO HNTEEEZ OV Tt YAMADA
(1944) DFEEMICTHA EF—FKLTW5% (Fig. A), A
B, GIERHEACEREY LD, ETIAER, S
2B CH 5 R R O BEREN IR i
I 0 EF B NETEIH~BRAR TH D, NEDOEIX
— M TH DD, BRETIIEOEANRAMCIHT
HHiR B DT ENL- TR BB IROIB,

(2) EEAOHES  Fig. B BEBOTEVWER
/&, Fig. C RrzhickimlioLrRuayrT, Ab,
B BAE T A TEANE (a) 23 BNMENH (in) 25
1 frRaFIPIC I FERE L e\ 23, 8 2 LM E »
THLICEDOIhD, F2MRFTINLIILEIC
# 3 oMBEFIRET B, & 3 AT ERLE
DFEA EWMEDZRIET S = &ikigy, Lateral §
LM (po) R ETrpEEhs i, 0%
THET 5,

(3) thoPIiRHER « RIS ERT 1 B DMk
MO Do, Fig. D ek &tk O MM L w
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MINIMUM. YAHADA

NPT ST P
& TR Gwm. momIs AL 318 H R E
S0, 6720 Y.¥amah det. Nee 2130 (4)

Fig. A. Apoglossum minimum YAMADA.
Biological Laboratory, Imperial Palace (s. 620) ;

1. The lectotype specimen in the herbarium of the
collected from Sajima-oki, near Hayama, Kanagawa

prefecture on November 18, 1940. 2. The same, more highly magnified.

T M, fhodrific LMo il (co) &G
Al (pe) 72 ERYV, Thbid h A T/hOR
KM TAFAEL T D,

@A) TmAnTg KD T o FVRAE A L
AlaZ R TERC 1 et A c4:3° 5, Fig. F ik
FOFREMBEO— AR T, Wb, PO TrANLT
mkmmwloTﬁLﬁAff9mH@umkhmf
Blbod, 9 LH (so) X b L ko bRk
(steyme)  EAOEMY) H 4 —J5, [ U
IhfiFcH > Ty hiHEhic2 rfilax hicd
H = vk (chy, cdi) AR LRI, Hi H0FHKH D
MBI TIE, AAET VENIL 3 ~ 41k (cby, cby,
chi) L, paFT ORIl (cb) &k
RO AL 2 YorhPEREfIE (steeme) D FgR
b bhtc, FICFA B IZIF RIS

ek Rbh 5§23 8148 H OLECEED bivlc, b,
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v LHLE, R USZRMaSE T 28 GF 1K,
H2%) ofiEfilanEbh, Lad 2 ok
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MR S Mt

% 5®

Kyrin (1924, 1956) (% Apoglossum |z, (J. AGARDH
1898) TR & A b Offif L LT Apoglossum

ruscifolium (TUrRN.) J. Ac. (#4A4 7ffi, 2—r,

SRR REEE), A. oppositifolium (Harv.) J. Ac.
(2a—o—-5 v VE),
J.AG. (= 2a—Y—3F v Vi) RO A tasmanicum
MuLL.) J. Ac. (2A==7p) DA4FEHOLRIE
i chics LT HARBEDOARR Apoglossum mini-
mum YAMADA (b & b VU F %) (ZERC 194445 1C ek
HATH D, LiosbP)dTARFEHIHED S 07 R
bbb 4 Kyuin (1956) »Afiicfitvh s 2
LR o, B < Yamapa (1944) otk
CAROER, HE2e Aubhd, R fdd
DHRTHoTclcbhbEZ bR b,

X T Apoglossum J@ x4 L, = 2~ 72 ) §
(Delesseriaceae), = 2 -~ Vilif} (Delesserioideae)
D Delesseria group (tribe) ICE 2 TUvA,
Delesseria group OHNZIXHHAERD 9 @2 HH T
W5 (Wyn~Ee 1983), Bit, Phrix, Odontolaingia,

Pseudolaingia,

A. montagneanum (J. Ac.)

Laingia, Yamadaphycus, Mario-
nella, Microrhinus, Delesseria % 1.7T Apoglossum
NENTH D, LEYModT Apoglossum Jgix
Delesseria J&Wixd Ifk & Als &, oL s
LT D 7 e 738 (fiiag] ke 1 7hcEA T
AFHI L, 2) AR ST Y b o,
3) #5 L fzMiaZINe A nZindE <, 5 2 (Lfiiaz)
CE-TThBFEETHZ L ENETBIhS, ULk
BT T B R S B o Bl%E 20l L T h T iR
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thi-—_ ) £ r-ste,me
thy——— e’@ st
b st

Figs B-F. Apoglossum minimum Yamapa. B. Early stage in development of frond.

frond showing apical segmentation.
rhizoidal cells.

D. Transverse section of thallus.
F. Apical part of proliferation showing stages in development of procarp.

C. Apex of
E. Surface view of midrib with
3-13. seg-

ments of apical cell; a. apical cell; cb;, cb,, cbg. first, second, and third cells of carpogonial branch,
respectively; cbi. initial cell of carpogonial branch; cc. central cell; cp. carpogonium; i, is. initial cells
of cell rows of second and third order, respectively; in. intercalary cell; pc. pericentral cell; sc.
supporting cell; stc;me, stcemc. mother cells of first and second groups of sterile cells, respectively.

T e A 73E 1 oMz ki 1 FliciEA CRIER
TR, 1EosrxT vike 2 oM s
PHEOI->TWBZ &H Fig. F L 5D H
hic, RICERSCRFHNMESHOMBICBIL TIT,
Fig. C iRl X5 E 1 iz MRy biciie< F
LA, B LAFI0 LR H10FR O EN LA
T HE 2 MARFINCE-> THHTHEPbh T 32 &
DD Hhtc, —Hohiexy LT Apoglossum g
% Delesseria LR FTH-HDOEERHEELTE

+2 0 lateral FOMBROMBEOHEYET S Z M
T&% (KyLin 1923), Bi%, Delesseria DFE&D
lateral ORI FRERN BOBC L >TET2
A fElEh 30 LT, Apoglossum DFHT
1370 lateral BOLMACHEABO X X LARELED
bhbz LES, - THEEVRE—DHlADEET
HBZ A Fig. C (pc) DX SHELMIDLAT,

KD PR REEC DOV TORFIA E LTHT Deles-
seria DPHIIAB OFIMIR L MR OR KM L BE
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WEADEUS (KyLin 1923, Fig. 62) orstLT
Apoglossum CixrhRD AR D[E H 2/ NEIOR IR
Mianr ST X5 LET 5 48 (Kyuin 1923,
Fig. 55) %} oz L hikfc>\WT Fig. DD k5K
DB ENTEI, o> THULDERNS
YamapAa (1944) Mle &+ V¥ 2% Apcglossum g
T, A. minimum YAMADA & LRI F
DFURENRZ ZHDTHBINBHRE ST 7
¥, Yamapa (1944) oFEZERICIIEBOEM ARV
EARRTFECOWT S ARFCER S Thabhl, L
TEDHEN L DERDERNHENCTIebhics &
DEBHFEBINTWBER LT, $AO4EYE
HEEMCIL 2 ThL BRI THARVETH 5,
BESHEFHERBTRS » Y omEHEF g &h
TOFRELMBbhTibin,

#H 0 Z 2 BELRERDHEL o S HET
Wb o I EYFEETERRCR LTo2 LA THRM Y
ERLET, ELKARBYRE EHREEBL VKW
BAREMIERBEHITCHL, T BELOFEHY L

DT Tl AL KB ER Y 2 S O )11 31
St ESHLELETET,

50 B ox #
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FHEHBLE - IR - hAAM:

fL&D B Order KOWTRES DERVHEh
T\ %, & ZTit Palmariales # [\ T A2 KYLIN
(1956) @RI FE-Tk, BOEFILHERED T,
BE@ERIT7TA7 >~y FEE LK. BEKHEERYT
S o TR HE = E B R & Jb iRl AR
HE R E#T 5,

RHODOPHYCEAE RABENHORST, 1863 #T ¥
(BANGIOPHYCEAE CronquisT, 1960)

PORPHYRIDIALES KyLiN, 1937 0 b 3 H
Goniotrichaceae G. M. SmiTH, 1933 ~Nic & & A §

Asterocytis (HANSGIRG) GoBl ex Scumitz, 1896
TAFeET 4 AB (1)
echigoensis NopA 2 HbThEOk ¥, 2bliE

D& (2)

Bangiopsis ScuMiTz in ENGLER et PRANTL, 1897
CE5 LD E
subsimplex (MONTAGNE) ScHMITZ in ENGLER

et PRANTL Z#5 LIFD D
[Goniotrichum humphreyi sensu TANAKA]

Chroodactylon HANSGIRG, 1885 7-% o7 ¥R
ornatum (C. AGARDH) Basson feEohE (3)
[Asterocytis ornata)

Colacodictyon J. FELDMANN, 1955 AL @2 ¥R
reticulatum (BATTERS) J. FELDMANN H» A& ¥ W

E
[Colaconema reticulatum]

Goniotrichum KuTzING, 1843 RiZR L AR
alsidii (ZANARDINI) HOWE Rz & & A
[elegans]
cornu-cervi (REINscH) HAuCKk 2 F DIz LDV &

ERYTHROPELTIDALES GArRBARY, HANSEN
et SCAGEL, 1980 =Yy 2 e =15 4 R H
Erythropeltidaceae Skuja, 1939 =y AL 57
4+ A8
Erythrocladia ROSENVINGE, 1909 \Zi3 /e OB
irregularis ROSENVINGE W EI37c T, EFuv%it

BEREFEEASIL
Yasushi NAKAJIMA and Yoshikazu NAKATA :
benthic algae of Japan—II. Rhodophyceae.

IR Tadao YOSHIDA,
Preliminary check-list of marine

Z4ON

[subintegra]

Erythrotrichia AReEscHouG, 1850 nom. cons.
BELOWER 4)
carnea (DILLWYN) J. AGARDH (2L D\ &
[biseriata]
[reflexa]
incrassata TANAKA W E D iFA (5)
japonica TOKIDA L DI
[Bangia ciliata]
parietalis TANAKA & DiFA (5)
pulvinata Nopa et Honpa in HonNDA et Nobpa
regularis Noba
sargassicola NopA

Porphyropsis ROSENVINGE, 1909 O\eD ) &
coccinea (J. AGARDH exX ARESCHOUG)

ROSENVINGE O\ D b

BANGIALES Scumitz in ENGLER, 1892
5LFobhH
Bangiaceae ENGLER, 1892 5 LiF @ b
Bangia LYNGBYE, 1819 5 L3P DY &

atropurpurea (RotH) C. AGARDH 5 LT DD
(74)

[ fuscopurpurea]

gloiopeltidicola TANAKA 5D H D5 LI

Porphyra C. AGARDH, 1824 nom. cons. D H§

akasakae MIURA TsHNRHEFDDH

amplissima (KJELLMAN) SETCHELL et Hus in
Hus )iz & (6)

angusta OKAMURA et UEpA in UEpa T3 LD
h (D)

bulbopes (YENDO) OKAMURA 5<{ A1 X

crassa UEDA HDEHEDH

crispata KJELLMAN S LHEDH

dentata KJELLMAN BIZHEDDH

irregularis FUKUHARA 2 D3 HEDH

ishigecola MIURA XA TABHEDDH

katadae MICRA FDbFHEDH
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kinositae (YAMADA et TANAKA) FUKUHARA
5tc3omh

kuniedae Kuroclt ¥ 51 EHEL XD Y

lacerata MiuRA R ShBHEDD

moriensis OHMI /<D h

occidentalis SETCHELL et Hus in Hus &\ A7

S

ochotensis NaGAl HichEDDH (8)

[perforata sensu YENDO]

okamurae Ugpa { AD D

onoi UEDA 3}3}DDH

[abyssicola sensu Ugpa]

pseudocrassa YAMADA et MIKAMI in MIKAMI
E<hbEodh

pseudolinearis UEDA 5 - .55 D b

punctata YaAMADA et MikaMi in MiKAMI
FThThHEDY

purpurea (RoTH) C. AGARDH HLEL ADDH

[umbilicalis auct. japon]

seriata KJELLMAN \»bHEDD Y

suborbiculata KjeLLMAN ¥ BiEHEDDH (9)

tanegashimensis SHINMURA fchMLEHEDDH

tasa (YEnDO) UEDA foX

tenera KJELLMAN HI XD b

tenuipedalis MIURA 2\ DB HED D

variegata (KJELLMAN) KjELLMAN in Hus
S bheX

[tenuitasa]

[uedae]

yezoensis UEDA T 20D H (10)

NEMALIONALES ScumiTz in ENGLER, 1892
S5HRZESDAH (11)
Acrochaetiaceae FriTscH ex W.R. TAYLOR,
1957 7 7 e r + v 2§}
[Audouinellaceae WOELKERLING, 1971]

Acrochaetium NAGELL, 1862 7 7 v &+ v 4 & (12)

immersum (ROSENVINGE) HAMEL
[Chantransia immersa]

sargassicaulinum Nopa in Nopa et KiTami

toyamense Nopa et HoNpA in Honpa et Nopa

Auduinella Bory, 1823 #~5 . 4 %38 (13)
alariae (JONssoN) WOELKERLING
attenuatum (ROSENVINGE) GARBARY
[Rhodochorton attenuatum)

callithamnionoides (NAKAMURA) GARBARY

[Rhodochorton callithamnionoides)

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 &% D-XiT

[Acrochaetium howei)

[Rhodochorton affine YAMADA]

[Rhodochorton howei]

hyalosiphoniae (NAKAMURA) GARBARY

[Rhodochorton hyalosiphoniae]

infestans (Howe et HoyT) DixoN in PARKE et
Dixon

[Rhodochorton infestans]

kurogii Y.P. LEE et LINDSTROM (TR D&

microscopica (NAGELI in KUTZING)
WOELKERLING

[catenulata]

[crassipes]

[moniliformis]

occidentalis (BoRGESEN) GARBARY

plumosa (DREw) GARBARY

[Rhodochorton plumosum]

polyspora (Howg) GARBARY

purpurea (LIGHTFOOT) WOELKERLING

[Rhodochorton purpureum]

[Rhodochorton rothii]

radiatum Jao

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]

seriata (BoRGESEN) GARBARY

sessilis (NAKAMURA) GARBARY
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[Rhodochorton sessile)

subimmersum (SETCHELL et GARDNER)
GARBARY et RUENESs

[Rhodochorton subimmersum)

terminalis (NAKAMURA) GARBARY

[Kylinia terminalis)

[Rhodochorton terminale]

Colaconema BATTERs, 1896 ~ic ¥ Wi &
furcata TANAKA Y7 WEDEE
simplex INAGAKI NIZEFDH ¥
[Acrochaetium japonicum]

Rhodochortonopsis YAMADA, 1944 A\ A LIED
4
spongicola YAMADA M\ 3bA LT H

Helminthocladiaceae J. AcarpH, 1851 N33
<E
[Nemalionaceae (FARLow) DE Toni et LEvi,
1886
Helminthocladia J. AGArDH, 1851 nom. cons.
NEH PR
australis HARVEY N2 3¢
macroczphala YAMADA L ¥ NI $H 3¢
yendoana NARITA 13F~ICH 3¢
Liagora LaMouroux, 1812 Z 7t #: )& (14) °
boergesenii YAMADA F U Z i ts
boninensis YAMADA X 51T A & 7eid s
ceranoides LAMOUROUX
f. leprosa (J. AGARDH) YAMADA HiIsZ it
g
[leprosa]
f. pulverulenta (C. AGARDH) YAMADA
st ond
clavata YAMADA %< Z7cid#
farinosa LAMOUROUX I} Z igit e
[Ganonema farinosa]
[cheyneana]
hawaiiana BUTTERS
japonica YAMADA X ThZfgit
(cliftoni sensu YENDO]
mucosissima YAMADA 517
orientalis J. AGARDH % & Z/git#s
papenfussii ABBOTT I}4aZ 7eid s
[pinnata sensu YAMADA]
robusta YAMADA 7ob Z it

segawae YAMADA ZRF Z7gidis
setchellii YAMADA \»UIT%
[valida sensu OKAMURA]
tanakae ABBOTT
Liagoropsis YAMADA, 1944 ¥ Z /X #CB
yamadae OumI et IToNO
Nemalion DuBy, 1830 5 &% 5 HARE
multifidum (WEBER et MOHR) J. AGARDH
2L $Dh (15)
vermiculare SURINGAR 5 ZF 5 A
Trichogloea KUTzING, 1847 HTiED T E
papenfussii TANAKA X ZhBHIFIEFDH 3K
requienii (MONTAGNE) KUTzING HITiED T
(
[lubrica]
subnuda HowEg

Dermonemataceae (ScumiTz et HAUPTFLEISCH)
ABBoTT, 1976 » X ¥Of}
Dermonema HARVEY ex HEYDRICH, 1894 X ¥
B
divaricata OKAMURA et SEGAWA in OKAMURA
LEMLIED

frappieri (MONTAGNE et MILLARDET)
BORGESEN 72X ¥

[gracile]

pulvinatum (Grunow in HoLMES) Fan #3423
LbDbh

[Nemalion pulvinatum]

Yamadaella ABBOTT, 1970 3\~ Z 7isid 78
caenomyce (DECAISNE) ABBOTT 24N b gl
[Liagora annulata sensu YENDO]

[Liagora caenomyce]
[Liagora rugosa]

Galaxauraceae PARKINSON, 1983 2362368
[Chaetangiaceae KiUTzING, 1843]

Actinotrichia DECAISNE, 1842 FT#iH4E
fragilis (FORSSKAL) BORGESEN % TAibH A&
[rigida]
robusta IToNo L ¥ £ THibH &

Galaxaura LaMouRroux, 1816 216 2i5 @ (16)
apiculata KJELLMAN ¥(X 5 LD3DLAD
arborea KJELLMAN 2 ZIIMNHAH
articulata TANAKA { KENHHD
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clavigera KJELLMAN H2ENHHH
contigua KJELLMAN

cuculligera KjELLMAN D4 LB B
cylindrica (SOLANDER) LAMOUROUX
delabida KJELLMAN 3 2ohd b5
elongata J. AGARDH 7eihibH A s

falcata KJELLMAN OLABMS
fasciculata KJELLMAN U'A 5 ERBA5
fastigiata DECAISNE 235035

filamentosa CHou in TAYLOR 5E B A5
[rudis]

glabriuscula KJELLMAN D555
hystrix KJELLMAN 5255585
kjellmanii WEBER van Bosse X®ILiEniHH5
oblongata (SOLANDER) LAMOUROUX

obtusata (SOLANDER) LAMOUROUX 4% < AHH A%

b

pacifica TANAKA B oI H M5
papillata KJELLMAN (OB 2565
pilifera KJELLMAN
robusta KJELLMAN Uw 325215
subfruticulosa Cuou in TAYLOR % XpiHA5
[ fruticulosa]
subverticillata KjELLMAN L EAHH5
verprecula KJELLMAN 5 FiEn 65
yaeyamensis TANAKA 5 L & RHA5
yamadae IToNo

Pseudogloiophloea LEVRING, 1955 i@ 4% & D h &
okamurae (SETCHELL) CHIHARA K #456XDYH
[Gloiophloea okamurai)

Scinaia Bivona, 1822 5 XD b g
japonica SETCHELL %X DY
lati rons Howe 05456830 b
[cottonii]

moniliformis J. AGARDH Uw 3 56ZD b

Bonnemaisoniaceae ScumiTz in ENGLER, 1892
»E¥FoHE A7)

Asparagopsis MONTAGNE, 1841 n¥3Dh g
taxiformis (DELILE) TREVISAN 2 ¥Fd bh (18)
[sanfordiana]

Bonnemaisonia C. AGARDH, 1822 m¥D H &
hamifera HarioT ¥ Db (19)

[Asparagopsis hamifera)
Delisea LAMOUROUX, 1819 =¥\ &8

fimbriata (LAMOUROUX) LAMOUROUX fo¥\ i
&

[pulchra]

okadae (YAMADA) CHIHARA OAILi-F Wi

[Ptilonia okadai]

GELIDIALES KyLiN, 1923 TA<EH (20)
Gelidiaceae KiUTzING, 1843 TA ¢ X
Acanthopeltis OkAMURA in YATABE, 1892 &
&
japonica OKAMURA in YATABE WY\ & H
Beckerella KyLIN, 1956 05K & B
irregularis AKATSUKA et MASAKI i b &
subcostata (OKAMURA in ScumiTz) KYLIN
OHL &
[Gelidium subcostatum]
Gelidium LaMouRrouX, 1813 nom. cons. TA <&
B @D
amamiensis TANAKA et K. Nozawa in TANAKA
LADWOSD S E
amansii (LAMOUROUX) LAMOUROUX ¥ £ & (22)
decumbens OKAMURA Frish & X
divaricatum MARTENS OB TA ¢ &
isabelae TAYLOR ANBL 0D &L
japonicum (HARVEY) OKAMURA FiT{ X
johnstonii SETCHELL et GARDNER 2% <{ X (23)
linoides KUTZING %2l X
nanum INAGAKI UMD
pacificum OKAMURA FF 5
polystichum GARDNER X FTA<E (23)
pulchrum GARDNER X X ¥ .5 &
purpurascens GARDNER rhH & & 4L (23)
pusillum (STACKHOUSE) LE JoLis {F\vTA <X
(24)
[crinale]
pyramidale GARDNER 7eiid && (23)
subfastigiatum OKAMURA /A 5
tenue OKAMURA Z UMD
vagum OKAMURA Lh< X
yamadae FAN Z & &
[densum OxkAMURA]
Pterocladia J. AGARDH, 1852 k¥ < &
capillacea (GMELIN) BORNET in BORNET et
THURET FI¥< &
[tenuis]
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densa OKAMURA o kiTd X

nana OKAMURA b 2 {F 1< X
Yatabella OkAMURA, 1900 7= ~X<¢XBE

hirsuta OKAMURA 7=~ X

Gelidiellaceae Fan, 1961 L ¥ CA <X
Gelidiella FELDMANN et HAMEL, 1934 L¥TA <
2R
acerosa (ForsskAL) FELDMANN et HAMEL
LETALSE
ramellosa (KuTzING) FELDMANN et HAMEL
EoTHLETALE

CRYPTONEMIALES ScumiTz in ENGLER,
1892 m: <& H
Dumontiaceae Bory, 1828 b w 5 3 A+ 5 &} (25)
Constantinea PosTELs et RUPRECHT, 1840 %D
EBR
rosa-marina (GMELIN) POSTELS et RUPRECHT
FEDIES
subulifera SETCHELL FBIFBEXDIEH
Dudresnaya P.L. et H.M. Crouan, 1835 nom.
cons. ODUAS KR
japonica OKAMURA V\USA 5 &
minima OKAMURA O'BOUA S & (26)
Dumontia LAMOUROUX, 1813 h w5 A X5 &
contorta (GMELIN) RUPRECHT D w5 $A %5
[ filiformis]
[incrassata]
simplex COTTON ~5H D w5 LA
Farlowia J. AGARDH, 1876 iC#Mh E X
irregularis YAMADA g h ¥ & X
Hyalosiphonia OKAMURA, 1909 w7534 L ¥R
caespitosa OKAMURA \~F 35 & ¥
Neodilsea Tokipa, 1943 HhiE
crispata Masuba HEBRHHIE
integra (KJELLMAN) A. ZINOVA
var. longissima MAsuDA 72355 (78)
tenuipes YAMADA et Mikami, in Mikami
FBEDME
yendoana TAKIDA HHE
[Dilsea edulis auct. japon]
Pikea HARVEY, 1852 Z b 2% %5 &
californica HARVEY ZbH2%x %5

Peyssonneliaceae DENIzOT, 1968 \~3>D 3%t
[Squamariaceae J. AGArRDH, 1851]

Cruoriella CRouAN frat., 1859 \wbIFL r 5B
fissurata DawsoN XTI L ¢ 5
[Peyssonelia mariti]

Peyssonnelia DECAISNE, 1841 \ kD2 b B
caulifera OKAMURA 22 &\ bHDhvdb
conchicola PiccoNE et GRUNOW in PiccoNE

NZ\WbDhd, T XWnbDhidb
[rubra sensu YENDO]
distenta (HARVEY) YAMADA £ #\ oD inds
dubyi CROUAN frat.
orientalis (WEBER van Bosseg) BOUDOURESQUE
et DENIZOT H2¥\vbDhrb

Hildenbrandiaceae ROSENVINGE, 1917 ~& ¥ 75
LRt (@27)

Hildbrandtia NarDO, 1834 NIz ¥ #2658 (28)
rubra (SOMMERFELT) MENEGHINI XIZ ¥ #25
[prototypus]

[rosea]
yessoensis YENDO 2 FRIZ 5

Corallinaceae LamMouroux, 1812 XA Z 4§
Alatocladia (YENDO) JOHANSEN, 1969 ®ix3°L &

oy}

modesta (YENDO) JOHANSEN ®(3F L Z 5

[Calliarthron modesta]

[Cheilosporum anceps var. modesta]
Amphiroa LAMOUROUX, 1812 2D TH

beauvoisii LAMOUROUX 53 h:dom it DT

[zonata)

dilatata LAMOUROUX M IZDT

echigoensis YENDO 2. H ZHiZDT

ephedraea (LAMARCK) DECAISNE % 35 9 2\IZD T

fragilissima (LINNAEUS) LAMOUROUX

misakiensis YENDO ODHNT DT

pusilla YENDO QNI DT

rigida LAMOUROUX %k D

valonioides YENDO \nZiX hpiha -

yendoi DE TONI ZEHIDT
Bossiella SiLva, 1957 W2 hE

cretacea (POSTELS et RUPRECHT) JOHANSEN

WEED
[Amphiroa cretacea)
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Calliarthron Manza, 1937 2 ZLZ AR/
latissimum (YENDO) MANZA
[Cheilosporum latissimum]
yessoense (YENDO) MaANzA 2 FLZ A
[Cheilosporum yessoense]

Cheilosporum (DECAISNE) ARESCHOUG in J.
AcGARrDH, 1852 DB LT AR
anceps (KirTzINg) YENDO
jungermannioides RUPRECHT in J. AGARDH

OBHLIA

Choreonema ScumiTZ, 1889 \» L\ VF)H
thuretii (BORNET) SCHMITZ

Clathromorphum FosLig, 1898 &7#-\~L % &

circumscriptum (STROMFELT) FOSLIE &7-\~L

b

compactum (KJELLMAN) FOSLIE H»ich & Zf-\»

Lb
Corallina LINNAEUS, 1758 XA 4R
confusa YENDO
kaifuensis YENDO
officinalis LINNAEUS A = %

pilulifera PosTELs et RUPRECHT T h MY (29)

sessilis YENDO ZRWMEDH & &
squamata (auct. japon) HLOME (79)
Dermatolithon FosLIE, 1898 % 53 A&
canescens (FosLIE) FOSLIE % 5(XA
[(Lithophyllum canescens]
Ezo ADEY, MAsAKI et AKIOKA, 1974 L4 wL
ZAHLIE
epiyessoense ADEY, MAsSAKI et AKIoKA L3¢
WwLZAhd
Fosliella Howe, 1920 X8
farinosa (LAMOUROUX) HOWE v {2 X
lejolisii (RosaNoFF) Howe LA p& (80)
minutula (FosLIE) GANESAN Db 72X (80)
paschalis (LEMOINE) SETCHELL et GARDNER
WEL NI EE
zostericola (FosLIE) SEGAWA in YOsHIDA
;X
[Heteroderma zostericola]
Goniolithon FosLIE, 1898 L DO Z4LJ&
mamillare (HARVEY) FosLIE \MEFW-L 3
propinquum (FosLIE) FosLIE
versabile FosLIE
Heteroderma FosLIE, 1909 ¢ 7 X &

sargassi (FosLIE) FosLIE 4 ¢ 25 % (30)

Hydrolithon (FosLIE) FosLig, 1909 = 5\ L3 &
decipiens (FOSLIE) ADEY 5 Z XU} &'&
reinboldii (WEBER van Bossg et FOSLIE)

FosLiE Z 5\ L

Jania LAMOUROUX, 1812 § & 3% 8
adhaerens LAMOUROUX U'dbdh XX
[decussato-dichotoma]
arborescens (YENDO) YENDO .50 3 XJ'%
capillacea HARVEY O b X%
nipponica (YENDO) YENDO 5 b3 X%
pumila LAMOUROUX
radiata YENDO U ds ) ¥
rubens (ELLIS et SOLANDER) LAMOUROUX
tenella GRUNOW
ungulata (YENDO) YENDO X EUAH L XX
yenoshimensis (YENDO) YENDO

Leptophytum ADEY, 1966 v 7t 7 4 7 A&
laeve ADEY
[Lithothamnion laeve f. tenue)

Lithophyllum PuiLippi, 1837 WL &A% &
absimile FosLIE et HOWE in FOSLIE \ D X
acanthinum FOSLIE
amplexifrons (HARVEY) HEYDRICH { S D» &
caribaeum (FosLIE) FosLIE

f. boreale MASAKI X71-IT# 5 LIV & &
fasciculatum (LAMARCK) FOSLIE 2D Z 3%
grumosum (FosLIE) FOSLIE
neoatalayense MASAKI { (FH\LIT AP
okamurae FOSLIE

f. japonicum FOSLIE OH UM T
pustulatum (LAMOUROUX) FoOsLIE
racemus (LAMARCK) FosLIE
samoense FOSLIE X B LT HD
shioense FOSLIE ZX EFWL A Y
tortuosum (EsPeErR) FOSLIE {3H D3\ L
yendoi (FosLIE) FOSLIE 5 Z&T°
yessoense FOSLIE x £ 5 A&, 2 XWLIAD

Lithothamnion PuiLippi, 1837 WL &
aculeiferum MasoN ¥ &\ L %
canariense FOSLIE M7c ) HurLdb
cystocarpioideum FOSLIE { X Dh &
erubescens FOSLIE

f. madagascarensis FOSLIE 2725 B\ L3
glaciale KJELLMAN
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intermedium KJELLMAN

japonicum FOSLIE ZR~NXKZ L, eI L

lenormandii (ARESCHOUG in J. AGARDH)
FOSLIE -1 LWL 3

membranaceum (EsPeErR) FosLIE

nitidum FOSLIE

notatum FOSLIE

obtectulum (FosLIE) FOSLIE -t L= L

pacificum (FOSLIE) FOSLIE % - LU MEWL

stamense FOSLIE

simulans (FosLIE) FosLIE in WEBER van
Bossk et FOSLIE 2ndbbHu L

sonderi HAUCK \MERZ L

spissum FOSLIE

vescum FOSLIE bR Z L

Marginisporum (YENDO) GANESAN, 1967 ~h & b
DHEDTE
aberrans (YENDO) JOHANSEN et CHIHARA in

JOHANSEN % & MDD T
[Amphiroa aberrans]
crassissima (YENDO) GANESAN ~ D & O micd
T
[Amphiroa crassissima]
declinata (YENDO) GANESAN % ) MicdDT
[Amphiroa declinata]
Mastophora DECAISNE, 1842 \~LDIX7c &
pacifica (HEYDRICH) FOSLIE Z LWL %
[Lithoporella melobesioides sensu MASAKI]
rosea (C. AGARDH) SETCHELL \«»L Dit/g
[macrocarpa)
Melobesia LAMOUROUX, 1816 x r x> 7[g
pacifica Masakl HiFt-dmn X
Mesophyllum LEMOINE, 1928 2 25 H WL b &
nitidum (FOSLIE) ADEY
Neogoniolithon SETCHELL et MAsoN, 1943 L %4
DHEER
accretum (FosLIE et HOwWE) SETCHELL et
MasoN DigEWLD

misakiense (FosLIE) SETCHELL et MANSON
nIRWLLD

[Goniolithon misakiense]

pacificum (FosLIE) SETCHELL et MANSON
ThHhiEbwL b

LGoniolithon pacificum]

Neopolyporolithon ADEY et JOHANSEN, 1972

NXEDIWLLE
reclinatum (FOSLIE) ADEY et JOHANSEN /& &
DL
Porolithon (FosLiE) FosLIE, 1909 H7chEwvL 3
B
boergesenii (FosLIE) LEMOINE in BORGESEN
FEwFEWL
colliculosum Masakl &FuNE
orbiculatum Masakl RT3\ L 3
Pseudolithophyllum LEMOINE, 1913 v . — ¥V + 7
4 VAR
neofarlowii (SETCHELL et MAsON) ADEY
ZHEWLITAHD
Serraticardia (YENDO) SiLva, 1957 5B LA
maxima (YENDO) SiLva BB LT 5
[Cheilosporum maximum]
[ Joculator maximus]
Sporolithon HEYDRICH, 1897 A+ wm ) + V&
schmidtii (FosLIE) GORDON, MASAKI et
AkI10KA
Tenarea Bory, 1832 o h ¥ ¥J§
corallinae CROUAN frat. 0BT 5D
dispar (FosLIE) ADEY DD ¥ X} L&
tumidulum (FoSLIE) ADEY Db ¥ ¥
[Dermatolithon tumidulum]
[Lithophyllum tumidulum]
Yamadaea SEGawa, 1955 XU K &R
melobesioides SEGAWA TV D L&

Halymeniaceae Bory, 1828 #:2>ToD b &}
Carpopeltis ScumiTz, 1889 XA L ¥[8

affinis (HARVEY) OKAMURA ¥-2D b (3l)

angusta (OKAMURA) OKAMURA EA L &

articulata (OkAMURA) OKAMURA 5L EA L &

cornea (OkaMURA) OKAMURA DD IHT

[Prionitis cornea]

crispata OKAMURA & & EWD

divaricata OKAMURA O\&D ¥ D

formosana OKAMURA

maillardii (MONTAGNE et MiLLARDET) CHIANG
bLelFEALLE

[rigida] .

okamurae TH. ARWIDSSON in YAMADA /e &
ALE

[elata]
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prolifera (HoLMEs) KAwAGucHI et Masupa
Z¥HDh
[ flabellata]

Cryptonemia J. AGARDH, 1842 m< h & &

luxurians (C. AGARDH) J. AGARDH DAL
<hud

schmitziana (OKAMURA) OKAMURA kISIFEA
L

semiprocumbens TANAKA A\

yendoi WEBER van Bosse 5 HiFds < &

Grateloupia C. AGARDH, 1822 {1 TD hH
carnosa YAMADA et SEGAWA in YAMADA

L i T
divaricata OKAMURA H37=D b
filicina (LAMouURoux) C. AGARDH {3/ TDh
(32)
gelatinosa GRuNow ex HoLMEs
imbricata HoLMEs ¥< 5D b (33)
incurvata Nopa in Noba et Kitami (F U U
UmTOY
jubata YENDO
kaifuensis YENDO /38D b
latissima OKAMURA
livida (HARVEY) YAMADA OB
nipponica YENDO
okamurae YAMADA ¥ ; 5DV}
[lancifolia]
prolongata J. AGARDH OAIXDOLMTDH
ramosissima OKAMURA 3 UL TD b
sparsa (OkAMURA) CHIANG OB DA
[Cyrtymenia sparsa]
[Phyllymenia sparsa]
turuturu YAMADA 2% %

Halymenia C. AGaRDH, 1817 \WfFDiticjs
acuminata (HOLMES) J. AGARDH kiste/rTDhH
dilatata ZANARDINI 5\ D & X
durvillaei Bory

var. formosa (HARVEY ex KUTZzING)
REINBOLD in REINECKE “>3h ¢ &
floresia (CLEMENTE) C. AGARDH \~FDit7c
iyoensis YAGI Oy D 1oA <& X
rotunda OKAMURA ¥ 5(¥ <X

Kintokiocolax TANAKA et Y. Nozawa, 1960

EALERLEVR

aggregato-cerantha TANAKA et Y. Nozawa

XALLERLD
Pachymeniopsis YAMADA in KAwABATA, 1954
SR (34)
elliptica (HoLMEs) YAMADA in KAwWABATA
TAED Y
[Grateloupia elliptica)
lanceolata (OKAMURA) YAMADA in KAWABATA
SHEBL
[Aeodes lanceolata]
Polyopes J. AGARDH, 1849 -3 5 &
polyideoides OKAMURA % #:1F 5
Prionitis J. AGARDH, 1851 nom. cons. O'H XA &
R
patens OKAMURA OB XA L ¥

Gloiosiphoniaceae ScumiTz, 1892 & 5D b Eh
Gloeophycus I.K. LEE et Yoo, 1979 k&t dH ¥
B
koreanum LK. LEE et Yoo &0 %3¢
Gloiosiphonia CARMICHAEL in BERKELEY, 1833
WELDHR
capillaris (HupsoN) CARMICHAEL in BERKELEY
Wwesnh
Schimmelmania ScHousBoOE ex KuTzING, 1849
ek iEhEg
plumosa (SETCHELL) ABBOTT 7chiksifh
[Baylesia plumosa]

Endocladiaceae (J. AcarDH) KyLIN, 1928
S0 HEL (35)

Gloiopeltis J. AGARDH, 1842 &D b g
complanata (HARVEY) YAMADA i17c.6D b
furcata (PosTELS et RUPRECHT) J. AGARDH

5 H5DH (36)
tenax (TURNER) J. AGARDH ¥.6D b

Tichocarpaceae (ScHMiTZz et HAUPTFLEISCH)
KyLin, 1928 2 & ¢ X5
Tichocarpus RUPRECHT in MIDDENDORFF, 1851

MPh&ECER

crinitus (GMELIN) RUPRECHT in MIDDENDORFF
hhE

Kallymeniaceae W.R. TAYLOR, 1937 om& D b
#

Callophyllis KUTzING, 1843 L X &L E@ (7D
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adhaerens YAMADA { AL XM L E

adnata OKAMURA RELDEEIMn L EE

crispata OKAMURA O'AIZDE I NP EE

cristata (C. AGARDH) KuUTzING W5 £ 5

[Euthora fruticulosa]

firma (KYLIN) NORRIS ¥¥id#s

[Microcoelia chilensis]

[Pugetia japonica]

[chilensis]

hayamensis YAMADA 2 DZDE ENdLE

japanica OkaMURA in DE Toni et OKAMURA
BrEOLINnd EE

mageshimensis TANAKA IsA W& Ehd &

palmata YAMADA RO THILIMnP L E

rhynchocarpa RUPRECHT Db & I & &

Cirrulicarpus TokIDA et Masaki, 1956 x £ & &

»E

gmelini (GRuNow) ToKIDA et MAsAKI 2 F &
Ih

[Erythrophyllum gmelini]

Kallymenia J. AGARDH, 1842 O XD h g

callophylloides OKAMURA et SEGAWA in
SEGAWA (X723 e D DHILDH

crassiuscula OKAMURA H2iEM h DI H

oligonema YAMADA U\3DOMNEDH

ornata (PosTELs et RUPRECHT) J. AGARDH
=S e - YO0)]

perforata J. AGARDH DO HAh

reniformis (TURNER) ]J. AGARDH

var. cuneata J. AGARDH 2 £ 2MmIDH

sagamiana YAMADA KI}kDONEDDH

sessilis OKAMURA 2 7s L b DD

stipitata OKAMURA 2D EDONEDDH

Choreocolacaceae STURCH, 1926 = v 4+ =235, 7
A%
Gelidiocolax GARDNER, 1927 TASXRE VR
mammillata FAN et PAPENFUSS TA SR LD

{7 BB Insertae sedis
Ethelia (WEBER van Bosse) WEBER van BossE,
1921 2 Wb b
biradiata (WEBER van Bosse) WEBER van
Bosse 24 W D
Pseudorhododiscus Masupa, 1976 Xz =4 3 &

nipponicus MASUDA I A %
Rhodophysema BATTERs, 1900 5% & h RIZ/R
elegana (CRouAN frat. ex J. AGARDH) DixoN
S5THbE ORI 37)
georgii BATTERS &b & b~z (38)
odonthaliae MAsupA et M. OHTA U®HSHED
~i
Rhodophysemopsis Masubpa, 1976 %% & hXiZd
EER
laminariae MAasuDA 5B E HNRILH ¥

GIGARTINALES ScumiTz in ENGLER, 1892
+T¥DbhAE
Cruoriaceae (J. AGArRDH) KyLIN, 1928 7 1+
Yy 78
Cruoriopsis DUFOUR, 1864 H\ Db B
japonica SEGAWA M\ Dh i

Calosiphoniaceae KyLiN, 1932 &b b & X B
Calosiphonia CROUAN, 1852 @ad b & X B

vermicularis (J. AGARDH) SCHMITZ Q¥ h ¢ X
Schmitzia SiLva, 1959 35 DR B

japonica (OKAMURA) SILVA (325 D¥s

[Bertholdia japonica]

[Platoma japonica]

Nemastomataceae ScumiTz, 1892 nom. cons.
prop. O oL #
[Gymnophlaeaceae KiiTzinG, 1843]
Nemostoma J. AGarpH, 1842 53 ¥nhE (82)
foliaceae YamaDA U\ 5 T ¥
lancifolia OKAMURA 53 ¥ ¥
Platoma Scumitz, 1889 < 125 DL &
izunosimensis SEGAWA 14 135 Dis
Predaea G. DE Toni, 1936 @5 B E¥RE
japonica YosHIDA W% ¥R
Schizymenia J. AGARDH, 1851 N3/
dubyi (CHAuUVIN in DuBY) J. AGARDH T3
itz
Titanophora (J. AGARDH) FELDMANN, 1942
RNEEHLIR
palmata ITONO HEHDNILE B &
weberae BORGESEN RIZ X5 &
Tsengia FAN et FAN, 1962 0T W L&
nakamurae (YENDO) FAN et FAN O\l &
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[Nemostoma nakamurae)

Rhizophyllidaceae ScumiTz in ENGLER, 1892
L&Dk
Chondrococcus KiiTzING, 1847 /L DIiT/c/®
hornemanni (LYNGBYE) SCHMITZ (3 ZIX/cHD
2974
japonicus (HARVEY) OKAMURA in MATSUMURA
et MivyosHI 7L DiL7s
Contarinia ZANARDINI, 1843 Lk<E AR
okamurae SEGAWA LE<ETAHD

Polyideaceae KvyLIN, 1956 + U 1 5 A&}
Rhodopeltis HARVEY, 1863 XA L &R
borealis YAMADA MHM 5 % &
gracilis YAMADA et TANAKA in YAMADA
BLERLRL S L E
liagoroides YAMADA Z7oidfid &%
setchellii YAMADA TeAEAMBADLH EE

Furcellariaceae GREVILLE, 1830 33 ~icdt
Halarachnion KUTzING, 1843 J3 2RI

latissimum OKAMURA T3 X

parvum YAMADA Zi¥DTTHFXIZ
Neurocaulon ZANARDINI ex KUTzING, 1849 LA X

5DhE

japonicum SEGAWA LA X5DYH

Sebdeniaceae KyLiN, 1932 s/:3sh & XF
Sebdenia BERTHOLD, 1884 $s2:irH ¢ 3R

agardhii (DE Toni) CoDOMIER #ab £ &

[Halymenia agardhii)

okamurae YAMADA $shish ¢ X

polydactyla (BoRGESEN) BALAKRISHNAN { A
H<g

[Halymenia polydactyla]

yamadae OKAMURA et SEGAWA in SEGAwA
RENCE

Solieriaceae J. AGARDH, 1876 Z b A%}t
Eucheuma J. AGARDH, 1847 £ b A X\ &
amakusaensis OKAMURA HEFL XX HAEW
arnoldii WEBER van BOSSE (' { LAZ DA X
S
[cupressoideum]

denticulatum (BuRMAN) CoLLINS et HERVEY
EDAIW
[muricatum]
gelatinae (ESPER) J. AGARDH i=dAE DA X
[’
okamurae YAMADA (ntrbE DA I
serra (J. AGARDH) J. AGARDH LIF& hA X\
striatum SCHMITZ FR & DA\
Meristotheca J. AGARDH, 1872 L Xhd bR
coacta OKAMURA £ < &£ &M;m
papulosa (MONTAGNE) KYLIN & XD b
[japonica]
Solieria J. AGARDH, 1842 Z b A&
dichotoma YOSHIDA OB&ARD A
mollis (HARVEY) KYLIN ZFIEAR DA
robusta (GREVILLE) KYLIN & D A4
Turnerella ScumiTz in ENGLER et PRANTL, 1896
2 EHLE
mertensiana (PosTELS et RUPRECHT) ScHMITZ
in ENGLER et PRANTL 2 ZF7c® L

Caulacanthaceae KUTzING, 1843 \#3d » 1k}
[Rhabdoniaceae KyLIN, 1925]

Catenella GREVILLE, 1830 nom. cons. \ %% - &
caespitosa (WITHERING) IRVINE in PARKE et

DixoN W Z 3 - A

[opuntia]
[repens]
impudica (MONTAGNE) J. AGARDH
nipae ZANARDINI

Caulacanthus KUTzING, 1843 \WE£#AD5 R
compressus HARVEY (39)
okamurae YAMADA \WWF1EAD5

Rhodophyllidaceae ScumiTz in ENGLER, 1892
HHILIER
Rhodophyllis KiTzING, 1847 nom. cons. H&RIL7:

B
capillaris TOKIDA \»& BHHRILTE

Plocamiaceae KiTzIiNG, 1843 W b}
Plocamium LaMouroux, 1813 nom. cons. Wh b

R

leptophyllum (auct. japon) (@2 b (40)

ovicornis OKAMURA U@ b
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[oviforme]

recurvatum OKAMURA ¥ XD

telfairiae (HARVEY) HARVEY in KUTzING
Wb (41)

Hypneaceae J. AGarDH, 1851 ¥ D b Ef
Hypnea LamMouroux, 1813 WMEH D b &
cenomyce ]J. AGARDH ¥ ZiF\iEH
cervicornis J. AGARDH mFDWEDH
charoides LAMOUROUX \MEH D H
[seticulosa]
chordacea KitzING
f. simpliciuscula (OkAMURA) TANAKA
ZO0dWEL
cornuta (LAMOUROUX) J. AGARDH (Z LAtz
Ebnh
esperi Bory O WMELD D
flagelliformis J. AGARDH T U\ MEHD b
japonica TANAKA M EWEHLDD
[musciformis sensu OKAMURA]
pannosa J. AGARDH ZIFWMED, LHXEF T
6
[nidulans]
saidana HOLMES X\ 7SunED (42)
variabilis OKAMURA fcb U MEHD D
yamadae TANAKA NiIZ\MEBD D
Hypneocolax BoRGESEN, 1920 hiaehicD h g
stellaris BORGESEN
f. orientalis WEBER van Bosse Hiaehic
Dh

Phacelocarpaceae SEARLES, 1968 & UDksF}
Phacelocarpus ENDLICHER et DIESING, 1845 nom.

cons. ¥ UDOKE

japonicus OKAMURA & ULD3¥s

Sarcodiaceae KyLIN, 1932 H-oi¥o b §}
Sarcodia J. AGARDH, 1852 »DiXdD b &
ceylanica HARVEY ex KUTzING HDIXDH
cuneifolia YAMADA OAIXHDIEDDH
Trematocarpus KUTzING, 1843 Zbh/c <X R
pygmaeus YENDO HZH7c <& (43)

Gracilariaceae NAGELI, 1847 nom. cons. ¥}sZ®

h#

Ceratodictyon ZANARDINI, 1878 s\ DA % 5 &

spongiosum ZANARDINI W\ DA F D
Gelidiopsis ScumiTz, 1895 TA ¢ X3 K&
gracilis (KUTzING) VICKERS
hachijoensis YAMADA et SEGAwA 1H Uy 5T
AL LR
intricata (C. AGARDH) VICKERS 3 ORTA ¢ X
L
repens (KUTZING) SCHMITZ TA X E &
Gracilaria GREVILLE, 1830 nom. cons. = ®D b R
(44
arcuata ZANARDINI W ZHitck ZDbh
blodgettii HARVEY { U'h Db
bursa-pastoris (GMELIN) SiLva L5 3
[compressa]
chorda HoLMEs 23 L 53
coronopifolia J. AGARDH 3 XK ZDH
crassa HARVEY exX J. AGARDH o\ b AR ZD D,
SHSLShDD
[Corallopsis opuntia]
cuneifolia (OKAMURA) LEE et KUROGI % #ah»
24o0]
[Rhodymenia cuneifolia]
denticulata (KiTzING) WEBER van Bosse
EFnEDD
edulis (GMELIN) SILVA M=k ZDDH
[lichenoides]
eucheumoides HARVEY D w5 &Fp 5 KZDH
gigas HARVEY KT DH
incurvata OKAMURA ZFRZDH
punctata (OKAMURA) YAMADA \»D>O ¥R
[Rhodymenia punctata]
salicornia (C. AGarpH) DawsoN ¢ X #4561 <
hob
spinulosa (OkAMURA) CHANG et Xia
f. srilankia CHANG et XIA TH X EMFED
H
[purpurascens]
textorii (SURINGAR) HARIOT mi¥d b
vermiculophylla (OHM1) PAPENFUSS k% &%
verrucosa (HubpsoN) PAPENFUSS Z D b
[confervoides]
Tylotus J. AGARDH, 1876 7c&Z\ 7B
lichenoides OKAMURA &\ dofclt
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Phyllophoraceae RABENHORST, 1863 %> b
B (45
Ahnfeltia Frigs, 1835 X\ 4@
concinna J. AGARDH X\ K
Sfurcellata OKAMURA %5 X X\ &
gracilis (YAMADA) YAMADA et Mikami in
MikaMI N&
[Besa gracilis]
paradoxa (SURINGAR) OKAMURA (1 b 234
plicata (HubsoN) FRIES DX\ i & & (46)
yamadae (SEGAWA) MIKAMI (TR &W&, (th
DDET
Gymnogongrus MARTIUS, 1833 & 2D h B
divaricatus HOLMES K& ¥-KkEXDO0D D
flabelliformis HARVEY in PERRY k&0 D
japonicus SURINGAR £ X 277 Lk&D
Stenogramma HARVEY in HOOKER et ARNOTT,
1841 123 U2
interrupta (C. AGARDH) MONTAGNE (13 U <&

Gigartinaceae Bory, 1828 3 ¥ v §}
Chondrus STACKHOUSE, 1797 oD ¥ /&
crispus (auct. japon) &b eh, RFFODFH
1))
elatus HoLMEs Z & U oD ¥ = (48)
giganteus YENDO It oD ¥ 7 (49)
[ocellatus f. giganteus]
ocellatus HoLMEs 20D % 7= (50)
pinnulatus (HARVEY) OKAMURA OB Z & U
(51)
verrucosus MIKAMI \MEDD F F=
[Gigartina mikamii]
[ocellatus f. canaliculatus)
yendoi YAMADA et MikaM! in Mikami < A3
EANAED, 2X2o0% 1 (52)
[Iridaea laminarioides sensu OKAMURA]
[Iridophycus cornucopiae sensu TOKIDA]
Gigartina STACKHOUSE, 1809 4+ ¥ h &
intermedia SURINGAR H3\~®D b
mamillosa (auct. japon) WD H L (53)
teedii (RoTH) LAMOUROUX LE¥ADDH
tenella HARVEY +¥D b
[Chondrus filiformis]
Rhodoglossum J. AGARDH, 1876 HTFFA A F
58

hemisphaericum Mikami \EEATcA (54)
japonicum MikaMl HhE¥A A% D (55)
[Gigartina japonica]

[Iridaea pulchra sensu OKAMURA]

Petrocelidaceae DenizoT, 1968 \ Mg b F}
Mastocarpus KiUTzING, 1843 \MID h &
pacificus (KJELLMAN) PERESTENKO WED D,
BEWEDDH (56)
[Gigartina ochotensis)
[Gigartina pacifica]
[Gigartina unalaskensis)

7B B Insertae sedis
Wurdemannia HARVEY, 1853 YA 5F<==7&
miniata (DRAPARNAUD) FELDMANN et HAMEL
[setacea]

RHODYMENIALES ScHMiTZz in ENGLER, 1892
¥FXZLED A (BT
Rhodymeniaceae HARVEY, 1849 ¥ X Li¥ b &}
(57
Botryocladia (J. AGarpH) KyLIN, 1931 nom.
cons. XD 2B
leptopoda (J. AGARDH) KYLIN (X7cD 2 78
skottsbergii (BoRGESEN) LEVRING H0hvdoldis
DZIE
[kuckuckii]
Chrysymenia J. AGARDH, 1842 1: 62 ¥ %58
grandis OKAMURA FERb.s< A
okamurae YAMADA et SEGAWA {3/ &< B
[kairnbachii sensu OKAMURA]
wrightii (HARVEY) YAMADA 7:6¥ %5
Coelarthrum B@RGESEN, 1910 %< A0k ¥R
boergesenii WEBER van Bosse 3Lz o b
[coactum]
lomentariae TanakA et K. Nozawa in
TANAKA DichD S5 HDE
muelleri (SONDER) BORGESEN 4. Al ¥
Coelothrix BorRGESEN, 1920 i@\ MEHD H &
irregularis (HARVEY) BORGESEN IZE\MEH D
b
Cryptarachne (HARVEY) KyLIN, 1931 O\ b3
¥R
polyglandulosa (OKAMURA) SEGAWA U BT
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-1
[Chrysymenia polyglandulosa]
Erythrocolon (J. AGARDH) J. AGARDH, 1896
VDS AORER
podagrica (HARVEY ex J. AGARDH in GRUNOW)
J. AGARDH in KYLIN O'% 5. A0k ¥
Fauchea MONTAGNE et Bory, 1846 ¥ #°5 <X g
leptophylla SEGAWA LT LEXD
rhizophylla TAYLOR DBV LA-D h
spinulosa OKAMURA et SEGAWA in SEGAWA
EIFELS
stipitata YAMADA et SEGAWA in YAMADA
ADEEND
Gloioderma J. AGARDH, 1851 DL &< AR
iyoense OKAMURA OO LSS A
japonicum OKAMURA UL .5< A
Halichrysis (J. AGARDH) ScuMiTz, 1889 % b (F1-
AR
japonica SEGAWA H hiFi-A
micans (HAUPTFLEISCH in ENGLER et PRANTL)
P. et H. HuvE 5 2i¥<¢ X
[Weberella micans]
Rhodymenia GREVILLE, 1830 ¥ X LiFH &
adnata OKAMURA 7R\ D00 ¥N
coacta OKAMURA et SEGAWA in SEGAWA
icndh
intricata (OKAMURA) OKAMURA FXZ LITH
liniformis OKAMURA (3% 7253
parva YAMADA D75
pertusa (POSTELS et RUPRECHT) J]. AGARDH
HistidT
prostrata TANAKA LANWODRERT

Champiaceae KiUTzING, 1843 ok ¥ % 5§}
[Lomentariaceae J. AGARDH, 1876]

Binghamia J. AGARDH, 1894 7 % 5 TR
californica J. AGARDH 7% % T4 X
[Binghamiella californica)

Champia DesvEAUX, 1809 b0k ¥+ 5B
bifida OKAMURA Dbk ¥FH
echigoensis Noba 2B Zh ok E¥£5
expansa YENDO 5 Fi¥ ok E¥% 5
japonica OKAMURA B D EEX S
parvula (C. AGARDH) HARVEY b oh ¥% 5
recta NODA 7cbb o E¥ %5

Gastroclonium KtTzING, 1843 nom. cons. \~% %
el
pacificum (DAwsoN) CHANG et XIA \ % F D
[Coeloseira pacifica]

[ovale sensu OKAMURA]

Lomentaria LYNGBYE, 1819 % Lo/ ¥&
catenata HARVEY in PERRY % LD &
flaccida TANAKA 5X 5 LDk E
hakodatensis YENDO 3 U4 Lok
lubrica (YENDO) YAMADA \ t 7=k EF5
okamurae SEGAWA DAl S Lok ¥
[orcadensis]

[rosea sensu OKAMURA]
pinnata SEGAWA U5 LD E

PALMARIALES Guiry et D. IrvINE, 1978
75+ H (B7)
Palmariaceae Guiry, 1974 753§}

Halosaccion KUTzING, 1843 NIz 5 5D H R
firmum (PosTELs et RuPRECHT) KiUTzING

MeRELELADY, {KHHDY
ramentaceum (LINNAEUS) J. AGARDH (2RI
5HADDY
yendoi I.K. LEE N5 ADH
[saccatum auct. japon]

Palmaria STACKHOUSE, 1809 #5338
marginicrassa 1.K. LEE poii#i 53
palmata (LinNAEUS) O. KUNTZE 7257
[Rhodymenia palmata]

CERAMIALES OLTMANNS, 1904 &3+ H
Ceramiaceae DUMORTIER, 1822 \~¥-3§}

Acrothamnion J. AGARDH, 1892 b w 5D R

butleriae (CoLLINS) KYLIN '3 < U Dith
L

preissii (SONDER) WOLLANSTON H i 5 D71 %,
Lelikhd

[pulchellum]

[terminale]

Aglaothamnion FELDMANN-MAZOYER, 1940 7 7' 5
*FEA=K VR '
cordatum (BoRGESEN) FELDMANN-MAZOYER
neglectum FELDMANN-MAZOYER
oosumiense ITONO

Anotrichum NAGELI, 1861 ZRiF <R
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Sfurcellatum (J. AGARDH) BaLpock E®if <&
[Monospora tenuis)
[Neomonospora furcellata)
tenuis (C. AGARDH) NAGELI IFMmEL <&
[Griffithsia tenuis]
yagii (OKAMURA) BALDOCK \& Z @l
[Monospora yagii]
Antithamnion NAGELI, 1847 &t oI hB
amamiense IToNO
antillanum B@RGESEN T XA\ & ¢ X
basisporum ToOKIDA et INABA ICh oM &1
callocladus IToNo
cristirhizophorum TOKIDA et INABA .45 X32.b7n
el r-¥ el
defectum KYLIN R & Xop3&M, { LOIXS
7ooMBh, ERVESTOMNER
[sparsum]
echigoense Nopa
gardneri G. DE TonNl &R\ ENEH
nipponicum YAMADA et INAGAKI %7=0hi& 1
percurrens DAWSON 2 72ii D5t 0h &
plumula (ELris) THURET in LE JoLis
secundum IToNO
tanakae ITONO LIFEmaL & <&
Antithamnionella LYLE, 1922 1322 &h g
breviramosa (DAwsoN) WOLLASTON in
WOMERSLEY et BAILEY OMegie o2&k
[Antithamnion breviramosus]
miharae (ToKIDA) ITONO 1ZFMZ M
Balliella IToNo et TANAKA, 1973 RV =S5 R
crouanioides (IToNo) ITONO et TANAKA
[Antithamnion crouanioides]
subcorticatea (IToNo) ITONO et TANAKA 7oA M
WRIZizh b
[Antithamnion subcorticatum]
Callithamnion LYNGBYE, 1819 &\ & ¢ XB
aglaothamnioides IToNO
apicalis Nopa
callophyllidicola YAMADA M\ ~& & X
corymbosum (SMITH) LYNGBYE
echigoense Noba
furcellariae J. AGARDH
japonicum NopA in Nopa et Kitami
minutissima YAMADA O\7cD & &R
nipponicum NopA in Nopa et Kitami

Campylaephora J. AGARDH, 1851 X ZDhE
crassa (OKAMURA) NAKAMURA 5 &\ &3 (58)
[Ceramium crassum]
hypnaeoides J. AGARDH % ZD b (59)
[Ceramium hypnaeoides]
japonica Nopa U2 TDH
Carpoblepharis KUTzING, 1843 nom. cons. # /. :#
AVERFY
warburgii HEYDRICH :3i1¥HH 4L (60)
Centroceras KUTzING, 1841 ZDH < XE
apiculatum YAMADA AW DH X
clavulatum (C. AGARDH) MONTAGNE &\ ¥
1-
distichum OKAMURA Z D3 <&
japonicum ITONO 7t A\ EFWET
minutum YAMADA
Ceramium RoTH, 1797 nom. cons. \ &8
aduncum NAKAMURA ¥ ¥\ ¥
affine SETCHELL et GARDNER
amamiense ITONO
boydenii GEPP HH<{ &
ciliatum (ELLis) DucLUzZEAU DD\ ¥ (61)
cimbricum H. PETERSEN ¥ DiXH\W &3
codii (RICHARDS) MAZOYER & 23D \&¥3
fastigiatum HARVEY O\ E3 (62)
fimbriatum SETCHELL et GARDNER % XD X\
&T

['flaccidum]

gracillimum (KUTzING) GRIFFITH et HARVEY
in HARVEY I\ &3 (63)

howei WEBER van BOSSE /A W\ &3

japonicum OKAMURA (3h\¥-3

kondoi YENDO ¥ (64)

[rubrum sensu YENDO]

minutulum Nopa et KoNNo in Noba O®i3h
wEF

nakamurae DAWSON D L\¥

[equisetoides NAKAMURA]

paniculatum OKAMURA {3 h \ ¥

procumbens SETCHELL et GARDNER

serpens SETCHELL et GARDNER

sympodiale DAWSON & TH -\ ¥

taylorii DAwsON

tenerrimum (MARTENS) OKAMURA F\¥-3

tenuicorticatum KoNnNo in KoNNo et Nopa
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FTHLWET
tenuissimum (RoTH) J. AGARDH X\ ;W ¥
.a-

Corynospora J. AGARDH, 1851 I\ »ZWnlfR
sericata (SEGAWA) YOSHIDA X\~ &0l
[Neomonospora sericata]

Crouania J. AGARDH, 1842 X DD X TR
attenuata (C. AGARDH) J. AGARDH XDODIXT
divaricata OKAMURA H X XL DODI T
mageshimensis IToONO
minutissima YAMADA DD X DD I T

Dasyphila SONDER, 1845 X LD SR
plumarioides YENDO ZX L D&

Delesseriopsis OKAMURA, 1931 531 H X R
elegans OKAMURA 5T H X &

Euptilota (KuTzING) KUTZING, 1849 WZ LD SR
articulata (J. AGARDH) SCHMITZ \wZ L D%

Gattya HARVEY, 1854 # , 5 4 78
obtusa IToNO

Gordoniella ITono, 1977 Xl R TXER
yonakuniensis (YamaDA et TaNnaka) ITono

L ROV E
[Spermothamnion yonakuniense]

Griffitsia C. AGARDH, 1817 WXL ¢ 3R
coacta OKAMURA biclfH L&
corallinoides (LINNAEUS) TREVISAN ZD5h&

L<Z
[corallina]
heteroclada YamaDpa et HASEGAWA in
HASEGAWA K OMELLE
japonica OKAMURA M XL ¢ X
okiensis KAJIMURA kB ENIL A
rhizoidea Nopa R7ZLHAELCE
rhizophora GRuNow ex WEBER van Bosse
subcylindrica OKAMURA RV ENITL X
tomo-yamadae OKAMURA FEMHIL X
venusta YAMADA {-E¥ ML <&

Gymnothamnion J. AGARDH, 1892 XiZith<¢ 3R
elegans (SHOUSBOE ex C. AGARDH) J. AGARDH

REizhl g
[Plumaria ramosa]

Haloplegma MONTAGNE, 1842 X225 LIg
duperreyi MONTAGNE X5 L

Herpochondria FALKENBERG in ENGLER et
PrRANTL, 1897 iz ¥ 2B

corallinae (MARTENS) FALKENBERG in ENGLER
et PRANTL & &2

[Microcladia corallinae]

dentata (OkamuURA) ITONO Z3 U X2

[Microcladia dentata]

elegans (OKAMURA) ITONO X % 75

[Microcladia elegans]

pygmaea ITONO

Lejolisea BorRNET, 1859 v 4, Vo7&
pacifica IToNno

Neoptilota KyYLIN, 1956 A RICONERE
asplenioides (EsPER) KYLIN iz ~_XICOME
[Ptilota asplenioides’]
californica (RUPRECHT) KYLIN 7 LI~

X
[Ptilota californica)
Platythamnion J. AGARDH, 1892 X oM XhE
horridum ToOKIDA et INABA RIZD LDIFECE
intermedium TOKIDA U XX &
polyspora IToNoO
yezoense INAGAKI XOh &4, X2 E
[Antithamnion plumula sensu OKAMURA]
Pleonosporium NAGELI, 1862 nom. cons. < $7#5%
B (76)
caribaeum (BoRGESEN) NORRIS 7£A A\ #EC
kAl

[Mesothamnion caribaeum])

dichotomum Nopa UL T %

elongatum NoDA 13 Z 2 1S T+ %

japonicum ITONO

[Compsothamniella japonica]

kobayashii OKAMURA { T75%

mageshimense (IToNO) NORRIS

[Compsothamniella mageshimensis]

mazeense Nonpa ¥ ¢ T %

polymorphum ItoNo Hoh<{ T F

[Mesothamnion polymorphum]

pusillum YAMADA b o IFL T %

segawae YOsHIDA 3 T4 %

[pinnatum OKAMURA et SEGAWA in SEGAWA]

tohyamanum ToKIDA et INABA & 5 F L 12
¥

venustissimum (MONTAGNE) DE Toni ZI¥A <
TIEE

yagii (YAMADA) NORRIs { 752 g’m
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[Mesothamnion yagii]
Plumariella OkaMURA, 1930 \ ¢ LDOSE
yoshikawae OKAMURA \~& LD &
Psilothallia ScumiTz, 1889 ~NiZOMEIR
dentata (OKAMURA) KYLIN XizOME
[Ptilota dentata]
Ptilocladia SONDER, 1845 757 4 r 25354+ TR
japonica IToNo
Ptilota C. AGARDH, 1817 nom. cons. < LNIZOME
&
serrata KUTzING { LXIZONE (65)
[pectinata]
Ptilothamnion THURET in LE JoLis, 1863 & O
VIEER
cladophorae (YamaDA et Tanaka) G.
FELDMANN W& DO E
[Spermothamnion cladophorae]
pusillum (OKAMURA et SEGAWA in SEGAWA)
ITono
[Spermothamnion pusillum]
Reinboldiella DE Toni, 1895 % b 4 A UR
filamentosa IToNnO
robusta IToNoO
schmitziana (REINBOLD) DE Tonl H H H AR U
[Carpoblepharis schmitziana]
Rhodocallis KiTzING, 1847 ~XizoMER ¥ LB
elegans KUTZING RIZOMNERE L
Scagelia WOLLASTON, 1971 2355 & X ONIhE
corallina (KJELLMAN) HANSEN et SCAGEL
b5 XN
[Antithamnion corallina]
Seirospora HARVEY, 1846 Xiz\ 255 K
occidentalis BORGESEN X\ 2485
Spermothamnion AREscHoOUG, 1847 DU ¥ &
echigoensis Noba 2 b0V %
endophytica OKAMURA 7L WO ¥
Spyridia HARVEY in HOOKER, 1833 5 & ¢XR
aculeata (C. AGARDH ex DecaIlsNE) KUTzING
EF SR
elongata OKAMURA 7tH' 5 S & X
filamentosa (WULFEN) HARVEY 35 &I1F ¢ &
tenuis Noba 3% 5 S ¢ &
Tanakaella IToNo, 1977 2+ H =55
japonica IToNo
Tiffaniella Doty et MENEZ, 1960 5 4 7 » = =5

B
apiculata IToNoO
codicola (YAMADA et Tanaka) Doty et
MeNEZ ZB5 00 E
[Spermothamnion codicola]
suyehiroi (OKAMURA) KANEKO T DAV
¥
[Spermothamnion suyehiroi]
tamamiru (SEGAWA) GORDON 7o ¥ Z B VU E
[Spermothamnion tamamiru]
Tokidaea YosHIDA, 1973 Nizidhad &
corticata (TokipA) YOSHIDA RiZithd
[Antithamnion corticatum]
Wrangelia C. AGARDH, 1822 LAY BHE
minor Nopa in Nopa et Kitamt O b AT D
é .
penicillata (C. AGARDH) C. AGARDH k¥ bA
SN2}
tagoi (OKAMURA) OKAMURA et SEGAWA in
SEGAWA 12D b
tanegana HARVEY (66)
tayloriana TSENG LA h B
[argus sensu YENDO]
[japonica]
tenuis NODA 1ZFWEBLATF DL B

Delesseriaceae Bory, 1828 = ditod b
Acrosorium ZANARDINI ex KuTzING, 1869 (3\+5
TIEDYRE
flabellatum Yamapa ®h 35 TiEDH
okamurae Nopa in Nopa et Kitamr &30 53
o
polyneurum OKAMURA T U5 HiED Y
uncinatum (TURNER) KYLIN ¥ 53X b
yendoi YAMADA 3\ 3 FXD b
Apoglossum J. AGARDH, 1898 O\icd b R
minimum YAMADA OEE b ¥
Asterocolax J. et G. FELDMANN, 1951 725 r 2
59 72AR
denticulata (Tokipa) J. et G. FELDMANN
Ehzhh
[Polycoryne denticulata]
Branchioglossum KyYLIN, 1924 OMNFEHH X B
ciliatum OKAMURA DMFrH X &
nanum INAGAKI O'dirb X &
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Caloglossa J. AGaRrDH, 1876 B E¥NE
adnata (ZaNARDINI) DE Tont
bombayensis BoORGESEN
leprieurii (MONTAGNE) J. AGARDH He ¥R
ogasawaraensis OKAMURA (3% 5 ¥R
Congregatocarpus Mikami, 1971 ZDizD b &
pacificus (YAMADA) MIKAMI = DiXD b
[Laingia pacifica]
Cryptopleura KiTzING, 1843 nom. cons. 7:< h
84
hayamensis YAMADA 13 FiEDH < ht U
membranacea YAMADA i< AT U
Delesseria LAMoOUROUX, 1813 nom. cons. ¥a¥bitd
Vx4
serrulata HARVEY ditod b
[violacea]
Erythroglossum J. AGARDH, 1898 U\ 5 T ~XIZIE
minimum OKAMURA UMD 5 31T
pinnatum OKAMURA 7-% 53 XiC
pulchrum Yamapa { Lot 5 3~
Hymenena GREVILLE, 1830 5$¥Dbh 4 L X &
tenuis YAMADA 5 TiEDh L ¥
Hypoglossum KuUTzING, 1843 Ni2itd b &
barbatum OKAMURA TMFXIZIZD b
geminatum OKAMURA ~XiIZIIDH
minimum YAMADA UBHNIZIID D
nipponicum YAMADA (3 F7cHAXIIED Y (67)
sagamianum YAMADA T U~IZIED b
serratifolium OKAMURA D Z ¥ h (¥~iZiTD b
Kurogia YosHIDA, 1979 \»h iz O
pulchra YOSHIDA \ itz DL '
Marionella WAGNER, 1954 13.6% 2 Db &
schmitziana (DE Toni et OKAMURA) YOSHIDA
28N F 2]
[Hemineura schmitziana)
Martensia HERING, 1841 nom. cons. H I L ¥ &
denticulata HARVEY B &
Aabelliformis HARVEY ex J. AGARDH %D %
R LE
Myriogramme (J. AGarpH) KyLIN, 1924 3 U ¥xn
B
ciliata YAMADA R LT UE¥n
polyneura OKAMURA T U ¥
variegata YAMADA 5\ D) ¥y
Neoholmesia Mikami, 1972 +3FLAD 0 &

japonica (OKAMURA) MIKAMI 3L ADDH
[Holmesia japonica]

Neohypophyllum WyYNNE, 1983 7cpiz DD b g

middendorfii (RUPRECHT) WYNNE 7¢23Z DD
b
[Hypophyllum middendorfii]
Nitophyllum GREVILLE, 1830 nom. cons. 5 3{¥od
& '
stellato-corticatum OKAMURA [ LA 5 TiED
b

yezoense (YAMADA et TOKIDA in YAMADA)
MikaMI H2oiET U ER

[Hideophyllum yezoense]

[Myriogramme yezoense]

Phycodrys KUTzING, 1843 /L ¥z DIZDH G

fimbriata (DE LA PYLAIE ex J. AGARDH)
KYLIN 2L biEZ DD H

radicosa (OKAMURA) YAMADA et INAGAKI in
YAMADA U'DTZ DIID DY

rubens (LINNAEUS) BATTERs » LbiXz Didd
L&

Platysiphonia BorRGESEN, 1931 ONY 5 T
clevelandii (FARLOw) PAPENFuUss UMY 5 37iE

Polyneura (J. AcarpH) KyLIN, 1924 nom. cons.
T LERR
japonica (YAMADA) Mikamt (37 UL&ER
[Nienburgia japonica]

Schizoseris KyLIN, 1924 Xz RiX4E
minima KANEKO et MASAKI x FU DXL
subdichotoma (SEGaAwA) YAMADA UHNECRIL

_f

Sorella HOLLENBERG, 1943 5 4 ~Xi2fg
repens (OKAMURA) HOLLENBERG 5 X
[Erythroglossum repens]

Taenioma J. AGARDH, 1863 O3B
macrourum THURET in BORNET et THURET
perpusillum (J. AGARDH) J. AGARDH U3

Tokidadendron WyYNNE, 1970 D31} = DiLjg
bullata (GARDNER) WYNNE H D3}z Dl
[Pseudophycodrys rainoskei]

Vanvoorstia HARVEY, 1854 756 A L8
coccinea J. AGARDH b T A D
[spectabilis sensu OKAMURA]

Yamadaphycus Mikami, 1973 =30 b &£ 2B
(68)
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carnosum MIKAMI ZDZDH & ¥
[Okamurina carnosa]

Dasyaceae KuUTzING, 1843 72 U H
Dasya C. AGARDH, 1824 nom. cons. 2 UHE
collabens HookER et HARVEY
cylindrica Nopa ook Ud
echigoensis NopA 2 b Z#Uh
elongata Noba MR Ud
minor Nopa in Nopa et Kitami 0% Udh
scoparia HARVEY ex J. AGARDH 3 X% Udb
sessilis YAMADA x LA UH
villosa HARVEY 382 % Ud
Dictyurus Bory in BELANGER et Bory, 1836
BATAHLE
purpurascens Bory HHZHITH Y
Heterosiphonia MONTAGNE, 1842 nom. cons.
LEXLHE
japonica YENDO \\EiX ¥ (69)
pulchra (OkaAMURA) FALKENBERG L ¥ Udb
Rhodoptilum (J. Acarpn) KyLIN, 1956 #: U % &
=37
plumosum (HARVEY et BaiLEY) KyLIN # U3
L&
Sympodothamnion ITono, 1977 A WX 2 ¥ &
leptophyllum (TANAKA) ITONO LA H\NX 2 72

Rhodomelaceae J.E. ARESCHOUG, 1847 % U ¥
L ‘

Acanthophora LamMouroux, 1813 (D h &
aokii OKAMURA U\DEFD Y
muscoides (LINNAEUS) BORY Z LIFD b
spi.ifera (VAHL) BoORGESEN &IFfd b
[orientalis]

Acrocystis ZANARDINI, 1872 2L LIiz5 X
nana ZANARDINI 4 LIg5 %

Amansia LAMOUROUX, 1809 D & L ¢ X
glomerata C. AGARDH ¥ Ok &L
japonica (HoLMES) OKAMURA D& L <X
mitsuii SEGAWA 3 TiFO0 B L L
scalpellata TANAKA T U LOBEL

Ardissonula G. DE Toni, 1936 0 X< %5 &
regularis (OkaMURA) G. DE ToNI VX< %5
[Isoptera regularis)

Benzaitenia YENDO, 1913 XA, TA b B

yenoshimensis YENDO ~RATA b
Bostrychia MONTAGNE in RAMON de la SAGRA,
1842 nom. cons. Zit L L X
binderi HARVEY UM LS & &
flagellifera PosT
hamana-tokidae PosT e Zitd & & (70)
mixta HOOKER et HARVEY 12 ¥ /i3 d & &
[dichotoma ToKIDA]
moritziana (SONDER in KUTZING) J. AGARDH
zihIb s
radicans MONTAGNE
simpliciuscula HARVEY ex J. AGARDH i 2}
L&
[andoi]
[tenuis f. simpliciuscula]
tangatensis PosT
tenella (VAHL) J. AGARDH Zitd & ¥
Chondria C. AGARDH, 1817 nom. cons. /¥ D
g (1)
armate (KUTZING) OKAMURA (3707 ¥
crassicaulis HARVEY Wig
dasyphylla (WoopwARD) C. AGARDH iz ¥D
h
expansa OKAMURA % IR/ &
intertexta SiLva }Hohwpic
[intricata OKAMURA]
lancifolia OKAMURA X X ¥R/ ¥D Y
mageshimensis TANAKA et K. Nozawa in
TANAKA LA\t
minutula NopA DR EDH
polyrhiza CoLLINS et HERVEY
repens BoRGESEN Db ED Y
ryukyuensis YAMADA ~NiZRHED H
stolonifera OKAMURA D57/ E¥D b
tenuissima (GOODENOUGH et WOODWARD)
C. AGARDH B RILEDDY
Dasyclonium J. AGARDH, 1894 < LDILE
flaccidum (HARVEY) KYLIN & LDt
[Euzoniella flaccida]
ocellatum (YENDO) SCAGEL { LDt & &
[Euzoniella ocellata)
Digenea C. AGARDH, 1822 ¥<{ b B -
simplex (WULFEN) C. AGARDH %< D
Ditria HOLLENBERG, 1967 LD %< XE
zonaricola (OxkaMuRA) T. et M. YosHIDA
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LDECE
[Herpopteros zonaricola]

Enantiocladia FALKENBERG in ENGLER et
PRANTL, 1897 B EHXE
okamurae YAMADA H\ F <X

Enelittosiphonia SEGI, 1949 F 2\ & &3 E
hakodatensis (YENDO) SEGI % X\ & & X
[Polysiphonia hakodatensis]

Exophyllum WEBER van Bossg, 1910 H»2i¥z 5
30D
wentii WEBER van Bosse H ¥z 53 hobh

Herposiphonia NAGELI, 1846 0\3b 21 &
caespitosa TSENG O I
Jfissidentoides (HoLMES) OKAMURA 0\ Z 1
insidiosa (GREVILLE) FALKENBERG ¥V H T

52
parca SETCHELL { 3 D30H I (72)
[tenella auct. japon]
[terminalis]
subdisticha OKAMURA { AT

Janczewskia SoLMs-LauBacH, 1877 #ZF %< LB
morimotoi TOKIDA 3 b EFFEEL D
[tokidae]

Laurencia LaMouroux, 1813 nom. cons. %@
brongniartii J. AGARDH ZF Ditls
[grevilleana)
capituliformis YAMADA ¥ A% X%
cartilaginea YAMADA MicFF
ceylanica HARVEY ¥\WAAFF
composita YAMADA &< £F
filiformis (C. AGARDH) MONTAGNE 7t A TA ¥

ks
[heterocladia]
hamata YAMADA ¥ X F
intermedia YAMADA { A% X
intricata LAMOUROUX O %%
japonica YAMADA b TEF
majuscula (HARVEY) Lucas HnE#
[obtusa var. majuscula]
mariannensis YAMADA %< WEF
nidifica J. AGARDH LK HZEF
nipponica YAMADA 5 L% ¥
[glandulifera sensu YAaMADA]
obtusa (HupsoN) LAMOUROUX % ¥NhFF
okamurae YAMADA ZDOTEF

papillosa (C. AGARDH) GREVILLE (¥0'H %%
pinnata YAMADA iZhF%

surculigera TSENG \ il h

undulata YAMADA T 5% %

venusta YAMADA O\ EFF

yamadae Howe LU & +#

[amabilis)

yendoi YAMADA X 7% F

Lenormandiopsis PAPENFuUSS, 1967 T U/ L <& B
lorenzii (WEBER van Bosse) PAPENFuss

FTLHELLRE
[Aneuria lorenzii]

Leveillea DECAISNE, 1839 UxiE¥bDhE

jungermannioides (HERING et MARTENS)
HARVEY UxiXbob

Lophocladia ScumiTz, 1893 X h A S IRE
japonica YAMADA X h&H <X
lallemandii ScumiTz
minima ItoNo cA W I h&EE

Lophosiphonia FALKENBERG in ENGLER et
PranTL, 1897 i3\ &SR
hayashii SEGAWA 1T\ \ & X

Murrayella ScumiTz, 1893 /e <X B
periclados (C. AGARDH) SCHMITZ 7eh&4H <&
[squarrosa]

Neorhodomela Masupa, 1982 % UE2 4B
aculeata (PERESTENKO) MasSUDA &% LE¥2%
[Rhodomela larix auct. japon]
munita (PERESTENKO) MaAsupa W& 5L ED
[Rhodomela subfusca]
oregona (DoTY) MASUDA H-FLHLEDD

Neurymenia J. AGARDH, 1863 WWEIFL 1 5B
fraxinifolia (MERTENS ex TURNER) J.

AGARDH WEIEL 1 5
nigricans TANAKA et IToNO < AW ZiEL & 5

Odonthalia LYNGBYE, 1819 nom. cons. & Z ¥ H O
(244
annae PERESTENKO $h v 5 Lo AD I & H T
[aleutica auct. japon]
corymbifera (GMELIN) GREVILLE (XIJ X &DC

¥houx A
kawabatae MAasuDA L Z7cADZ E DO
macrocarpa MASUDA }&D T ¥ H UM
yamadae MASUDA H -1 LD Z ¥ h MK
[kamtschatica auct. japon)
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Placophora J. AGARDH, 1863 i1\ = XhE
binderi (J. AGARDH) J. AGARDH I\ Z &
japonica TANAKA 2MEBITV 5T
Polysiphonia GREVILLE, 1823 nom. cons. \»& ¢ &
B (73)
abscissa HOOKER et HARVEY EAIFH5 &< &
akkeshiensis SEGI H 1L\ & <&
bicornis OHTA
brodiaei (DILLWYN) GREVILLE s\ & <X
codiicola ZANARDINI in KUTZING {F¥H & ¢ X
crassa OKAMURA b &\ & & X
cystophyllicola Noba D&\ & & X
decumbens SEGI W IFAE X
echigoensis Noba 2B\ & & X
elongata (HupsoN) HARVEY in HOOKER
f. schuebelerii (FOSLIE) ROSENVINGE

ferulacea SUHR ex J. AGARDH (F5\ ¢ <&
fragilis SURINGAR { A\r& & &
[ forcipata sensu Secr]
grateloupeoides Nopa
harlandii HARVEY #:\vbA W E ¢
japonica HARVEY .45 h\ & &X
latiovalis NobA 535X E\E X
morrowii HARVEY 3 A\ & & &
[senticulosa sensu SEGI]
nipponica SEGI T o {IFA & & X
notoensis SEGI M &\ & & X
novae-angliae TAYLOR FLhi0iF\ & ¢ &
obsoleta SEGI {3\ & <X
ohmaensis OHTA FFFL & X
porrecta SEGI il & & X
richardsonii HOOKER 2o\ & & &
sacsensis NODA X Fuv& ¢ &
savatieri HARIOT Db E X
[aggregata] )
scopulorum sensu SEGI s>\ & & X (81)
siretokensis YAMADA in YAMADA et TANAKA

E 3 PR Q-
sphaerocarpa BoRGESEN UMig\» &< &
[pulvinata sensu SEGI]
spinosa (C. AGARDH) J. AGARDH &Ff\ & ¢ X
subtilissima MONTAGNE 22 %% -
tapinocarpa SURINGAR IF\u~& ¢ &
teradomariensis NODA %2 H Z0OHWE X

YosHipa, T., Nakajima, Y. and NAKATA, Y.

tokidae SEGI 53T\ & & X
tongatensis HARVEY ex KUTzING NiZIF»F
upolensis (GRUNow) HOLLENBERG
urceolata (DILLWYN) GREVILLE Ly 5 U 5V
Dh
yendoi SEGI 2 A EH\ & ¢ X
yonakuniensis SEGI i\ & &X
Pterosiphonia FALKENBERG in ENGLER et
PraNTL, 1897 1Th<SXE
arctica (J. AGARDH) SETCHELL et GARDNER
Wiig< &
bipinnata (PosTELS et RUPRECHT) FALKENBERG
WERhE
fibrillosa OKAMURA IFizh <X
pennata (C. AGARDH) FALKENBERG (31 < &
Rhodomela C. AGARDH, 1822 nom. cons. ¥\ L 5
HSLEDLE
lycopodioides (LINNAEUS) C. AGARDH
f. tenuissima (RUPRECHT) KJELLMAN
ZRUSHLEDD
sachalinensis MASUDA M bH e 5L EDD
[macracantha sensu TOKIDA]
teres (PERESTENKO) MAsUDA 13 Fi¥5 U EDD
[gracilis Yamapa et NAKAMURA]
Symphyocladia FALKENBERG in ENGLER et
PraNTL, 1897 ZXhi &
latiuscula (HARVEY) YAMADA WWEFHrbH X &
[gracilis]
linearis (OKAMURA) FALKENBERG 3£ Z Xh
marchantioides (HARVEY in HOOKER)
FALKENBERG in ENGLER et PRANTL Z ¥'Ha}
pennata OKAMURA DT Xh
Tolypiocladia ScumiTZ in ENGLER et PRANTL,
1897 W& FRER
glomerulata (C. AGARDH) ScHMITZ in ENGLER
et PRANTL W\ & F<X
[Roschera glomerulata]
Vidalia LAMouUROUX ex J. AGARDH, 1863 nom.
cons. 2z b ARE
obtusiloba (MERTENS ex C. AGARDH) ].
AGARDH M % b sk
Wrightiella Scumitz, 1893 HULWwb 2 HF
loochooensis YENDO B\ bz B
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FLEEBIT5, — b

(1) Asterocytis &3 Chroodactylon BoD R4 %
ERTWBD0T, TORCEThTVWBECOWT
X LERRLETH D,

(2) f. simplex AKX R iz,

(3) f. simplex DEXBIN T\ 5,

(4) HeereBouT (1968) (TEZFEEERDLEREND =
NETRBINCESOBEARICE LD, BF
EOFEL Z 0B A bERE Lt hulicbic,

(5) HeereBouT (1968) %= OFED T I EER
5TV 5,

(6) f. crassa 77 "<X=x+, f. elliptica =3
~ = &4, f. lanceolata + #<AX= 24X BXh
2o

(7) HH:AEME% Lic\ f. sanrikuensis =+ 2z
JIDBEFRIDAGAT VS,

(8) f. lanceolata +# 7+ 7=7 )V XG &h
o

(9) f. latifolia v e ~=A 7=, YR KHXh
o

(10) f. coreana R F|XNt-, P. palleola %+ v ¥
VR DEDORAZ L Bbh2,

(11) Nemaliales D& H 23 XEMHIT ELW & Xh
T\ 5,

(12) Acrochaetiaceae 7 7 = ¥ F v AEHZ L < DD
BaEDH BRMN —FK LT\, Auduinella
—BDL% BB P L, Acrochaetium,
Colaconema B Ah bh T\ 5 fEiL Auduinella
CBINBXETHH 5,

(13) Audouinella D H R LE LIEAVHHh TV 3,
Bory D} LDEDEHAGBDNREL L,

(14) FEF (1936) HEER L <\ Liagora fragilis,
L. viscida 13 7 DHBHERINT oW,

(15) = ~—wm, A TIXZ DOFEL N. helminthoides &
FAETHDLEINRT\ 5,

(16) # 7 ¥ 7Eic KjeLLman (1900) ik %< o &
REB LA, ZOHROBHC LD » LA BDH
CEEDONDHFENCDH Bo Blzi¥ PAPENFUSS et
al. (1982) Xt

G. rugosa=cuculligera, glabriuscula, pacifica
G. marginata=clavigera, veprecula
DX5T, EFELOHRLXEDTEHEFEL AL
FhEie bt
(17) Bonnemaisoniales ¢ 35%% b5 %,
(18) musBaFhix Falkenbergia rufolanose T

%o

(19) psyaFHx Trailliella intricata ThH b,

(20) DixoN and IrvIN (1977) (2= D H%ZDT,
IV A VYEDRRZANRT V5,

(21) G. corneum var. pulchellum VY . % . v 7
MR (1957) w i b #HEIhic, Dixon and
[RvIN (1977) T X +ug G. corneum 1% G. sesqui-
pedale DEAZLIRTWHDT, BEEOHE K
ARET 5,

(22) f. elatum v % 7+, f. elegans, f. teretius-
culum X FZ TV %,

(23) #ik (1954,1955,1957) DHERC LB LD TH
5H, MEENEEH Y L hde bty

(24) var. conchicola » A ~4 7 v 74, f. foli-
acea v m oA T v IR INT VS,

(25) Acrosymphyton sp. H EHigF o T (1974),
Gibsmithia sp. =V %t € r v FARE (1971)
CEhAARCETHZ EABREIRT 5,

(26) Thuretellopsis japonica SEGAWA et ICHIKI
IRILERrRY FIEHZOBDELATHS I,
(27) Bo S v 7z kT Hildenbrandiales &35

A3 Do

(28) EHRWLOMDRIE-7cbDRH B, T
BACIbORELV, B &R D 4585 O THER
BT 5,

(29) f. filiformis, f. intermedia, f. sororia H[KX
AMEhi,

(30) Pneophyllum t\5 BEXAVHREZ EMN
CHAMBERLAIN (1983) i© X » TR X h ., P
sargassi (FosLIE) CHAMBERLAIN & 7¢ %, f.
parvula v /T rEnEHE TV 5,

(3l) f. minuta REFEh i,

(32) HRMNE\EET, var. porracea vV v AH T,
f. lomentaria REFJIEH TV 5,

(33) f. flabellata X BIXhico

(34) 7 #»-~% Pachymenia carnosa sensu YENDO
COVTHREEBRERCRRI R TV gL,

(35) Endocladia yasudae YENDO 23ER#R X iz hd,
FDOHBBENTL

(36) f. coliformis, f. intricata X FIX iz,

37) f. polystromatica BERFE T\ %, DR
1% PuescHeL and CoLe (1982) iz X uf & L2
B Ahbhd,

(38) f. fucicola =V F7F PV R=NEKB XhT
W5,
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(39) [RERIMLIMEIRHFRIDTR

(40) ZAEOWTIIBEHBTH bo

(41) f. uncinatum NEFHXhi,

42) f. gracilis a4 £4 A FPREFER T 5.

(43) var. elongata +Y I 7F 74 HRAI Rt

44) v vaAa Hh-5 s Y Gracilaria sublittoralis
YaMmaDpA et SEGawa, nomen nudum (&2 TlX
RN & B o

(45) Phyllophora japonica YENDO 3 Z0#ELAMLER
HERFRH L

(46) var. tobuchiensis 1 & = 74 RXFEZ N5,

47) FHEHOWTHRHYETS,

48) f. latus e mro~y 2 b ORI,

(49) f. flabellatus v 5 v v ) = 2RREHE i,

(50) f. aequalis ¥« ;= %, f. crispoides | ¥
» W &=, f. nipponicum =nv y<x, f
parvus v 2 Y /= A REHI hic,

(51) f. armatus + ¥ v ) = x, f. ciliatus, f. fla-
bellatus w5 v v ) <&, f. longicornis -~ 3 e
Sa b URERIh TS,

(52) f. fimbriatus 7+ ;= %, f. subdichotomus
=& )= 2 RKFIR T 5,

(53) A EOWTIL A GRER) 2 Bitd T,
Mastocarpus £ 7 VED 1 fETH 5,

(54) f. oblongo-ovatum + HFF vr vhiRFIEh
o

(55) f. divergens =& o F¥ v+ vplRHII i,

(56) PUHRIFfhkix Petrocelis & I T i

(57) # A% Palmarialesic®+&, ZOBRF IO
Rhodymeniaceae OFIZ % E 2 ieiPhidebie 7t
bl ‘ﬁ:o

(58) f. australis, f. borealis, f. cymosa, f. elon-
gata BEFIEh 3,

(59) f. hamata REFEh D,

(60) Reinboldiella Rie B XN BRELDTHAH 5,

(61) var. robustum MEHEIH T\ 5,

62) f. flaccida BEFHEX T\ 5,

(63) var. byssoideum MR FIXhitc,

(64) f. abbreviatum, f. ambiguum, f. tricho-
tomum RRFYI ATV 5,
(65) pectinata DR/ b {Hx I\ DT, serrata

MIE L 2252 70 X=k-," P, pectinata f.
litoralis HOWTHRFHYET S,
(66) FEELAEEELGH o,

(67) H. tortilis a v =, ) )3 OB SEHh

5THH5,

(68) Okamurina ZiNnova DERIMNFELREINT
WBH, YHRAEDOMBGCENTWBDTHYE
fE»H b, Yamadaphycus 5,

(69) f. nipponica, f. pacifica HEFEh b,

(70) f. morii X FIE i,

(71) C. atropurpurea? L XN TV 5 DITDOWT
1Y C. decipiens L ORFRYTHNDLEND D,

(72) 7=/ RAe 22l H tenelle DEZHMH
WHRTHEE, SEGI (1954) k=2 —w , DD
#5Enwd 2 kT H. terminalis &4 LI,
HoLLENBERG (1968) 1% Sect Offi & H. parca 7%
FA—#E WS ERT, 2 TRLhici-> Tk,

(73) 4 P/ HBIKAEVET, T2V ALK
Mz % P. cancellata, P. elongella, P. flabellulata,
P. stimpsonii, P. violacea, P. yckoskensis g &
DEFENRD D, SBOMECI > THLMTEND
ThH»A5,

(74) GEEesINK (1973) 13 EERECIRKE LBED D
DORRA—FETH 5 LR L,

(75) = 28LRE Devaleraca TB+XE &\ 5
ExFEL - TWHADHB (Guiry 1982),

(76) Norris (1985) (¥ Mesothamnion BORGESEN
& Compsothamniella IToNo % Pleonosporium
HHRBTAEENRVE LT, D 3BEEDL,

(77) Callophyllis laciniata DFHELHHH, I
WA U 7o - 1o

(78) LinpstrROM (1985) & X ¥, N. integra i1
Dilsea DFETHBML, FH 7 Hh 4L Neodilsea
JB T Neodilsea longissima (MASUDA) LINDSTROM
ERERETH B,

(79) ¥e. Y C. squamata DEZHRY¥THAT
Kt 2—w .y 2OEERILDH L 5T, FHEEW
CHEEHALETH S,

(80) v wmxehy Pneophyllum lejolisii (Rosa-
NOFF) CHAMBERLAIN, b X% #% Pneophyllum
confervicolum (KUTzING) CHAMBERLAIN D44
NELWVEWS,

Bl) #7 V4 I HOFH/IRH BT B,

(82) Nemastoma ¢\ 5#EbAZhEFcHVLRT
&1,

31 B o3k

CHAMBERLAIN, Y.M. 1983. Studies in the Coral-
linaceae with special reference to Fosliella
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and Pneophyllum in the British Isles. Bull.
Brit. Mus. (N.H.). Botany Ser. 11: 291-463.

Dixon, P.S. and IrviN, L.M. 1977. Seaweeds of
the British Isles. Vol. 1. British Museum
(N.H.). London.

GeEesINK, R. 1973. Experimental investigation on
marine and freshwater Bangia (Rhodophyta)
in the Netherlands. J. exp. mar. Biol. Ecol.
11: 239-247.

Guiry, M.D. 1982. Devaleraea, a new genus of
the Palmariaceae (Rhodophyta) in the North
Atlantic and North Pacific. J. mar. biol. Ass.
U.K. 62: 1-13.

HeereBouT, G.R. 1968. Studies on the Erythro-
peltidaceae (Rhodophyceae-Bangiophycidae).
Blumea 16: 139-157.

HoLLENBERG, G.J. 1968. An account of the red
alga Herposiphonia occurring in Central and
Western tropical Pacific Ocean. Pacific Science
22 : 536-559.

KB OB 1971 =vFe ey VN (HK) BECET.

T 19: 94-96.

KjeLLMmaN, F.R. 1900. Om floridé-sligtet Galax-
aura, dess organografi och systematik. K. Sv.
Vet.-Akad. Handl. 33: 1-109.

KyLin, H. 1956. Die Gattungen der Rhodophyceen.
CWK Gleerups, Lund.

LinpsTrROM, S.C. 1985. Nomenclatural and tax-
onomic notes on Dilsea and Neodilsea (Dumon-
tiaceae, Rhodophyta). Taxon 34: 260-266.

Norris, R.E. 1985. Studies on Pleonosporium
and Mesothamnion (Ceramiaceae, Rhodophyta)
with a description of a new species from
Natal. Br. phycol. J. 20: 59-68.

FR&AKRR 1936. AA¥pEEE. AHEBHE, Fx.

PapenFuss, G.F., MsHIGENI, K.E. and CHiANG,
Y.-M. 1982. Revision of the red algal genus
Galaxaura, with special reference to the
species occurring in the western Indian Ocean.
Botanica Marina 25: 401-444.

PuescHEL, C.M. and CoLEg, K.M. 1982. Rhodo-
phycean pit plugs: An ultrastructural survey
with taxonomic implications. Amer. J. Bot.
69 : 703-720.

Seci, T. 1954. The new species of Herposiphonia
from Japan. Rep. Fac. Fish. Pref. Univ. Mie
1: 365-371.

HWARCEH 1954. ARROEGE 7 v 7 +HEOEHI
2WT (I). | 2: 13-19.

Secr, T. 1955, 1957. The species of the genus
Gelidium from Japan and its vicinity. Rep. Fac.
Fish. Pref. Univ. Mie 2: 124-131; 456-462.

FW e FTERHE 1974, 43 Acrosymphyton o
—8 (Va.vEVvY R OERVBARLSHE.
B A £ 5539 (FLIR) R R FK L& p. 70.

(*060 FLYETTILIXILI04E 8 TH JtipBERFE S
WHEHE 103 FRAGRE HAHMEET 1 TH
3-17 = ARBUEKK)

AAREGEAR-I BELBE ERKLHE

~—- 1T 1E

584 E3 E N = 245,740

604 ES z2E LT SELw T
614 T4 van-bosseae van-bosseae

634 k10 OHVbr b ED OBdbr b EE
65/ Tl Lithodermataceca Lithodermataceae
694 23 GRETELOUP GRATELOUP

6945 E6 OLTMANNS, 1922 KyLiN, 1917
704 + 3 papenfusii papenfussii

v TF20 OLTMANNS, 1922 KyLin, 1917
ey T 2 (36) 37

V= k11 37 (36)

73k T4 HaR AR

68—, ol FRBIIOWVTHIE LICKHAERE (1984, %6330 < Xhug, P. chartacea auct. japon %
P. occidentalis SETCHELL et GARDNER ¢ TXREXTHb, 7 — + (19) ¢t YENDO & P. rubescens .

P. plantaginea ThH %,

BEAACET S ENHE Iht-d Do Protectocarpus speciosum (BoRGESEN) KORNMANN %33 % (Heh
KBR, i 33: 93. 1985). F-FE¥E ML Myelophycus cavum J. TANAKA et CHIHARA, Phykos 23:

153. 1984 pFEMI hic,
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MroR
Bax 4
ThTBHDTH 5,
A
Acanthopeltis, 252
Acanthophora, 266
Acetabularia, 61,63
Acinetospora, 64,72

Acrochaetium, 250, 251, 267, 269

Acrocystis, 266
Acrosorium, 264
Acrosymphyton, 269
Acrothamnion, 261
Acrothrix, 65,72
Actinotrichia, 251
Aeodes, 256
Agarum, 69,73
Aglaothamnion, 261
Ahnfeltia, 260
Akkesiphycus, 68
Alaria, 69
Alatocladia, 253
Amansia, 266
Amphiroa, 253, 254, 255
Anadyomene, 59
Analipus, 65,72
Aneuria, 267
Anotrichum, 261
Antithamnion, 262, 263, 264
Antithamnionella, 262
Apoglossum, 264
Ardissonula, 266
Arthrothamnus, 69
Ascocyclus, 67,72
Asparagopsis, 252
Asperococcus, 68
Asterocolax, 264
Asterocytis, 249, 269
Audouinella, 269
Auduinella, 250, 269
Avrainvillea, 62

B
Balliella, 262
Bangia, 249
Bangiopsis, 249
Baylesia, 256
Beckerella, 252
Benzaitenia, 266
Bertholdia, 257
Besa, 260
Binghamia, 261
Binghamiella, 261

BRMEEL/ RS synonym &L LCEEHTVW2H, :
ZY y 7R Lich DX, synonym & LTOLAVLRTWB LD, HAHWE, — FIKTIE
5

INDEX TO GENERA

Blastophysa, 62
Blidingia, 58
Boergesenia, 60
Bonnemaisonia, 252
Boodlea, 60
Bornetella, 61
Bossiella, 253
Bostrychia, 266
Botryocladia, 260
Botrytella, 65,72
Branchioglossum, 264
Bryopsis, 61,64

C
Calliarthron, 253, 254
Callithamnion, 262
Callophyllis, 256, 270
Caloglossa, 265
Calosiphonia, 257
Campylaephora, 262
Capsosiphon, 58
Carpoblepharis, 262, 264
Carpomitra, 69,73
Carpopeltis, 255
Catenella, 258
Caulacanthus, 258
Caulerpa, 61,64
Centroceras, 262
Ceramium, 262
Ceratodictyon, 259
Chaetomorpha, 59,63
Chamaedoris, 60
Champia, 261
Chantransia, 250
Cheilosporum, 253, 254, 255
Chlorochytrium, 958,63
Chlorodesmis, 62
Chnoospora, 67
Chondria, 266
Chondrococcus, 258
Chondrus, 260
Chorda, 66, 69
Chordaria, 66,72
Choreonema, 254
Chroodactylon, 249, 269
Chrysymenia, 260, 261
Cirrulicarpus, 257
Cladophora, 60,63
Cladophoropsis, 60
Cladosiphon, 66

Fit/ - MBI h TV 3HEERT,

Clanidophora, 70
Clanidote, 70
Clathromorphum, 254
Coccophora, T1
Codiolum, 58, 63,
Codium, 62, 64
Coelarthrum, 260
Coeloseira, 261
Coelothrix, 260
Coilodesme, 68
Colacodictyon, 249
Colaconema, 249, 251, 269
Collinsiella, 57
Collinsiellopsis, 57
Colpomenia, 67
Compsonema, 67
Compsothamniella, 263,270
Congregatocarpus, 265
Constantinea, 253
Contarinia, 258
Corallina, 254
Corallopsis, 259
Corynospora, 263
Costaria, 69,73
Crouania, 263
Cruoriella, 253
Cruoriopsis, 257
Cryptarachne, 260
Cryptonemia, 256
Cryptopleura, 265
Cutleria, 68
Cylindrocarpus, 67
Cymathaere, 69
Cymopolia, 61
Cyrtymenia, 256
Cystophyllum, 71,73
Cystoseira, Tl

D
Dasya, 266
Dasyclonium, 266
Dasyphila, 263
Delamarea, 68
Delesseria, 265
Delesseriopsis, 263
Delisea, 252, 270
Derbesia, 63
Dermatolithon, 254, 255
Dermonema, 251
Desmarestia, 69
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Dictyopteris, 70,73
Dictyosiphon, 68
Dictyosphaeria, 61
Dictyota, 70,73
Dictyurus, 266
Digenea, 266
Dilophus, 70,73
Dilsea, 253
Diplura, 69
Distromium, 70
Ditria, 266
Dudresnaya, 253
Dumontia, 253

E
Ecklonia, 69
Eckloniopsis, 70
Ectocarpus, 64,65, 72
Eisenia, 70
Elachista, 66,72
Enantiocladia, 267
Endarachne, 67
Endocladia, 269
Endoplura, 65
Enelittosiphonia, 267
Enteromorpha, 58,63
Entocladia, 58
Erythrocladia, 249
Erythrocolon, 261
Erythroglossum, 265
Erythrophyllum, 257
Erythrotrichia, 249
Ethelia, 257
Eucheuma, 258
Eudesme, 66
Euptilota, 263
Euthora, 257
Euzoniella, 266
Exophyllum, 267
Ezo, 254

F
Falkenbergia, 269
Farlowia, 253
Fauchea, 261
Feldmannia, 64
Fosliella, 254
Fucus, 71

G
Galaxaura, 251, 269
Ganonema, 251
Gastroclonium, 261
Gattya, 263

Gelidiella, 253
Gelidiocolax, 257
Gelidiopsis, 259
Gelidium, 252, 269
Geppella, 63
Gibsmithia, 269
Giffordia, 69
Gigartina, 260
Gloeophycus, 256
Gloioderma, 261
Gloiopeltis, 256
Gloiophloea, 252
Gloiosiphonia, 256
Gobia, 66
Gomontia, 58
Goniolithon, 254, 255
Goniotrichum, 249
Gonodia, 72
Gononema, 65
Gordoniella, 263
Gracilaria, 259, 270
Grateloupia, 256
Griffitsia, 263
Gymnogongrus, 260
Gymnosorus, 70
Gymnothamnion, 263

H
Halarachnion, 258
Halichrysis, 261
Halicoryne, 61
Halicystis, 64
Halimeda, 63,64
Haliseris, 73
Haloplegma, 263
Halopteris, 69
Halosaccion, 261
Halothrix, 66,72
Halymenia, 256, 258
Hapterophycus, 65
Hecatonema, 67,72
Hedophyllum, 70,73
Helminthocladia, 251
Hemineura, 265
Herpochondria, 263
Herpopteros, 267
Herposiphonia, 267
Heterochordaria, 65
Heteroderma, 254
Heterosaundersella, 66
Heterosiphonia, 266
Hideophyllum, 265
Hildbrandtia, 253
Hizikia, 71,73
Holmesia, 265

Homoeostrichus, 70,73
Hormophysa, T1
Hyalosiphonia, 253
Hydroclathrus, 67
Hydrolithon, 254
Hymenena, 265
Hypnea, 259
Hypneocolax, 259
Hoypglossum, 265, 270
Hypophyllum, 265

I
Ilea, 67,73
Internoretia, 58,63
Iridaea, 260
Iridophycus, 260
Ishige, 66
Isoptera, 266

J
Janczewskia, 267
Jania, 254
Joculator, 255

K
Kallymenia, 257
Kintokiocolax, 256
Kjellmania, 68
Kjellmaniella, 70,73
Kornmannia, 58
Kurogia, 265
Kylinia, 251

L
Laingia, 265
Laminaria, 70,73
Laminariocolax, 65
Laurencia, 267
Leathesia, 66,72
Lejolisea, 263
Lenormandiopsis, 267
Leptophytum, 254
Leveillea, 267
Liagora, 251,269
Liagoropsis, 251
Lithophyllum, 254,255
Lithoporella, 255
Lithothamnion, 254
Litosiphon, 68
Lobophora, 70
Lomentaria, 261
Lophocladia, 267
Lophosiphonia, 267
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M
Marginisporum, 255
Marionella, 265
Martensia, 265
Mastocarpus, 260,270
Mastophora, 255
Melanosiphon, 68
Melobesia, 255
Meristotheca, 258
Mesophyllum, 255
Mesospora, 65
Mesothamnion, 263,264,270
Microcladia, 263
Microcoelia, 257,263
Microdictyon, 59
Monospora, 262
Monostroma, 58,59
Murrayella, 267
Myagropsis, 71,73
Myelophycus, 68,271
Mpyriactis, 72
Myriactula, 67,72
Myriocladia, 66
Myriogloia, 66
Myriogramme, 265
Myrionema, 67,72

N
Nemacystus, 67
Nemalion, 251
Nemastoma, 270
Nemostoma, 257, 258
Neodilsea, 253,270
Neogoniolithon, 255
Neoholmesia, 265
Neohypophyllum, 265
Neomeris, 61
Neomonospora, 262,263
Neopolyporolithon, 255
Neoptilota, 263
Neorhodomela, 267
Nereia, 69
Neurocarpus, 73
Neurocaulon, 258
Neurymenia, 267
Nienburgia, 265
Nitophyllum, 265

0
Odonthalia, 267
Okamurina, 266,270

P
Pachydictyon, 70
Pachymenia, 269

Pachymeniopsis, 256
Padina, 70,73
Palmaria, 261
Palmophyllum, 57
Papenfussiella, 66,72
Pedobesia, 63
Pelvetia, T1
Percursaria, 59
Petalonia, 67,73
Petrocelis, 270
Petrospongium, 67
Peyssonnelia, 253
Phacelocarpus, 259
Phycodrys, 265
Phyllophora, 270
Phyllymenia, 256
Pikea, 253

Pilayella, 65
Placophora, 268
Platoma, 257
Platysiphonia, 265
Platythamnion, 263
Pleonosporium, 263,270
Pleuropterum, 69,270
Plocamium, 258
Plumaria, 263
Plumariella, 264
Pneophpllum, 269,270
Pocockiella, 70
Pogotrichum, 68
Polycoryne, 264
Polyneura, 265
Polyopes, 256
Polyphysa, 63
Polysiphonia, 267, 268
Polytretus, 65,72
Porolithon, 255
Porphyra, 249
Porphyropsis, 249
Prasiola, 58

Predaea, 259
Prionitis, 255, 256
Protectocarpus, 271
Protomonostroma, 58
Pseudobryopsis, 61,64
Pseudochlorodesmis, 63
Pseudochorda, 66
Pseudogloiophloea, 252
Pseudolithoderma, 65
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