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Mitosis in the gametophytes and young sporophytes of
Macrocystis angustifolia BORY"?

Hiroshi YABU* and Yoshiaki SANBONSUGA**

*Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido 041 Japan
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YaBu, H. and SaNBoNsuGa, Y. 1985. Mitosis in the gametophytes and young sporophytes
of Macrocystis angustifolia Bory.»2 Jap. ]. Phycol. 33: 1-4.

Cytological studies were carried out on the gametophytes and sporophytes of Macrocystis
angustifolia Bory collected from southern California. The chromosome number was deter-

mined to be n=ca 30 in the gametophytes.

There were some deviations from the counts

of sporophytes with 80% of them having ca 60 chromosomes and 20% having ca 30. In

a few cases single-celled sporophytes had only 16 chromosomes.

The counts obtained in

this study are compared with those reported previously for Macrocystis integrifolia (n=
16, 2n=32 and n=14—16, 2n=28—-32). We conclude that it is likely that the chromosome

number of M. angustifolia is n=32 and 2n=64.

Key Index Words: Chromosome number ; Gametophyte; Macrocystis angustifolia ;

Sporophyte.

The giant kelp, Macrocystis angustifolia
BoRry, (northern hemisphere phase) forms
large kelp beds in southern California
(NEUSHUL, 1971) and the southern hemi-
sphere form occurs in Australia(WOMERSLEY,
1954). When SANBONSUGA and NEUSHUL
(1978) studied hybridization between M.
angustifolia and Pelagophycus porra, they
pointed out that the chromosomes in the
gametophytes of both these species had
not been counted. Recently, we have had
an opportunity to see the chromosomes in
the cells of gametophytes and young
sporophytes of Macrocystis from Goleta,
California, U.S.A. The gametophytes of this
alga being cultured at the University of
California at Santa Barbara, and other
freshly-isolated gametophytes were brought
to the Hokkaido Regional Fisheries Research
Laboratory at Kushiro, Hokkaido by the junior
author in November 1983. The cells have
been grown in PES solution (PROVASOLI,

1) Contribution of the Hokkaido Reg. Fish. Res.
Lab., B 427
2) BCP 85-11-3-3.

1966) under 2,500 lux, 12 hr L-D photoperiod
at a temperature of 15°C which does not
induce the gamete formation. Once immature
gametophytes were grown, they were broken
into fragments consisting of a few cells and
allowed to grow further. This process of
vegetative propagation was repeated several
times. In August 1984, a number of the
gametophytes were transferred into petri
dishes with newly prepared PES solution at
10°C to induce maturation. Three weeks
later, most of the female and male gameto-
phytes attained maturity. The gametophytes
at this stage were fixed with acetic alcohol
(3:1) and stained with aceto-iron-haemato-
xylin-chloral hydrate solution (WITTMANN,
1964).

Our chromosome counts were made by
changing the microscope focus on well-
defined metaphase nuclei, and are given in
Table 1. The usual chromosome number
was ca 30 in the both vegetative and anther-
idial cells of male gametophytes and vege-
tative cells of female gametophytes, and ca
60 in the cells of sporophytes (Figs. 1-9).
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Fig. 1-15. Dividing nuclei in the cells of gamstophytes and young sporophytes of Macrocystis
angustifolia Bory 1-3, x2,400; 4-15, x1,600. 1. Metaphase in a vegetative cell of a male gameto-
phyte. 2. Metaphase in an antheridium. 3. Metaphase in a vegetative cell of a female gametophyte.
4-6. Metaphase of the diploid nucleus in one-celled sporophyte. 7-9. The same sporophytic cell at three
levels of focus, showing a late prophase nucleus with ca 60 chromosome in the lower cell. 10. Meta-
phase with ca 30 chromosomes in a cell of sporophyte which was probably derived by parthenogenesis.
11. Metaphase with 16 chromosomes in one-czlled sporophyte, of which 12 chromosomes are visible in
the figure and the other 4 chromosomes are out of focus. 12. Metaphase in a 2-celled sporophyte (cell
wall not shown) with a precocious chromosome (indicated by the arrow) in a sporophytic cell. 13.
Metaphase with two precocious chromosomes each moving toward a pole (indicated by arrows) in a
sporophytic cell. A second chromosome group is out of focus. 14-15. Late anaphase in a sporophytic
cell, showing the nucleus with a precocious chromosome (indicated by the arrow) associated with the

chromosome group near the pole.

We frequently observed ca 30 chromosomes
in the cell of sporophytes (Fig. 10), and
very rarely counted 16 chromosomes in the
one-celled sporophytes (Fig. 11); the former
chromosome number might be attributed to
parthenogenesis, while the latter low number
might be the result of a female gametophyte
being derived from a zoospore coming from
a sporangium where abnormal meiosis took
place. It is noteworthy that in about 70%

of the mid-metaphase nuclei seen in the cells
of female gametophytes and sporophytes one
can see a precocious chromosome moving
toward one of the poles (Fig. 12). Occasion-
ally in the cells of sporophytes, two preco-
cious chromosomes were seen moving to the
both poles, (Fig. 13). At late anaphase, this
chromosome was noticed as a small short rod
associated with the chromosome group near
the pole (Figs. 14 & 15).



Table 1. Chromosome number examined for
Macrocystis angustifolia Bory.

Number of cells Chromosome

Portion observed number
Cell of female
gametophyte 26 ca 30
Cell of male
gametophyte 8 ca 30
Anthendta] S
cell 4 ca 30
o ed 84 ca 40-60
ne-celle
21 ca 30
hyt
sporopnyte 5 ca 16
Cell of 41 ca 40-60
sporophyte 13 ca 30

In the genus Macrocystis, the chromosome
number of M. integrifolia has been given as
n=16, 2n=32 by WALKER (1952) and n=14-
16, 2n=28-32 by COLE (1968). These chromo-
some numbers and our results indicate that
Macrocystis angustifolia has the basic chromo-
some number of 16 and the most likely
chromosome numbers are n=32, 2n=64. It
is possible that M. angustifolia is a polyploid
of M. integrifolia. In the Laminariales, the
presence of a large chromosome was reported
in several Laminariaceous species by EVANS
(1963, 1965) and in Cymathaere japonica by
YABU and SANBONSUGA (1981). In Macro-
cystis angustifolia studied here, no such a
large chromosome could be detected and all
of the chromosomes were small and dot-
shaped.

Many thanks are due to Professor NEUSHUL,

YaBu, H. and SANBONSUGA, Y.

University of California, for providing us
with the material and reading the manuscript.
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Taxonomic studies on Scenedesmus in Japan 2.
On 8. obtusus MEYEN and S. arcuatus (LEMM.) LEMM.

Kaiichi OOSHIMA

Biological Laboratory, College of Agriculture and Veterinary
Medicine, Nihon University, Fujisawa, Kanagawa, 252 Japan

OosHima, K. 1985. Taxonomic studies on Scenedesmus in Japan 2. On S. obtusus MEYEN
and S. arcuatus (LEMM.) LEMM. Jap. J. Phycol. 33: 5-12.

The morphology and taxonomy of Scenedesmus obtusus and S. arcuatus were studied.
Their morphological features, especially diagnostic characters, were examined in culture.
S. obtusus: mature coenobia flat or slightly curved; cells of 4-celled coenobia arranged in
alternate series, cells of 8-celled coenobia arranged in alternate or various double series;
mature cells ovate or elliptical, with nodular thickening at each pole. This species changed
the cell shape and coenobial form with culture age, showing wide variations in cell arrange-
ment. Therefore, those taxa distinguished from S. obtusus only by cell shape or cell
arrangement should be considered to be synonym. S. arcuatus: coenobial form curved;
cell shape reniform; cells of 4-celled coenobia arranged in cruciate series, cells of 8-celled

coenobia arranged in double series. These characters were stable at the various conditions
studied. This species is, therefore, distinct from S. obtusus.

Key Index Words: Chlorococcales; Chlorophyceae; coenobium; Scenedesmus; S.

obtusus; S. arcuatus; taxonomy.

The present paper is the second of a
series of taxonomic studies on Scenedesmus
(Chlorococcales, Chlorophyceae) in Japan. It
deals with morphology and taxonomy of S. 0b-
tusus MEYEN and S. arcuatus (LEMM.) LEMM.,
whose cells are more or less ovate in shape
and arranged in double series. The circum-
scription of each species was clarified by
examining morphological features and their
variations, especially in cell arrangement, in
culture.

The specimens used for this study were
isolated from samples of waters collected
from the habitats shown in Table 1. Each
isolate was inoculated into a test tube
containing medium AWB and cultured under
the same conditions as those described in
the previous paper (OosHIMA 1981). For
comparison, these cultures were transferred
into seven different media (AWB, A, B, C,
D10, D200 and F), and then were observed
after two, four and eight weeks (OOSHIMA

1981).

Results and Discussion

Types of cell arrangement. Cell arrange-
ments in 4- and 8-celled coenobia have been
used as diagnostic criteria useful for dis-
tinguishing certain species and infraspecific
taxa of Scenedesmus. From the results of
the present study, however, this character
proved to be stable in S. arcuatus but variable
in S. obtusus.

Four-celled coenobia. Cells of S. obtusus
were arranged in alternate series (Figs. 3-5)
or cruciate series (Fig. 7) and rarely in the
intermediate series between them (Fig. 8).
Alternate coenobia were always dominant in
all cultures of the 11 strains examined. With
strain SC766, about 30% of 4-celled coenobia
were cruciate in media B and D200. In the
vigorous cultures of the other 10 strains,
however, these cruciate coenobia were less
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Table 1. Source of clonal cultures investigated.
Strain No. Localities Dates of e~
colony

Scenedesmus obtusus
SC474 Sanaruko-lake, Shizuoka May 3, '76 8
SC485 Ashigaike-pond, Aichi May 3, ’'76 8
SC487 Ashigaike-pond, Aichi May 3, 76 8
SC493 Ashigaike-pond, Aichi Aug. 21, 76 8
SC497 Ashigaike-pond, Aichi Aug. 21, '76 4
SC536 Ashigaike-pond, Aichi Aug. 21, 76 8
SC607 a small pond, Mito, Ibaraki May 22, '77 4
SC635 Shishizukaike-pond, Ibaraki Aug. 10, ’78 8
SC707 a small pond, Ashino Park, Aomori Oct. 28, ’78 8
SC766 a moat around the castle, Okayama Oct. 4, ’79 4
SC920 a small pond, Takikawa, Hokkaido Aug. 25, 83 8

S. arcuatus
SC571 Shishizukaike-pond, Ibaraki May 22, '77 8
SC591 Shishizukaike-pond, Ibaraki May 22, ’77 8
SC593 Shishizukaike-pond, Ibaraki May 22, ’77 8
SC610 a small pond, Mito, Ibaraki May 22, 77 8
SC919 a small pond, Takikawa, Hokkaido Aug. 25, '83 8
SC921 a small pond, Akabira, Hokkaido Aug. 26, ’83 8
SC922 a small pond, Akabira, Hokkaido Aug. 26, 83 8

than 19, at most 9%, in most media.
When these cruciate coenobia were reisolated
and cultured in fresh medium AWB, many
4-celled alternate coenobia were observed.

S. arcuatus sometimes produced 4-celled
coenobia in more than 4-week-old cultures.
These 4-celled coenobia were cruciate (Fig.
32), but rarely tetradesmoid (Fig. 31).

Both species, S. obtusus and S. arcuatus,
never produced 4-celled linear coenobia which
were common in some species of Scenedesmus.

Eight-celled coenobia. Figure 1 represents
five types of cell arrangement in 8-celled
coenobia found in Scenedesmus. As shown
in Figure 2, 8-celled coenobia of Type II and
Il are further classified based on the vari-
ation in number of slits between the median
cells which are in contact with each other
near the inner poles but not in lateral contact.
Type 1I-1 is double coenobium without slits,
while Type II-5 is alternate coenobium with
four slits. Similarly, Type IlI-1 is double

coenobium without slits and Type III-3 is
coenobium with two slits.

Eleven strains of S. obtusus produced three
of the five types, Type II, Il and IV (Figs.
10-11, 17 and 19), but Type I and V were
never found. All variations of Type II and
IIl were observed in the vigorous cultures
of these strains (Figs. 10-18).

With strains SC474 and SC920 which were
established from 8-celled alternate coenobia
of Type II-5 (Fig. 16), such alternate coenobia
were over 80% in media AWB, B and D10,
and 15-30% in media C, D200 and F. With
the other 9 strains, however, the double
coenobia of Type II-1 and III-1 (Figs. 10-11
and 17) were always dominant in all the
media. The percentage of each type varied
slightly among these strains.

When the alternate coenobia of each strain
were reisolated and then cultured in fresh
medium AWB, their mature cells produced
not only alternate coenobia but also various
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Fig. 1. Five types of cell arrangement in 8-celledfcoenobia found in Scenedesmus.
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Fig. 2. Variations in cell arrangement of Type II and IIL

double coenobia, Type II-1 to II-5, Type III-1
to III-3 and Type IV. Similarly, when the
double coenobia of Type II-1 and IlI-1 were
isolated and cultured in the same medium,
their cells produced different kinds of coenobia
including alternate coenobia of Type II-5.

The seven strains of S. arcuatus produced
only 8-celled double coenobia of Type I, but
never the other types. The double arrange-
ment of cells in 8-celled coenobia proved to
be one of the stable characteristics.

Some 8-celled coenobia in the vigorous
cultures of S. obtusus and S. arcuatus were
composed of cells irregularly arranged in
double series (Figs. 20-23 and 34-35). When
these irregular coenobia were transferred
into fresh medium AWB, their cells produced
many coenobia of which cells were regularly
arranged in double series.

5. Scenedesmus obtusus MEYEN Nova
Acta Phys.-Med. Acad. Caes. Leop.-Car. 14:
775. pl. 43. figs. 30-31. 1829.

Synonyms : Scenedesmus alternans REINSCH,
Abh. Senckenb. Naturf. Ges. 6: 135. p/. 20.
fig. D-5. 1866.

S. bijugatus (TURP.) KUETZ. var. alternans
(REINSCH) HANS. Prodromus Algenfl. Bchmen
114-115. 1886.

S. bijugatus var. disciformis CHOD. Mat.
Fl. Crypt. Suisse 1(3): 213. fig. 87. 1902.

S. bijugatus f. irregularis WILLE, Ost.
Bot. Zeits. 53: 92. fig. 4. 1903.

S. bijuga (TURP.) LAG. var. alternans
(REINSCH) BORGE, Ark. Bot. 6(1): 57. 1906.

S. bijuga var. alternans f. parvus G.M.
SMITH, Trans. Wisc. Acad. Sc. Arts Lett.
18: 448. pl. 30. figs. 106-108. 1916.

S. bijuga var. irregularis (WILLE) G.M.
SMITH, [.c. 18 :448. pl. 28. figs. 59-62. 1916.

S. bijuga var. alternans f. irregularis G. M.
SMITH, Trans. Amer. Microsc. Soc. 45 : 189.
pl. 16. figs. 24-27. 1926.

S. ovalternus CHOD. Zeits. Hydrol. 3: 164.
fig. 51. 1926.

S. ovalternus var. graevenitzii (BERN.)
CHOD. [.c. 3: 165-166. fig. 52. 1926.

S. platydiscus (G.M. SMITH) CHOD. var.
alternans (REINSCH) CHoOD. [.c. 3: 176. fig.
69. 1926.

S. graevenitzii (BERN.) MARG. P. Inst.
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Biol. Apl. 22: 91. figs. 14d, i. 1956.

S. ovalternus var. irregularis Kiss, In
UHERK. Scenedesmus-Arten Ung. 48. fig. 137.
1966.

S. bijugatus var. alternans f. parvus (G.M.
SMmiTH) PHIL. Chlorococcales 256. figs 164h,
j. 1967.

S. bijugatus var. graevenitzii (BERN.) PHIL.
l.c. 254. figs. 164a, b. 1967.

Steiniella graevenitzii BERN. Prot. Desm.
189-190. figs. 463-466. 1908.

Scendesmus ecornis (RALFS) CHOD. var.
disciformis CHOD. l.c. 3: 172-173. fig. 161.
1926. (pro parte)

Coenobia of 2-4-8 (generally 4 and 8) cells,
enclosed by a hyaline, homogeneous, gelati-

nous envelope, 4- or 8-celled mature coenobia
flat or slightly curved, young coenobia always
curved ; cells of 4-celled coenobia arranged
in alternate series, rarely in cruciate series,
cells of 8-celled coenobia arranged in alternate
or various double series; mature cells ovate
or elliptical, up to 16.5 ym long, up to 9.5 yum
wide, young cells slightly angular and
slender, 8-9 ym long, 3.5-4 pm wide; each
pole of cells with a single nodular thickening ;
cell wall smooth, without teeth or spines;
unicells ovate, similar in shape and size to
cells composing a ccenobium.
Type locality : Potsdam, Germany.

" Geographical distribution: Europe, Ameri-
ca, Africa, India, Java, Burma, China, Siberia

10
R,
13
18
17
23

35
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Figs. 3-23, 36-37 and 39-40. S. obtusus. 3-8. 4-czllad coenobia; 6. vertical view of young coeno-
bium; 9. 2-celled coenobium; 10-16. 8-celled coenobia of Typ= II; 15. mature coenobium with three slits,
of which a terminal cell is releasing a 4-celled daughter coenobium; 17-18. 8-celled coenobia of Type
III; 19. 8-celled coenobium of Type IV; 20-23. irregular coenobia of 8 cells; 36. mature cell forming a
8-celled daughter coenobium and some 8-celled coenobia showing nodular thickenings at outer poles
(arrows) ; 37. 8-celled coenobium of Type IlI-1 enclosed by a thick hyaline gelatinous envelope ; 39. 4-
celled alternate coenobium showing papillae (arrows) ; 40. part of 4-celled coenobium showing papillae
(arrows). Figs. 24-35 and 38. S. arcuatus. 24-29. 8-celled coenobia; 29. vertical view of young
coenobium ; 30. 2-celled coenobium; 31-32. 4-celled coenobia; 33. broken coenobium with six cells; 34-35.
irregular coenobia of 8 cells; 38. 8-celled coenobium enclosed by a gelatinous envelope. Scales: 39-40.
1 pm; the others. 10 pm.

and Japan. unicells and coenobia recorded in the 2-week-

Specimens examined : SC474, SC485, SC487 old cultures of strains SC766 and SC920.
SC493, SC497, SC536, SC607, SC635, SC707, The percentage of coenobia, especially 4- and
SC766 and SC920 (Tab. 1). 8-celled coenobia, varied among the strains

Table 2 and 3 show the percentage of examined. As all the cultures became old,
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Table 2. Percentage of unicells and coenobia
observed in 2-week-old cultures (SC766 : S. obtusus).

- Medium

Type of ™. AWB A B C D10 D200 F
coenobium "~

unicell 0% 0% 0% 0% 0% 0% 0%
2-celled 0o 0 0 5 0 2 O
4-celled o 4 7 7 0 3 7
8-celled 100 96 93 8 100 95 93

Table 3. Percentage of unicells and coenobia
observed in 2-week-old cultures (SC920 : S. obtusus).

" Medium
.

Type of . AWB A B C DI0 D200 F
coenobium -
unicell 0% — 0% 0% 0% 0% 0%

2-celled 0 — 2 0 1 0 1

4-celled 91 — 56 65 84 8 65
8-celled 9 — 42 3% 15 12 34
*A: dead

2- and 4-celled coenobia increased and 8-celled
coenobia decreased. Unicells were sometimes
observed in more than 4-week-old cultures.
When transferred into fresh medium AWB,
these unicells produced 4- and 8-celled
coenobia.

Bigger mature cells (Figs. 3, 13 and 36)
showed a tendency to produce 8-celled coeno-
bium. These cells were up to 16.5 ym long
and 9.5 ym wide, while mature cells producing
4-celled coenobium were 11-13.5 ym long and
6.5 ym wide (Figs. 7-8, 11-12, 15-17, 19 and
23). With all the strains examined, cells
produced in medium B were more or less
stumpier than those in the other media.

Observations of 4- and 8-celled coenobia
by light microscopy showed that nodular
thickenings ,were situated at outer poles of
the median cells and near both poles of the
terminal cells (Fig. 36). Although the
nodular thickenings were visible in cells of
strains SC485, SC487 and SC920, it was
sometimes difficult to find them in cells,
especially mature ones, of the other 8 strains.
When some coenobia of strain SC920 were
treated with hypochlorous acid and examined
using scanning electron microscopy, these
nodular thickenings appeared as papillae on

both poles of the median cells as well as the
terminal cells (Figs. 39-40).

Both unicells and coenobia were always
enclosed by a hyaline homogeneous gelatinous
envelope (Fig. 37), which was reported by
SCHRODER (1902). During the taxonomic
studies on Scenedesmus, 1 have revealed that
some species produced the gelatinous sheath
but others, e.g. S. acuminatus and S. java-
nensis, never produced it in culture (OOSHIMA
1981).

S. obtusus MEYEN (1829) was originally
described based upon two types of 8-celled
coenobia, Type II-1 and II-5 shown in Figure
2, and many taxa related to this species have
been published since then. On the basis of
8-celled double coenobia without slits between
the median cells (Type II-1), WILLE (1903)
described S. bijugatus (TURP.) KUETZ. f.
irregularis. G.M. SMITH (1926) also estab-
lished S. bijuga (TUrP.) LAG. var. alternans
(REINSCH) BORGE f. irregularis on the basis
of some double coenobia with slits, Type II-2
to II-4. On the other hand, the following
species were described based on 8-celled
alternate coenobia of Type II-5: S. alternans
REINSCH (1866), S. ovalternus CHOD. (1926),
S. graevenitzii (BERN.) MARG. (1956) which
was originally described as Steiniella
graevenitzii BERN. (1908), etc. Nevertheless,
the results of the present study indicate that
these taxa mentioned above are synonyms
of S. obtusus.

6. Scenedesmus arcuatus (LEMM.)
LEMM. Forschungsbr. Plén. 7: 112. pl. 1L
figs. 2-4. 1899.

Basionym; Scenzdesmus bijugatus (TURP.)
KUETz. var. arcuatus LEMM. Bot. Cent. 76:
150. 1898.

Synonyms: S. bijugatus f. arcuatus
(LEMM.) W. et G.S. WEST, Trans. R. Irish
Acad. 33 (B2): 105. pl. 10. figs. 12-14. 1906.

S. arcuatus var. platydisca G.M. SMITH,
Trans. Wisc. Acad. Sc. Arts Lett. 18: 451.
figs. 101-105. 1916.

S. platydiscus (G.M. SMITH) CHOD. Zeits.
Hydrol. 3: 175-176. fig. 68. 1926.

S. alternans REINSCH var. arcuatus (LEMM.)
ForT et KOMAR. Preslia 32: 126-127. pl. 8.
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fig. 10. 1960.

S. alternans var. platydiscus (G. M. SMITH)
FoTT et KOMAR. /.c. 32: 126. pl. 8. fig. 6.
1960.

S. disciformis (CHOD.) FOTT et KOMAR.
loc. 32:129. pl. 8. fig. 3. 1960. (pro parte)

Coenobia of 2-4-8 (generally 8) cells,
enclosed by a hyaline, homogeneous, gelati-
nous envelope, 4- or 8-celled coenobia always
curved, mature coenobia sometimes slightly
curved; cells of 4-celled coenobia arranged
in cruciate series, cells of 8-celled coenobia
arranged in double series, with small inter-
stices among the cells ; cells reniform, some-
times elliptical, with broadly rounded ends,
inner poles of the median cells more or less
angular by mutual compression, outer wall
of the terminal cells concave; mature cells
up to 16.5 gm long, up to 9 pm wide, young
cells slender, 6.5-7 ym long, 3 ym wide; cell
wall smooth, without teeth, spines or
granulations; unicells reniform, sometimes
elliptical, similar in shape and size to cells
composing a coenobium.

Type locality : Leipzig, Germany.

Geographical distribution: Europe, Ameri-
ca, Africa, India, Java, Burma, Australia,
China, Siberia and Japan.

Specimens examined : SC571, SC591, SC593,
SC610, SC919, SC921 and SC922 (Tab. 1).

Table 4 shows the percentage of coenobial
types recorded in 2-week-old cultures of
strain SC593. Each coenobium in 2-week-old
cultures of the seven strains examined had
eight cells. Two- and four-celled coenobia
came into being in 4-week-old cultures. In
much older cultures, unicells and colonies
with five to seven cells (Fig. 33) were often

Table 4. Percentage of unicells and coenobia
observed in 2-week-old cultures (SC593 : S. arcuatus).

o~ . Medium

Type o\f\», AWB A B C D10 D200 F
coenobium

Tumicell 0% — 0% 0% 0% 0% 0%
2-celled 0 — 0 0 0 0 0
4-celled o — 0 0 0 0 0
8-celled 100 — 100 100 100 100 100
*A: dead

observed, and they seemed to be produced
by breaking up of 8-celled coenobia. When
transferred into fresh medium AWB, both
unicells and broken coenobia with five to
seven cells produced 8-celled coenobia.

Cells of each colony were usually alike in
shape and size. Although they increased in
size with age, their characteristic reniform
shape did not change.

All coenobia were always enclosed by a
hyaline homogeneous gelatinous sheath (Fig.
38). The gelatinous sheath was thinner than
that of S. obtusus.

S. arcuatus (LEMM.) LEMM. (1899) was origi-
nally described as S. bijugatus (TURP.)
KUETz. var. arcuatus LEMM. (1898) based
on 8- and 16-celled coenobia. The dimensions
of mature cells recorded for the 7 strains
agreed closely with those of cells in the
original description. During the present
investigation, however, 16-celled coenobia
were never found in all the cultures.

G.M. SMITH (1916) reported S. arcuatus
var. platydisca with five drawings (figs. 101-
105 in his plate), describing only the flat
form of 4- and 8-celled coenobia. Some
taxonomists have recognized this taxon:
PrREscOTT (1951), UHERKOVICH (1966),
HEGEWALD et al. (1978), etc. However, one
of the 8-celled coenobia in SMITH’s drawings
(fig. 103) was apparently curved and three
of them (figs. 101, 104 and 105) also seemed
to be slightly curved. His 4-celled coenobium
(fig. 102) was quite similar to Figure 32 of
the present paper. Accordingly, this variety
can hardly be recognized as an independent
taxon.

Fort and KOMAREK (1960) adopted S.
alternans REINSCH (1866) as the correct name
and proposed two new combinations, S.
alternans var. arcuatus (LEMM.) and S.
alternans var. platydiscus (G.M. SMITH).
Nevertheless, these two varieties are quite
different from S. alternans var. alternans in
shape and arrangement of cells. According
to the results obtained in the present study,
I propose that S. arcuatus (LEMM.) LEMM.
should be recognized as a distinct species
and that S. alternans should be regarded as
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synonymous with S. obtusus MEYEN as de-
scribed above.
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Compsopogon prolificus sp. nov. (Compsopogonaceae, Rhodophyta)
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Yapava, R.N. and Kumano, S. 1984. Compsopogon prolificus sp. nov. (Compsopogonaceae,
Rhodophyta) from Allahabad, Uttar Pradesh in India. Jap. J. Phycol. 33: 13-20.

A new species of the genus Compsopogon, C. prolificus (Rhodophyta) from an outlet
of a tube-well at Allahabad, Uttar Pradesh in India is described. This species resembles
C. coeruleus, C. iyengarii and C. hookeri in having more than one layers of cortical cells,
however, differs from C. coeruleus in having constricted and curled fronds and from C.
iyengarii in the number of microspores formed in a cluster. Besides, this species differs
from the above-mentioned taxa in having knot-like structures which serve for vegetative

propagation.

Key Index Words: Compsopogon prolificus sp. nov., freshwater Rhodophyta ; India ;

taxonomy.

Thirteen taxa of the genus Compsopgon
have been described, but only five taxa have
been reported from India by many authors
such as BRUEHL and Biswas (1923, 1927),
KRISHAMURTHY (1953, 1957, 1962), SINGH
(1964), PATEL (1965), VAIDYA (1968), PATEL
and FRANCIS (1969), PANDEY et al. (1973,
1976) and YADAVA and PANDEY (1980).
SHYAM and SARMA (1980) suggested for a
need of comparative morphological study
both in nature and culture to decide which
characters consistently and reliable to dis-
tinguish various taxa of the genus Com-
psopogon. YADAVA and PANDEY (1977)
reproted an interesting taxon of Compsopogon
from Allahabad in India. This report was
for an unnamed species of Compsopogon,
whose fronds showed twisting and later
developed into knot-like structures. Subse-
quent comparative study in nature and
culture conditions has shown this taxon of
Compsopogon to be a new species. In the
present paper this new species is described
in more detail, a holotype for the species
is determined.

Locatity and Habitat

The present alga was found growing in
an outlet of a water channel of a tube-well
(Fig. 2), lying at latitude 25°30’N, longitude
81°40’E at Allahabad (Fig. 1) in the State
of Uttar Pradesh in India. During the period
of the present study, the water temperature
ranged from 16°C to 27°C and the value of
pH was 6.5. The present alga is perenial
and was growing throughout the year, there-
fore, the observations were also able to
continue throughout the year. The present
alga grows epiphytically on the filaments of
Cladophora sp. on bricks and also on muddy
beds in the water channel, where the other
algae such as Oscillatoria spp. and Spirogyra
sp. were growing associated with it.

Materials and Methods

It was collected twice in every month and
observations were constantly carried out
for one year, 1978-1979. A comparative
study on the development in nature and
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Fig. 1. Map of India showing Allahabad.

1
1 11 1 I

Fig. 2. A tube-well.

culture conditions was undertaken. The
alga was isolated in a unialgal culture, a
single filament was repeatedly washed in
sterilized tap water and struck on solid and
liquid BOLD’s medium (1949). Monospores
were also used to initiate such an inoculum
on agar plates, which were incubated in a

culture chamber at 25°C, provided with 16
hours light period receiving an intensity of
approximately 1,000 lux.

Observations

The present alga was first spotted in the
middle of May in 1978. The luxuriant
growth of fronds is cbserved in May and
June. In natural habitat, the present alga
is heterotrichous, consisting of a small
prostrate system and a few erect filaments;
fronds are up to 0.2 mm wide, 42 cm long,
coarsely or profusely branched (Fig. 28).
Mature portions of fronds are brittle, nodu-
lated and constricted at irregular intervals
(Fig. 30). Profuse branches arise at angle
of 30°-70° to the main branch. Apical cells
of the main branch have rounded ends.
The main branches as well as the mature
portions of the multiseriate branches are
composed of central cells and cortical cells.
The central cells are 10-18 ym wide, 16-30
pm long and single layered, while multi-
layered in the main branches (Fig. 29).

Reproductive Organs

Two types of monosporangia have been
described as monosporangia which originate
singly and microsporangia formed in group
or sorus. These two types of monosporangia
are also observed in the present alga.

1. Monosporangia; In natural habitat,
monosporangia are frequently observed from
May to September. Monosporangia occur
both in uniseriate and multiseriate fronds.
In uniseriate fronds, an axial cell is divided
by an oblique wall resulting in a central cell
and a monosporangium; a monosporangium
is formed by an unequal division of an
axial cell. In multiseriate fronds, a mono-
sporangium is formed by a unequal division
of a cortical cell.

Fronds were brought into the laboratory of
University of Allahabad, washed and kept
in the sterilized tap water, the liberation of
a large number of monospores was observed
early in the next morning. Liberated mono-
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Figs. 3-27. Compsopogon prolificus Yapava et KUMANO, sp. nov.
of central cells and cortical cells in a single layer; 4. Liberated monospores; 5-11. Germination of mono-
spores on filaments of Cladophora sp. forming a small prostrate system; 12. Two erect filaments arising
from a small disc type of prostrate system; 13-16. Bipolar type of monospore germination on agar
plates; 17. Tubular rhizoids originating from the lowermost segments of the erect filament; 18-23.

3. Multiseriate frond consisting

Microsporangia forming in cortical layer; 24-25. Microspores germination in situ.

26-27. Knot-like
structures which help in the vegetative propagation.
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\ 0

Figs, 28-31. Compsopogon prolificus YAD)\VA et KLMANO, sp: n‘ov. hole fro;ld;
29. An erect filament showing central cells and cortical cells of 2-3 layers; 30. Main branch showing
nodulation; 31. Knot-like structures of vegetative discs. (Scale: 10 cm for Fig. 28, 100 #m for Figs. 29-
31).
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spores lie within a mucilaginous mass, they
are spherical in shape, range from 16 to 20
pm in diameter and contain a fairly pro-
minent nucleus and several chloroplasts.
Among the monospores transferred to agar
plates for culture, only those with dense
cytoplasmic contents are able to germinate
after a week or so, while the rest are
regenerated. Monospores are able to
germinate epiphytically. The germination of
monospores on the filaments of Cladophora
sp. is observed (Figs. 4-11). The naked
monospores (Fig. 1) soon acquire thick hyaline
cell walls and elongate on the substratum.
The settled monospore is divided unequally
by a wall at right angle to the substratum
into a smaller cell and a bigger cell (Fig. 5).
The bigger cell is divided again into two
cells unequally by further transverse wall,
resulting in a slightly bigger central cell
and two smaller peripheral cells (Fig. 6).
The peripheral cells are further divided and
resulted into a prostrate system, while the
bigger central cell is an initial cell of an erect
filament, divided and resulted into an erect
filament (Figs 7-11). Apart from this type
of development, monospores seem to be able
to germinate in a bipolar manner to produce
two-celled structure, one of which gives rise
to an erect filament, while another elongates
to form an unbranched rhizoid (Figs 13-16).

2. Microsporangia: In natural habitat,
microsporangia in sorus are observed through-
out the year. On a 15-days-old agar plate,
the formation of microsporangia was initiated
in the cortical cells. An initial of sorus
became prominently dark brown, thick-walled
and up to about 50 ym in diameter. After
about one week, an initial cell of micro-
sporangial sorus was divided vertically. At
right angle to the first division, the second
division follows to form four cells a few
days latter. They were further divided
oblique to form a group of microsporangia,
which are usually 8 up to 16 and trianglar
or polygonal because they are compressed
each other (Figs 19-23). After liberation,
microspores become globose in shape and up
to 10-18 pm in diameter. After about one

week since such microsporangia were formed
on fronds on agar plates, microspores may
germinate in situ (Figs 24-25). Among such
microspores, a few are able to germinate,
while the rest are regenerated. During the
early stages in development, microspore is
divided transversely to form a small filament
composed of a series of discoid cells (Figs.
24-25), developed up to 1.5cm in length in
culture condition. An uniseriate filament
consists of a series of axial cells formed by
successive transverse divisions of a dome-
shaped apical cell. Under cultural conditions
several branches are developed by an oblique
division of an axial cell prior to the formation
of cortical cells. The cortical intials are
formed by an oblique longitudinal division
of an axial cell, resulting in the formation
of peripheral segments, which subsequently
transform into a single layer of cortical cells.
Further anticlinal and longitudinal divisions
take place the formation of 2-3 layers of
cortical cells.

Formation of Knot-like Structures
(Figs. 26-27, 31):

Mature fronds have commonly twisted or
curled portions, which become thicker due
to an increase in number of surrounding
cortical cells. Fronds become curled and
formed a U-shaped structure. After a few
days, an arm of the U-shaped frond crosses
over another arm to form an a-shaped
structre the a knot-like structure, sometimes
a double knot is developed. Such knot-like
structures slowly grow into large discs, from
which a number of small branches or young
erect filaments derived from microspores
germinating in situ are emerged in clusters

(Figs 26-27, 31). One to three such discs
may occur in a frond, and later they become
up to 390-600 pmx930-1,500 pm.  These
fronds break up at the side portions of such
discs, and anchored on the substratum.
Thus these discs may serve as accessory
organs for the vegetative propagation. In
the natural habitat, these discs commonly
occur in June, become more frequent in



18 Yapava, R.N. and Kumano, S.

August and most frequent in September.

Discussions

SHYAM and SARMA (1980) emphasized that
among characteristics which they examined
the number of erect filaments per prostrate
system, the number of cortical layers and
the angle between the lateral branches and
the main branches were found to be somewhat
constant under both natural and culture
conditions. In the present study, some of
the above-mentiond characteristics are dealt
with.

Mature fronds of the present alga are
composed of the central cells and the
cortical cells of 2-3 layers, this characteristic
is reported to be that for C. coeruleus, C.
iyergarii and C. hookeri. Branches in the
present alga arise at wide range of angles
from 30° to 70° to the main branch. It is
reported that branches in C. coeruleus, C.
oishii and C. hookeri arise at an angle of
more than 45° to the main branch, while in
C. aeruginosus, C. indicus, C. cortinaldi and
C. iyergarii branches arise at an angle less
than 45° to the main branch.

Monosporangia and microsporangia are
observed in the present alga as reported for
C. coeruleus (THAXTER 1900, KRISHNA-
MURTHY 1962, NICHOLS 1964), C. aeruginosus
(PATEL and FrRANCIS 1969, NAKAMURA and
CHIHARA 1983), C. aeruginosus var. catenatum
(YApAvA and PANDEY 1980), C. hookeri
(BRUHL and Biswas 1923, 1927, NAKAMURA
and CHIHARA 1983), C. iyergarii (PANDEY
et al. 1976) and C. minutus (SETO and JAO
personal communication).

Germination of monospores for the present
alga is similar to the process as described
for Compsopogon coeruleus (NICHOLS 1964),
Compsopogon sp. (SHYAM and SARMA 1980),
C. corticrassus (CHIHARA and NAKAMURA
1980) and Compsopogonopsis japonica (NAKA-
MURA and CHIHARA 1977). Bipolar type of
monospore germination for the present alga
is also found on agar plates. Unfortunately,
the subsequent stage in the development of
monospores could not be followed in the present

cultural study. Besides the disc type of the
basal system, the tubular rhizoid type of
holdfast originating from the lowermost
segment of the erect filament is observed
growing on the loose substratum such as the
muddy bed in the water channel. From
these observations, it is suggested that the
present alga exhibits two types of monospore
germinations and the basal attachment
systems depending on the nature of the
substrata. In both types, a single, rarely
two, erect filaments seem to arise from the
basal system derived from a single mono-
spore. KRISHNAMURTHY (1962) reported that
a single erect filament arises from the basal
system in C. hookeri, however, many erect
filaments from the basal system reported by
NAKAMURA and CHIHARA (1983). One or
more than one erect filaments arise in C.
chalybens, C. iyengarii and C. cornaldii.
C. coeruleus is thought to be similar to C.
hookeri concerning the basal system, from
which a single erect filament arises, how-
ever, PANDEY et al. (1973) showed more than
one erect filaments.

Mature fronds of the present alga commonly
possess knot-like structures which slowly
grow into large vegetative discs. Fronds
soon fall to pieces of such vegetative discs,
from which a number of small branches or
erect filaments probably derived from the
monospores germinating in situ. These
discs help in the vegetative propagation for
the present alga. Such discs have not been
reported in any other taxa of the genus
Compsopogon. :

As mentioned above, the present alga could
be compared with C. coeruleus, C. iyengarii
and C. hookeri in having more than one
layers of cortical cells. The present alga
also resembles C. hookeri and C. coeruleus
in having one rarely two erect filaments
arising from the basal system. However,
the present alga differs from C. coeruleus
in having prominently constricted and curled
fronds, and from C. iyengarii in the size of
fronds and the number of microspores; the
microspores for the present alga occur in
smaller clusters from 4 to 16, while those for
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C. iyengarii appear in larger numbers from
4 to 128. Besides, the present alga differs
from the above-mentioned three taxa on
having the knot-like structures, which slowly
grow into large vegetative discs.

The foregoing considerations and compari-
sons have shown the present alga to be an
undescribed taxon, therefore, the holotype
for the present alga is determined and the
specific name, C. prolificus, is given.

Description of the Species

Compsopogon prolificus YADAVA et KUMANO,

Sp nov.

Thalli heterotrichi, e systematibus pros-
tratis et filamentis erectis constantes, atro-
vanenti. Systema prostratum polymorphum,
disciforme vel tubuliforme secundum sbst--
ratum; 1-2 filamentae erectae e systema
prostrato orientes. Filamenta erecta 0.2 mm
crassa, 42cm longa, grosse profuseque
ramosa. Rami sub angulo 30-70° axi
principali orientes. Cellulae centrales in
filamentis maturis 44-50 yum crassae, 58-70
pm longae. Cellulae corticales 6-16 pm
crassae, 16-30 pm longae, unistratae in
filamentis yuvenibus, tristratae in filamentis
maturis. Monosporangia ex cellulis corti-
calibus per divisiones inaequales producentia ;
monosporae sphaericae, 15-20 ym diametro.
Microsporangia ex cellulis corticalibus pro-
ducentia, octna sedienaque aggragata ; micro-
sporae globosae, 10-18 ym diametro. Struc-
trae gangliiformes in filamentis maturis pro
propagationibus vegetativis facientes.

Thalli heterotrichous, consisting of
prostrate system and erect filaments, dark
blue-green. Prostrate systems polymorphous,
disc-shaped and tubular rhizoids depending
the substratum; 1-2 erect filaments arising
from a prostrate system. Erect filament
0.2mm wide, 42cm long, coarsely and
profusely branched. Branches arising at
angles of 30-70° to main branches. Central
cells in mature filaments 44-50 ym wide,
58-70 pm long. Cortical cells 6-16 ym wide,
16-30 pm long, one layered in young fila-
ments, while about three layered in mature

ones. Monosporangia produced from cortical
cells by unequal divisions; monospores
spherical, 15-20 ym in diameter. Micro-
sporangia produced from cortical cells,
grouping in 8-16 ; microspores globose, 10-18
pm in diameter. Knot-like structures in
mature filaments produced for vegetative
propagation.

Holotype : Yapava (D.C.P. No. 38), 15/V
1978, Herbarium of Botany Department,
Allahabad University, India.

Type Locality: An outlet of a water
channel from a tube-well at Allahabad, Uttar
Pradesh, India.

Distribution: Known only from the type
locality.
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The life history of Carpomitra cabrerae (CLEMENTE) KUTZING was investigated in a

laboratory culture.
rangia.
gametophytes.
tandrously on the same gametophyte.

sporophyte grew first into uniseriate unbranched filament.
tuft of apical hairs, and continued trichothallic growth.

Macroscopic plants were diploid sporophytes forming unilocular spo-
Zoospores developed into filamentous microthalli which were haploid monoecious
After one month culture, oogonia and antheridia were differentiated pro-
By successive transverse cell division of zygote, the

Before long, it produced the
In about 4-month-culture, the

sporangial sorus which was composed of unilocular sporangia and paraphyses was differ-

entiated at the tip of each of branch, beneath the tufts of hairs.

Chromosome counts gave

ca. 15 in the nuclei of gametophytes, ca. 30 in sporophytes and ca. 15 in unilocular spo-

rangia.

Furthermore, ultrastructures of chloroplasts, Golgi bodies and microbodies of

gametophytes and sporophytes were chiefly described.

Key Index Words: Carpomitra cabrerae; chromosome number ; fertilization; life

history ; oogamy ; ultrastructure.

Carpomitra cabrerae (CLEMENTE) KUTZING
(Sporochnales) is found along the Atlantic
coast of Europe, the Mediterranean Sea,
New Zealand and Japan (SAUVAGEAU 1926a).
In Japan, it is described from the Pacific
coast of the middle and southern Honshu
(OKAMURA 1936), western Kyushu (SEGAWA
1956) and Oki Islands (HIROSE and KAJIMURA
1973) which are influenced by the warm
currents (Kuroshio C. and Tsushima C.).
There have been reported a few culture
studies of species belonging to the order
Sporochnales (SAUVAGEAU 1926a, b, 1927a,
b, 1931, CArRAM 1965). In these studies,
the life history of Carpomitra cabrerae was
reported only by SAUVAGEAU (1926a) and
many reviews (SMITH 1938, FRITSCH 1945,
LEE 1980) have quoted its life cycle, on the
basis of his results, as a representative
character of the order. However, SAUVAGEAU

did not observe the motile sperm in his
culture and reported only apogamous develop-
ment of the female cells (unfertilized eggs ?)
of monoecious gametophytes.

In the present studies on C. cabrerae, its
complete life history, nuclear phases, and
cell ultrastructures of two generations are
described.

Materials and methods

Fertile sporophytic plants of Carpomitra
cabrerae were collected at Amakusa (32°28'N
130°E), Kyushu, Japan in July, 1982 by
KawacucHI. These plants were found to
twine about a fishing-dragnet, therefore,
their actual habitat was not clear. Accord-
ing to the previous description (OKAMURA
1936, HIROSE and KAJIMURA 1973), this
species usually grows in the depth of 15-20
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m. The plants collected were sent immedi-
ately to our laboratory, the Institute of
Algological Research, Muroran by air mail
and culture experiments‘were started imme-
diately.

Fertile branch with a sporangial sorus (an
apex of thallus) was cut off and rinsed
several times in autoclaved seawater. Each
piece was introduced to a small Petri dish
containing 10 m/ sterile seawater and it dis-
charged zoospores after about 10 minutes.
These zoospores were washed 3-5 times in
sterile seawater with a capillary pipette and
then they were inoculated on glass slide with
a few drops of seawater or medium. The
glass slides adhering some zoospores were
placed in culture vesseles (6.5%8.0cm)
containing 180 m/ medium and unialgal
cultures were established.

The culture medium employed was PESI
(TATEWAKI 1966) and was renewed every
3 weeks. Culture experiment was conducted
in 10 incubators equipped with cool white
40 W fluorescent lamps (40-80 kE m~%s™%)
under the following temperature and photo-
period regime: 5°C 14:10 (No. 1), and 10:
14 (No. 2), 10°C 14:10 (No. 3) and 10:14
(No. 4), 14°C 14:10 (No. 5) and 10:14 (No.
6) 18°C 14:10 (No. 7) and 10:14 (No. 8),
22°C 14:10 (No. 9) and 10:14 (No. 10).

For cytological observations, whole or
fragements of plants in various develop-
mental stages were fixed with an aceto-alcohol
solution (1:3) and WITTMANN’S aceto-iron-
haematoxylin-chloral hydrate solution (1965)
was used for staining (YABU and ToOKIDA
1966).

Methods of fixation, dehydration and em-
bedding for electron microscopic observations
were similar to our previous description for
Laminaria angustata (MOTOMURA and SAKAI
1984). Thin sections were cut on a Poter-
Blum MT-1 ultramicrotome using glass or
diamond knives, and were double-stained with
uranyl acetate and REYNOLD’s lead citrate
solution (1963), and observed with a Hitachi
H-300 electron microscope.

Results

The sporophyte used for the present study
was about 10cm in height and a flattened
cylinder with several dichotomous branches
(Fig. 1). All branches were provided with
a midrib and an apical tuft of hairs. The
sporophyte had been forming only unilocular
sporangia in a sorus below the tuft of
hairs terminating a fertile branches. The
sorus was composed of many unilocular
sporangia and branched paraphyses having
enlarged terminal cells (Fig. 2). Mature
unilocular sporangia were elongate oboid or
elliptical, measuring 36.0-44.0 #m x12.3-15.8
pgm (average 40.0 umx13.3 ym) and each
sporangium produced 32 zoospores.

Development of gametophyte: Zoospores
were pear-shaped or ovoid, measuring 5.0-
7.0 ymx3.6-5.0 pm  (average 6.1 pmXx4.1
pgm). They had a single chloroplast, one
eyespot and two lateral flagella (Fig. 3).
The eyespot was usually adjacent to the
attaching point of flagella. The anterior
flagellum was longer (ca. 15 gm) than the
posterior one (ca. 5pm). After a short
period of movement, they became sluggish
and settled on the substratum. Settled
zoospores were spherical and measured about
5pm in diameter (Fig. 4). Within 2 days,
they began to germinate under warm temper-
ature conditions (higher than 10°C), but did
not germinate at lower temperature (5°C).
Most germlings took an elongated shape
without the cytoplasmic migration and divided
transversely into 2-4 cells which also pro-
duced lateral-branches (Fig. 5, double arrows).
Some other germlings produced a germination
tube, into which all the cytoplasm migrate,
leaving the oringinal cell empty (Fig. 5
arrow). The first divided cell of these
germlings elongated and divided into 2-3
cells which soon produced side-branches.
Further development of these two types of
germlings showed no remarkable difference
and they developed into minute prostrate
thalli (gametophytes) composed of branched
uniseriate filaments. Vegetative cells of
gametophytes varied in size and measured
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7-13 pm in thickness. They contained one
or two plate-like chloroplasts which were
irregularly dissected. Fig. 6 shows a 3-week-
old gametophyte grown in No. 5 incubator.
The gametophytes grew well at high temper-
atures (Nos. 5-10 incubators) and were not
effected any by photoperiods, but their
growth was suppressed at low temperature
(10°C).

The gametophytes were monoecious, but
seem to be protandrous. Antheridia were
observed firstly in one-month-old cultures.
They were ordinarily conical form, 4.0-9.0
#mXx4.0-6.0 pm (average 7.2 ymx4.8 pm) in
size, and were formed singly or in clusters
on terminal or lateral part of the branches
(Fig. 7). Each antheridium contained a
single sperm. Liberation of motile sperms
was observed several times, but they did not
swim actively. Sperms were ovoid, measur-
ing about 5.3 yx4.5um and had a pale
chloroplast, but no eyespot (Fig. 8). They
had heterokontic flagella, short flagellum (ca.
4 pm) and long flagellum (ca 11 pm).

In several days after the occurrence of
antheridia, oogonia were formed on terminal
or lateral cells of branches of the same
gametophyte which already bore many
antheridia. Mature oogonium could easily
be detected by its enlargement and pale
color compared with other vegetative cells
(Fig. 9). Formation of antheridia and
oogonia (maturation of gametophytes)
occurred most remarkably at 14°C short-day
condition (No. 6 incubator). An extrusion of
egg from the oogonium could not be observed,
but apical opening of oogonium was often
observed (Fig. 10). Fertilization between
egg and sperm was not demonstrated directly,
however, it must have occurred at this stage
which had been formed apical opening on
oogonium, because the chromosome number
of vegetative gametophyte cells was about
1545, being haploid (Fig. 22) and that of
young sporophyte cells was about 30+5, being
diploid (Fig. 23).

Development of sporophyte: A fertile egg
was ordinally obovate form, ca. 27.5 ymX
15 pm in size, and pale color. It germinated

inside of the oogonium. At the two-celled
stage, the basal cell attaching on the cell
of gametophyte produced a rhizoid initial
(Figs. 11, 12), whereas the upper -cell
developed into a erect thallus. Erect thallus
developed in the same manner described by
SAUVAGEAU (1926a). By successive cell
divisions, the sporophyte grew first into a
uniseriate unbranched filament (Fig. 13).
Afterwards, some short cells were formed
at the middle part of the erect filament, and
one of them developed into the mother cell
of meristem (Fig. 14). Firstly, this short
cell produced several hairs to form primary
meristem (Figs. 14, 15), and then the
meristematic cell divided in various planes
to form a broadening meristem with a tuft
of apical hairs (Figs. 16, 17). Accompany-
ing with increment of hairs, each cell of the
meristem produced descending outgrowth,
which elongated downwardly and formed
multiseriate filament. This filament a coalesced
and gradually ensheathed the uniseriate main
axis to form a pseudoparenchymatous thallus
(Figs. 17, 18). Fig. 19 shows a longitudinal
section through an apical meristematic region
of sporophyte, demonstrating the pseudo-
parenchymatous structure.

The cells of sporophyte contained numerous
discoid chloroplasts, as contrasted with one
or two dissected plate-like chloroplasts found
in those of gametophyte as mentioned above.

The sporophytes grew most rapidly at 14-
18°C and in a 14:10 photoperiod (Nos. 5
and 7 incubators) and also their growth was
enhanced remarkably by aeration. The
young sporophyte from a fertilized egg was
cultured by bubbling in an Erlenmeyer flask
containing 1000 m/ medium at No. 5 incubator.
After about four month’s culture, this sporo-
phyte grew up into almost the same mor-
phology with the plant collected in nature,
attaining about 10 cm long and fertile (Fig.
20). The sporangial sorus was differentiated
at the tip of each branch beneath the tuft
of hairs. Unilocular sporangia obtained in
the present culture were 35.0-50.0 zm X 12.0-
18.0 pm (average 40.8 umx15.4 pm) in size
(Fig. 21).
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Fig. 1. Mature sporophyte from field. Fig. 2. Unilocular sporangia and paraphyses of sporophyte
from field material. Fig. 3. Zoospore from unilocular sporangium. Fig. 4. Settled zoospore. Fig. 5.
Germlings from settled zoospores. There are two types of germination. 1) All the cytoplasm migrate
into a germ tube and the original cell becomes empty (arrow). 2) Settled zoospore germinates by
elongation and divides into two cells transversely (double arrows). Fig. 6. Gametophyte derived from
zoospore after 3 weeks in 14°C, 14:10 LD condition. Fig. 7. Antheridia on gametophyte. Fig. 8.
Just released sperm (arrow) from the antheridium. Fig. 9. Oogonium on gametophyte. Fig. 10. Full-
matured oogonium on gametophyte with a opening at the tip (arrow). Fig. 11. Two-celled sporophyte
on gametophyte. Fig. 12. Two-celled sporophyte. Its lower cell is differentiating to the rhizoid. Fig.
13. Uniseriate erect sporophyte. Fig. 14. Initial formation of the meristematic cell on uniseriate sporo-
phyte. Fig. 15. Young meristem on uniseriate sporophyte. Several trichothallic hairs are formed.
Fig. 16. More developed meristem. Fig. 17. The meristem on ca. lcm sporophyte. Fig. 18. Lower
part of Fig. 17. Descending threads are forming. Fig. 19. Section of meristematic part of sporophyte
stained with 1% toluidine blue 0 in 1% borax. Fig. 20. Mature sporophyte after 4 month’s culture in
14°C, 14:10 LD condition from fertilized egg. Fig. 21. Section of sorus part of cultured sporophyte
stained with 1% toluidine blue 0 in 1% borax.
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Fig. 22. Chromosomes of gametophyte.
of each nucleus in the unilocular sporangium.

The chromosome number of each nucleus
found in the unilocular sporangium was about
15, being haploid (Fig. 24), indicating meiosis
occurred in the zoosporogenesis.

Ultrastructure of vegetative cells of gameto-
phyte and sporophyte: 'The ultrastructure of
vegetative cells of uniseriate filamentous
gametophytes showed a typical phaeophycean
feature. Fig. 26 shows a large laminate
chloroplast situated at the peripheral part
of cell. There were 4-8 (average 6) three-
thylakoid lamellae per chloroplast. Chloro-
plast envelope and chloroplast endoplasmic
reticulum (CER) surrounded the chloroplast.
Pyrenoid did not occur. The nucleus with
one nucleolus was adjacent to the chloroplast.
Occasionally, the connection between nuclear
envelope and CER was observed. Two or
three Golgi bodies were located in the peri-
nuclear region and they appeared to produce
small vesicles. These vesicles often con-
tained electron dense material (Fig. 27).

ZYGOTE SPOROPHYTE
/\ (2n:ca.30)
|
EGG SPER UNILOCULAR
M SPORANGIUM
\/ R.D.
MONOECI0US

GAMETOPHYTE = Z0O0SPORE
(n:ca.l5)

Fig. 25. Summarized diagram of life cycle of
Carpomitra cabrerae.

e ¥ nard
Fig. 23. Chromosome of Sporophyte.

TR o \

e
Fig. 24. Chromosomes

A pair of centrioles was detected in the
periphery of nuclear envelope even in the
interphase of nucleus and the electron dense
material was found especially at the basal
portion of centrioles. Microtubules were
conspicuous in the cytoplasm nearby a pair
of centrioles (Fig. 29). Microbodies were
observed only as a mass without any cry-
stalloid structure. Plasmodesmata transver-
sing the common wall were detected.

The ultrastructure of sporophyte cell also
showed a typical phaeophycean feature (Fig.
29), as described on gametophyte cells.
However, there were some differences be-
tween the gametophyte cells and the sporo-
phyte cells of the apical meristematic region
in ultrastructure. As demonstrated by light
microscopic observations, the chloroplast
differed from that of gametophyte. Many
discoid chloroplasts lay along the cell wall
and each of them contained 3-5 (average 4)
three-thylakoid lamellae (Fig. 30). Chloroplast
envelope and CER surrounded the chloro-
plast. CER was often associated with ER.
But there was no connection between CER
and nuclear envelope, because the nucleus
with one nucleolus was ordinarily located in
the center of cell and was separated from
peripheral chloroplasts. The Golgi bodies
were located in the perinuclear region (Fig.
29). Especially in the cells of apical hairs
(trichothallic hairs), a large number of Golgi
bodies were detected and they appeared to
produce actively electron transparent vesicles.
Several microbodies were observed in the
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basal cells of apical hairs and generally
associated with mitochondria (Fig. 30).
These microbodies contained the regular
crystalloid structure, but they did not contain
such a crystalloid structure in the cells of
other part of sporophyte.

The other ultrastructural features of sporo-
phyte were common with those of gameto-
phyte cells. For example, pyrenoid did not
occur, a pair of centrioles was demonstrated
even in the interphase of nucleus and
plasmodesmata also existed in the cell wall
as shown in Fig. 31.

Discussion

In the order Sporochnales, a few studies on
the life history have been reported: Carpo-
mitra cabrerae (SAUVAGEAU 1926a): Nereia
filiformis (SAUVAGEAU 1927a, b) ; Sporochnus
pedunculatus (SAUVAGEAU 1931, CARAM 1965).
SAUVAGEAU (1926a) ordnally described
heteromorphic biphasic life history for one
of the representative characters of the order
Sporochnales, but it was not complete,
especially on oogamous evidence. After that
it has been confirmed for Sporochnus pedun-
culatus by CARAM (1965). According to her
results, the life history showed an alternation
of heteromorphic generations and meiosis
took place in the unilocular sporangia of
the diploid macrothallus.

In the present study, the same type of life
history was confirmed by culture study and
cytological observations in Carpomitra
cabrerae from Japan. SAUVAGEAU (1926a)
noted that in C. cabrerae an oogonium was
formed as an enlarged terminal cell of each
filament of prothallus (gametophyte) and an
egg developed only apogamously in the
oogonium. In our cultures, oogonia differ-
entiate from terminal or lateral cells of
branched filamentous gametophytes. These
oogonial cells can easily be distinguished
from vegetative cells even in their early
developmental stage by their swollen shape
and pale color resulting from smaller chlore-
plasts than those of vegetative cells. The
oogonium neither extruded nor released

mature egg as described by SAUVAGEAU,
however, an opening of oogonium which
apparently permitted the penetration of
sperm was observed by the present study.
Such apical opening has been demonstrated
also in mature ocogonium of Sporochnus
species (CARAM 1965, TATEWAKI unpubl.
data).

According to SAUVAGEAU, antheridia of
C. cabrerae formed terminal clusters on the
branches of monoecious gametophyte, but a
liberation of motile sperm from antheridia
had not been observed. In the present study,
the antheridia occur singly or in clusters
on terminal or lateral positions of the
branches and motile sperm provides hetero-
kontic flagella. Although actual fertilization
between egg and sperm has not been con-
firmed, cytological observations indicate that
the sperm must fuse with the egg to produce
a fertilized egg. Meiosis occurring in the
unilocular sporangium of the sporophyte has
been confirmed in other species of Sporo-
chnales; Sporochnus pedunculatus (MAGNE
1953) and Nereia filiformis (CARAM 1965).

From the present results, the life cycle of
Carpomitra cabrerae examined can be
summarized as follows ; heteromorphic alter-
nation combined with oogamous monoecious
microscopic gametophyte and unilocular
sporangium-bearing macroscopic sporophyte
as shown in the diagram of Fig. 25.

In this study, we examined the ultrastruc-
tures of vegetative gametophyte cells and
sporophyte cells especially of the apical
meristematic region of Carpomitra cabrerae
and demonstrated that these characters
basically agree with the typical features of
phaeophycean algae described by BOUCK
(1965). However, it has been found that in
ultrastructures there were some differences
and some common features between the
gametophyte cells and the sporophyte cells.
As we demonstrated above by light micro-
scopic observation, one or two large lamellate
chloroplasts were in the gametophyte cells,
whereas numerous small discoid ones were
in the sporophyte cells. Furthermore, there
were some ultrastructural differences be-
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tween the two generations. In gametophyte
cells, there were 4-8 three-thylakoid lamellae
per chloroplast and the connection of nuclear
envelope with CER could easily be observed.
In sporophyte cells, however, the number of
them were 3-5, and the connection of CER
with the nuclear envelope could not be
detected, but the connection with ER was
frequently observed. These three-thylakoid
lamellae of this species, however, seem to
be not well developed ones as compared
with those of other brown algae growing in
the intertidal zone. This fact is considered
to be resulted from deep habitat (15-20 m)
of C. cabrerae.

HorI (1972a, b) surveyed the presence or
absence of pyrenoid in many phaeophycean
algae, and reported that pyrenoid did not
occur in the order Sporochnales including a
sporophyte of C. cabrerae. In the present
study, it is confirmed that pyrenoid does not
occur in the cells of both generations of
this species.

Golgi bodies exist always in perinuclear
region and some of them in the vegetative
gametophyte cells appear to produce small
vesicles containing electron dense material.
These characteristic vesicles have been
reported in the cells of vegetative female
and male gametophytes of Laminaria
angustata (MOTOMURA and SAKAI 1984) and
they were considered to have adhesive
function to a substratum. On the other

hand, a large number of Golgi bodies in the
sporophyte cells, especially those of apical
hairs, are detected to produce electron trans-
parent vesicles, but they never produce the
vesicles containing electron dense material.

Microbodies could be observed in both
generations and they always existed in
adjacent part of mitochondria. Especially,
in the cells of basal part of apical hairs,
several comparatively large ones which
contained the regular crystalloid structure
were considerably noticeable. This may
relate to the site of active cell division,
namely the trichothallic growth region of
sporophyte of C. cabrerae. Microbodies
containing these crystalloid structure are
common in higher plants (NEWCOMB and
FREDERICK 1971), but are only detected in
Fucus and Giffordia in Phaeophyta (Bouck
1965). Several papers (Bouck 1965, BISAL-
PUTRA et al. 1971, GALATIS et al. 1977,
PRUD'HOMME VAN REINE and STAR 1981,
KATSAROS et al. 1983) on the ultrastructure
of microbodies in phaeophycean algae com-
mented that they have clear relationship to
mitochondria, in contrast to that they are
adjacent to chloroplast and mitochondria in
higher plants (NEWCOMB and FREDERICK
1971).

The order Sporochnales is a highly speci-
alized and relatively small group with about
six genera. The species of this order are
sometimes included in the Desmarestiales

Fig. 26-32. Electron micrographs. C=chloroplast, CW=cell wall, G=Golgi body, M=mitochondria,

Mb=microbody, N=nucleus, Nu=nucleolus, V=vacuole.

Fig. 26. Vegetative cell of gametophyte.

Note large laminate chloroplast without pyrenoid along the cell wall, large vacuoles, one nucleus with

one nucleolus, several Golgi bodies and mitochondria in cytoplasm.

The connection between nuclear

envelope and chloroplast endoplasmic reticulum is evident (arrow). Fig. 27. Vegetative cell of gameto-
phyte. Golgi body appears to produce small vesicles, and some of them contain electron dense material
(arrow). Fig. 28. A pair of centrioles in interphase nucleus of vegetative cell of gametophyte. Note
electron dense material which is noticeable at the base of centrioles (double arrows) and microtubules
(arrow). Fig. 29. Cell of trichothallic hairs of sporophyte. Note one nucleus with one nucleolus, large
vacuoles, many perinuclear Golgi bodies, mitochondria and a microbody containing the regular crystalloid
structure. Golgi bodies appear to produce actively large electron transparent vesicles. Fig. 30. Cell of
trichothallic hairs of sporophyte. Note the discoidal chloroplast without pyrenoid, several mitochondria
and Golgi bodies. The connection between chloroplast endoplasmic reticulum and endoplasmic reticulum
(double arrows) is visible and plasmodesmata exist in the cell wall (arrow). Fig. 31. Transverse view

of plasmodesmata penetrating cell wall of trichothallic hair of sporophyte.
Fig. 32. Microbody in the cell of trichothallic hair of sporophyte.

(arrow) throughout the cell wall.

Note the plasmalemma

Note the regular crystalloid structure in it. Mitochondria exist adjacent to it.
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(RUSSELL and FLETCHER 1975, LEE 1980).
Because, in both orders, the life history
shows an alternation of a macroscopic
sporophyte with a microscopic filamentous
gametophyte reproduced by oogamy and the
sporophyte develops by means of trichothallic
growth into a pseudoparenchymatous struc-
ture. Although these two orders differs
from each other in such features as a devel-
opmental type of unilocular sporangium and
an apical structure of sporophytes, our
present study supports the conception that
the Sporochnales is closely related to the
Desmarestiales.

Acknowledgements

We wish to express our thanks to Dr. M.
TATEWAKI of the Institute of Algological
Research, Hokkaido University, for his
valuable discussion.

References

BisaLpuTra, T., SHIELDS, C. and MARKHAM, ].
1971. In situ observations of the fine struc-
ture of Laminaria gametophytes and embryos
in culture. I. Methods and ultrastructure of
the zygote. J. Microscopie 10: 83-98.

Bouck, G.B. 1965. Fine structure and organelle
associations in brown algae. J. Cell Biol., 26:
523-537.

CaraMm, B. 1965. Recherches sur la reproduction
et le cycle sexué de quelques Phéophycées.
Vie et Milieu 16(1A) : 21-221.

FriTscH, F.E. 1945. The structure and repro-
duction of the algae. Vol. Il. Cambridge
University Press, Cambridge.

GaLaTis, B., KaTsaros, C. and MiTrakos, K.
1977. Fine structure of vegetative cells of
Sphacelaria tribuloides MEeNEGH. (Phaeo-
phyceae, Sphacelariales) with special refer-
ence to some unusual proliferations of the
plasmalemma. Phycologia 16: 139-151.

Hirosg, H. and KajiMura, M. 1973. Additional
list of marine algae of Oki Islands. Jap. J.
Phycol., 21: 33-38.

Hori, T. 1972a. Further survey of the pyrenoid
distribution in Japanese brown algae. Bot.
Mag. Tokyo 85: 125-134.

Hori, T. 1972b. Survey of pyrenoid distribution
in the vegetative cells of brown algae. Proc.

7th Int. Seaweed Symp., Univ. Tokyo Press
pp. 165-171.

KaTsaros, G., GaLaTis, B. and MiTrakos, K.
1983. Fine structural studies on the inter-
phase and dividing apical cells of Sphacelaria
tribuloides (Phaeophyta). J. Phycol. 19: 16-
30.

LEg, R.E. 1980. Phycology. Cambridge Univer-
sity Press.

MAGNE, F. 1953. La méiose chez le Sporochnus
pedunculatus C.A. AGARDH (Sporochnale,
Phéophycée). C.R. Acad. Sci. Paris 236:
1596-1598.

Motomura, T. and Sakai, Y. 1984. Ultrastruc-
tural studies of gametogenesis in Laminaria
angustata (Laminariales, Phaeophyta) regu-
lated by iron concentration in the medium.
Phycologia 23 : 331-343.

Newcowms, E.H. and FREDERICK, S.E. 1971. Dis-
tribution and structure of plant microbodies
(peroxisomes). In photosynthesis and photo-
respiration. Eds. HaTchH, M.D., OsMOND,
C.B. and SLATYER, R.O. Wiley-Interscience,
New York.

OxaMURA, K. 1936. Nippon Kaiso-Shi.
Rokaku-ho, Tokyo.

PruD’HOMME VAN REINE, W.F. and Star, W.
1981. Transmission electron microscopy of
apical cells of Sphacelaria spp. (Sphacelariales,
Phaeophyceae). Blumea 27 : 523-546.

ReEvNoLDs, E.S. 1963. The use of lead citrate at
high pH as an electron-opaque stain in electron
microscopy. J. Cell. Biol., 17: 208-212.

RusseLL, G. and FLETCHER, R.L. 1975. A nu-
merical taxonomic study of the British Phaeo-
phyta. J. Mar. Biol. Assoc. U.K. 55: 763-
783.

SauvaGeau, C. 1926a. Sur [I’alternance des
générations chez le Carpomitra cabrerae Kirz.
Bull. Sta. Biol. Arcachon 23: 141-195.

Sauvaceau, C. 1926b. Sur un nouveau type
d’alternance de générations chez les Algues
brunes; les Sporochnales. C.R. Acad. Sci.
Paris 182: 361-364.

SauvacGeau, C. 1927a. Sur le gamétophyte d’une
Algue phéosporée (Nereia filiformis ZAaN.).
C.R. Acad. Sci. Paris 184 : 1223-1224.

Sauvaceau, C. 1927b. Sur [l’alternance des
générations chez le Nereia filiformis Zan.
Bull. Sta. Biol. Arcachon 24 : 357-367.

Sauvaceau, C. 1931. Sur quelques Algues
Phéosporées de la rade de Villefranche (A.-
M.). Bull. Sta. Biol. Arcachon 28: 7-168.
Chapitre VII, 122-127,

SEGAwA, S. 1956. Coloured illustrations of the

Uchida



Life history and ultrastructure of Carpomitra cabrerae 31

seaweeds of Japan. Hoikusha Publishing CO. 66.

LTD. Osaka. WitTMaNN, W. 1965. Aceto-iron-haematoxylin-
SmitH, G.M. 1938. Cryptogamic botany. Vol. L. chloral hydrate for chromosome staining.

McGraw-Hill Book Company, Inc. New York Stain Tech., 40: 161-164.

and London. YaBu, H. and Tokipa, J. 1966. Application of
TaTEwAKI, M. 1966. Formation of a crustaceous aceto-iron-haematoxylin-chloral hydrate method

sporophyte with unilocular sporangia in to chromosome staining in marine algae. Bot.

Scytosiphon lomentaria. Phycologia 6: 62- Mag. Tokyo T9: 381.

AFE=* - NIORB* - [RIFATE: 1 F AHY Carpomitra cabrerae
(8% - ¥ ) ER) OEFHEMMEE

152 HHOEERLYRAERCE VEE L, FRIVEBELABBIETFOI AL, Zhidmtizh
FolEE IR EET B BEIRRO B Mo hNE RE L, 14°C EHKHTTHL ¥ BOEHROE, SRETEH
LEORae L RS L, SHINGET T2 EIRROGANLREL, 37 RARERENREE
ExfT5. SRINOEENKE, W4y A CEIHIRMLEFDS ZBR L, REART, BERRET
%15, EITATITEHI0, B0 5 W TEHISTS - o, MAHERREIAEBSE, ABOBEMAKIRTHETSD,
HEOBITHAZANTHLIR TV B Z Eitbhind, ¥ ittROMBAKMAKEC OV TH#EL K, (*051 =
WA EEREET 1-13 Jeil A RA RGERE R **060 fLIRHILKIL1047E 8 TH Jtigdi KFEEH
HEHFEEE)

ERRATA
Vol. 32, No. 4

333 L. . for Porphra read Porphyra
. 337 (left) I 2: for (C-0) read (C-32)
l
l

v v

. 337 (left) 4: for (C-0) read (C-32)
. 337 (left) 1. 13: for (C-0) read (C-32)

T T



Jap. ). Phycol. (Sorui) 33: 32-44. March 10, 1985

Cell wall regeneration of new spherical cells developed from the
protoplasm of a coenocytic green alga,
Boergesenia forbesii

Shun MizuTa, Kazuyoshi SAWADA* and Kazuo OKUDA
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MizuTa, S., SAwapa, K. and Okupa, K. 1985. Cell wall regeneration of new spherical
cells developed from the protoplasm of a coenocytic green alga, Boergesenia forbesii. Jap.
J. Phycol. 33: 32-44.

The cell wall structure and processes of cell wall regeneration were investigated in
spherical cells (protoplasts) developed from the protoplasm of Boergesenia forbesii. The
protoplasts rapidly developed an amorphous matrix layer on the outer surface of the plasma
membrane and then generated a randomly-oriented fibril layer underneath the former during
3hr of culture at 25°C. When the matrix-rich layers thickened to about 0.2 gm, microfibril-
rich layers formed underneath them. The formation of the first two layers was closely
dependent on temperature, while that of fibril-rich layers depended not only on temperature
but light irradiation as well. The fibril-rich layers consisted of many sublayers formed in
accordance with cell polarity. Each such layer generated from the pole toward the equator
of the cell, with its orientation shifted about 30° to the layer underneath. On the freeze-
fractured plasma membrane, cellulose synthesizing enzyme complexes were observed at the
terminal of the microfibril impression and it was assumed that the orientation of the cellu-

lose microfibrils could be induced by the change in the direction of the complexes.

Key Index Words: Boergesenia forbesii; cell wall deposition; freeze fracture;

microfibril orientation,

The new :spherical cells (protoplasts) gene-
rated from the protoplasm of Boergesenia
forbesii (HARVEY) FELDMANN, had strong
stable activity for cell wall regeneration
ISHIZAWA et al. 1979). On the outer side
of the plasma membrane, the new wall
materials were deposited successively and
the thickened wall showed a complex poly-
lamellate structure in which fibrils changed
their orientation with regularity (MIiZUTA
and WADA 1982). The cells are thus suit-
able for studying the regeneration processes
of the polylamellate cell wall.

Similar polylamellate structure have already
been reported in some algal cells with
definite cell polarity (PRESTON and KUYPER

* Present address: Institute of Bio-Active Science,
Nippon Zoki Pharmaceutical Co., Ltd. Kinashi
Hyogo, 673-14 Japan.

1951, NicorLAl and PRESTON 1959, FREI and
PRESTON 1961, ROBINSON and PRESTON
1972). In the thallus of Boergesenia, most
of the cell wall was found to be composed
of multifibrillar layers with a microfibril
arrangement dependent on cell polarity ; the
layers were alternately oriented purpendi-
cular and parallel to the longer cell axis
(MizutA and WADA 1981).

In the newly-formed spherical cells of
Boergesenia, it is still not known whether
the microfibril orientation of each layer
depends on cell polarity or not. Consequently,
we observed the processes of the cell wall
regeneration and examined the polar-
dependency of the ordered microfibril
arrangement of the Boergesenia cell wall by
electron microscopy.
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Material and Methods

A culture of Boergesenia and the formation
of new cells (protoplasts) from adult Boer-
gesenia were reported previously (MIZUTA
and WaApA 1982). The protoplasts were
filtered through stainless steel meshes to
obtain almost equal size cells (90-120 #m in
diameter) which were cultured in continuous
light (4W/m?) using white fluorescent tubes
(Hitachi FL 20NL) or dark at 25°C.

The replica preparation methods were
essentially the same as those of TAKEDA
and SHIBAOKA (1978). The cells were cut
in the culture medium with fine razors and
the content was rinsed out. The inside
surface of the wall was made to face up-
ward on a tiny acethylcellulose film (2%2
mm) and then washed with distilled water,
dried, shadowed with Pt and coated with
carbon. The replicated samples were
incubated in 70% sulfuric acid for 3 days
at 60°C and after being washed three times
with distilled water, they were picked up
with Formvar-coated grids.

Thin sectioning to observe the cross section
of the wall has already been described
(Mizuta and WaApA 1981). The new cells
were fixed with glutaraldehyde fixative,
washed and post-fixed in osmic acid solution.
The materials were then dehydrated with
acetone, embedded in Spurr resin, and
sectioned with a Leichert Om U2 ultramicro-
tome. Some sectiones about 150nm in
thickness were put on Formvar-coated grids
and shadowed with Pt-Carbon after the
embedded resin was removed in KOH-
ethanol solution.

For freeze-replication, JEOL EE-FED B2
freeze etching apparatus and double replica-
forming unit were used. At first, the cells
were put into small holes in the double
replica unit and rapidly frozen in Freon 12.
The unit was then transferred to liquid
nitrogen and loaded onto apparatus previously
kept in the liquid nitrogen. Both were then
placed in a vacuum evaporator in which the
cells were fractured at 2x107‘Pa, shadowed
with Pt and coated with carbon. The repli-

cated samples were transferred to 75%
sulfuric acid, heated at 60°C for 3 days, and
the cleaned replicas were picked up on
Formvar-coated grids.

The samples were observed with a JEOL
JEM 100U electron microscope. The nomen-
clature of BRANTON et al. (1975) was used
for description of the fractured membrane
faces.

Results

Processes and structural features in the early
stage of cell wall regeneration: Fig. 1 shows
the cell wall thickening of new cells cultured
for 3, 6, 24 and 72hr at 25°C following
protoplasts formation. During 6hr of culture,
the central vacuole of the cell developed
and the cell wall regenerated about the cell
surface. The wall thickened continuously
during this period.

In the first 4.5 hr of culture, a large number
of vesicles were found to be located in the
cortical cytoplasm and to open toward the
outside of the plasmalemma (Fig. 2). The
vesicles contained small particles, as shown
in Fig. 3a. Similar size particles were also
observed on the fractured membrane plane
(Fig. 3a) and in the cell wall (Fig. 4). About
one thousand particles in each area were
selected at random and their diameters were
measured. The average diameter was 11+2
nm in the vesicles, 9+3 nm in the membrane

Fig. 1. Cell well thickening of Boergesenia
protoplasts. The cells were culured for 3hr (a),
6hr (b), 24 hr (c) and 72 hr (d) at 25°C following
protoplasts formation. Bar=50 g#m.
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and 11+1nm in the cell wall. Particles and
other amorphous materials within the vesicles
apparently are carried outside the plasma-
lemma by exocytosis and are involved in the
deposition of cell wall matrix substances.

Cell wall regeneration during 4.5hr of
culture is shown in Fig. 2. The wall, about
150 nm in thickness, was assumed to be
composed of fibrous materials. Microfibrils
deposited about the cell surface were con-
firmed by freeze-replication. In Fig. 3, many
fibril impressions can be seen on the
fractured plane of the plasma membrane
(Fig. 3a), and fibrils covered with amorphous
materials on the outer surface of the wall
(Fig. 3b). Some of these impressions are
arranged linearly but most are randomly
oriented in a curving configuration.

After 6 to 7hr of culture, all of these
randomly-oriented fibrils took on a linear
arrangement and curved fibrils could no
longer be seen (Fig. 4 and 5). The cells
were expected to expand during culture and
consequently, diameter measurements were
made at 3, 6, 10 and 72hr. Fig. 6 shows
that the cell diameter increased by 10%
during 6hr of culture, indicating that the
curved fibrils extended by expansion. After
6 to 7hr, cell expansion gradually stopped
(Fig. 6) and specifically oriented fibril groups
could be seen beneath the randomly-oriented
fibril layer (Fig. 4 and 5).

Fig. 7 shows a cross section of cells
cultured for 24hr at 25°C. Vesicles and
exocytosis were not frequently observed as
after 4.5hr of culture. Since the wall
structure was not clearly observable, a section
was treated with KOH-ethanol solution to
dissolve the embedded resin and shadowed
with Pt-Carbon. The section is shown in
Fig. 8. It is evident that the outer part of
the wall (M) containes two sublayers, a
non-fibrillar matrix layer (the outermost
layer, OML) covering the outer surface of
the wall and a randomly-oriented fibrillar
layer (ROFL) under the former. These two
layers were designated as “matrix-rich
layers”. Most of the wall (C) consisted of
several laminated sublayers whose fibrils

shifted their orientation in a regular manner.
These layers were termed “constantly-
oriented fibril layers” or “fibril-rich layers”.

The time required for the formation of
these layers is given in Fig. 9. Experiments
were carried out both in the light and dark
at 20, 25 and 30°C for 24 hr and the gene-
rated layers were observed with an electron
microscope. Layer counting was carried out
according to previously reported methods
(Mi1zuTA and WaADA 1982). Formation of
matrix-rich layers (OML and ROFL) was
found to closely depend on temperature.
They attained a thickness of 200 nm in 3 hr
at 30°C, 6hr at 25°C and 24hr at 20°C
respectively. The constantly-oriented fibril
layers formed after the matrix-rich layers
had thickened to about 200 nm, and their
formation depended both on temperature and
light irradiation.

Polar-dependent Structure of the poly-
lamellate cell wall: In Fig. 8, the cross
section of the wall closely resembles that of
the thallus wall whose pattern of fibril
orientation is determined by cell polarity
(Mizuta and WapA 1981). To confirm
whether the fibril orientation of the new cell
depends on cell polarity, a replica was taken
from the inner surface of the wall and its
fibril orientation was examined. As apparent
from Fig. 10, almost uniformly arranged
fibril groups whose orientation is indicated
by A, B, C and D shift counterclockwise in
the direction from A to D. This shift was
represented quantitatively (Fig. 11) by
measuring the acute angles (6) formed by
the direction of A with the fibrils within the
circle in Fig. 10. From this data, it became
evident that the fibril angles (#) of group
A were distributed about 0°, B about 30°,
C about 60° and D about 90°. Distribution
of the microfibrils of group A was more
concentrated than that of any other groups
and the fibrils of group D were relatively
more dense even though they were being
formed on the innermost surface of the wall.
Thus A and D may be considered multi-
fibrillar layers and B and C, transitional
layers found previously in the thallus wall
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Fig. 4. Freeze-fractured cell wall and plasma membrane of the new cell. The cell was fractured
after 6 hr of culture at 25°C. Arrowheads show particles existing in the wall. EF, exoplasmic fracture
face of the plasma membrane; PS, protoplasmic surface of the plasma membrane; EX, impression of
the outer surface of the cell wall; Cw, cell wall. Bar=0.5 zm. Fig. 5. Outer surface of new cell
wall.  The cell was fractured after 7 hr of culture at 25°C. Bar=0.5 pgm.

Fig. 2. Cross section of the new Boergesenia cell. The cells were cultured for 4.5 hr at 25°C
after the protoplast had formed. Cw, cell wall; Ve, vesicle; Ch, chloroplast. Bar=2 pm. Fig.
3. P-face of the plasma membrane (a) and cell surface (b) of the new cell showing many curved

fibril impressions. The cells were fractured after 4.5 hr of culture at 25°C. Ve, vesicle. Bars=
1 pem.
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Fig. 6. Cell expansion in the early stage of
cell wall development of the new cell. About 50
protoplasts were cultured at 25°C under continu-
ous light. Cell diameter was measured after each
culture period. Vertical bars indicate standard
error.

of Boergesenia (MizuTA and Wapa 1981).
This mode of shift was fundamentally similar
to that of the thallus wall the multifibrillar
layers of which were oriented longitudinally
and transversely to the cell axis. The fibril
orientation of each layer of the new cell
may possibly depend on the cell polarity.
Generation of the polylamellate cell wall :
Microfibril arrangement in the polar region
was very complex (Fig. 12a). Some of
the fibrils formed bundles and were
randomly arranged. On these fibrils, the
specialized structure in which fibril orientation
gradually shifted to take on the shape of a
fountain was frequently observed and it was
termed “the fountain-like structure”. Its
length was about 30 pum and most of the
fibrils in the structure were arranged in the
direction of the arrow A on the curve.
The curved fibrils were oriented toward
the equator of the cell and had many
terminals (Fig. 12b). They were assumed
to be generated in the direction of the arrow
A and to lie at an angle of about 30° with
the underlying fibril group (B group whose
orientation is shown by arrow B in Fig.
12b). In group B was also oriented toward
the equator. Near the equator, many
opposing fibril tips could be observed (Fig.
12c), suggesting the layers to be generated

from each pole toward the euqator.

Fig. 13 shows the P-face of the freeze-
fractured plasma membrane of the round
cell cultured for 24hr. Many terminal
complexes (TCs) are visible at the terminals
of the fibril impressions lying about 30°
with the underlying impressions. As re-
ported by ITOH et al. (1983), the TCs were
comprised of about three rows of linearly
arranged particles resembling those of
Oocystis reported by BROWN and MONTEZINOS
(1976). The TCs were assumed to move
within the plasma membrane with cellulose
deposition, and the orientation shift of the
fibrils was considered to be induced by
movement modification of the complexes.

Discussion

The experiments in the present work
indicate the processes involved in cell wall
regeneration in Boergesenia protoplasts.
During the first 4.5 hr of culture, a remark-
able deposition of non-cellulose matrix
substances occurred about the surface of
the plasma membrane. These substances
were apparently produced in the cytoplasm
and subsequently released to the cell surface
by exocytosis of the vesicles. Within the
vesicles, many small particles were observed
(Fig. 3) and seemed to contain enzymes
relevant to the construction of non-cellulose
polysaccharides since their size was essen-
tially the same as that of particles observed
in the freeze-fractured cell wall. In Chlo-
rella, matrix substances may accumulate
within Golgi vacuoles and subsequently be
carried to the cell surface (MUHLETHALER
1967). Although Golgi complexes could not
be clearly observed in the Boergesenia pro-
toplasm owing to technical difficulties in the
fixation of the cytoplasm, our data support
this possibility.

After 4.5hr of culture at 25°C, cellulose
microfitrils were generated within the matrix
(Fig. 3). They were generally curved
and randomly-oriented, but became linear
after 6 hr (Fig. 4). This extension may have
been due to cell expansion which was quite
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Fig. 7. Cross sectional view of new cell wall showing many fibril layers. The cell was cultured
for 48 hr at 25°C under continuous light after formation of thz protoplast. Bar=2 pm. Fig. 8. Cross
section of new cell wall showing the regular shift of microfibril orientation. The cell was cultured for
72 hr at 25°C under continuous light after the protoplast had formed. Shadowed with Pt-Carbon after
removal of embedded resin. OML, outermost layer; ROFL, randomly-oriented fibril layer: M, matrix-
rich layers; C, constantly-oriented fibril layers; W, total thickness of cell wall. Bar=1 pm.
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Fig. 9. Effects of light and temperature on cell wall formation.

The protoplasts were cultured at

20°C, 25°C and 30°C in both light (L) and dark (D), and the number of wall layers and total wall

thickness were measured with an electron microscope.
OML, outermost layer ; ROFL, randomly-oriented fibril layer ; +, recognized ;

bars indicate standard error.
—, unrecognized.

evident after 6hr (Fig. 6). The morpho-
logical features observed in the present study
suggest that acceleration of the expansion
is involved in the development of the central
vaculole and that this expansion is terminated
as a result of wall pressure due to fibril-
rich layers generated during culture. Similar
cell expansion in the early developmental
stages of protoplasts was observed in both
Boodlea and Valonia (MiZUTA unpublished
data), but the physiological significance of
this is unknown.

That the fibril-rich layers of the cells may
be generated by cell polarity is a definite
possibility. The microfibrils of each layer
shifted about 30° with the underlying layer
(Fig. 10), and were assumed to be generated
from the pole toward the equator of the cell

The mean value from 5 cells is shown. Vertical

(Fig. 12). The microfibril arrangement was
essentially that of the fibril orientation of
the thallus wall in both Boergesenia (MIZUTA
and WADA 1981) and Valonia (PRESTON and
KuypER 1951). The polar dependency of
the fibril arrangement of the new cell was
apparent until the matrix-rich layers had
thickened to about 200nm (Fig. 9). As
mentioned above, the matrix-rich layers were
comprised of both amorphous matrix and
randomly-oriented fibrils, the latters being
formed prior to the generation of the fibril-
rich layers. According to our data, assump-
tion of specific orientation from a state of
random arrangement on the part of the fibrils
may possibly depend on cell polarity which
comes about during generation of the matrix-
rich layers.
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T ATHE LY,
Fig. 10. Microfibril arrangement on the inner surface of the new cell wall. A, fibril from the
undermost layer of the figure; B, fibril of the layer lying on that of A at an angle of 30°; C, fibril of

the layer lying on that of B at an angle of 30°; D, fibril from the uppermost layer lying on that of C
at an angle of 30°. Bar=1 pm.
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6

Fig. 11. Fibrillar angles with the direction of A, measured in the circle shown in Fig. 10. A,
group of fibrils belonging to the undermost layer in Fig. 10; B, group of fibrils lying on A at an angle
of about 30°; C, group of fibrils lying on B at an angle of 30°; D, group of fibrils in the uppermost
layer of the figure. The ordinate frequency indicates the number of fibrils counted.
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N o hs i X Aj .
Fig. 13. P-face of the freeze-fractured plasma membrane of the new cell showing many terminal
complexes (TCs). Bar=0.5pm.

Fig. 12. Inner surface replica of the new cell wall, showing the formation of the new layers (A
layer and B layer) from the polar area toward the equator. Arrows A and B indicate the main direc-
tion of fibril orientation in the A and B layers respectively. a, polar area. The figure shows the
fountain-like structure. b, intermediate area between the pole and equator. The figure shows the for-
mation of the A layer, lying at an angle of about 30° with the underlying older layer (B layer). c,
near the equator. Deposition of the B layer can be seen. Short arrows, microfibril terminals; Bars=
0.5 pm.
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The controlling mechanisms of the shift
of microfibril orientation are very important.
In our previous report, there was evidence
that antimicrotubule agents may be ineffec-
tive for bringing about the shift in orien-
tation (MizuTA and WADA 1982). On the
freeze-fractured plasma membrane, many
TCs were observed and the microfibril
deposition is considered to be induced by
the complexes (Fig. 13). The orientation
shift of the fibrils is also considered to be
due to the movement direction of the TCs,
but the specialized structure reported relevant
to the control of the direction of TC move-
ment in freeze-fractured plasma membrane
of Oocystis (BROWN and MOTENZINOS 1976)
was not observed on the membrane of
Boergesenia. However, the orientation of
the fibrils of the fountain-like structure
observed in the polar area (Fig. 12) closely
resembled the specialized fibrillar arrange-
ment which was reported to be affected by
probable membrane flow in the freeze-
fractured plasma membrane of maize (MUEL-
LER and BROWN 1982). The mechanisms of
fibril orientation control by membrane flow
are now being investigated.
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Ocawa, H. 1985. Combined effects of temperature and salinity on the early development

of marine algae. I. Carpospore germination of Rhodoglossum japonicum Mikami Jap. J.
Phycol. 33: 45-50.

The germination rate, the development of germlings and the elongation of rhizoidal cells
in the carpospore germination of Rhodoglossum japonicum MikaMi collected at Onagawa,
Miyagi-ken, Japan, were investigated under different conditions of temperature and salinity.
The germination pattern of carpospores was similar to the immediate discal type. In some
of the germlings, colorless hairs were observed at the central area of the discs. The car-
pospores germinated in broad ranges of temperature (3-25°C) and salinity (16.3-55.1%0S).
The desirable temperature and salinity for the germination rate, the development of germ-
lings and the elongation of rhizoidal cells were 10-15°C and 25.9-38.9%.S, and the highest
values for them were obtained at 15°C and 32.0%.S respectively.

Key Index Words: carpospore germination ; marine alga ; Rhodoglossum japonicum ;
Rhodophyta; salinity ; temperature.

Hisao Ogawa, Department of Fishery Science, Faculty of Agriculture, Téhoku

University, Sendai, 980 Japan.
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colorless hair, 2: Germling prolonged rhizoidal
cei.. from the base, 3: Rhizoidal cell developing
an attachment organ, 4: Fourteen-day old germ-
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Fig. 2. Germination rate of carpospores of Rhodoglossum japonicum at various temper-

atures and salinities.
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Fig. 3. Development of germlings of Rhodoglossum japonicum at various temperatures and
salinities. Vertical lines indicate standard deviation. @ : 7 days, O: 14 days.
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Fig. 4. Elongation of rhizoidal cells of Rhodoglossum japonicum at various temperatures and

salinities.
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Mikami, H. 1985. On Hypoglossum serratifolium OKAMURA, a delesseriacean red alga from
Japan. Jap. J. Phycol. 33: 51-56.

The apical segmentation and development of reproductive organs of Hypoglossum ser-
ratifolium OKAMURA were investigated on the basis of specimens from Hiroshima Prefecture
and known also from Nagasaki Prefecture. The species is characterized by : the thallus is
monostromatic except the midrib, and is 2-3 timss branching from the midrib; the young
branches are obovate, while when it becomes older, are oblong with marginal serrations;
no lateral veins are present; a transversely dividing apical cell is present; each cell in the
cell rows of the second order bears a lateral branch (a cell row of the third order); the
apical cell of each cell row is at the margin of the thallus; no intercalary divisions occur
in any of the cell rows; the marginal serrations are formed by apical region of the cell
rows of the second order which extend beyond the margin; the procarps are borne acropet-
ally on the first order cell row of the proliferations; the procarps consist of a four-celled
carpogonial branch and two groups of sterile cells; the cystocarps are borne on the midrib;
the tetrasporangial sori occur on either side of the midrib and form patches that are usually
linear in the direction of the axis of the proliferation ; the tetrasporangial primordia are cut
off from surface cells.

Key Index Words: benthic alga; Delesseriaceae; Hypoglossum serratifolium; Rho-
dophyta; taxonomy.
Hideo Mikami, Sapporo Univ., Women’s Junior College, Sapporo Nishioka 3-7-3-1,

062 Japan.

R AOh A8, =¥ ) A<=~/ VIEE
Rip & Db THREZh, B (1936 p. 763) T X
h Hypoglossum serratifolium OKAMURA (5iff)
ELTXEDAIR L 5 RENTbhic, YiFEH
AUubh - FERZZOTRTCAMSRFEDOLR TS
ot RVEEOMBMY TRZOHEBECOWTH
BERHES BRIZESREIR TV, &2 ANRER
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# R H

Bfe, EABYHEEECREREIR TV 5 A
herbarium OrhOABESE (1) EKERAR (BH
EResrT), BA24E2 A14R (RIL) 53D ()
RER emifes, MM3448 H20F (T. Taka-

HASHI) & 5% F0ELI [4¥A1H40~50R, AK]
DHEBX AZOHBHHD () BENKFERLD
BOMREE, AL REOLD, TLT @) 4
RE (KBBRREAEET), BAlE8 A198 (&
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% CHERIS34E 9 22 A RISRERREEABIA
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ot 1 EERRVbhic.

® 2

(1) 4% : Fig. A 34O M laTik (Lecto-
type), LT Fig. B 3@ U #tkthamd. FHE
DR LTI, FOKE SOARERV-TL
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2 < RTIER T, R AR T 1SS L DR
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Fig. A. Hypoglossum serratifolium. Tetrasporangial plant (Lectotype) from Hiroshima

Pref., (collected by Kajiyama in Feb. 14, 1927).
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Fig. B. Hypoglossum serratifolium. Female plant from Nagasaki Pref., (collected by

K. Nanri in Sep. 22, 1978).
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Figs. C-K. Hypoglossum serratifolium. C. Early stage in development of young proliferation.
D. Further stage showing apical segmen:ation. E. A part of young proliferation with marginal ser-
rations. F. The same, more highly magnified. G. Apical part of female plant showing stages in deve-
lopment of procarp. H. Mature procarp. 1. Young gonimoblasts. J. Tetrasporangia-bearing proliferations.
K. Surface view of part of tetrasporangial sorus. 1-19: segments of apical cell; a: apical cell; cby,
cby, cby: first, second, and third cells of carpogonial branch, respectively; cbi: initial cell of carpogonial
branch; cc: central cell; cp: carpogonium; gon: gonimoblast; i, is: initial cells of rows of second and
third order, respectively; p: tetrasporangial primordia; pc: pericentral cell; s: serration; sc: supporting
cell ; stc: sterile cells; stcyme, stcomc: mother cells of first and second groups of sterile cells, respec-
tively; t: tetrasporangium; ts: tetrasporangial sorus; tr: trichogyne.
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> TEL, BEOEHRCY L THCME MUk
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Yasushi NAKAJIMA and Yoshikazu NAKATA :

Preliminary check-list of marine

benthic algae of Japan—I. Chlorophyceae and Phaeophyceae.

BAEOHHREL T TAAMEEHRE] (@A 1936)
DRHALIE, £ OWENThh, HFLITK I
H AFEFBRIRLCENERD D, FUFiOLS
DEHEH L EBRCTHLh TETV S, Ll BRCE
THIERRELLBELEET S BN BT
B4 BNOREREOBRC L RELY R U Tk, H
REDOZI LY, BEOBCOVWTIIAEELE, 64
ELORMEENE-TWBLDL 5L, FOMPRIT
FRFLERMEET S L2, BRDO % ¥ CI R
EIERICE BRI LT TEEME L £\, &
EDLA GEH) BLEi»-BEROBECE L Tk
DT, BRTEDERYELDBLE LI, T0D
BERECHIc- T, ~ETIEHFIcbOL TN
TRETHZ &1L, X ->TREAXBLZ LA S,
CIRETHBRETHIBEOTIE LML Icb DEH
RIL, $BOYETC L » T REDDEVHDRT
B1cdDELHLE LIV,

BREOBFECHIc» T, XBFAEDORER L HIE « b
Hiizv . —2—A8% L, SHOBERY AL TE
B, FARBELTR TEOEACHEL T el
Vo
« RELEO S TR BED B A D FBEE T,

SHEE « NEFREND kil <L L, (B

E-WE B -=te 7O0BTEDLOL—M

27,

s BECOSBEGRITR (1979) #fL7, Th

LUTFo BROEOEF, HRDECLBRADOED TR

IEF VTR e ABC HE Lico
cBAOBY LEBOMBTREF OV TR UR

Index Nominum Genericorum (FARR et al. 1979)

ZRE-To
N BRTRUNIEE L, ZOERIFHTH-

THD TS (B ¢ -ai—-ae), AT ONEBEHE

DHRTVWBEA, —HrBRE/ — MCART,
EZOELBFLTESHEFHLL LioT, FIH

DE—MEETHZ LHTETHS, Ticbbex

THZE D INL LN E DD LR, in THEOD

BHREARZEOERDLDOEEBELTH L\, B

CHBIRTS L XY, 2HOAHTEEL, ¥

ERLHATHEBRAN VB BBIBLE
15,
fil : LINNAEUS—L.
CARL A. AcarpH—C. Ac.
D &)
JacoB G. AGcarpH—]. AG.
Korzing— KiTz. *7-13 Ka.
LaMouroux—LaMx. #7-i% LMx.
* &% synonym i} HA#EEEL LCAVBRTWS
Fdbonir [ ] CARTRLE,
cHBIOVCTHABEF LT B Lt Lich o,
BAU B oW T REM A EDO AR B DT,
FREEDEEHFEBEE LI
cHEDDHDLDORLFOHLED () ADES TR
L, B - BEOHHOH LITFIFE L1
CORBEYRMETIChIc - THERY VLWL
HIBERMEL, JIFHEEELCRHT 5,

(7243 Ac.

CHLOROPHYCEAE WILLE in
WARMING, 1884 &#iA
(ULVOPHYCEAE STEWART et MaTTOX, 1978)

TETRASPORALES LEMMERMANN, 1915 X2

»HiHHE
Tetrasporaceae (NAGELI) WITTROCK, 1872 X

2D LE
Collinsiella SETCHELL et GARDNER, 1903 B A%

S5 EER

cava (YENDO) PRINTZ LbBAFH>HEE

japonica (YENDO) PRINTZ ZDO5bLAEDI B

&
tuberculata SETCHELL et GARDNER BHA%Z 5 %
L&
Collinsiellopsis CHIHARA, 1967 WRHAZD 3 &
& '

" expansa CHIHARA KEDBAFS L ¥
Palmophyllum KuTzING, 1845 17 4 L AR
crassum (NACCARI) RABENHORST
var. orbiculare (BorNET) F ELDMANN
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[orbiculare]

CHLOROCOCCALES PASCHER, 1915 7 r®w
2y 7 aH (LLEHXREDE)
Endospl{aeraceae (KLEBS) ARTARI, 1892
Chlorochytrium CouN, 1872 7mefx bt Y AR
1)
porphyrae SETCHELL et GARDNER
Codiolum A. BrRAUN, 1855 =54 AL 4ajg
gregarium A. BRAUN
Gomontia BorRNET et FrLaHAuLT, 1888 M\ Z ¥
U
polyrhiza (LAGERHEIM) BORNET et FLAHAULT
PR ED

ULOTRICHALES Borzi, 1895 UOU'&EAHH

Ulotrichaceae KUTzING, 1843 VU &R L Ak}

Ulothrix KuTzING, 1833 UV UARLEAR

acrorhiza KORNMANN

flacca (DiLLwyN) THURET in LE JoLis O\U'&
)

flexuosa KORNMANN

implexa (KuTzING) KUTZING

pseudoflacca WILLE 3 Z QU RE A

CHAETOPHORALES WiLLE, 1901 » =1t 7
+7H
Chaetophoraceae GREVILLE, 1824 H» =17 5
B (b8
Entocladia REINKE, 1879 =v 2554 7R
cladophorae Nopa
hypoglossiae NobA Fe\uvus\v & gy
polysiphoniae SETCHELL et GARDNER
Internoretia SETCHELL et GARDNER, 1920 £ v 7
N2 VvF4 TR (2
fryeana SETCHELL et GARDNER
Ulvella CrRouaN frat., 1859 HHU04LE (3)
lens CROUAN frat. HbHU'3

ULVALES BLackMaN et TaNsLEY, 1902 %
kXH
Capsosiphonaceae CHAPMAN, 1952 H 45X bl
oy R
Capsosiphon Gosi, 1879 26X BHkDHE
Sfulvescens (C. AGARDH) SETCHELL et GARDNER

NEZHEOY

groenlandicus (J. AGARDH) VINOGRADOVA U
PO ELCE

[Monostroma groenlandica]

Monostromataceae KUNIEDA, 1934 0V L 2z <&
Bt
Kornmannia BLIDING, 1968 3 2% 0k 2B
zostericola (TILDEN) BLIDING #$2o& 0V & %
[Monostroma zostericola]
Monostroma THURET, 1854 U\l %2 <&
alittoralis TANAKA et K. Nozawa in TANAKA
LADBWDE 2 & X
angicava KJELLMAN % FO % 2 <&
arcticum WITTROCK £#0Ez <X
crassidermum TOKIDA HOhbOE 2
crassissimum IwAMOTO HDIE0 & 2
grevillei (THURET) WITTROCK 530 & 2 <&
latissimum WITTROCK UAIXDOVE &
nitidum WITTROCK U k% <&
oxyspermum (KuTzing) Doty ¥ X0 &z
[wittrockii]
tubiforme IwAMOTO B IX0E 2
Protomonostroma VINOGRADOVA, 1969 L0 & %
CER
undulatum (WITTROCK) VINOGRADOVA LU
Lz

[Monostroma undulatum]

Prasiolaceae BLACKMAN et TANSLEY, 1902 #»
b0 HE
Prasiola (AGARDH) MENEGHINI, 1838 »dbD b &
delicata SETCHELL et GARDNER UNDWEd
Dh

Ulvaceae LAMOUROUX ex DUMORTIER, 1822 %
B EH
Blidingia KyLIN, 1947 O HEDHE
minima (NAGELI in KUTzING) KYLIN U BHE
Dh
[Enteromorpha nana var. minima)
[Enteromorpha micrococca]
Enteromorpha Link in NEgs, 1820 nom. cons. %
KBOYHE 4)
capillaris Nopa in Nopba et Kitami 2 bk
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Dh
clathrata (RoTH) GREVILLE
compressa (LINNAEUS) GREVILLE UL HEDDH
crinita (ROTH) J. AGARDH B+ 2 12HEDYH
flexuosa (WULFEN ex RoTH) J. AGARDH
intestinalis (LINNAEUS) LINK (5 HID b
linza (LINNAEUS) J. AGARDH 5 HifhED b
[bulbosa var. japonica]
marginata J. AGARDH
plumosa KUTzING ERWEHEDH, biFd
kDb
prolifera (OEpER) J.PAGARDH T UbkD b
ramulosa (SmiTH) HOOKER UFhkD b
Percursaria Bory, 1828 A7 Lr4 Y 7&
percursa (C. AGARDH) ROSENVINGE
Ulva LINNAEUS, 1753 BHE IR
amamiensis TANAKA 5 Lw<{ bk X
arasakii CHIHARA 7e2ib R X
conglobata KJELLMAN (FH-A Bk X (5)
fasciata DELILE D iFADEI
fenestrata PosTELs et RUPRECHT (6)
japonica (HoLMES) PAPENFUss %5 <X
latissima LINNAEUS RRiIbk X
pertusa KJELLMAN HicbhEk X
reticulata FORSSKAL H A DI X
rigida C. AGARDH (6)
spinulosa OKAMURA et SEGAWA in SEGAWA
sublittoralis SEGAwWA (kR bhI:X
Ulvaria RUPRECHT, 1851 S AUV L2 ¢XE
obscura (KUTzING) GAYRAL
var. blyttii (AREsCHOUG) BLIDING < AU &
2 <¢E, B0 EZCZ
[Monostroma fuscum]
[Monostroma splendens]

ACROSIPHONIALES KorNMANN, 1965 #0
h<XH
Acrosiphoniaceae Jonsson, 1959 § o & XE
Spongomorpha KuTzING, 1843 3 on <SR (7)
breviarticulata SAKAl E{-Z{oh <X
duriuscula (RUPRECHT) COLLINS #$HDoh <X
8,9
heterocladia SAkAl &b 3 oh X (8)
[mertensii f. tenuis]

mertensii SETCHELL et GARDNER H» ¥ Hoh <

2 @®
saxatilis (RUPRECHT) CoLLINS LiF7cLl doh
<& (10
spiralis SaAkal 5 THoh &R (8)
Urospora ARESCHOUG, 1866 nom. cons. L h k&
A& (11)
penicilliformis (ROTH) ARESCHOUG L HEHh &
o)
[mirabilis]
wormskioldii (MERTENS in HORNEMANN)
ROSENVINGE B LOHEHEA

CLADOPHORALES HAECKEL, 1894 Lk<&
]
Anadyomenaceae KiTzING, 1843 5 Xkh %5
B
Anadyomene LAMOUROUX, 1812 5 &k b %58
wrightii HARVEY in GRAY 5 &EbhH %5
Microdictyon DECAISNE, 1841 »A&d X5
japonicum SETCHELL HAHb X >

nigrescens (YAMADA) SETCHELL < AHhAhd X
5

okamurae SETCHELL }f:D{ <X

vanbosseae SETCHELL ULEH HA L XS

Valoniopsis BORGESEN, 1934 3 Z (XA HE
pachynema (MARTENS) BORGESEN (3 ZIXAIKC
»
Willeella BoRGESEN, 1930 06 Lis <X B (15)
japonica YAMADA et SEGAWA in SEGawa O

bl

Cladophoraceae WiLLE in WARMING, 1884 L
P XE
Chaetomorpha KuUTzING, 1845 nom. cons.
LE (12)
aerea (DiLLwYN) KUTzING #=5ht:Lw T
antenning (Bory) KiuTzinG x7hiLCw3d
[media]

basiretrorséd SETCHELL H#(ELlw T

Lw¥

brachygona HARVEY

crassa (C. AGarDpH) KUTzING 3% Uw T4

gracilis (KutzIng) KUTZING bz Lw T

linum (MULLER) KuTzING 5L Fd, 5T
Al Th

melagonium (WEBER et MOHR) KUTzING 1D
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AhleTd
moniligera KJELLMAN 1% ULw T3
pachynema (MONTAGNE) MONTAGNE in
Kotzing 15 LT
spiralis OKAMURA i+ & U T'd
Cladophora KiTzING, 1843 nom. cons. L¥E< I
albida (HupsonN) KUTZING dofc LI <&
aokii YAMADA BHIFE LI X
arenaria SAKAI THh L X
catenata (LINNAEUS) KUTZING MO LE X
[fuliginosa]
conchopheria SAKAI M\ T A3
fascicularis (MERTENS ex C. AGARDH)
KUTzING L& LF<E
glomerata (LINNAEUS) KUTzING b UL <
k=S
gracilis (GRIFFITH ex MacKay) KuTziNng 7t
LB
japonica YAMADA BB LEE, THREDLE
<&
meridionalis SAKAI et YOSHIDA in YOSHIDA
HigHR LB
[patula Sakar]
ohkuboana HOLMES M iz L& &
oligoclada HARVEY X\ Lk X
opaca SAKAI DR LLECE, BLWLWALEL
X
[glaucescens auct. japon.]
ordinata (BoRGESEN) HOEK 7A»\WOHLE
<X
[Willeella ordinata]
LR
rudolphiana (C. AGarDH) KuTzING 7% 9 L
FE (13)
rugulosa MARTENS < A L¥F <X
rupestris (LINNAEUS) KOTZING Wb Lk ¢X
ryukyuensis SAKAI et YOSHIDA in YOSHIDA
HelFlE<X
[fastigiata HARVEY]
sakaii ABBOTT HEZRLD LEX
[densa HARVEY]
sibogae REINBOLD Hfi L Lis <X
speciosa SAKAI ZRPU LIk X
stimpsonii HARVEY ZHlLis&X
uncinella HARVEY F & L&

pusilla SAKAI

wrightiana HARVEY B LE <X
Rhizoclonium KiTzING, 1843 h# LS XE

grande BORGESEN FkhiilL <X

hookeri KUTzZING k& lcbh#ZL <&

kerneri STOCKMEYER b {HBHRE A

kochianum KUTZING U'A D EHR LA

riparium (RoTH) KiUTzING ex HARVEY (2% 4

LR
[arenosum]
tortuosum (DiLLwyN) KuUTzING 7epidhoh

SIPHONOCLADALES (BLACKMAN et
TaNsLEY) OLTMANNS, 1904 Z F hiFH
Boodleaceae BoRrRGESEN, 1925 Hisd ¢ XF}
Boodlea MURRAY et DE Toni, 1889 Hisd < XR
coacta (DickiE) MURRAY et DE Tont HFd
(-3
composita (HARVEY) BRAND ithbk b <X,
@HHEH X
[siamensis]
Struvea SONDER, 1845 nom. cons. HAI1E
anastomosans (HARVEY) PiccoNE et GRUNOW
in PICCONE XV H AL
[delicatula]
haterumensis ItToNno VD H AT
japonica OKAMURA et SEGAWA in SEGAWA
¥ 5 HAIL
orientalis A. et E.S. GEPP Rk H A4l
tenuis ZANARDINI H AL

Siphonocladaceae ScumiTz, 1879 nom. cons.
FNcELH
Boergesenia FELDMANN, 1938 #2i/:% 4 &
forbesii (HARVEY) FELDMANN Fpi/c% 3
[Valonia forbesii]
Chamaedoris MONTAGNE, 1842 1-AIE®H R
orientalis OkAMURA et HiGgasHI in OKAMURA
e AER D
Cladophoropsis BoRGESEN, 1905 nom. cons. &
YR
herpestica (MONTAGNE) HOWE Mizif&i e hif
sundanensis REINBOLD UDHE D iF
vaucheriaeformis (ARESCHOUG) PAPENFUSS
FohDE
[Spongocladia vaucheriaeformis)
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zollingeri (KUTZING) BORGESEN K& HiFf
[fascicularis]

Siphonocladus ScumITZ, 1879 < HRELSXRE
tropicus J. AGARDH < Fh#L<X

Valoniaceae KiiTzing, 1849 XA HE

Dictyosphaeria DEcaisNE ex ENDLICHER, 1843
ER R -
cavernosa (FORSSKAL) BORGESEN % - Z 5 ¢ &
[fabulosa]
versluysii WEBEN van Bosse #{ & -2 5 <&,

LFE-Z25¢%
[bokotensis]

Valonia C. AGARDH, 1822 (A DR
aegagropila C. AGARDH 71-¥X¥AKDH
fastigiata HARVEY ex J. AGARDH
macrophysa KiTzING 1% XACH
oblongata J. AGArRDH (14)

EAEH

ventricosa J. AGARDH K BIFATH

utricularis C. AGARDH

DASYCLADALES PASCHER, 1931 &0 b H

Dasycladaceae KiTzING, 1843 X o b §
Acetabularia LAMouRouUX, 1821 nom. cons. »&

DHE

calyculus Quoy et GAIMARD (3% 2 M &

clavata YAMADA iXichaiX (16)

dentata SoLMS-LAUBACH b 5 &w 55X
LA ZDY
parvula SoLms-LauBacH U ieh XD b (16)
[moebii]

exigua SoLMs-LAUBACH

ryukyuensis OKAMURA et YAMADA in
OKAMURA EDH
Bornetella MUNIER-CHALMAS, 1877 %31 %@
clavellina TANAKA 13 F &R T %
nitida MUNIER-CHALMAS 7ei ¥ %
oligospora SoLMs-LAUBACH
sphaerica (ZANARDINI) SoLMs-LAUBACH &
¥
[ovalis]
Cymopolia LAMOUROUX, 1816 533 RE
%""ry-i\'yan-bosseae SoLms-LAUBACH 5 3$&h
Halicoryne HARVEY, 1859 W+ ¥X/icB
wrightii HARVEY \WZ3 ¥/
Neomeris LAMouUROUX, 1816 4%TDIZE

annulata DICKIE % TDIF

mucosa Howeg R .6 TDIX

vanbosseae HOWE Z 7¢i3 726 TDIZ

CODIALES FELDMANN, 1954 %43%H

Bryopsidaceae Bory, 1829 ithdEh

Bryopsis LaAMouroux, 1809 zhi B (17)
corticulans SETCHELL HhX Lithd
corymbosa J. AGARDH %5 JiThd
harveyana ]J. AGARDH M fciidiihadb
hypnoides LaMourRoUX Hi¥iciihad
indica A. et E.S. GEPP WA Fithid
maxima OKAMURA Rlthd
muscosa LAMOUROUX 7ehligdithdb
plumosa (Hupbson) C. AGarDH (33 (18)
ryukyuensis YAMADA bizithd

Pseudobryopsis BERTHOLD in OLTMANNS, 1904
HithidE (19
hainanensis TSENG Zhdd L X
Caulerpaceae KuTzING, 1843 \ 37 Ht

Caulerpa LAMOUROUX, 1809 3B
ambigua OKAMURA U3\ vbIh
brachypus HARVEY ~H\ 337
cupressoides (VAHL) C. AGARDH

Uz LADK

var. lycopodium (J. AGARDH) WEBER van

var. cupressoides

Bosse
f. amicorum (HARVEY) WEBER van Bosse
f. disticha WEBER van BOssE
f. elegans WEBER van Bosse 52 L3
7o
fastigiata MONTAGNE T\ i3t
fergusonii MURRAY % LTSk
filicoides YAMADA U L3
[verticillata f. acuta]
lentillifera J. AGARDH < U'h-31:
okamurae WEBER van Bosse in OKAMURA
f. okamurae % &\ b37c (20)
f. oligophylla OKAMURA
[tateyamaensis YENDO]
parvifolia HARVEY OJg\ 331
[brachypus f. parvifolia]
peltata LAMOUROUX
var. peltata i-p>o XSk
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[racemosa var. peltata]
var. nummularia (HARVEY) WEBER van
BOSSE 337
racemosa (FORsSKAL) J. AGARDH
var. clavifera (TurRNER) WEBER van Bosse
f. macrophysa (KuTzing) WEBER van
Bosse ®Afgh St
f. microphysa WEBER van BOssE .44
Ateh
f. reducta BORGESEN
var. laete-virens (MONTAGNE) WEBER van
Bosse +h ¥
var. lamourouxii (TURNER) WEBER van
Bosse U'b xSk
var. occidentalis (J. AGARDH) BORGESEN

zZDEDl
var. uvifera (TURNER) J. AGARDH Z (31 ¥3
T
scalpelliformis (R. BROWN ex TURNER)
C. AGARDH

var. denticulata (DEcaisNg) WEBER van
Bosse HEHDL HE DI
var. intermedia WEBER van BoOsse
{HESE (21
serrulata (FOrsskAL) J. AGARDH
var. serrulata
f. late WEBER van Bosse Xh-3f:
var. boryana (J. AGARDH) YAMADA et
TaNAKA
f. occidentalis (WEBER van Bosskg)
YAaMADA et TANAKA ZWIW3k
sertularioides (GMELIN) HowEg
f. longipes (J. AGARDH) COLLINS fo/od
24}
subserrata OKAMURA & XH 37z
taxifolia (VAHL) C. AGARDH Wb\ Ik
verticillata J. AGARDH
f. charoides (HARVEY) WEBER van Bosse
5 bt
webbiana MONTAGNE
f. disticha WEBER van BOSSE
f. elegans YAMADA et TANAKA
f. tomentella (HARVEY in J. AGARDH)
WEBER van Bosse Z i3S

Chaetosiphonaceae BLACKMAN et TANSLEY,
1902 »— bt o7 4 vEk
Blastophysa REINKE, 1888 B HhEhE
rhizopus REINKE B AL H

Codiaceae KiiTzIiNG, 1843 Z 3%}
Avrainvillea DEcaIsSNE, 1842 15 bbR
capituliformis TANAKA 5 ZHEDZ
erecta (BERKELEY) A. et E.S. GEpp

DT> b
lacerata HARVEY ex J. AGARDH

ZTAS

var. lacerata
var. robustior A. et E.S. GEpP
5bb
nigricans DECAISNE < AiL5 bbb
obscura (C. AGARDH) J. AGARDH % 3(Iix5 D
b
riukiuensis YAMADA TA<DIL) b
Chlorodesmis HARVEY et BAILEY, 1851 F it %
LY
caespitosa J. AGARDH (D F WPt &
[formosana]
fastigiata (C. AGARDH) DUCKER F Wi & 3
[comosa]

-3 0¥ 4

haterumana TaNAKA et IToNO in ITONO

O ERPIRED
Codium STACKHOUSE, 1797 Z 3 &

adhaerens (CABRERA) C. AGARDH [T\ &3

arabicum KUTZING TLANEA IV A B

barbatum OKAMURA O %3

coactum OKAMURA Hh&LA&%

[coarctatum]

contractum KJELLMAN XX 5L h3

cylindricum HOLMES 7ehii’%

dichotomum (HupsoN) S.F. GRAY \{ e 3
(24)

[tomentosum]

divaricatum HoLMEs < AZ % (25)

fragile (SURINGAR) HARIOT &3

hubbsii DAWSON I\ 45§ K ¥

intricatum OKAMURA $HDOhA4?

latum SURINGAR OB AR5

lucasii SETCHELL in Lucas

minus (SCHMIDT) SILVA T-F X%

[mamillosum var. minus’)
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minutissimum NobpA O7ckh %

ovale ZANARDINI 220X F X5

pugniforme OKAMURA = 5L 4%

repens CROUAN frat. in VICKERS
%, RENLIONRAD

saccatum OKAMURA 5{ A&HR D

tenue (KUTzING) KUTZING ¢ &%

Lelibik

Geppella BoRGESEN, 1940 # v RS &
japonica TANAKA et IToONO RKHODWH: S
yaeyamense TANAKA UV by d b Ex
Halimeda Lamouroux, 1812 nom. cons. XIEFTA
SR
discoidea DECAISNE 5 b X IFTACE
[cuneata sensu OKAMURA]
fragilis TAYLOR
incrassata (ELLIS) LAMOUROUX ZDOTIIFT
AT (26)
macroloba DECAISNE UAIZZIETACE
micronesica YAMADA ZiEDXIFTACTR
opuntia (LINNAEUS) LAMouRrRoux (27)
tuna (ELLIS et SOLANDER) LAMOUROUX
DIEZEFETALE
velasquezii TAYLOR UL XIFTACE
[opuntia f. intermedia YAMADA]
Pseudochlorodesmis BoRGESEN, 1925 ¥ F Wit ¥
B
furcellata (ZANARDINI) BORGESEN ¥ F i3 ¥
Tydemania WEBER van Bossg, 1901 33138
expeditionis WEBER van Bosse 3273
Udotea LaAMoOUROUX, 1816 1IZA LR
argentea ZANARDINI (¥BIXZHd
glaucescens HARVEY in J. AGARDH BHBADD
wWhird
javensis (MONTAGNE) A. et E.S. GEpP
o»VH 5
orientalis A. et E.S. GEPP 1XTA %
yamadae TANAKA et IToNo 5 TiTIXZ A3

Derbesiaceae Hauck, 1884 2ot E
Derbesia SOLIER, 1847 DW}DWLE
marina (LYNGBYE) SOLIER (£ DD\ & (22)
minime WEBER van BOSSE Z % 2D\t
rhizophora YAMADA R7ZL2OPDWE
tenuissima (DE NoTaRris) CROUAN frat.
DPDWEFIE (23)

Pedobesia MACRAILD et WOMERSLEY, 1974

HLO2EWELTR

lamourouxii (J. AGARDH) ]. FELDMANN,
Loreau, CopoMIER et COUTE HLo% .5 &
WEF

[Derbesia lamourouxii]

ryukyuensis (YAMADA et TANAKA) KOBARA
et CHIHARA B LOoZ0VHW

(Derbesia ryukyuensis]

BEBTs, — 1

(1) Chlorochytrium inclusum 3 FY v X3 =3
Spongomorpha D OhDEDORTFHHRTH
%5 (EH - BK 1976)

(2) OKeLLy (1983) ki, ZoRBRIIEZREHET
Hbo

(3) Pseudulvella 3D v 1T Ulvella } X5
T&7c\» (NIELSEN 1977),

(4) MEf (1936) wi@EEEh T3 E. coarctata,
E. lingulata, E. coerulescens \3% DKREM T
Vo BT (1964) 1% E. bulbosa 7 7= 74, Y,
E. fascia kv 7+, Y, E. hirsuta €474/
VEAREL TV 5, HEEOBROWTUISHEFEL
WABEENRRALETH B,

(5) f. densa REHEh T3,

(6) HARETHBNESH, U lactuca 3 8D TH
HBNETH S,

(7) S. arcta i3 YENDO (1915) LIBEE&Ai o\,

(8) MaFtkix Chlorochytrium inclusum TH3
(=i « BK 1976),

(9) var. tenuis =Y €Y L 74 L var. cartila-
ginea HxEY VI7HRERIR T3,

(10) RaFtkiz Codiolum petrocelidis Ths (E
i 1984)

(11) U. acrogona (3% DHIBEN L,

(12) Ch. macrotona, Ch. confervicola i3 % DI
GHTE,

(13) £ brevisegmenta MR I iz,

(14) FERAHEMI N TLER, JREEHH L,

(15) van den Hoek (1979) iz = DRB%R»HT, W.
ordinata % A 7H+BEB LI, €T VA4 SHIT
DLTHRHAEXET 5,

(16) ScHNETTER and BurLa MEYER (1982) X
Polyphysa B0 RBREBH T, Z D28 %
Polyphysa BT L1z,
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(17) B. caespitosa i3 YeEnDO (1915) LIE$f&EMN
7t\se

(18) var. condensata REPE T\ 5,

(19) Trichosolen MONTAGNE B R Ihi,
L b Ehi- Pseudobryopsis D AHFORE
MAREIRT W 5, YENDO (1915) AEEE L %
Bryopsis myura=Pseud. myura {3z OHFEX
hTxk B3, Pseud. hainanensis L DGR S R
THhHb, Okupa et al. (1979) XRUEEKRESE
D% Pseud. oahuensis [T5E\~ & BT,

(20) = oofiic £f. minor HEFE T3,

21) 7 wm*xv &It var. denticulata DZRIHE
WhRh T, = 2Tl TanNnaka (1965) Ht-
o

(22) EMBtix Halicystis ovalis (KoBara and
CHIHARA 1981),

(23) EMAEMALL Halicystis parvula (KoBara and
CHIHARA 1981),

(24) var. dichotomum subvar. yezoensis =" 3 /L
MREBIh T2,

(25) f. hybrida X FIXh T\ 5,

(26) f. lamourouxii S Ew—%EFv sy, f
ovata 2 ATV SHRRFIZR T B,

27) f. cordata +# 5 v 74, f. renschii v x+
ETF VI RRBFII RT3,

PHAEOPHYCEAE KjJELLMAN in ENGLER et
PranTL, 1891 ¥
(FUCOPHYCEAE WARMING, 1884)

ECTOCARPALES SETCHELL et GARDNER,
1922 LsAEAHH
Ectocarpaceae C. AGARDH, 1828 L& & A
Acinetospora BOoRNET, 1891 7% % F RAESR
crinita (CARMICHAEL ex HARVEY in HOOKER)
KorNMANN (1)
Ectocarpus LYNGBYE, 1819 nom. cons.
HE ()
acuto-ramulis NopA EMND XK LEREA
arctus KUTzING 7 LLEHREA
[confervoides]

LE&RE

breviarticulatus J. AGARDH 1-¥ Mt LEHhEH
brevicellularis NopA 1-AIZ LEHRE A
cladosiphoniae Nopa F(EH XK LEHREA
commixtus NODA (3£ LEREH

YosHipa, T., NakajmMa, Y. and NAKATA, Y.

[tenellus Noba]
confusiophyllus Noba S LT UIDLEARES
cystophyllophilus NobA W\ H S D LEHREH
densa OHTA
dictyoptericola NopA RITTDLEAREAH
elachistaeformis HEYDRICH \ & LEHREH
Sfusiformis NAGAT DUhifcLERE S
hemisphaericus SAUNDERS
f. minor SAUNDERS HEF HDUVDLEAREAH
hornericola Nopa EXEDLEAREA
kjellmanioides NobA < Ehx KO LEHREAH
laminariae Nopa
laurenciae YAMADA HpiELEHRE S
lepasicola Nopa 2 IFLDLEAEA
minor NobpA U»HVS LEAREAH
mitchelloides NopA T hiF LKL A
monzensis Nopa et KONNO HAFA LEBLRE A
niigatensis NODA 3L/ LEBLLEAH
[hiemalis Nopa]
oblongatus NobA LT LD LEHRESH
obtuosus NODA ¥ BHLEHRLEAH
penicillatus (C. AGARDH) KJELLMAN
25 TLEAEA
plasticola NobDA B ZHLEHREH
plumosus NobA Z 7 LBHREA
polysiphoniae NODA vt X LR EA
rotundato-apicalis Nopa et Honpa in HonDA
et Noba 27 LLEHREA
sadoensis NopA VB FETELELEH
sargassicaulinus NopA EEBIIHLDLELE A
sargassiphyllus Nopa 3 DI LELEAH
scytosiphonae NopA mRHDLEXEAH
shiiyaensis NODA (13 F X X LEHRE A
shimokitaensis OHTA L Ef-LEHES
siliculosus (DILLWYN) LYNGBYE L& & A
socialis SETCHELL et GARDNER U &L 5 Lisk
EAH
sphaericus OHTA E 5 LEHREH
tappiensis OHTA
tasshaensis NopAe KIJTE LEAEAH
tsugaruensis OHTA “DOMB LEARE A
yezoensis YAMADA et TANAKA 2 FLIHRLE A
zosterae Nopa et OHTA in OHTA U®»}HOX
LE&REAH
Feldmannia HAMEL, 1939 7 A F==7&
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formosana (Yamapa) IToNo 7gA b\ LELRE
b
[Ectocarpus formosanus]
irregularis (KUTzING) HAMEL Z3% LEZREAH
[Ectocarpus izuensis]
Giffordia BATTERS, 1893 *¥7 4+ A5 4 7R
granulosa (J.E. SMiTH) HAMEL
indica (SONDER) PAPENFUss et CHIHARA
in PAPENFUSS 7t B LEAREAH
[Ectocarpus indicus]
mitchellae (HARVEY) HAMEL o btz L&
E5H
ovata (KJELLMAN) KYLIN
sandriana (ZANARDINI) HAMEL
Gononema KUCKUCK et SKOTTSBERG, 1921
EA Sa g
aecidioides (ROSENVINGE) PEDERSEN 3o/ %
EDREH
[Streblonema aecidioides]
Laminariocolax KyLIN, 1947 Z 33V *25% 7
AR
draparnaldioides Nopa
Pilayella Bory, 1823 U'bH 2 HE
littoralis (LINNAEUS) KJELLMAN U'BH 2 B
petaloniae NobpA UV UBH 2 b
Spongonema KUTZING, 1845 M ¥ LxAREALR
tomentosum (HubpsoN) KUTZING M E LEHREAH
Streblonema DERBES et SOLIER in CASTAGNE,
1851 REHWHREALR
codii BARTON ZBDWE
evagatum SETCHELL et GARDNER Z .65%F D
HEH
fasciculatum THURET in LE JoLis
gracilicola Nobpa MIDHHZEAH

Sorocarpaceae PEDERSEN, 1977 v = h 4 1§
Botrytella Bory, 1822 Wz 5E5E (3)
micromora Bory \WZ &Y 5
[Sorocarpus uvaeformis]
Polytretus SAUVAGEAU, 1900 X/ LEAREHE
reinboldii (REINKE) SAUVAGEAU Z 7l LIkAhY
5@

RALFSIALES NAKAMURA, 1972 WX i35 H
Lithodermatacepe Hauck, 1883 Y + ¥ <}

Pseudolithoderma SVEDELIUS in ENGLER et
PRANTL, 1911 ¥V LOMLE
subextensum (WAERN) S. LUND ¥\ LDO»db

Mesosporaceae J. TANAKA et CHIHARA, 1982
AV ARTH
Mesospora WEBER van Bossg, 1910 # YV AE 5@
schmidtii WEBER van BOsSE

Ralfsiaceae FARLOW, 1881 %At 565
Analipus KJELLMAN, 1889 ¥ o348
filiformis (RUPRECHT) PAPENFUSs Wt %D}
(6)
japonicus (HARVEY) WYNNE EO%
[Heterochordaria abietina]
Diplura HOLLENBERG, 1969 < AiZALARE
simplex J. TANAKA et CHIHARA < AIZA DA
Endoplura HOLLENBERG, 1969 % AW AIZADAR
aurea HOLLENBERG Z AW AIZA DA
Hapterophycus SETCHELL et GARDNER, 1912
WERbL L EER
canaliculatus SETCHELL et GARDNER W\ ZAidb
b L
echigoensis Nobpa
Ralfsia BERKELEY in SMITH et SOWERBY, 1843
WERDbLDLE
borneti Kuckuck
endopluroides ]J. Tanaka et CHIHARA
expansa (J. AGARDH) J. AGARDH
fungiformis (GUNNERUS) SETCHELL et
GARDNER \Ehib b
integra HOLLENBERG
pedicellata J. TANAKA et CHIHARA
tenuis KYLIN
verrucosa (ARESCHOUG) ARESCHOUG W%\ b
i, WERALA, RABALS

CHORDARIALES SETCHELL et GARDNER,
1925 7ehiE-o L H
Acrotrichaceae Kuckuck, 1929 w3 < &
Acrothrix KyLIN, 1907 & 3K &
gracilis KyLIN iz #d3<
pacifica OKAMURA et YAMADA in YAMADA

(o N N )
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Chordariaceae GREVILLE, 1830 7chi¥-obFt
Chordaria C. AGARDH, 1817 nom. cons.
BREDLE
flagelliformis (O.F. MULLER) C. AGARDH
edEgod (7)
gracilis SETCHELL et GARDNER (3L ¥0d
Cladosiphon KUTzING, 1843 k& ithd KR
okamuranus TOKIDA FEXitb 33K
[Eudesme virescens sensu OKAMURA]
Eudesme J. AGARDH, 1880 #4543 T<B
virescens (CARMICHAEL ex HARVEY in
HOOKER) J. AGARDH IZ#.% & 3¢
Heterosaundersella TokiDa, 1942 7355 & 3¢
B
hattoriana TokiDA b5 & H3Y
Myriogloia Kuckuck, 1929 Xoho kg
simplex (SEGAwWA et OHTA) INAGAKI
Eohok
Papenfussiella KyLin, 1940 < A3 R
kuromo (YENDO) INAGAKI < A% (8)
[Myriocladia kuromo]
Pseudochorda YaAMADA, TOKIDA et INAGAKI
in INAGAKI, 1958 w¥#2o% LR
nagaii (TOKIDA) INAGAKI 2825 %
[Chorda nagaii]
Saundersella KyLIN, 1940 32X beF 5DAR
saxicola (OKAMURA et YAMADA in YAMADA)
INAGAKI WLOEXZUH
[Gobia saxicola]
simplex (SAUNDERS) KYLIN 32 b+%5%
Ay, TUH
[Gobia simplex]
Sauvageaugloia HAMEL ex KyLin, 1940
KAHLIFRE
tkomae (NARITA) INAGAKI < A%
Sphaerotrichia KyLIN, 1940 WL 33 E
divaricata (C. AGARDH) KYLIN L3¢ (9)
[Chordaria cladosiphon]
[Chordaria firma]
[daponica)]
sadoensis NopA i1 X %3¢
Tinocladia KyLIN, 1940 %t 33 &

crassa (SURINGAR) KYLIN % & &3¢
[Eudesme crassa]

Elachistaceae KjeLLMAN, 1890 7s& ¥ < HF
Elachista DuBy, 1830 nom. cons. 7c&hEL B

coccophorae TAKAMATSU

confusicola NopA \ &R ELH

crassa TakamaTsu (10)

flaccida (DILLWYN) ARESCHOUG

globosa TAKAMATSU 7R EL B

[fucicola sensu OKAMURA]

mollis TAKAMATSU

nigra TAKAMATSU

nipponica UMEZAKI

orbicularis (OHTA) SKINNER

sadoensis Nopa E X XHELH

sargassicola Nopa

taeniaeformis YAMADA OUB7cHFELH

tenuis YAMADA 3% 7cRELH (1D

vellosa TAKAMATSU

zosterae Nopa in Nopa et Kitami
Halothrix REINKE, 1888 %t ¢ X

ambigua YAMADA F¥bit <X (12)

coccophorae OHTA

lumbricalis (KUTZING) REINKE OO F il

<&
sadoensis Nopa

tortuosa TAKAMATSU

Ishigeaceae OKAMURA in SEGAawa, 1935
W LITE
Ishige YENDO, 1907 LR
okamurae YENDO \»LIF
sinicola (SETCHELL et GARDNER) CHIHARA
WhAH
[foliacea]

Leathesiaceae FarLOw, 1881 ¥ b H$}
Leathesia S.F. Gray, 1821 #1ufb 38
crassipilosa TAKAMATSU % i#ZhitiuEy
difformis (LINNAEUS) ARESCHOUG b %
difformoides TAkAMATSU (13)
japonica INaAGAKI Z Z¥HiuEh
monilicellulata TAKAMATSU A ZAUED B
primaria TAKAMATSU W& iuEh
pulvinata TAKAMATSU OMgduEh 3
sadoensis INAGAKI FiTEhiEH b
saxicole TAKAMATSU \hhi¥h b (14)
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sphaerocephala Yamapa U iuEh
tsugaruensis OHTA
yezoensis INAGAKI Z-o5tufh
[umbellata sensu OKAMURA]
Myriactula KuNTzg, 1898 V775 .5
(15, 16)
clavata (TAKAMATSU) FELDMANN
sargassi (YENDO) FELDMANN D30 b
saromaensis YAMADA et IWAMOTO in
IwamMoTOo < DoY)
Petrospongium NAGELI, 1858 LbDO»bRE
rugosum (OKAMURA) SETCHELL et GARDNER
LD
[Cylindrocarpus rugosus]
Myrionemataceae NAGELI, 1847 : Y # % ~§}
Ascocyclus SAUVAGEAU, 1898 7227 L 2R
an
dichotomus OHTA
stenonemus TAKAMATSU in Nobpa
Compsonema Kuckuck, 1899 =v 7 v x~<§
chordae NobA D3 3DZ A ST hE
coccophorae Noba
dictyotoides Nopa et HonpA in HonbDA et
Noba
intercalare Nobpa ¥ ¥hc A,,Sa“%hi
nummuloides SETCHELL et GARDNER
oblongum Nopa in HoNDA et Nopa
ramulosum SETCHELL et GARDNER TAWZ A
SrhE
secundum SETCHELL et GARDNER
f. terminale SETCHELL et GARDNER
Hecatonema SAUVAGEAU, 1897 ~# [ x~J&
maculans (COLLINS) SAUVAGEAU
terminale (KuTzINnG) KyLIN
Myrionema GREVILLE, 1827 : ) A4 % ~<§]
acrochaetiae Nopa
corunnae SAUVAGEAU
dichotomum Nopa et HonpA in HonDA
et Nopa
globosum (REINKE) FosLIE
grateloupiae Noba
obscurum SETCHELL et GARDNER
orbiculare J. AGARDH

padinae Nopa

tenue Nopa et Honpa in HoNDA et Nopa
terminale Nopa

Spermatochnaceae KjeLLMmaN, 1890 % 3°<
Nemacystus DERBES et SoLIER, 1850 <&

decipiens (SURINGAR) Kuckuck 3H3<
Stilophora J. AGARDH, 1841 nom. cons. U % % <

bR

rhizodes (TURNER) J. AGARDH U F<L b

SCYTOSIPHONALES J. FELDMANN, 1949
Db H

Chnoosporaceae SETCHELL et GARDNER, 1925

TobEhE
Chnoospora J. AGARDH, 1847 #HHBHLEDE

implexa J. AGARDH b HEDh

minima (HERING) PAPENFUSS 35 e rb b e
U]

[japonica)

Scytosiphonaceae FarLow, 1881 » 3,0 hE
Colpomenia (ENDLICHER) DERBES et SOLIER in
CASTAGNE, 1851 &< ADbhE
bullosa (SAUNDERS) YAMADA i d
[sinuosa f. deformans]
phaeodactyla WyYnNE et J.N. NORRIs
sinuosa (MERTENs ex RoTH) DERBES et
SoLIER in CASTAGNE %5<{ ADH
Endarachne J. AGARDH, 1896 (XiXD b &
binghamiae J. AGARDH (LiXD Y
Hydroclathrus Bory, 1826 »Z%»Dh &
clathratus (C. AGarpH) Howg MmZdHoD b
Petalonia DERBES et SOLIER, 1850 ®\»X 33
DhHE (18)
fascia (0.F. MULLER) KUNTZE ®\ X 51iE
Dh
[Ilea fascia]
zosterifolia (REINKE) KUNTZE XXX 5
o b
Rosenvingea BoRGESEN, 1914 XL K5 A
intricata (J. AGARDH) BORGESEN 3} X #2464
5
orientalis (J. AGARDH) B@RGESEN
Scytosiphon C. AGARDH, 1820 nom. cons.
rRbDOHE
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lomentaria (LYNGBYE) LINK 23 Db

DICTYOSIPHONALES SETCHELL et GARDNER,
1925 5w x53%H

Asperococcaceae FarLow, 1881 = H A 5 A%

ZHhALLAE
turneri (DiLLWYN ex SMiTH) HOOKER

CHARNELA
[bullosus]

Melanosiphon WYNNE, 1969 ¥ t-\-bOTRE
intestinalis (SAUNDERS) WYNNE &Z 7L b O
[Myelophycus intestinalis]

Myelophycus KJELLMAN, 1893 Wb ONFR
simplex (HARVEY) PAPENFUSs Wb O
[caespitosus]

Asperococcus LAMouRroux, 1813

Coilodesmaceae SETCHELL et GARDNER, 1925
2 Z 5L AF
Akkesiphycus YaAMADA et TANAKA, 1944
CTASHEER
lubricus YAMADA et TANAKA ZALH L X
[lubricum)
Coilodesme STROMFELT, 1886 % F45<{ AR
cystoseirae (RUPRECHT) SETCHELL et
GARDNER (3% 2 %F%5< 5
japonica YAMADA 2% F5< A
[cystoseirae sensu YENDO]

Delamareaceae A.D. Zinova, 1953 iz®»3
#
Delamarea HaRriOT, 1889 #0248
attenuata (KJELLMAN) ROSENVINGE Z#5:% 3
Stschapovia A.D. ZiNnova, 1954 v 5+ HETR
flagellaris A.D. Zinova

Dictyosiphonaceae KUTzING, 1849 35\ ¥ ; 5 ¢

#
Dictyosiphon GREVILLE, 1830 nom. cons.

ARE- SR Y

chordaria ARESCHOUG S&IF5\WW & 1%

corymbosus KJELLMAN

foeniculaceus (HupsoN) GREVILLE 5\ & 1 )
LY

hippuroides (LYNGBYE) KUTzING %H& 5\ &
%

Punctariaceae (THURET) KJELLMAN, 1880
LD EER
Litosiphon HARVEY, 1849 WrO LR
groenlandicus LUND
WEOF b
Pogotrichum REINKE, 1892 = £DWNFRE
yezoense (YAMADA et NAKAMURA in
ZEDOOTF

var. japonicus Kawal et KuroGI

YAaMADA) SAKAl et SAGa
[Litosiphon yezoense]
Punctaria GREVILLE, 1830 (Xi¥d & & (19)
chartacea SETCHELL et GARDNER 2 & A3 & {¥
PLE
conglomerata YAMADA et IwaMoOTO in
IwamMoTO O MIED &%
BLEREDEE
kinoshitae YaMADA et IwAMOTO in
IwaMOTO BIIFIXTH L X
latifolia GREVILLE 3T d &%
ZHAD
pilosa UMEzZAKI F&hilitd & ¥
plantaginea (RoTH) GREVILLE (TR E L
projecta YAMADA DB BIXTH EE
tenuis YAMADA et IwamoTo in IwaMOTO

S5TiiEb LR

flaccida NAaGal

mageshimensis TANAKA

Striariaceae KjELLMAN, 1890 X & U0 UF <
Kjellmania REINKE, 1888 I »3<¢XE
arasakii YAMADA X »HFEX
Striaria GREVILLE, 1828 X UL¥DhE
attenuata (GREVILLE) GREVILLE JXZ ULEDH

CUTLERIALES OLTMANNS, 1922 %3 H
Cutleriaceae Hauck, 1883 b4k
Cutleria GREVILLE, 1830 1+H 8
adspersa (RoTH) DE NoTARIS XD ¢ X
cylindrica OKAMURA b Y
multifida (SMiTH) GREVILLE O'bird

SPHACELARIALES OLTMANNS, 1922
KANLBLA
Sphacelariaceae DECAISNE, 1842 < A2 L5H
Sphacelaria LYNGBYE, 1819 < A2 LBHE (20)
axilaris TAKAMATSU
caespitosa TAKAMATSU
divaricata MONTAGNE
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f. japonica TAKAMATSU
expansa Noba
furcigera KUTZING b\ LA BALL (21)
iridaeophytica NAGAI EADALAMBLL
iwagasakensis NobA
linearis TAKAMATSU
lutea TAKAMATSU
plumigera HoLMEs 35 A23L 5
prostrata TAKAMATSU
pyriformis NobpaA 7 LOKLAHLL
radiata TAKAMATSU U R<SAHLE
sessilis TAKAMATSU
shiiyaensis Noba
subfusca SETCHELL et GARDNER ZD¥7:{ 5
NLd
tenuis TAKAMATSU
tribuloides MENEGHINI < ARAL AHLD
variabilis SAUVAGEAU ¥ X&<ANLL
viridis TAKAMATSU
yamadae SEGAWA D I ANLL

Stypocaulaceae OLTMANNS, 1922 A L& X & §l
Halopteris KUTzING, 1843 » LbH X XE

filicina (GRATELOUP) KUTZING H LB EE

scoparia (LINNAEUS) SAUVAGEAU % FhLb X ¥

DESMARESTIALES SETCHELL et GARDNER,
1925 5% L<XH

Desmarestiaceae (THURET)KJELLMAN, 1880

55 LEE
Desmarestia LAMoOUROUX, 1813 nom. cons.

5B5LCERE

ligulata (STACKHOUSE) LAMOUROUX
5%5L<Z

tabacoides OKAMURA foif = ¢ X

viridis (MULLER) LAMOUROUX 53 L <X

SPOROCHNALES Sauvaceau, 1926
Fh3HH
Sporochnaceae GREVILLE, 1830 3% bh 4§}
Carpomitra KUTzING, 1843 nom. cons.
VLWHDNRIE .
cabrerae (CLEMENTE) KUTzING
VWHBME (22)
Nereia ZANARDINI, 1845 5 2 ->1)§

intricata YAMADA 5 HZiE -7
Sporochnus C. AGARDH, 1820 }*h g
radiciformis (R. BRowN ex TURNER)
C. AGARDH 7Tc¥iF®Rb
scoparius HARAEY b (22)
Kyuoi . 1947
LAMINARIALES Oermanng 1922 Z A 5 H
Alariaceae SETCHELL et GARDNER, 1925
BHatvER
Alaria GREVILLE, 1830 nom. cons. H\ b E
angusta KJELLMAN (2L
crassifolia KJELLMAN in KJELLMAN et
PETERSEN Bl %
fistulosa POSTELS et RUPRECHT KiTirhd
paradisea (MivaBe et Nacal) WIDDOWSON
55 5bhd
[Pleuropterum paradiseum]
praelonga KJELLMAN B\ i
taeniata KJELLMAN < LA
Undaria SURINGAR, 1872 bh¥lH
peterseniana (KJELLMAN in KJELLMAN et
PETERSEN) OKAMURA Bk
pinnatifida (HARVEY) SURINGAR 3o/ (23)
undarioides (YENDO) OKAMURA UA%

Chordaceae DUuMORTIER, 1822 2% 3§
Chorda STACKHOUSE, 1797 2% 4 &
filum (LINNAEUS) STACKHOUSE “25% %}

Laminariaceae Bory, 1827 = A 5§t
Agarum Bory, 1826 nom. cons. H7cd/®
cribrosum Bory BHicsd (24)
oharaense YAMADA Is¥kDH 7
Arthrothamnus RUPRECHT, 1848 hZ H LI A LB
“bifidiis (GMELIN) RUPRECHT in MIDDENDORFF
RIBHLZAS
Costaria GREVILLE, 1830 3 U¥%g
costata (C. AGARDH) SAUNDERS -3 U¥ (25)
Cymathaere J. AGARDH, 1867 A3+ LZ A S
japonica MiYABE et NAGAI HDOIEATLZAL
Ecklonia HORNEMANN, 1828 #» U®J#
cava KJELLMAN in KJELLMAN et PETERSEN
U
kurome OKAMURA < A%
stolonifera OKAMURA 555
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Eckloniopsis OKAMURA, 1927 BHA L DR
radicosa (KJELLMAN in KJELLMAN et
PETERSEN) OKAMURA HA ELD
Eisenia ARESCHOUG, 1876 BHB D
arborea ARESCHOUG ®\\irhbd, IALD
bicyclis (KJELLMAN in KJELLMAN et
PETERSEN) SETCHELL % b
Hedophyllum SETCHELL, 1901 <& A LR
kuroshioense SEGAwA < A LIED (26)
Kjellmarﬁella MivaBe in OKAMURA, 1902
EAHTASR
crassifolia MivABE in OKAMURA M IH
gyrata (KJELLMAN) MiYABE in OKAMURA
AR AL (2T)
Laminaria LAMouRouX, 1813 nom. cons.
ZASRE
angustata KJELLMAN in KJELLMAN et
PETERSEN H DWW LI AL
cichorioides MIYABE in OKAMURA BHEARI AL
coriacea MIYABE in OKAMURA M ohib I AL
diabolica MiYABE in OKAMURA HIZZ A% (26)
japonica ARESCHOUG #* Z A% (29)
longissima MIYABE in OKAMURA 7ehiZ A%
[angustata var. longissima]
longipedalis OKAMURA % 7eMZ AL, HEUE
AL ) '
ochotensis MiYABE in OKAMURA D LY Z AL
religiosa MiYABE in OKAMURA (3% »HZ A%
saccharina (LINNAEUS) LAMOUROUX
f. linearis J. AGARDH M b .5EZ AL
sacharinensis (MIYABE) MIYABE in MIYABE
et NAGAI MBSt EAAZAL
yendoana MIYABE in OKAMURA 2 A E¥5Z A%
yezoensis MIYABE in OKAMURA I AWWZ A%

DICTYOTALES KJELLMAN in ENGLER et
PRANTL, 1896 »AH U<CXH
Dictyotaceae LaMOUROUX ex DUMORTILR,
1822 HA U< xH
Dictyopteris Lamouroux, 1809 nom. cons.
FPRFCEE (30)
divaricata (OKAMURA) OKAMURA % Fi33
fucoides TANAKA HRFiTRiz3
latiuscula (OKAMURA) OKAMURA R34 ¢ X
membranacea (STACKHOUSE) BATTERS

S HiIE LR
[polypodioides]
papenfusii TANAKA D FALIT
plagiog'famma (MONTAGNE) VICKERS
T LR
prolifera (OkaMURA in DE ToNI et
OkAMURA) OKAMURA AL 21T
punctata Nopa 5 FiERiL ¥
repens (OKAMURA) BORGESEN D&%
undulata HoLMEs L33

Dictyota LaMouRroux, 1809 nom. cons.
BHRLEEE BD
adhaerens NobA Wb HARL
binghamiae J. AGARDH
cervicornis KUTZING Ithdbi L
dentate LaMouroux LUFHHL
dichotoma (HuDsoN) LAMOUROUX HAH L&
dilatata YAMADA X EXUAHAHL
divaricata LAMOUROUX - TDHARL
flabellata (CoLLINS) SETCHELL et GARDNER
indica SONDER in KUTzING
linearis (C. AGARDH) GREVILLE W& HAHU
maxima ZANARDINI RBIEHHALCI
patens J. AGARDH Z HAHAL
spathulata YAMADA ~LHALLLEX
spinulosa HARVEY in HOOKER et ARNOTT

R AW
virellus NobpA ZE D HHR UL

Dilophus J. AGaRDH, 1883 w®#HAUE (32)
okamurae DAWSON %< D ABHH L
[marginatus OKAMURA]

Distromium LEVRING, 1940 %z BB ¥R
decumbens (OKAMURA) LEVRING Sz BE¥
[Clanidophora repens] '
[Clanidote decumbens]

Homoeostrichus J. AGARDH, 1894 i3s3 ¥ & (33)
fiabellatus OKAMURA Rhkk ¥

Lobophora J. AGARDH, 1894 I\ Kk ¥R
variegata (LAMOUROUX) WOMERSLEY

sk ¥
[Gymnosorus collaris]
[Pocockiella variegata]

Pachydictyon J. AGARDH, 1894 X7t <¢XE

coriaceum (HoLMES) OKAMURA X7g#ilX

Padina ADANSON, 1763 nom. cons. 5 &35 HbJ&
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arborescens HOLMEs 5 &5 B>
australis Hauck 5 31E5 %5 b (34)
boryana THivy in TAYLOR Hhi¥5 %5 bbb
[commersonii]
crassa YAMADA Z755 %5 b
japonica YAMADA K E5 bbb
minor YAMADA 5 TWX 5 b
stipitata TANAKA et Nozawa in TANAKA

2D&E5%5bb

Spatoglossum KUTzING, 1843 Z HACERE
cornigerum J. AGARDH
pacificum YENDO Z HA <X
solieri (CHAUVIN ex MoNTAGNE) KUTzING
variabile Fi1GARI et DE NOTARIS

BLEZ DA

Stypopodium KUTzING, 1843 HBMRLGIRE
zonale (LAMOUROUX) PAPENFUSS Hai&4 <X
[lobatum]

Syringoderma LEVRING, 1940 5 F¥isk ¥ 8 (35)
australe LEVRING 5 Ti¥kE ¥

Zonaria C. AGARDH, 1817 nom. cons. L¥ KK XE

diesingiana ]J. AGARDH LE¥kF¥
stipitata TANAKA et K. Nozawa
ZDOELERKE
Kywiw, 1917

FUCALES Otrmanns—1922 NI E7cH
Cystoseiraceae KUTzING, 1843 5 »D Bt

Coccophora GREVILLE, 1830 XL < B
langsdorfii (TURNER) GREVILLE X %<

Cystoseira C. AGARDH, 1820 nom. cons.

550 <R

crassipes (MERTENS ex TURNER) C. AGARDH
hssdhl

[Cystophyllum crassipes]

geminata C. AGARDH 2 £ <

[Cystophyllum geminatum]

hakodatensis (YENDO) FENSHOLT 543D} ¢

[Cystophyllum hakodatense]

Hormophysa KiUTzING, 1843 iThi B
triquetra (C. AcarbpH) KiuTzING ®iF4ad <
[Cystoseira prolifera]

Myagropsis KUTzING, 1843 Ui A3 E
myagroides (MERTENS eX TURNER) FENSHOLT

Lradl (%6'
[Cystophyllum sisymbrioides]

yendoi FENSHOLT U ¢
[Cystophyllum turneri)

Fucaceae ADANSON, 1763 NI 1of}
Fucus LINNAEUS, 1753 DM 10B
distichus LINNAEUS
ssp. evanescens (C. AGARDH) POwWELL
MNEE
[evanescens]
Pelvetia DEcaisNE et THURET, 1845
2 F LR
wrightii OKAMURA % F\ LI 53‘7)

Sargassaceae KUTzING, 1843 (A Kb LF
Hizikia OkAMURA, 1932 O UZJ&
fusiformis (HARVEY) OxkamMura O L% (38)
Sargassum C. AGARDH, 1820 nom. cons.

BARbLLE (39)

alternato-pinnatum Yamapa i<

ammophilum YosHipa et T. KoNno in KonNnNO
et YOsHIDA T7HUE <

angustifolium (TURNER) J. AGARDH
BEIED <

(vulgare f. linearifolium sensu YENDO]

assimile HARVEY < L%<

asymmetricum YAMADA iz d {

autumnale YosHIDA HZ Xhd <

beriberifolium J. AGARDH ~Xbh~xbh <

brevifolium KUTzING O %<

carpophyllum J. AGARDH % Ub %<

confusum C. AGARDH 4% L3 U%<

crispifolium YaMapa Z %< 5%<

cristaefolium C. AGARDH & Ihv% ¢

duplicatum J. AGARDH 57-% % <

filicinum HARVEY L7#%¢

Sfulvellum (TUrRNER) C. AGARDH [ZAKHD

(enerve]

giganteifolium YAMADA in OKAMURA
FREDZED HL

hemiphyllum (TURNER) C. AGARDH W% %<

henslowianum C. AGARDH ex J. AGARDH
var. condensatum YAMADA % 7chHid <

horneri (TURNER) C. AGARDH Hh % <

hyugaense YAMADA U w 5 3% <

ilicifolium (TURNER) C. AGARDH
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var. conduplicatum GRUNOW
BNF RANF & WY
kashiwajimanum YENDO & X3 <
kushimotense YENDO L AZ %<
macrocarpum C. AGARDH DZ ¥ bh 3 <{
[serratifolium sensu YENDO]
micracanthum (KUTzING) ENDLICHER &3 <
microceratium (MERTENS eX TURNER)
C. AGARDH % L\ & %<
miyabei YENDO H~3 {
[kjellmanianum)
muticum (YENDO) FENSHOLT fo#Filii¥3<
[kjellmanianum f. muticum]
nigrifolium YENDO 75 X3
nipponicum YENDO t-Fi L3 <
okamurae Yosuipa et T. Konno O HHU% <
pallidum (TurRNER) C. AGARDH 53\ A <
patens C. AGARDH 2%t <
piluliferum (TUrRNER) C. AGARDH
Foicbb (40)
pinnatifidum HARVEY M5B X3¢
polycystum C. AGARDH =¥ <
ringgoldianum HARVEY
ssp. ringgoldianum }s#iTd <
ssp. coreanum (J. AGARDH) YOSHIDA
&L
sagamianum YENDO A Ud <
salicifolioides YAMADA %< hEd <
sandei REINBOLD in WEBER van Bosse
A L
segii YosHIDA 7eALE D (41)
serratifolium (C. AcarpH) C. AGARDH
S5TEDZED L
siliquastrum (TurRNER) C. AGARDH thd <
[tortile]
siliquosum J. AGARDH ¥ L 5 % ¢
tenuifolium YamMapa 5 3i¥d <
thunbergii (MERTENs ex RoTH) KuNTz:
S5HRELDE
tosaense YENDO 7= b
trichophyllum (KuTziNnGg) KuNTZE
AP & (X N4
yamadae YosHipa et T. Konno  HFFEHR U <
yamamotoi YOSHIDA Yhd b & ¥
yendoi OKAMURA et YAMADA in YAMADA

zAED HL
yezoense (YAMADA) YosHIDA et T. KonnNo
z2ZDHRLH L
[sagamianum var. yezoense]
Turbinaria LAMOUROUX, 1825 & 5iXd<KE
ornata (TURNER) J. AGARDH B ¥ <
trialata (J. AGARDH) KUTzZING 1ch o3

wEEETs —

(1) Ectocarpus filamentosus, E. ugoensis {32 D
BORETHH 5o

(2) BAEORIFHHALLET, - 808
CEELDLIBTHA .

(3) Sorocarpus PRINGSHEIM DBHZAMHAV-HRD
TELHBVH, TOBAXRIEIR TN RVDOT
BLERIhic Botrytella RELWARITH 5,

(4) f. minutus X3 X h T\~ %, Ectocarpus
intricatus, E. iwadatensis, E. recurvatus (3=
DEDRAZTH A5,

(5) f.crassa 7 =+t X 7RI i,

(6)

(7) f. chordaeformis v &4 =Y =%,
sculifera =<3 > # =Y ERNEHI N TV 5,

(8) zoffiic f. densa 74 7 rnx, f. gracilis
v 7 rERRRIIN D,

(9) coffiic f. chordarioides =+ H =V %,
f. epiphytica v X7, f. gracilis kv ) =
wFH =V ERNXFI RIS,

(10) TakamaTsu (1938) ¥ f. lumbricalis, f.
rigida %X J|L1c,

(11) TakamaTsu (1938) ¥ f. pacifica ZXBIL

=Chordaria gunjii YENDO

f. ramu-

o
(12) TakamaTsu (1938) i1 f. rigida XX FIL 7z,
(13) zoffic f. globosa MEFHE IR T 5,
(14) Inacakr (1958) & X h ¥ L. granulosa

TAKAMATSU IZZDEDRLTH B0
(15)
(16) Gonodia JBix Mpyriactule DEL L XhT\-

50T, Gonodia fusiformis Noba 134k LD

Rt ET 5,

(17) Loiseaux (1968) 1tz DE%xRDHT, Fhi
TZDRBOMLE Sh T ich D Myrionema ¥ j:
1x Hecatonema A htz, BAEEDHCOWLT,
Rizid ascocyst yRIA T WL, BRHZE
T %,

=Mpyriactis KiTzING
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(18) [llea zosterifolia NADA ¥ ZDFICAD LB
bhsn, ®WHLEFTEbitw, llea i} Peta-
lonia R4,

(19) P. rubescens (3 YENDO (1909) 23g&fEM D R
HLTLk, EFEIRTVIEL,

(20) S. apicalis TAKAMATSU (XD HF4E Licd D,
S. novae-caledoniae \IEMARBE THAEITIEDLL
Vs, S. radicans i3 YEnDO (1914) LI#EF I T
Wb,

(21) Prub’HOMME van REeINE (1982)
S. rigidula DAFIHIE LV,

(22) ZACEALTHRALETS,

(23) f. distans v 79 H 2, f. narutensis >

Xl

b7 4 2, var. elongata, var. vulgaris 7c & H3E0
HEhi,

(24) f. rishiriense Y >V 7 2,
5 79 £, f. yakishiriense 5 Y 75 2 BXBX
hTv3b,

(25) f. cuneata, f. latifolia HSXPIZ T\ B,

(26) Wippowson (1965) i1 = v 7 JRiZ, KAJIMURA
(1981) ¥ Streptophyllopsis BB Lic, <L
CRARBDUERD D,

27) f. linearis, f. latior, f. ovata, f. crispata
REFIETh T B,

(28) f.longipes =+ H 4 ==av 7, f. angustifolia
RV Ad=av IRERERT,

(29) f. membranacea ¥ 7 2 MBI Ntco

(30) =Neurocarpus WEBER et MoOHR, 1805 (nom.
rej.), Haliseris C. AGArDH, 1820.

(31) D. naevosa 3 YenDO (1909) D#4&LLI,
FEMTL,

(32) D. radicans v # 7 7 Y v} Padina D8R
ThHbo

3 v=AAFREEFIL V- HAEEL D D,

(34) var. cumeata F L3 ) Wy R I YFyHRE
RxhTwva,

(35) T7iCorvETRL 7T vITHRARDLNE
THBHEVIBERLHERTVBL, FleZowT
RECHBEI/ & 5 £ 2 $ H 5 (Henry and
MULLER 1983),

(36) f. babingtonii, f. japonica MR I i=hs,
EAOLE LW EBbh 3,

(37) Cystophyllum caespitosum YENDO H A 7%
IRDVWTILE TR T, JCERE NS FE,

(38) f. clavigera, f. cylindrica, f. foliifera, f.

f. rugosum

liniformis HEM,I TV B,

(39) Yenpo (1907) »E4&EL 7= S. aquifolium v
25142, S
YENDO), S. gracillimum, S. graminifolium, S.
heterocystum, S. latifolium |3 7D, HEFER
IRTuigly,

(40) var.
serratifolium * 1.3 )< 2 297 3HREHIA T
5o

(41) =S. racemosum YAMADA et SEGI in SEG],

cervicorne (=cinctum sensu

patula, var. pinnatifolium, var.

non KuNTzE; S. ringgoldianum f. elliptica =
AR ) HTE,

5 B X B

Fasik 1964. JRadgiatRRE. JLiemE, BN

TEXHE 1979. FEOLEE. BR - THE B, &
Bk, 48 1L p. 713-722. 33rHiRR, WA

FaRrRr, E.R., LEussINK, J.A. and STAFLEU, F. A,
1979. Index Nominum Genericorum (Planta-
rum). Regnum Vegetabile 100. Bohn, Schel-
tema & Holkema, Utrecht.

Henry, E.C. and MULLER, D.G. 1983. Studies
on the life history of Syringoderma phinneyi
sp. nov. (Phaeophyceae). Phycologia 22:
387-393.

Hoek, C. van den 1979. The phytogeography of
Cladophora (Chlorophyceae) in the northern
Atlantic Ocean, in comparison to that of other
benthic algal species. Helgolander wiss.
Meeresunters. 32 : 374-393.

INacaki, K. 1958. A systematic study of the
order Chordariales from Japan and its vicinity.
Sci. Pap. Inst. Algol. Res. Fac. Sci. Hokkaido
Univ. 4: 87-197.

KajiMura, M. 1981. Streptophyllopsis, a new
genus of Laminariaceae, Phaeophyta from
Japan. Mem. Fac. Sci. Shimane Univ. 15: 75-
87.

KoBara, T. and CHIHARA, M. 1981. Laboratory
culture and taxonomy of two species of
Derbesia (Class Chlorophyceae) in Japan.
Bot. Mag. Tokyo 94: 1-10.

Kuroci, M. 1978. The genus Polytretus (Ecto-
carpaceae, brown algae) in Japan. J. Fac.
Sci. Hokkaido Univ. ser. 5. 11: 237-248.

Loiseaux, S. 1968. Recherches sur les cycles de
développement des Mpyrionematacées (Phéo-
phycées) I-II. Rev. gén. Bot. 75: 295-318.

wHAIE 1984, HEe v v 7y kT 5 R4
ko —& Codiolum petrocelidis KuCKUCK o
AR, BB 32: 29-36.

EHAE « BAREM 1976. REOVHPDH I VY Y
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X 3 & (Chlorochytrium inclusum) DWEEFD
FRFROWT. B 24: 121-129.
NIELSEN, R. 1977. Culture studies on Ulvella lens
and Ulvella setchellii. Br. phycol. J. 12: 1-5.
Ak &AHR 1936. AA#gEE. NEEEE, 3R
O’KeLLy, C.J. 1983. Observations on marine
Chaetophoraceae (Chlorophyta) IV. Phyco-
logia 22: 13-21.
Oxkupa, K., EnomoTo, S. and TATEwAaKI, M.

1979. Life history of Pseudobryopsis sp.
(Codiales, Chlorophyta). Jap. J. Phycol. 27:
7-16.

Prup’HOMME van ReEINE, W.F. 1982. A taxono-
mic revision of the European Sphacelariaccae
(Sphacelariales, Phaeophyceae). Leiden Univ.
Press, Leiden.

SCHNETTER, R. & BuLa MEYER, G. 1982. Marine

Algen der Pazifikkiiste von Kolumbien. J.
Cramer, Vaduz.

TakaMATsu, M. 1938. Elac hista zus dem rord-
ostlichen Honsu, Japan. Saito Ho-on Kai Mus.
Res. Bull. 14: 145-176.

Tanaka, T. 1965. Studies on some marine algae
from southern Japan VI. Mem. Fac. Fish.,,
Kagoshima Univ. 14: 52-71.

Wippowson, T.B. 1965. A taxonomic revision of
the genus Hedophyllum SETCHELL. Canad. J.
Bot. 43: 1409-1420.

Yenoo, K. 1907. The Fucaceae of Japan. J.
Coll. Sci. Tokyo Imp. Univ. 21(12) : 1-174.
Yenpo, K. 1909-1915. Notes on algae new to
Japan I-III. 'Bot. Mag. Tokyo 23: 117-133,

28 : 263-281, 29: 99-117.
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2EE—: ILEISOSFILKICOVT

Shin-ichi NABATA: On the northern

extention of distribution of Sargassum siliquastrum (TURNER) C. AGARDH.

a vx 7 Sargassum siliquastrum 3, L=
DL TERLAGE, BAGHR LB
EEHH LB HL (R 1936), JtB REK S
L &N T\ 1o (Hasecawa 1949), # f-, kB A
TOXRBONL, HHEOEE « HIBYLH © B B
RS Turie (fltH 1944, HasEcawa 1949, #FH «
B 1971, EEP9IEHs 1981), #LLULAdb D B A#G B
DEWFEMTOVTIE, ZHE (Toxkipa and MAsAKI
1959), K3t - bR (At 1944), FRE (&F -
B 1970), v 54 R by 7 (KG 1966), -~
v (TokIDA 1954) 7¢ KI8T B T/ABE N D B 4%,
IhbiitavE 2O,

L AN, BE YosHipA (1983) 3= v 7 HF
RECHAHTHZ L EW|EL, T BEEIREL -
BRE - FIRB RV TAENEEEORE LR L
TWBZ EuwiER L (Fig. 1), ZRZOEFRR
YHREL, FEOFHILKOERICOVTEELTH
%o

KiE « ERE T1, 19824 8 BiCitiic % » T
lkm }EZCEDIINFTOREST, MErSDHE
BxfTole, EFEEOHVHETIE, R+~
KX ST, 1m?* OFBHLHCTRELT- 1,
ZTOHKR, B8HATKE 3~1llm Offiffica L s
DEBFRHER LI, Afr7 > Ao 7 S confusum
o ¥5 3 av 7 Laminaria cichorioides + v # 2

T ~V T
] V
Rebun-to .
L — 45N
* 0.
/ Japan /2
skm
(I $e Okushiri-jima
1 9,
Minamihama - =420
N o e
&3
) [
o Yagishiri-jima

Teuri- jima 0 3km

1
149° us'e

Fig. 1. Distribution of Sargassum siliqu-
astrum in the northern Hokkaido, Japan. «=:
Tsushima Warm Current.

v 7 L. religiosa 1c X EBELTVWBHEALEM -
fehl, BE—Eo HELALR, &b HVWETATIR
1m? %1 b 82fHfk, BERT 5.3kg AEFL T,
COFERETIE, TTRE L OEFIIEEHIHETENR
FL T ey, —HEIphofkdBHEShic,

FRETIX1982ELIRRE L #biFTh by, BES
TDEZA2HETIVEVDEFEXERI LTV 5,
05 bEFIRATABFER T, AEORKT S
S EEMNIRE 1,500m, BEE 200m oOfiHICH-»
THRER T, BEER T 1m? H7h130E
thoBFERZLN, Zh¥CoRAEERT, 19834
6 it 1lm? bichBERT 6.8kg Th-1, B
129~10RE,VRLEL, FHLRET 40cm Th-
foo AMBEFHTTER - I HBEL, 6~TH
i 130cm i L TAHMBERAER I N, 8 ALY
CHRAMLTIREARD SR, TORTHOETYE
LTii%k i, SALAKE 4m DOHEIHEL
tcavsy—t+r7rm, 27 (39%x19x15cem) ik, 1
FEHD 9 BT, lem? hich 3 EHE (£&1~3cm)
DI VEINREELTNT, Yihic T % K% FEEE
Lic, cOMI%kitY vV a2y 7B THH-TET AT,
BETIE 2 v 7HBORIEY B E LT, #AKC X
DA DERDVBER [F=—viBD J (%10 - tAH 1983)
fed, aveE/sDRBEELE/BLL TS,

MEENLOMERDIZLB L, Kt BRED =
VEZZ, SEREFMLTONICT VAV EILED
i, 1970 EEALELSERLAELIL XS THD, %
12, FREREED 2 v 713, 19756 —HEIT
DHZAEBFRADLR T2, TOBLEWIAEER
EAD ST LD TH B,

+v £ FHEOIOIBHEELR L EL LIS &
A5 (KB 1981), =2 v 7 OEfEt~O STk
KT, BB EL MM ECAE L) ithi
ELTGHRIEhICE G &, TSR KEBEY OB
OB H L GRENICE T L OZDDBRBENRELD
hb,

BREaEvItRET 5 2 2 ¥ Y £ 7 S, macro-
carpum H, FEBRRCDO - TH Y VERDOE R =
VETHL EFRBELTHREIRATVSEZH0H
(TokIpA 1954), HEHCAEBTTAHA I LvE 7 HBRThEs
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L CK5E « BEFL « FIRE £ RN B THEMERD 5,
Fio, ThB3ETIEE L TISELRE, 6~7A4
HICHR B R RART e Ehb=y7 7 Haliotis
discus hannai O ERRHEADOBIEXIT > T 5%, L
MoT, e 270IRHELT v CORRCAEL
TEXh BTN S H 5,

a2 VE 7 OH KD BERCOWTIL, D20
BAEDELL ELMIEIXITERV, LAL, 7T7ED
BN =2 vE 7 ORBYOEITHA, BHEERD
ELLAMBERLELTWS, B, BiEbESD
IR EITIIEEHLTWBR, 77 EOBHEET
o T WIRRT RHEPITHIRRICIR 2 L & 7 DAFH
Abhic, Lich T, K5E « BER « FIRB~OF
BMOSHIKKCIE, HhBELEOHEIVLTIED
BHEOBEDOHNL IKELFLELTWSEEELLR
%,

BABREED 2 <~ ~Fx 7 S. muticum |3, =%
% Crassostrea gigas THRELTIT 4 Y HFEEIC
AHEINT L T35 (ScaceL 1956), £ LT,
R TE—ry ~FEECHPECE THMATE LS
/s -t (NieNHuUis 1982, CRITCHLEY 1983), A& #E
B7EPE EUTHEEREL B0 T, SENLDHE
EEOBHIIHERCT I NETHS LOEHILh
T\w% (DRUEHL 1973), =D X 51T, KEBHEY D
B s, BEMOEBRCRETHEY TS
ERTHILENRDH I,

O, 2 ve s OREERTROMEBNE LB 11t
WEAEBERERFTHBEBLCES SLELD
F5, ¥, ARGHEE L HERL Vit
BEAUFEAKERBRGMIETRE BERLLBEHRS
BEBRCHELERT S,

51 B X

CrITCHLEY, A.T. 1983. Sargassum muticum: A
taxonomic history including world-wide and
western Pacific distributions. J. mar. biol.
Ass. U.K. 63: 617-625,

DruenL, L.D. 1973. Marine transplantations.

Science, New York 179: 12.

AHESE 1966, v S oA A by 72 RUED fHEDHE
. OB 14: 127-145.

Hasecawa, Y. 1949. A list of the marine algae
from Okushiri Island. Sci. Pap. Hokkaido
Fish. Sci. Instit. 3: 38-72.

MEATFR— 1944, HAELHEC HILZTERC BT
SMBEERBROBERERE (FH. AR
A 1. 129-142,

®F # - HEFEW 1970. FARESOHEE. JLKREA
% 27: 167-178.

AMEE— - FAE P 1983, FIRE =2 v TGO [+
=—VIRD | I XD LKA 40: 249-
269.

NienHuls, P.H. 1982. Attached Sargassum muti-
cum found in the south-west Netherlands.
Aquat. Bot. 12: 189-195.

BPEJER - BRILSER 1971, JL¥EEmTEMERO NSO
¥a¥E. W 19: 15-20.

PR AR 1936. BAYGEE. AMEZBE, FN.

KEFEFkR 198l. = x 27 SEBOLRE. kS
A B (7 7)) OLRBOREMIE” HE
WES B BE) : 40-47.

ScacgeL, R.F. 1956. Introduction of a Japanese
alga, Sargassum muticum, into the northeast
Pacific. Fish. Res. Pap., Wash. Dep. Fish.
1: 49-58.

BEAFIREA 1981, KiNESEERITAED HE—
B T LTS & MBI OWT. 9%
16: 171-199.

Hrf H 1944, BER » XEHEO MERVREZRE
AEWES. JLk AR 1: 257-258.

TokiIpa, J. 1954. The marine algae of southern
Saghlien. Mem. Fac. Fish., Hokkaido Univ.
2: 1-264.

Tokipa, J. and Masaki, T. 1959. A list of
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Oshoro marine biological station at Oshoro,
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Univ. 10: 173-195.
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TEEER - "B #Z: Laurencia pinnata YAMADA N\X‘/ ' OFE  Kiyomi
KUDOU & Yuzuru SAITO: Autumnal dwarf form of Laurencia pinnata YAMADA

AR T EO TRAT, 19834E9 6 HIC
Laurencia pinnata YAMADA ~7% v JIZHIL, F+
NI D) N, oD S iR L
(Fig. 1o ZHERU b opdLiil B AR o K H
TH 198348 H29RIC, HEF L oM, HHIC X - T
FEIh TV 5, ToES TR T RS TR
TR, FFaitelR (Fig. 2) 4 ~3 v Vo
TRIIERIT 50 (D FE HMNF A I VRFE T o i
TEGE# D IEAE L R B =D C, Subgenus Laur-
encia < v VRO~ THbH, F1z, ZE%AN,
Aol F#E, BERROETHRICOANE S %, Wbni
NERYVOLOLEELTAHBE (Table 1), e
AT RWTE, ik CRIEFR) OE LoEfilo fifa
DRESLHELLEZE XD -1b DD, Zofiok
Mo oMiia, X Hrs iR, WRLOR T 8#ito
KEIFES, BIERABEE R LE SO TRV,

Fig. 1. A tetrasporangial specimen of the

Elbhic, DEDZ Enb, SRS i autumnal dwarf form of Laurencia pinnata
MES ~3 Y VICRET 00 ZY b o L5, Yamapa collected at Shimofuro, in Aomori
EBEMIE, (1978) kb L, 3 v Vlf#sgtt Prefecture, on September 6, 1983.  Fig. 2.

A cystocarpic branch from the above collection.

(K 20°C, fgfE 3500 lux <, 1 HIC12/RHIIEE) s

TTE#RTD L, 22 BLUAOEMNNTAE L & 5845
L, BEAOEIAN 2mm B, HoKX2H 0.2- ARG T T S5 o Rz R & EhR T
0.4mm &5 DTS BIZEE L2 Z &b, HAMREME L HEIIS D, L5, TOREICIB L,

Table 1. Several dimensions in the autumnal dwarf form of Laurencia pinnata YAMADA
collected at Shimofuro, in Aomori Prefecture on September 6, 1983, with other measurements
from the typical form of the species (pm).

Present | AKAGI
‘, material Sarro (1967) (unpublished)
[ length 46 0+24 3 18—35 92.4+ 18.1
M i b |
e e width | 212+ 8.1 10-17 | 38.6+ 9.8
i : .2+10.2 | 54
Epidermal Brandh leflgth ! 35.2+10 30-5
cell width | 22.8+ 8.4 18-24
- IR . -
Ultimate branchlet length 22.0+ 6.5 18-26 20.3+ 2.9
m T | |
SRS width 16.5+ 8.2 21-30 22.1+ 3.3
Tetrasporangium ‘{ 88.7+ 6.4 1 98.7+ 10. 4
Reproductive ™ = | N
organ Cystocarp 645.6+81.3 j 565. 3+ 67.5

! Spermatanglal receptacle - 803. 9+86 2 ‘ 917.1+164.3
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TRE LB FEVEET, AEONUSRTHECRER
oKL 6 ATHEMLRDHLRB EV 5, Thb
Bt bDRTHEEOLET TRRICHRATES
YO EThiE, NEEETHRATEELEZLORBZ
Leinh, ZToONERLDORMKEERLTONE
WD rE5, L. okamurai YAMADA I VTV VR
L. intermedia YAMADA % 7 v ¥V V&L KO EHL
—BE LM NETHESN, ThbbEEIO %Y
v ERBITERERE WX BO TN D D D

R4 A

et A ——

e ERIFRRIRANY: 060 ALRHFREIL4FE6 EHALRSERN

5 B X B

FIBE CGRRFEK). ~~ * ¥ ¥ Laurencia pinnata
YAMADA DR, LK KEE T FaR D (19814F).

EESESE - AHBL -/ & 1978. ~xv vy o
MaFRes & ER. dbkKERR 29: 1-6.

Sarto, Y. 1967. Studies on Japanese species of
Laurencia, with special reference to their
comparative morphology. Mem. Fac. Fish.
Hokkaido Univ. 15: 1-80.

(041 ERAETTHERT 3-1-1 Jb¥glKFKREEH)

FISEEDERMBRA S 085-04 #5385 FE 7% b SRy 2 Foy 5L iARE
BR&HE ves7@Es 260 TEMEFED 1-12-9-103
HHAEFHRERSH 160 HAMFHEXFE 1-29-8 MHARAARBFLECLA
FIEREE TR 1 A FERE A A B

100 WREFAREXAFHT 1-6-1 KFITer
2EBERBGEGRASEAS 108 HRiEXER 2-16-5
K. K. BSREMEFER « K B 3 173 BEREX KILERET 32-17
ERSH REBEHE 113 HREsUREF 8 5-25-18
BREHY 7 4+ AHBIERRT 189 HRHELHAE 1769
INAHEBIRA 143 FREAHKARE 5-2-12
il EEERE 150 BORE A KAER 1-21-9
BRGNS FEKE 214 IS ERX LR 8580-61
WiHEEERSE 742-15 (LD RABERS M A6 HEET BB 062-)

—

A ——
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wWmE T FRFARY
Yoshikazu OKADA (1902-1984).

TC Rl KK % 17159

S BIR  HE— fek 2
117 6 B’ﬁﬁlsﬁi&km DE L, AES2T L1, M
118 8 A B d 4T 130 o = HET, L
BDEMTE DT E L,

Jerdzix, WIR3SET A HEER M E AT AN T -
ilF > ¥ T, J:l[-l”fli%;'lU’%’:li)Eﬁu EAl AR % *?‘—
BAEDIEF 2 FIT A KERE T OB T & L’Cﬂﬂjéb
bhE L, £DOH, [EFE&KESHELOT Tzt
ge&h, M9 ECFEAaEERGRe RS hE L,

5, i,‘/’g7(}}}‘j'},’-’:?’<’5‘7ﬁéf,/; G.S. West &fiigr -t
M A5 - O FF CHEigsE T Desmids # i
7{"3}’\36\_}&-&'6' , Z NANRIKEEDFY
WTWET, TOH, ERE»LEREZTTTE
B oty o> Desmids ZFRH L THIE S -0
¥ h T, To—ifix BARTEMYIXE (1939) i
Do TWET, Y, RAKFEOHZIEF AT L,
Wk DB X D Akl - Th 5> TEHEUOKE
e I E Uiz, Blfe, i 5 oSCukik RHnL -t
DR MEETHIT KF O/ » T ET,

Rtk W22 HE R B K E M e D BT L e
W, [F2SMEIIE, TG EEHe Desmids oLy
S T ARIPIHEZER O E T L
AL hHEELOREEZTOIE Lz, £DHE
DHECONTHIRTHEH S E Lo 29I SR

T BiRIK
Te DT 7o - 7o L [H

MAZE—xX£4EDEHH;A K%L Taira Kamiva and Seiji MIGITA :

IREESFTR OB L e b, A3EITIEEER, To#in
ERLFEMAFEOHZE L TELLbh 5 E T
LTkbhE L,

i, BERDBFEOHETHBIRGEET L7
BIRE T ’*i’i’éf*ﬁi‘ h, BREREERPCHEI A
A DfEEfIfD 7Y g VIEZTFHREIVE L, £
?Lo.‘UJ\Uf%‘— Ed TEMCLFEMO&S G~ TH D,
[EERESMEEARSE ] &L THfTEh, HEZ
e h g Lic,

KEFEW BT,

A

R A

R AR R, RS R I
L L TR R )JL‘Cio‘? hET, s
WUk, HEM ok, FREBIC XD SRR KIS
BRERSFRLL T 'HHJ@ﬂ(L I KT E O,
HeFE BdbhE Lic, ¥, 4k ARFEOE
DEIZEL kDL BT, EELDRIBED—AEET
0, BFEEECTERGBO AR o, R UL
&g, BEREFRSLETESRYBES R, AN
R 5 EE G K E {EML TbhET. €D
IR GR e B MUIHIA8AE 4 ) I = e H 52 5 oD 4T % %
BahFli, SHFER, SEEE SE%k0N
T, IR, Ml gL, RIGREHS

WAEET, AARFIRSH S REREIGE, UL R
FHEER, ULMHEME B 2% UHREF L 7

HERE, WL RBEFHEEIT
i, R RERROEE RS <,
2 Rle EbFHOOBRE LTS

PloXsie, frtotErwEl, HMaEo
Brgeird & & b, FEARICE LSKFHFTTHRLD
AR &R, F ot s B S O ALEE)
e &, BRI hTE LI,

X, ek o SR AR AT R R K PESC S Dl
JeA I TR S, AT
RERASaf— TR L, BRI EEZ T —#
CHHrT a8 i -ch, TRERZAHO
MBI, X HFbh, 74 v A OBFELICD,
passIlEE A Lich LT ‘Lu:' bhE L, MHBIeF A
O UBNERT ) VO KEN DK TC D
LT, il HHtJl.{lLJnif‘r AT DB kRS LT
2, HELVWHELS Lo TRk F L
i, Y LHOKEREY, ZRESCFEIOT
4 DS HEELZ ST B L LT 5 %E

7o K AR ORI D
AxHLEVE

BT <,



T7%
* FHRZENRENTR TS FMEFTRFLEBR)
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1932 The freshwater algae of Botel Tobago Island
or Kotosho, Formosa. Bull. Biogeogr. Soc.
Jap. 3: 36-62. 4 pls.

1934 JcFEFEDOF Y =RHEHCEV-T. (FH).
I 4. 351-356.

— TFERETHFY T, KEFR 30:
107-115.

—— The desmid-flora of the Northern Kurile
Island. J. Imp. Fish. Inst. 30: 123-200.

1936 Z%4% MRITAEA] & KU HE B 4:
1205-1210.

—— Notes on Japanese Desmids, with special
reference to the newly found species. 1-4.
Bot. Mag. Tokyo 50: 79-85. 1 pl., 255-259.
1 pl., 313-317. 1 pl., 471-473, 1 pl.

— ABBREREOhIH -~/ Y O—FEITET
HEBF 12 : 451-459.

— HEFHEORKEFHOKMECH T 1-3. AL
12 272-278, 357-360, 679-682.

1938 HAFXEH 7/ VEOESE. R 14: 469-480.
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— REBERBEOHVEMCHT I —%E. AL

14 . 791-798.

1939 =x— (B &3mpACH-T. AL 15:
48-53.

— HAFEORKESHOKMH VT 1-4. AL
15: 164-166.

—— HAXE Gomphosphaeria DFFL%pEM% .
Rl 15: 398-399.

1943

1944

1948

1949

1950

1952

1953

1954
1954

1956

1957

1970

W R A O hich ~ 2 ) O—FEITET.
[l 15: 449-452.
hTFEDOF Y OB L. FHMEDOF Y EL
BT, KEEDFER 33: 101-102.

Desmids from the Sinsiru Island in the
Middle Kurile. J. Imp. Fish. Inst. 33: 107-
121.

Mo+ v € (Desmids) E\WT. {HHS
HEHhE 13 261-273.
AABRKEY >y 7 VBO—ME=0r /7
CEEWT. FEDF 20 : 201-204.
EFEOWEER. KM, REMBER#SE.
8-11.

Oocystaceae D—FBHFE. HHDF 24 : 166-168.
F222 VHmA 1. ALk 25: 145-147.
FAY VFRMR 2. BREKESM®R 1:
148-150.

Micrasterias RO & AARVE O FIRE
OFEECHVT. BEREAKERE 2: 93-140.
Euastrum BONE E AAROH O FiRE O
SICHEEVT. [@ 3: 193-244. 3pls.
KETFEDRIBITE T, HERF 28: 17-20.

A new classification of Conjugatae with
special reference to Desmids. Mem. Fac.
Fish. Kagoshima Univ. 3: 165-192.
HEOWE. FERARERESE. 67-7T1
AAE=a v 2 g Tetraspora \I=o\T. HTH
2: 57-60. (RHAE— - fi#x )

+FFE X7 DEFERICONT. BGAKER
R 4: 1-6. (MAE— - GHER

On a new veriety of Aegagropila sauteri
found in Lake Yamanaka. Bull. Fac. Fish.
Nagasaki Univ. 5: 41-52.

HEES V) =WRFEE. BRKEH 6: 5-8.
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BABFRZLEIBXELTIDST T 4

%188 (3A288)
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10:
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10:
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13
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100 (1)

115 (2)

130 (3)

145 (4)

00 (5)

15 (6)

30 (7)

145 (8)

100 (9)

15 (10)

$30 (11)

145 (12)

REIRREHRE A K /s

# & (FRIDER)

FRERAAABEAF)A ASOBEICOWT
OB EKER* - BEHEFER - T « HIF B CRETILRES, A X8E
B, MY EFTRFT - BB, EIK - - 4)
BEE77m 7Y L0 GEOAFER L FEOWR
OMiTFA] - FRIeHE (FEK - £MBER)
ERE 7€V I FrofilaEsiEL BoSE LOMEBEZOWT
AT B - O de T - REES* - BERMEEY - FEEHE (MFEX - B, »F
Bk - 74, **REK - EMEER)
M HBE SN B R - — L HIR & WpiREE Gonium pectorale YR
TR — (PR - %38 - )
AeHBE DRMEIR RIS T B4 T2 T A DS & 4hE
OEBHT* - GHFE Y - TANRS CHFERIA - 3 - 4, » 45
¥4+ < v U B Pseudocarteria peterhofiensis OJGEE L AiERIZOWT
OZMBE—F* - 0 B FHA=R « 22— « = 2@, *EILXEW)
B x # &
RV = H Y Acetabularia calyculus ©7 v 775 o §efaik
FINHRATF (BROK - %3 - 4)
B, BAFCLD2—/ VIO RS FAF FOBE (Fr 75 A F FOBBROCERKDOE
Th)
OFMEH* - AHEERK* - ILEKT* - BRE®FE* - RAKTHY (FREKX - E, R
X R)
& i
< v v — TN o & EEI
OME ®* - F BB - TR FEAREK -4, Rk - £08%F)
MEROREFREBEE
RE e PREET - FRAT  ENEEY - ORI LI (FHLEKK, **Hik
K« SCH - 4, ¥ IEERIMS - AEBHR)
W - EEREE L R OBRE kD s H A
HAEEVWDDP DT 7 AL2WT
i 2%

00~13: 00 (Btka)

100 (13)

15 (14)

B ® # & (FE0O)

fkBEA o~ 3 E ORBTFEEBEROEHRORN
O M= (FEK - £WEER)
Epithemia adnata (KUTZ.) BREB. & Epithemia argus (EHR.) KUTZ. iz2\ T
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O/ - /MK BA (REEK - 48)
b 8
13:30 (15) AHFED 4 EORKEFIZOWT
il B (BRK - 5F - 4)

13 : 45 (16) YR E Myzxococcus xanthus 2 X % 5 VG DR
OWAZF*+ £7 +, M. I.¥* (*BHA - £, **Dundee k)

14:00 (17) Y xEDOHO DNA & 1. REWEHHER L BEBETEREC ST 5E0Z(L
O#EM {=* - AEBGEA* - FHEEIL CELEEKX - & « (RIBEF, 5K - BFHAER
)

14 : 15 (18) B SN 5iFEE v T
RS (SR - - B
14 : 30 (19) HFHEEHEAREC A ey FO4&ER
REEAEY (FRE/KEM+ Y& -)
14 : 45 (20) Tk 1 B Achnanthes brevipes AG. var. intermedia (KaTz.) CLEVE OZ R
INRBET* - RS W O#E’A?** CHEIRT AR « SCFR - &, PR AKK)
15:00 (21) ISEIEREE®E Navicula minima LEFBOSHEARE (3) EEAOMENKE
OBEMEET* - FRIERT™ - Jull Foex - BT - B85 ¥ (MRitmk - 08
<, PRHISIIEK - A, PRK - ISHEE, R LERKR)
B rx # &
15:15 (22) Navicula atomus (KuTz.) GRUN. OEEDEFRIZOWT
OHILBHE « /MFk BA GE%K - &)
15: 30 (23) BE=v7V+E2X7 (FH<vEH) OEFERICONVT
JIFRSE (dbk - # - f8)
15:45~16:00 (tk =)
16 : 00 (24) BEAETrTFZ b HAVTRE (V43 Vel - B8E) o—FBoyHE
HAPWRES (EsR% 4 iniE)
16 : 15 (25) KV E T SEORMBTE LETIREORE
ANFTABA (RAEX - 1% - k)
16 : 30 (26) 2V TROTFOSHERCRONIHAM (2) FFi1a2vT (1408) OBe
JIMBRE— (BfE7KER)
16 : 45 (27) TAY - TH 7 ) BOBRKRE
HHERE (BFK - KE)
2 £ (17 : 30~18 : 30)
£ B & @E2LILOs—L2RE, 18:30~20:30)
%288 (3A298)
E B (FAINER)
9:00 (28)  RIKAHEEY 2+~ L LAty 2 nORKLLABERE OBEICOWT
OBAF E* - MEHEHE - F@FER* REK - &£, *4LEEH)
9 :15 (29) + Y A3V T ORI ONARHEE S L OB EOFEHIZE(L
ORILUE= - &£F # (dt#mEsrrhiikat)
9 :30 (30) =V YN RDETFERIT DOV T ORBEMBADEEIRE
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1 45 (31)

00 (32)
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1 45 (35)

1 00 (36)

15 (37)

30 (38)

45 (39)

00~13

00 (40)

15 (41)

30 (42)

1 45 (43)

100 (44)

15 (45)

30 (46)

45 (47)

OXFRELR « {BEHIET (LIBEREX)
2V — YT ERKIEA A VY IBO 1 EIZOWT
HFR= (MF LT ¥ IRAERER
ERAREIC Rt U IR 0 B
OMBEEEY - KRBT %) 1N, *KEBITHK)
T3 IONDRKELE. TVFAMBIRIFRT 2534 2MNDH T =Y 7BD 2 FiEE
OREEF * -« %o v q, O Jr** (MFEX - H - £, **75 S AEMARR)
B =~ & &
BHEA = 7 h Ry OEFRICKT 5 EBEOBE
OTWFIRE® « SEH IR (FBK - ISIMEF, **ESLAE)
AHFE Stephanodiscus [BEHEIC>\WT
OF EWE - /ME 5L (R¥K - &)
# i
T 7 A h T AFROEEREICOVT
OIfTE « BHMMEEE (ZEKX « KE)
T 5 A« T ABKIC BT DERRHERICOWT
ORIIFTHE - HEMEEE (ZEK - KE)
Gonium sociale ({F# - A+ 5 <=7 Y B) OIESTFOREICOWT
BHRAE (BUSHEEHE)
BHEEH D 1 HiEl Diplopsaliaceae
OEW=E* - HE % < RAMA CRURTSLHE, *RIREX « %, ** k- i
FEW)

100 (Bfk#4)

# R (FRDE)

FH=vEHOREIL L HAEFELOWIE
BT GTX - 8)
Kintokiocolax aggregato—cerantha % v } ¥ ¥ VY OAFERE OIS L FOFBIZOWVWT
ONB%s - EHEE ok - H - )
BBk 5k v EY TROFHTOVWT
PREISCER GR¥BX - HBEE)
AR EEKRICI1T 5 Ice Algae R R X CEMRO EHHINE
OWEDMFARRR* - FEREMHE - PhERE Y - WREAIAY (I, **HKKR, ¥ HEFX)
Peridinium bipes OB FIET Vv — FHIOHE
D« OWAEBRT (RRETFK - H - 4)
KR HHEWT T v 7 b v OREEL
OFRERRT* - O HERE™ (FHRIIEEK - 4, *AXIH¥R - BETY)
BRERER O 7EH
BE - RET - FRATY - OBFER* - REPI LA (FHLHKK, ik
TR « S - 4, ¥R IERIMS - AEER)
BEELR Y B B EE R RN B 5 TRt R O B RS
OFRFEL - kB &K (MFEX -3 . 4)

00~15:15 (4 #)



15: 15 (48) d—=A 7Y TEFERICET 5HEE 150 BB - RREEMO ST
OR Bt - HER—EF (MFX - AR
15 : 30 (49) Heteropleura cruciformis (LEADBEATER) gen. nov., comb. nov. (B¥E#-7H v t=
HED
O k3t - Bffkid (WFEX - BREE)
15 : 45 (50) HIERBC k1) iR BEOEH L
OmREE=* - £F B (BKH, **&iR/KiReE)
16 : 00 (51) v &Y FROEENH & KRBEA OB
OXHEHER* - ZFEEHETF HEH, “*ERAR)
16 : 15 (52) BIANFE S OENEETKIT 54 E & KM
OFFHRE - =HBH (GHAK - H5#H)

E&EER2

3A2TE  14:00~16:00
BE F32E3

3A27TE  16:30~18:30

E £
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A ~@12) : BF E= FEKX - 1#5E) (36) ~ (37) : M KA (BAFKA - KE)
(13)~(14) : & KiF (MPEX - BAREEM (38) ~(39) : M FIES (=&KX - /KE)
(15) ~ (17) : Wiy HEE (FIK - IS (40) ~ (42) : =il WBEE (BUKK - H4%H)
(18)~(19) : HH B4 (dex - H - fE) (43) ~ (45) : )l WA (EEEIKEK)
(20)~(21) : fE®F % (WFK-H - 4) (46) ~ (47) : 30 EZz (ErfHE)
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BXABR¥2FIDXSHARES

(1) OMEXER* - MEEK™ - FHHET* - HIG
B FREAAABRAR FOROBEI
wT

At AR, EEL 66km R EWIRTH B,
DAFTABEEL SRFEFECESING, Er S, E
uoll, A7), @), B8, mad)ll, —g)i»
bB. AFIZ, A+ABIEROIFIERREFTRFER
i <JIES0m /A IC, iRV _bift & T Hgkas
By, FERCXAIKSAIOETHERLT - TAIAD
NEXBER T3 ECHOFHOBELRFTLL
IATHDB, o T ZIAEFTTHIEEL, AIos,d
Eift 1kmiz b7 o TREIEL WHERSHEZT T

oan»s kit 1km offlic iR 581X, 774
¥, TAARTH /)Y, AT Y, YA IR,
vy Y, YY¥F YT S, Blidingia marginata,
ASTAIV, e b=FH, €I N, 3/ Y,7Y
¥R, RYTYF¥RX, 2225 V¥, AV XLV S
¥, YFI7VO 1 EOIE R, ThEho@hk
¥, BEKCHEFOFHREFREF O, WA X D Lifk150m
ORI DLAEE T 5 HDIRAET6 T, ZhdofEiifh
DERBRCERBCRONEDDTH S, fthod 7 &IX
HkiEL B2 bN 5, 158OH TR LIS NH %
TTLOE, TYEX, AV T7Y¥R, 2=arE %
ThHY, IhdIEIEMEZBEL TEFLBE SN,

IO XS REEIE, FROATABROLR QT
#gERxhis, SERAF)ITCO NS OEEOEFIK
REHET 5,
CARBTIALMEES¥E, MEAKRY YERESH
1, BB EFHRFT - BB, PERIA - B - 4£4)

(2) OIFR- FEXHE: ®F7/0/YLED
IEEBROEFSE EAEOHRE

REOBRTE, 77w /7 9@ (Colpomenia) o
A= 1LT, 77m 7Y (C. sinuosa) v %%
(C. bullosa) HFT5% & h, gkl WYNNE

(1976) ik b, C. phaeodactyla »4E L TR Eh
TWwb, Zh 5D 5 b pZEAFEROERO 2 EEk
%X, HEOREHKKOLDITRT77r /Y LEN
C. sinuosa DFEELEBEZ LN TE,

SEE7 7w Y EOHRT, FiTh vy ET FHOK
LIEET D DT OWTHADOEMEILE L ERNOE

BERFICX DT> e BFHIRROBREHET 2.
HBEZI2HE» S & v £ 7 FHOEK LB LIED,
BED6 HEEEE T, £EPRIFECI VEPOE
b os, 1 AEH»S 6 AEIC»ITTT, LEHE
ELTRETEOAMPHEIND, BT ROBRIZE
AREEOIZIFLRICE D, TDOHEEMITIX cuticle %
Ko Bkx o< 5 EEL L B OHMIE BT <
BEOEROBECLVELREDN, LDIK3I~5
Bo@fTthd, £ICHELLSIC (AFEDES
HASEIK S, 1983), AEOFULETEIES L VWRIE
HOMERBTICX 5, REKRKD 7 7 » /7 Y BT,
C. sinuosa + C. peregrina HXE15H4L, WX 1)
BEFBROWIKEEL, 2) BT HED cuticle OFEITX
DVERITE%E X5 (CLAYTON, 1975), £ T
hooRHEIC, 3) BExEBRT sMmiaEs, 4) H
HRBFOANEIOkEEZMA T, Lido 2%k
Lo TR, AEIFIEL L TR OBRYTH
BLOEXITE -7, (RIEK - £WEI¥ETR)

(3) giAER* - OFLHET - FHAEE - R
FEER* - FENHE - BRI EL I FONER
BoELBEOSELEOMEICOWVWT

X X & IREEH (Siphonous green algae) D#MfgEE
BHREOLBEEPRLRESN, ¥ T vERE<
VFYPBEBE2DODIN—-TIFIFLNE T LAb
P, TOBBEOSEROBICFESTDHLIAHK
Thote O, ¥V 7 v/ L—TEINIIE
V i ¥ u (Pseudodichotomosiphon contrictus) 12>
WTRIE, o o0 BE»ERGEDO DO LI
EZ I VWEENRINLTVSDT, JOBEOES
OB E IOV TERN 2T 27

WHIC LM -> T EV I F e QiR ks sk,
FETAHYVMEBLTEBRI /v T4 TYLIDRET L
HYHIHIC L - TRESHERE, DI/ mrT 4T UN
BXOBESEICOWT, BIVKTRMORE, BET
Mo, mESBRmORE, T A FALEDG
C-MS, K XoHEiTR o7 BRI, WTFhd I
hhere—2X BRI TWSIERRL, 7V
+ < 3 ¥ wu(Vaucheria sp.) X 0§73 DL Fl—ot:
FTHoto Bk, FLF@ZB< P77 4 -
LEPITOH T RIZFI22,000TH >0 THEDHER
SR, EEEK, EEECRMmEEE, HtkRETo
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WRRLHEE L FOMBEICESWTIRE Shi, 7EV
IFeBR 7Yy I FrBLERE T RBEIR
T53DTH5b,

(MEEKR - B, SHEE\EKX -, PRECK - AR
%)

(4) TiglE— : RS CBESh 3 2/l
% & ihi@E Gonium pectorale DAL

SE RN D Paramecium LIHMEE D Chlamyd-
omonas, Pandorina, Closterium 73X OFHEYETE%
T5 % oEfET, A—FEECELL®BD, Lo
PUICHERIC BB 7 v — 7, BIL MM Rl S il
ROREEOFESHON TV,

Gonium B L <ix J. R. STEIN (1965) 734+
&, TAYHED G. pectorale DAFEIER»S 3D
OREBOFEZREL TWVWER, 7r—v I Lok
RNOLEEUEER TS ELTLIFOFELHIESL
K, REBEOBEESHSHTVWAEROH»S,
BV T, LrbR - REKEOHFED/ R
—VERARBL I ERX 5T, XV EROTEBOTFE
ZTERHES &L TSI 5,

REIEEZCHRVWEREBESRET 5 %3~
ALEIVFy P 2RAEEE L, TITEDLIK
TEBEE»D G. pectorale DFHEERY, SEDY
v—vHBi, 207 v — VEITORRERE TV,
REBOFHEOFELFAI, FhhbDs/v—Vv
LIMEEL OBMM LT, TORIR, su—v
T EOHBEDOERIIFAD b ik 28, RA-LE
Gonium [ZVIMERNCIREEL 2R BBHIEED LT, B
T &R S— A h 5 4000kmitEREYICfREE L 7o hiRE S =
—vEE bR R R R L,

(BRK - #F - 4)

(5) ORBFHIT - BHETE=* - Bak#* 1t
EOMERRICBIZMT1IITANHHEERE

FEEREOMMIEA F=>a 32 Cyanidium cald-
arium YITBFRISLESTAE T, LrdiBREVS
FRERBEICER L TW5, ITALIE, BEic, 19404
RICEFELBEOBRITIALSSHL, 1B#E28.7~73°C,
pH1.2~6.8 L\ 3 » i KVEEICAEE T5 L R
LTW3, EELIR, ZhEc, Hik, My, do
B RO BT FROIBRICOVTHAE L L 2B,
4 F =22 = 413 pHL. 2~3.7, {8 32~55°C Ok
BRPERILCHML T, ik, 7o 7Y #:
BRTEADONE P o, Lnd, RS F2az

AELTRBIN TV DITiE, EFEOMEREKHE
EOLE»S RK-1 #: M-8 # v 5 =>DR%
5EBHY, RK-1BOE»B M-8 Xy [AHHHEICT
FLTVBE I LRSI >, &0, Fizicdtis
EHRES, hERbE 0107 FROBRITOWTHEL D
T, BEHMOHR L& THRET %,
RELLRENIIASE, b2V eoihEL
HIF Y, DAPI §efaic X & eBAMESE % BV CHE
L, Sbic—@gEErfak. tOBR, 1722
TARTBEIRR, 7 A1 Y v h OGRS, )
BIRR, WEWL, FIYEMEHEROERRE 34.5~48°C,
pPH1.5~3.9 O RLBEAIHICAERL TS
T EDBPEL T 5T,
(CFREERRLA - BB - 4, OHAR)

(6) OFMEE—AR* -l {5*: SiElat+es
<71 8 Pseudocarteria peterhofiensis M-
REEHER/ERICDOWT

HiplaxrA e r<v Y iz, KoWizHc/A<H
BI85, BBECKT S 0NEEK
B35 SEEmMRE, EFTDinh o, EEDII,
LOFERICET 2EOEELTV, Thd OWREN
T, EFEESEREL, SEFIRHERT o TS
HECH 5,

SEVE, AIHBED Pseudocarteria peterhofiens-
is (KISSELEW) ETTL (1958) K2oWTR&ET %,
Pseudocarteria JEix, ETTL (1958) ic X b fEbhie
BT, Carteria B0 5 b, WHERSHENC % By
BLTWb2 L ddbDTHD, P. peterhofie-
nsis OHEERUNEEICES < 5l MR L 47Fh D
BZ, EELOMBRY TR ERLIN TV,
BELIEVRLZOBLEFAETELIEEKEZEBBC
ERTERDT, TOWEBLEFRRIZOWTHET 5,

Ak, Carteria BrRRICAKRCHEE 2#b,
SIVIIEMR-IRE, BERET Mifaakic SEL Tk
D, hRiCKkEREAKRBOEY /4 Vi 128D,
INERN I B ORI O X 5 TN S HIBL TV 5,

B, 72 Y RAT, EEFOMRRETEHK
DEFTEFEDL, BT 5 L RBECET S, BT
25 4 FIRBRFEL 2,

FARZRX « 22— - =R - PELAED)

(7) BIEKAF: RV IHY Acetabularia ca-
lyculus M5 7F75 SRk '

Acetabularia V¥ B RXBEHMIEMEOFE T BEEH 100



pm ORAMEIRNIC—(EFE L BROE RS L2 T 2
TW5, BIZEHHRERIZ Y < HAMMERLING X -
TR Sh, £D#% SCHWEIGER 5iz X - T mRN
A, rRNA OAEELEINCER I his, b
HRotE (1974) 7 v 777 Lk fEfE (1975)
¥ SPRING BHiZk - THE SN TV, Thditwv
ShIEFEROENHY /7 U THE XD TEESR
DB E DXL, MRESLE OIS D REETH
o7, HEREFROE VWY = #4 % A\ DAPI
Rfic X 5 DNA o&ZEE,LEROL: £ Sl
BICKT RBROZHZARICE SXTEL, T
AP DOEK TR R AKIIEEINZ T3k E 12mm
K% 7 777V REM -T2, 2 OBHICEEKD
LHRRET S LEZERNIRE T 814 E oL
bigve Ll 1 ~2 BIBICEBRER I 75 & 10H
BT I BRI NEEBEK R T » TR AED T
LTWiel &dbhbd, V777 §aikick hr
FRIRICE D75 mRNA 25— Fic EEIh L%
26D, 7777 IRGEKIIERE P A
ORIBRIKOFEEF ICHHIN LT L, ¥ FRIiC
B5-3 5 Qe iR IR A R4k B R T BAIE S 7 AT Rk %
AL TWV5, BETHPILFNIC Z ORFE DYfa kTR
MBI HR SN D 5 L,
(BRK - %3 - 4)

(8) OmEZth*  AEER* - IR KT -BWYE
R -RAR- EW, BXFICLE 1YL F
NF7OTFRF FOBE (FO0T7AF FORER
0357477 30F3:))]

FBELX ST, 2— /v reEREL (Hu-
TNER, pH3. 5), BT CHE# ¥ 5 L EFR KB L L A
{LHERE L 2%, 2 OFF, FESETIIMIBENCIEE
(wax ester) DEL WERMMBELOLNS, T OBk HNE
B LERESbh T 2%C0; #BAT % & IET
TRrTFRAF NOWERK Y r e 7 4 LEKFEDTEE
PHETT 5 (B4BEHEME A KRR). TOBKETRT T
AF FREHY N R-BH SR L ER, 5 E(A-E
24 7) OWRZHTIOND Z L3 71, Tibb,
B LT CRIEFFTY v 75 A F FASMEILICRE
LEAT R 77 AF FEBRL TR 2R D %
Wik T e T AF VRGET S, EATe T 7R F
FRERIND AT —IVOMaTciy 7 e 77 25 Fit
Bo—Eosiia i E L ME L, TOBRITED 7 »
=V - ABRRERNCBET 5, BRI, TrT7RF
FZRBFREOEVHESRINTVS 2 & 234

89

st IOBREBRBRABEE L=~V FOER
KHOWTHREL & SIBEIh, SEIENLS ED
BEICEH VT DB L2V,
(CHEEX - i, *HFRK - E)

(9) OFME ®*-F BB TREX#E™: <~
7' 80— TR 50 FRAT

S, AlE - BRSO~ v/ 7 — THEA)
BoOBERAELEHRL T 5, EEMERSIUHE
HlaHRE O 7 v 5 5 X EHHICOVTREDRED
— R ERE L. SEIZENGICEIEHE, 19824 4
H, 9B 8HIino<y v —FKTeEBLA
MEEEEO7 v 7 LAHOPREEREMET %,

7 e S AEORIFHEROE L, A FHOR
RoXE, 2v/7) -t LEBREOLTERL LD
DR AV, HHHEIFERAFE~ v /v — Tt
AR EYNC L > TRID X Y 200m FIZA T — 2 =
VHHESNTVWHERERRIIITITR > 7. 752
HORBREAT—v = VITEETH e L FHOTIR
KEAZKXHENHEZ 0L LT 10cm BRI 77>, +
4 7 TR L7, B X OCEIMERERL 7230 2ok
98 - SEM THI%, FE, FHAIL, SHmFEmOEE L
L7

HESWoRE» S FETEL EHET 24 B
LA BRI R X A, BEBINCKT 25MAKLD,
BAMNEEFRICEDAT — « ViTkEWT LA
BHIRGHERT ZEBNRELI, <~ v/ r—THD
FFEPRORT — ¥ 2 vERFITE B LK LT Dent-
icula subtilis, Sk Nitzschia Ianceolata var.
incrustans, TFifY Achnanthes intermedia %X O}
Amphora exigua MBELEL TV, IhSDFELE
DE ST - R IMoTMoBELY 5 5K TR
FEAYEDLTY, FEHCHEEL TV,

(CEAMA - &, KA - EWEYR)

(10) BB {g* - IMeF> - FREAT - EHE
£ ORBE BT : HERNRAFRLBLE

EESBEEROESIN, K LoEkhcowT
EHoRE, BER, TER, BSEOREMLEZER
& L752(1984), SEIEA RO IESIOERKY
5048 % iz T LR OHEE OEEIC OV THRE T %,
(R AiRA, RO, g RS - A%
E)

(11) JFREHEE - W - BEHE LRBEOMRERY



A

YBEE - WEREA 900 BINEML TR L, £he
REOBKRE RO I > & L,

2 oOBHROERIEUL GhBdEk HBEH)
TELI, NERREEZROBEMRE 2 B X8 Ak
B2 5, B KRS, Bt X 2K
DY 7 RAE—=FHEREKBICAY X WAESLLh,
COBHMKOBRBEREL LT, $-Fr0ENUE A
W5 T OF Atk 2 3B,

WZRICLF — 2 @S HRDo 2 BB X T8 A
KIBOHRE % KdTz, PSS - ZM5IZH» 3RO
FIHEER E REERESS, @S HRoES,
HYEE, MR, MEEME OfE 2 ki,

BlhEizk b, @HROER»SERORROHE,
SLREBEONMBREERELZAVT, K (0
ZiL) »5X ZORE (D) O, kXU 0iio
HEB—BEDLNDLLEZX D,

(12) #GRE : BAEVDLYW BT T A DWW T

HAREDT 7 2@ Eisenialx, 4 HTIX, —B—H
E. bicyclis (KJELLM.) SETCHELL & %75 4 2554
AETHB, 2 TEME1902) zh% E. arborea
ARESCH. f{. bicyclis (KJELLM.) YENDO & L, ¥
7oRL%E (1953 a, b) BEDMTY H T ABHBI L%
WU, BiICEIIhy, ke SERIL - EDK
F¥RICHHT D E. arborea ARESCH. L [Rl—HET
H5HELT (1964), & T AT, bicyclis & arborea &
DOFEELOMHEIL OV TOFEMIZ, KV BRADBEK
SNEWE SR ETH - e DIHEDRETD
FHECEETH ADBFBALLL, b X 5iC bicyc-
lis —@LT5RMmBREVE > ICB2x5, &k, *0O
BLEEELT “77 A" #WTHB & bicyclis
EEINBMoRCH, ToHmHRCHHOET, R
TFALHRYATFALD2MIHTHHBRYTD
5 LAV, FhT, BAET 7 ABIE,
BTT T A, RYASTFA, 47 AD3IERBY,
N5 OER BIKOME £ - A -CRAE IS VT
PDTFDXSEENRDS,

A. EGOWAICHER24£T 5

1. IR X <RET S,

7 5 # E. bicyclis {. typica
2. RIEEARREETHET, MMEICHS

+w VST 5 A E. bicylis 1. oligfoliolatus
B. FEGEAIOAIZERIIERIRTIEES

3. ¥#5 2 E. arborea

SR T7 7 ARERIER~FEES, KREXEHE
B AMBERRNER L TR LAWY, REXRERITS
iz, ®Y37 7 ARFERILE~ AF R s i
i~ EHE TR ETO 2T B, BREH»LHE
JLoBETIR R LIRSS, AMTEILES» S A4
BRETHEEREACEIND, ¥ # 7 AIERFEHERE?
SIRHEBRRETE T ENMMBHE . H{,rPLER
X, BRICHE)BICE > THSEBIOATES o
FERELTOT 7 ARIEIR, BATIEE < 700 £
OHTERIT “BIEED L VITREBER OATINT
{BL, #Biticiss LB, RAikEEWMT, KWE
BED - TWD, FhODOEMEY, HXE - KEER
EPBEIMLTHB L, KiKLFEOS B TOFFM
E—B L TV5 Db EBKREV,

(13) & #B=: BEEAANXEOERBFEEBEN
TRAFEAT

F+F-~%% (Bryopsis marima) i \J % RAE
BFOEABERL BN L. Blaiiiiitz
M DEETFZIRE L, 297, B5HHRICEE L B
KOWTOBEHREYIRET 5,

(25%) WEEBTOWREZRBELLEELD, i
B OS5\ VTSR A IRBIC S 5 b O HE
wxhic, ZORMTE, HMOMERKRILEEST, W
RETFOEREK, Itav Y7, BERELET
%, BUETFOBEAE, %4 <07 Cikiigokilict
S7HT, MR ELAXTHMET . LIKH-T,
2HMOBWERR LT 5, HREBTOBEEER,
54 Liila s omiax®E (R ERURAD <, #Big
BED—EHS BT 5 EEWE (§~0.5 pm) THITH
XhTws, Wb EAENEET . HEMEERE
FRBIRA D Z OBEABEDIRELRY, F<0XT
TV BEEELE T O R A -IR AT MR O
SETHEMBELN B, EAMESAMTEIEL T
LAHUIBRAES LTV, (255%) Ky Dl
ESTFVEERALL T 523, E5MIAREO S IR - T
WIEW, T ORI, A OWA WA IERESE
XN, UL, ERMEOBMAITESKV. 2H0
R, Gk, REDIFET D,

(K - £WEIER)

(14) O/I\#%F8H - /)\Mk 54 : Epithemia adnata
(KuTz.) BREB. & Epithemia argus (EHR.)
KuTz. [£2WT



HE DX, +ic E. sorex KuTzZ., E. hyndmanii
W. SM,, E. turgida (EHR.) KUTZ. {22\ T, Fi
Har D5 A% PREE 5 BEEE B O R D FE DB R,
XIS /N DEERE, ThOSEROME
HIRFIZ D W TR L 7o,

4Bk T % E. adnata (KuTz.) BREB. & E.
argus (EHR.) KUTZ. 1X, FOKE ILBILHED
LTWa7ed, fizRET 5BiciREIz4ECHV. &
X, FEBIVEELLBOR, RONEIX 0BT
costa DEIEHAAE L capitate LTW5B7, LTV
Tde ik, ThicfEo7c septa DFEIZEV )
B, Thbd 282987 5B E ShTE,
X THED, EERET SEEORERSVICE
BT 505, costa & septa OFEIC b 35H
L SEM HlZ% T/t I AU TOZ ERHESMC
%o f:o

E.adnata(KUTZ.) BREB. — i DFsE1355 <, &
HT/NEE, LaL, ToXEAEEL, TR
ELIC3NEHLRACTHD, X, costa B septa
DFEEDFHL, virgae (COX & RoOSS, 1981) DFg
HE,

E. argus(EHR.) KUTZ.—#E DR8I, 0
Wit E. turgida(EHR.)KUTZ. & X {{l T\ 5%, costa
KU, septa X, X <FEL, virgae IIERMEON
flzHY - TFEOBMZ 5 X 5ITED, FRFNIOD costa
Oz, 1 ~24&R5Nh3%,

(REHXK - 4)

(15) ®il & : FIPFED 4 EORKFRICOWT

FROBKEZ7 r7O—BL LT, Fiicimadh
HROFEIBWRICESH I BHALT, TOHE
FHHMRAZ OV THRE T 5,

I. CHLOROPHYCEAE
Order Ulotrichales
1) Catena viridis CHODAT
Order Chlorococcales
2) Pachycladon umbrinus G. M. SMITH
3) Didymogenes anomala (G.M. SMITH)
HINDAK
I. CHRYSOPHYCEAE
Order Ochromonadales
4) Chrysolykos planctonicus MACK
(BRX - #F - &)
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(16) OWAEREHEF* - 47 b, M.I** : $miaE My-
xococcus xanthus |2 % 35 L BRENRE

FEHE Y, B, B R SRR L
TEBL, ALOWGELERE CHRELIZ Vv
LOBLEVEINTWHLBHEO—2TH b5, B
BLL KR DK, @)K, ER2SS, FHick
R BWREENTVS, % OEEHE O£ BB,
FTAHVETHY, REkFRES 25—35°C TH
5T LN, BRERERICE D> THTRET ZKDEE
LY OREEFATIE L FEAL TV 5, AL TR, 7
VEME Phormidium luridum % X< I8fET5%
Myxococcus xanthus % B\, IBRRAENOREZT -
Too —EBEEIELA M. zanthus OREZ 5T,
P. luridum WBW% —5EOEET B L s JiT
HEUDRELOSNOELEZBELbDTH S, P
luridum Z{5T5 &, BEEZX S pHIE, <8
TAnYflic, HEAHEL Y VF - ABIIABKCEL
L, Z7err7 4 ALBIIHAITHEI © [ 25 L7
P. luridum OYFEA/NZNE EITIE, s/BBET 40
DB EAERL, BIb, M. xanthus X b
P. luridum 3+ 53B@REIND BTSN,

(*BHA « #, **Dundee X)

(17) OEHE {=*  GHEEGA** - F@EHEL: I HY
¥*EORKNO DNA & . REMESLEBTE
BRI BT 2N T L

itk Desmid DORFHOVIMIT 1C THBLERD
NTEED, ZOBELXEDDAICI Y +E (Clost-
erium ehrenbergii) © DNA %, DNA §$Epyiff
%<& % 4'6-diamidino—2-phenylindole (DAPI) ©
Yetn U7 th, EAEVERRBAMS CHEMEDERE LAV
TH.D DNA X% L, BEEFRUTEFEHORE
#EHaot o DNA gixthth 1.35pg & 2.74pg
TIEIFEL 1 2 TH o7 - TERBFHOMEE1C
LT D EEBEOMMBIZ2CTHEENDbI o7, X
FEMIaY SERET~OFRA ORI IR 1 ESR
L, XFLVv DNA GEsfThbhivoT, o
BT R LI OO L RLOBESFEL T
LEPHER SN D,

WiCHEG AT DAPL Tk {23415 DNA 8
SEIEE L THEETAESEE SN, > TERK
2V %D nucleoid BEETHEIHESN S,

CEBLUEERERR - REEFHE, P*FEKREFH
FLERF)
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(18) RHAS -BEBICRIT32FE7AF

19665 2> 51984 AT FV » Y1 X 5 330 BRI
DRERTIR->THER, BEEOMIEHS TERCIIFE
408E, BE445E, [EI59E, A4 OBAEDE
BRHLNI, £D 5 LIREFEOH Wb OILFEL
H, WEI196E, 48, AFTTETH Y, ThiciR
HEEIRVWAARD s MOBEYInL, WERU4:
BRI X » TR I3 & in B, K20
—40mMITAWTAEBTERIIR DS L, KiF50—60miT
L26EBEF T Do EREKOAE X136 G HN
25, IFERCHETIE 1 mm—]10cm OFEED D DA
*d%<, BEI I0cm— 1 m OFFODOBEDSE
Vo HIEREISAT EOMEMITE L TR 110 i S,
L LTREBHETH LY, BIXEEEHE»8.7%
ED5, REFEI4EBICTNDH, LTORE
W DIE14%T, 19.7% B F IRV TED - 72,

(BiRK - H - fEi)

(19) HEBARER : SHARBREEL A LEDY R0
EES

19844 6 AISHICENITHARTE AL ERY FO
MR 2B, ZhX b RIBF2ETEREELZTY,
EER R TR I, EEEFIRE#5°Ch525°C
ET5°CRIfRIC 5K, MEEE% 4000lux &, 8000 lux,
KA ER(14:10), EA (10 : 14) & L7, HEHEW
i3 Grund YL E AV, FOER, KLXhik
Rla¥ (EE25—30pm) 3 RHEL TRIKEKIC L - 7293,
15°C, 20°C, 25°C oEB&HTH 157 AREEL,
HWAROERE 1 —2mmiZE LI L %12 10°C & 15°C
DEBREHE~BLTEI 1.5 7 A#E L kicmgyla
FH (50— 60%20—25pm) DBKAEE HHNTz, I
HEh-malaT (BEFE20—254m) OFABEITE
fat-oxh BRI U T -7, BE17HE,
20°C, 8000lux, & H &M:THID THELKD FEHIHER
BdEN, FILH 17 A%z 5°C 75 15°C 044tk
THEDLN, LaL, 20°C O HE/1X 25°Co
M HREGTREMLEKIBR SN, o7, BEILEKIZ
20°CoEREHTHERET S L 1—2AMT2—8mm
WCGRLUCHEBEREIRRL, FiT 17 ABIIIBEES
R SNREIETOREMSED SN, BEICL > TE
BV O £EERIC I W TR T3 Ofihic M B E
DR BH LN, LHrL, ZOBRBRBRICR:E
THI Lot
(ERIOKEEEL v 2 —)

(20) BT BB {8 OFRATS: B
4 A3 Achnanthes brevipes AG. vor. inter-
media (KUTZ.) CLEVE NZTEH

19844 2 A28 B 4FE) || D] 0 ¥R KERHEFHE T1872
AR PIAESSRCRHE SN T, HEDDOHE
i > THIBBOMAR Z AR L e R A2 |G T %0

FEN A ORBEERNIT KR 5.8°C, kiR 8.3°C,
pH 7.6, RpH 7.8, DO 9.1mg/l, COD 11mg/l,
BOD 5. 1mg/l, T-N 7.87mg/l, T-P 0.408mg/l C
bHBo (RRRIR TR « SCHL « AR TR AHOK)

(21) OFMHETF* - FRILLTFH - LI |y,
AR F* - BB (g S5 BIEERR Navicula
minima LESEOFRALERE (3). EREAD
iAol e 3

SR LR AT D, RE, T, HMREEEL
7=, Navicula pelliculosa » N. seminulum & %
bh5, &4 BROWEBMHEI DV THRET %,

WOEREL b, TCI, #i##3 REIMANN ez al.
(1966) 7t &, #4%Ix LANGE-BERTALOT & BONIK
(1976) & X VBEBE XN TWS, ¥/, N
seminulum V¥, # <, GEITLER (1932) T X b 47k,
g N, MRETFERPHEEIL TV,

25°C, 5,000 lux, %% Chu No. 10 o N.
pelliculosa TA16%kVX 3.6-11. 7pm, N. seminulum
TBI2tkIX 2.6-24. 9¢m OFAIEEEY 1 X% b 2o il
Z1X, WERGIEET YA XOBROMBED LRI,
%HEE, FHRMETEICE S 2.6-9.5 5 14.0-24.9
pm ~OBTASRM SN, EROEEHRT, —4£
MO E X { —FT %,

L1, AHE, HLEMMERE DD OFEE E
e OREFRLFEEROBBMSHAL 2t Eh, Thb
OIS BIRIEEEM O EHHEPITL > TWLES o
(RRRITHT R « SCHR - 4k, *MA)IIMK - 42, ¥ HK
© TSR, PR tRok)

(22) OHE uE# ./ # 8L : Navicula atomus
(KuTz.) GRUN. fENFEICDOWT

KUTZING T & » Tt Shi/N#ED Amphora
atomus VX, 18444 &\ 5 HVWEHRICHR S hicie,
ZORIIHEERE, WHEHEDIZ LV, TDHH»
P BT 54 < O ERSHE L LTRSS
nNTvwb, SEEZESIE KUTZING 024 TRATA
FicksSE&, Chiclild2A8sLta—r o



DI6{AKREDEIER T - 720 HEATIXINDIZOLH
25 10pm 72 KB T, fARSHTrCEDLNS
bD, QFMOBFITEIIL, RHEAT T 10pm b7
DI0ABEEDLNEMBERIEDSNELV LD, D
DDEA TEFF B EHTER, L LEBHEBET
NN OEEREBIC KMEWEOTRMESERIT L <,
TRRE, B8, R, OO, sigo
18, POBROBICEV T REEEIIED S -
oo —HEDHEKEE D BINKREIITFIETH D rica iX
NERBOZ GELAEL, £DO/NFLDOEFIZ hexa-
gonal array A3%FE.fv7- regular scatter T 7o,
BNEOBZETIE, SELMEROE SIThT il
BELLHBROND 0D, LOfhOEEELRITHR
Do ot, DI E XD, RPETFTTRDL
NH5ZOo0 44 TREA-BNOLERTHE LELLN
%o FE4E ARCHIBALD Xk - TZA4 7AFAF
BFELLFASN N. permitis HUST. |3 N.
atomus DY ) = AT REIDLEBEbNS,
(RF¥K - 4)

(23) Nt - BFE=—+7 bEXY (FHTVER)
DEFRICOVT

=47 b ®R7 (Eudesme virescens) yIit}fEko
EKBIEL FHL, BB TR ERFIBREC
4EFTE, FERIE~FEO 1 ELTRMT S & BT
ZEC D, —F, MRCETEIELD LOHREDD
ERINRIRA LD D, SEEEEOREOLEEY
FolctER, EERLIEXONBEFRRMLTRL, £
FHAVE & U CRBETRZI SR SN,

BAREBKOYETEBAROGETIRFHBDENT L
RKELY, ROTHEETEWICES LBRICRE
F+5%, 5°C~15°C ‘Tid Z gikiks SR LM
fsh % B L, R BEEFT i o - T BiMHm
Az LS X MET 3, MGV IzES
LEORZERT 525, TOLMORILARETIZ-NF
ASDEET, HATROLNARAEBERITITL SV,
Z5E LR £1325—350 /4 L & < Mo s BB oMl
oy, Biod - EXTHEICS <, FiohMgE
ETEREORTIPEFBICERT 5 2 Li37sr o7,
—FHEREBTTIHIDE O RELR VD, EILM
farIEH, EROVWTFNRTHRHML, RLRDOER
MECEAFDETEA4 U5, 20°C TREHR, &
BVFhTh LA SOEMMIERITITEAEBRS
Nt FoEEZEL CHARREICERBEOR
RIX B BN 5720 (dek - 2 - §E)
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(24) HERREB: BFRETOTYI bHLTRB (0 F
I FO# - 888 o-BosE
HEXBARBRCEEF TS o4 3 FeiRlBoSE

FHMELED TV S, FEET =T/ L HLTRB
(Protectocarpus) BT 5 & HHNBHEITOWT,

ZOWE, FELOMREBR5,
KORNMANN((1955) 3L AT 7 = w — XEEBED

Myrionema speciosum B@dRGESEN 1902 iz ST

Protectocarpus %%~ L, P. speciosus (BPRG.)

KORNM., P. faeroeensis (B$RG.) KORNM., P.

hecatonemoides KORNM. o> 3 A FiE X €70
BAED b DI THERGT 4B ~ R BIBRICHH

LTk, AHEOHWE LT Pneophyllum spp.

% Giffordia sandriana 15 X \CiR > THB T 5. EH

Fl~4mm OFRBRAIBHBTRBEZL TV 5, %

BRIEALCTERE—BDELLRE, £ID

b EBEM AP D, 35 RIMETPETS

L TERRMEBE KT 5. HIMRIIAS 7~ 8pm,

& & 500~800pm T, T\THEEL, RERERICIX

FEAETR LRV, AT 1 ~HEOTRANIRIR

Kchb, Bfod L BEETMBREIR Uik Eic

BkEhs, MARBEICE, 35 R ECEERRK

Eh5Ho, EXACEETS D0, EXRCRlET

550D 3NS5, FHEEEMBERIREL LD,

BEAOTHE L LR EEPATEMEE 5 2 L2555

Vo LAEDOHHEMN S R TABEL P. speciosus & [

Eh5H, BEAEDD DIBBHEEBR 2P > Tk

Vo (E LR G neE)

(25) NAIRER : R4 7 SBORRICH XIFTRE
)-7:4

RV EYSHEOTAEYS, TILVF /A, =V F
JE 7 DOEINBOK, O, TRHICBIETEED
BHEICOWTHEL 7,

THES ¢ RIKM, KGNS E $10, 15, 20°C
DIRET TSN, SEIIDERK, MIIMBHLL
iz, 15, 20°C DRE T TOLER, RAeNiHEET
X1z, 10, 20°C TIZBRESARRIVT, TIED 8 B
i VWEE T SINIER LIELIEA ST,

v IbT A REGEDIZETIX 10, 15, 20°C T
DIRETCTIZIITHL, SEIIDTMK, MIINARL
i, 15, 20°C DIRET TEH, RAESLLNI,
FKRPEINZETIE 20°C DIEETT 0L 8K IR O
%, 198, FTHEALLNI, 10, 15°C T I E A
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AT, IIED BT WIS b
7o

=V FxVES D REH REGEIIS LD 15,
20°C DIRETTIMLISTHL, SHINOTMK, HKn
BHONT, FHE - 4T 15, 20°C DEETTHL
i,

INHDZ EnD, EINRORME, IR, ZHiTx
THREEOFERIMIL > THEHEND Y, ZFEoORT
P37/ ARRMEBRORELYZIHL, THE
ZRFFEA W EBbhr o,

(RAEK - & - KEE)

(26) JNWGRR=: O THOFN > WHEKICAOIS
HAE (2) #F3I307 (1£8) 0B

REIEE BEEDERRETY VY 2 v TDOF
D5 PR FERENCTEE & bEFMOMEH»SIhE D
Lk~ FF 2 v TREOHEHTEAICHTIT S
M (bullation) 38 % 4%, 14 H TRRLHISHAKL D
DOPLARRHLDIDETHADr —AMBDH B, FDOIH
RRIC O JECEFNCRINS : (1)5 LEE
TL, EHMOMBLIER LR T 5. 25 THE
U 2 EMEOEIES LS SIEE D, VO ThH
ERRNC B2 - T 2 FOBEK & I1 B BOERII KRR D &
VD, RBEIPHFHCIBRINTTROBELEILE
BICIEA L MRS HTIBE S, (kD THOHKRIX
LD rRRRHHEOMERITE D ETRIEYS o &M B D
P OB OB RAERITRE D, RS THhETREE
THEDS % BRI TR TEBSREL V. 5
ICTORRASHE T & TRIRITID » THR, SIRicER ML
LIcBERE R T %, QMANORERIE, 5> 5WET
X T O mIRICAE CIREIIES 5 DIt L, kb
THEDTHITAZHC=1 A—Rikicd U, REicH
> TR B Z E23%\y,  (4)bullation OARBAZ HEK
TS OWEIT2 & (RICAIR) 12, B TETIEhH
Bz 1 4%, RECmFEic b4 U T3 RITHERT B, (5)
DAEZ$HET 5 & K OBBIIEMN & U CTLITHALE
R S B BRE D, (BmgE7kat)

(27) HEFE: TAY - 7+ / VHROBEHMRE

BETF 7Y 2MIVREL, MRS THLIS
&, EROBEVBKZEIZE > TWEHEBE, =
NETZORRCMOERIDLE, 723, BETF7
*yoffilasr W0 AL 2 BEMEE B L Tvit
& T A, WEITIT & A ET T oM TaFEEKIHY
BERNCIRET 5 2 LML, /-t ORFCEEEIK

BREZEDLDLZ L bbb o7,

FLT, RATRELLTAY - 74 /7 VEREN
EREOTh L OEKYAVT, BEKREOERELH
RTHiz,

ZOER, THY, T/ VEBDELLOET, B
ROREREAE B DS B 5 2 & hhbs o 7223,
E bSPTIR EIVIBRERAON AP o7, TH
THAY ORFEHRRET, —RICHAEVIEED, RBE
Ml EMcRD» S <Y, B, B s L REIT
BHET D, %72, THT7T AV ORRMLERELZAVT,
RGP E L TERNWCIAR L 25, REREER
WIFERIEERIAE Y, RERIEH N LAHHL
fro TOBEKREL, Lavryah, eVvIER
FRHbNh5 X 5ilkic X 5B RoBE) & BES
HHEELZDNDH, TN LBBHEE D ICRET
B0, THY - T4 7Y CRREGHERER—>D
HFEDOY RAPBRR LR > TV B X S ICHEIN S,

(€=1Y KW 9]

(28) OBAF W* - fHEEHE - BIEER* : BRA
BraFNFeAFI0ORRLEAHETLD
BEEIC DUV T

4 as~g (Liagora farinosa) ViimfafpEic 7 5
VA%, A 2w (Serraticardia maxima) (33
B FRAEAET 5. 4H, 2hboBORAKILER
RMOFEEE L CaCOs HERWMK & OEELXM B0
CERETOROE R 2B (VEBEORKILHALIC
BIFTAYT v I —OBESEREET S, It
Wi aFAETIREY R vEEORMENE (ICAP L
T) T, AXVARTRTAE VEETH D, (2)Ca-d5
FRWEF LFRETIE ICAP i Ca #&AITE
Sh¥, TAEVEORITESHENERIN:, 3)F
BT ICAP 13 0.5 pmole/mg, 7 A& v
¥ 1.7pmole/mg @ Ca FEEFEERL 7o T OMFHE
EHE £ h £ 310x107°M, 26%107°M TH Y,
ICAP o Ca A NMIELLF Ve WY pF AT
in vitro T CaCOs gk E5L, 3574 ¢+
BRI B, ICAP 37 A ¥ vEk % BUSRICH
25 LFAUNTHBREEZHELL, LrLEROWE
BEUOBICTFELVEBR ORI, Mg FETTIRT
FUVEMBHIREINGD, WhEEMz 5 L HBAPH
WXxht, Ll ICAP Oflfar7 A+ vEsiClE
RTHELLE B, Loz ICAP ifsfsieic
DEF, —HTAF VBRI 2 %Y — & LTER
T5ZEERETRT 5o FHEK - 4, *INESH)



(29) ORMUE=-4&F F:KUAa/TORBH
NDREREE D & CEREENDFHT(L

RY A2V TR 1 EEOKRBBETH D, wY A2
VIBERTOBRERZ 425 6 Aic 10~20kg -
m 2 LERKICDZ LB, EROLERILD
BAEDOHI 3 fETET S I EBHEEIN TV S,

SEGEROEEEZHETHOOMREEDH
T, HEROREFEE I L OCFEIRGERE % F8~<7
Titbb, FIREITOW TG AR D 4k
AT 1 ~155, B michiEise ol s
FT4ARITOVT, EMER EHTOVWTHHAN
2o —, FHLE»SH#EESINARERE KT S5
DT, FERWOERH» L LRI ThThORT %,
#I5cm? DERICLENTOEERB LT -7

DR, ZHREEY ) OERROMICAGEE,
EOEEDMBEBTEL, 3A»L 5 AICRER»D
40~80cm DT THRDEL Mo 7ce MEBGERE T LR
TED» o PEINICHFDHCTRAREE, PR
HELDTHEP >, —F, BETHELNIRESRE
RERERTEL, EMGELLEBEL K o1, %
FEOEH»D, ZoRECIPHCEMRBTHALE
NG RERPEREINFIAShTVWS LHfEESHh
720 (AtvgE LA k)

(30) OXFHEEMR - BHIETF : TJVYNZXNEFERIC
DL T O EBAMBI EayAZe

=YY ANRXONGFRT-RE, ESIET 3 X O ™
SIRTRMIORFRE T A LT VREL, Bdik
Y offixt DNA g2 BAifbeskx Ay T llE L7,
Moy oo Figms DNA &ixmMsy faf-o
FEHROBD 2 5 TH -7z, B MESIAT RO RE
kOB OFtEN DNA XMy IaFORFREE
FMUTHoto 2D EHD, BHEFEKIIEHTS
D, EFRATOFRFERDS My IaF-RIREORF ik
LEETHDZ Ldbh ot (LUB¥EEK)

(Bl) HMPRR=:TL—YT7ERKEEAAIIVY
Bo11&IcowT

f<v—o7, 77507 —ndt%o Batu Ca-
ves D RN B/PINCEFTHAAA Y vD 1
B (1981ERE) 2HE L. FOERELLATA
REHET 5,

BRKIARBRBET, TRIDLHBEIAVEL
T/IEL, HEX 3—10cm, EHhDEEE5—220pm, i
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WEBTILCH T, AL Tw5, BidEshicxt
LT 50°—60° DAETHRIT D, EimmmiaidEiky
T, BHX10—12um, §§ 15—17pm, ERO EREh
TWiEVWBFIMII AR T, ESIXED 1/3—1/2
Thd, mIBOEBHIGL3—5 AT, EEI6—
36pm, I 10—26pm, KB 1—2 BOMEIH,D
0, RLHIERETSEAYH 5. BaTEIE
BomkEIh TnwisWER oM b & EMmRc b
RS, EEFE 12—17pm, 3 14pm, FH SN ICBE
faFiaE®EI2—16pm TH 5, BlaTHREEAEK TR
FREL, PRIVOREIICECHERET BHEH
HZLRBN, LiehioT, FIRAEOKBRENS X <H
"INt M ET AR D OBESLRIKIET,
2—3ARTREL, BIIIBROMERIT, HERK
0 EY, EE140—220pm, X 50—70pm L5 0
B OBESLRRES TR T 5. MATBOWRILL S
high otz

AREI X OBIATHE, HICHT 2 /M XV
2, TOMOBBE»SL AT, BAERBEOA A1 ¥
v v Compsopogon oishii T b iFVdDE Ex D
a5, (#F & RERFE TR

(32) OMBHB* - AHBI : SHUKEICREL

TERIR O Fb

B, £ETH5~807i k0l /KkilENrDHD LI T
W5, EAR vy v ERERINS, iHE
AAGERANKE»SITH, ZBECEETICE,
N5 7cwh, BEERFEHECEIERLLAONLX 5T
H5o

INRBHKED S5 LB FRP (&t 75 25 »
7) WO/ TRENEE» OB+ <h
TVWBRER I D ERL TWESH, BIRIERESEKL,
BRFRESBKEL, BEHORERZON DL EDORA
2dHD, KE~OHEERLERIN TV,

Z 0 FRP WoKkiT, BEEFEA V- -LLT,
¥ 5 ~20mm OEIRIKDOAER L 7= b DS, SHFEE
LEEFIZOVWTORS,

ZOXHIKD D OE, AFEEICHE U EKOBERHS
B, P4 IV IN—BfaD 5T 4 VEINTHE
{pfpIns 2 EPXEgEINT,

ML PE I NS T, RO ZEBOEES
Blezxhits,

5 v # : Phormidium sp.
%% % : Gloeocystis sp.
Cepbz2 )BT, **AGE B TR
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(33) OHEH fH*-XRvPq, O0.Jr=: 500D
WIKEHE, 7RI FAMBIVIF A T4 X
MOHITEXYBO 25E

TZIAD2MnSHTEY 7BD2HESILHE
Nie 7=V FAMTF 7AXD 25km, 7 FL7
F 2 FRRERO/NER 2SO h T EY /BO 1 i
Batrachospermum equisetoideum HBFEREINtz, &
Mz =z P RRICECERBEOT B, WELKEET
LWR, Audouinella KT+ HE8ER, VY FVvIK
DEFEERE DO EDET B. procarpum SKUJA 1T
5, Lirl, BERBETORESLBRICL - TK
MNTEB, KEXT U0, V=2 A=FHHT %o

IFAT=2TF4 AN = A2 T 7 5% 126km,
EE 1,200m Y RUHD/NRPLSL I TEY /B
D 138 B. cipoense BRI ENiz, FEE LD
B. equisetoideum TN DHS, 2 KR4 BB X K
ETHHE, LVBELLEBR REFoxEshy
DETRINTE S, #7EY/BoOMECIIAShR
Audouinella JRiT 5B+ 58HmERE2 oLk 3ED
7T, 1208»EZOND, LiL, 24 LR
HEERBE TR OWELLIVERLT B
EOLIAZDIMI2 Y P AHKFIBIETHE
k‘/‘o

(KM FK - - £, T T I AEMIRRERT)

(34) OMFHEE* - EHE™ : WREEA=/ hT
RIDEFRICHT 5 ERANRE

F =7 hF+&y Triploceras gracile BAILEY D3
FERITE L {AO PO BEERSEET 55, #H
HOBITHAN DOBAR I 2B O T AR EE A N B BT
BERL2HL, MIETRMEI S, A=/ 1FKy
HHOMIEEED 71, FidT 5 FlasiEikic i
LB IR ORAD BT I U Do REMED 2 X
RERRIT, 2 (AWK OFA FMIE 0 525K 4« 2
FLEWEEETH XS IS, B3, EE
BEURTH L, EARESIEALAMET S
LIRE o TR D, ~T R Y v 7 TH—ESTT-H
THb, EEIETII, BT XERIINC2ESN
BLeREEET D, HERTORER, ERerET
L EALIAFEONE L REBORES N » FIRITH
HLENBY, TZrHERARNEBCEEN 1 EDEFERK
EETHREDS BIH IR, ZDFHED S hTR
BARBPETLET T 5. 0% 3IBILELL, 1@
DORBESHRIND &, REEKIIFEE OS50 dL

BWeBHL, BEPELKIRMET S, LORR, hR
WA OB OMIE L i 5, SHHIENTRHL T
—FHieA =7 HF Ky oLmasEREh, Tofhic
BRESBHL, EFOLMRCRIREDERED LR
BEhb, ZOFEBOEMEEZRET LI SCHLY
=7 hFRyORMasTR I, TLEREME
L5, (RFRK - IS, **ESLAER)

(35) O EWHE : Mk 354 : X#BfE Stephanodis-
cus BEEICOWT

Stephanodiscus |Er 4 V 7VIdgK, KK, EKD
WTHOKBICEWTOIHBRT ST TH D, h
¥ THBAIC X HEIE S LOCTEEMRFTIITbh TE
7ohs, THEEMLTLIBEB ORI, BHEAR
Wz IS I O W T OEIERIL B\ W T A e R TRED D
MNHRT L WHEH L 7t 5TV 5 (HELMEKE & KRI-
EGER 1961, ROUND 1981, 1982), 4 ENE#E 53,
1B DARBAHE 7 i% /K e/ N Stephanodiscus [BE5TER
Hizowt, BEZAVUMMEEZBEL, XBC
X DB R L LB L L S EENEEE R AT,

FMEICEH VT, deEmEFFIER, BAXE, &%
HR/\BRB, REFREG, BRI TRES AR
BrEsEliz, £ORE, W OrOHFERTH TS
TEMNTELY, BAEZTEE T E DL Stephanodis-
cus invisitatus HOHN & HELL, DAL TdHh o7, L
PLWThOSERMCEVTIUTOATRAL D
ERBRDLNI, (1) BREOME, (20 &—vev
2 —OHE, 8) BEPLUOFEERLZOFELLD
Jimtk, 4) FABCROWE, (6) NaRRER#kT 50
BHlO, (6) HlBOFET HMELTE, (1) &
MEHEREROET, 8) BREOMMOREL TORE,
(9) MEELBELOBTHOMEE, 10 HIFHEER
B LUOBREROWAE L R, (GREX - 4)

(36) OFINIATE - EMMMER : 77 X - hTABE
DEEFEICONT

—fRi9IT, HEMEEOMECEF 2 BRT 2 kA
TR, ZRNIHEAERE & EE L 2 HEAROXER
BLEZDND, £IT, 77 A+ HTABWKITOWV
T, Th S OIS ERER L OBFREIAS M T
ZEHET, THOMEOAL RS BT L,

ZEREELEBBREDT 7 A - 7 I ABWHETOVT,
FNFNICERER»ER S EBbh5 6 s T o%
BEL, 1X1mDaF7— r2HAVWTHAELZT> 7.
T T AREENE N T AEICEN 2 ~ 3EOERBEL



oM, ML DL FEELAETIRERNOAE
BEe R, MOIRDEN 1 FEOF/A LA T
FHRBTH -7 ERILHE (EH) oBIEEMEEE
WRERITIE /N E W,

7 7 AREETIE, ([BEEEIT12~21{EH/m? L/
L, 3PLULOKRBEDOEDEEENKEV, HS
NEER T BRI O R IBE A 105 L L Th TR A
LhoBETHD, ThL » I ABETIE, X#
BOBENEH VBT, MEAEROMAIEED 8 ~10
ZBTIETLTHE L OER/MIBENHRT S, $K
BEFOHENIKL, HEEROMNIREEI 0%, LD
BT, ZE10cmBI T O/NEEET 90 ~ 130{ {4 /m?
DEEETH -7 TDX S KAREOEE O K/NT
XY, ERLRFEDOSIIRNILBEECEL»LLN
7o (Z&EK - KE)

(37) O#iNTHE - EMFMER : 7T A - h T AFE
KB EZBTRICOVT

T 7 A HTABEOBECHABEZAS T
B, INETEND OFHSECETERESICD
WK ZEDTERD, TITRINSHEDOER
AR OBRBICOVWTHRET %

SEREEERBEDT 7 A - I ABRBENICL X
3mOFKATIFT -t EENFN2 YT OMEL,
19824 > 51984 I F T, 2~3 7 AMIRT=2 V7
— FARARR S A TRTOEKCOVWTER - £
BREZEZNEL 2o EEMRD S ERBE~OTHEIT
F5(1982) DFHIT X 0 TV, BENBERS M
LLTEbLT,

CDOHFETRTF A« # T A 3HLLEDORITSY
BETEI oS, FHINZERRIFHORA
LEDIHEBEL TEHTH I ENTE, TOXEHHE
ES,»OHELEETE-FL Ty, M2
BrLBEIRIHFTREL, LORNLERORK
EAKEV, £/, A—FEHEKHETH-> THORERHO
ThECI ) 2RCHTETIHREIALNI, 77 £
HETI, 3L LEOXBEN 2L EiTbic s TH
HL, 1~280&E8/NEDEDLEGH/NEPo
Tro THITHL # < AWK TIE, BHESEBRBCLD
R ah, FEERESEETE L3R, EER
BSERAER L e TOXITT 7 ABWEL N T ARE
HETRERBTROBHCHAL I OERRZ LA TY
%, (ZEK - KiE)

(38) EH@AF : Gonium sociale (&% - A Ay
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<79 8) OESFORFICOWT

4 et ok EE R & o Gonium sociale DM
A4S B L Tk STARR (1955) & STEIN (1959) 2%
EEEkEAVCCHREL TV 58, REOEETORY
BV EREE STV, THE IR RIS &
DIRIE L7z G. sociale var. sociale OFH:AEFEZEL
BEUTCOHREL, EEFE2RECET, KBREL
Baly 52 Lk Veh bR RFESE, TOBE
BRI 7

REBEFNC D L FBROESTIIFETELLD,
EATOEMEIL2ESHL T 4{8D gone cell H3§E
EFOREOHIZTE 5, HEETOIMUDEIHN, N
RIDBEMEZIE L EH L TL %, 4{#D gone cell i3 L
PVICBEOHRToEELAD, ZEH L ANRIOED &R
BN, FIaLIELIESIT KM S h %, % gone
cell ISR 2WENTRIMEZLTHY, 12 HE
Wik T 5. £O%, BEERCHRRFRL THL Y
gone colony k755,

ZORERERE G. pectorale R G. multicoccum
O 4 R OB K (germ colony) HEETDEELD
WHTBEWS T & & Bix b, Bk BEGED
Volvox %1% Astrephomene B THIFRTH D,
%72, G. sociale Ti3EET HRAD 2 HORET O
Jr 510 A e 48 (mating  papilla) % b D (BFif
AABEYAE 7T ARERER) dIhL2HORTR
BRTH Y, G. sociale 732 &K AGE LT
BoFHRABICH D EBHENSh S,

(BREER)

(39) OBE=HR* - FEE =™« RAHA AW
E£3%0) 1 %l Diplopsaliaceae

BYEEICBT 5 Diplopsalis lenticula 55, BERGH
(1882) ic X » THE XN TR, EOREICOWVT,
EHEOHR/MBLINTEN, ZOT &, FRILHICE
DORIEICSHELEROMBEB T IR TWIEW T LITE
R¥5:EL2bN5, TOM, FETHEUL EmAH
W onREh, ZhboBxL, LhTEHE
LN, SATIE, hbodimt Diplop-
salis group 234 X, B¥EE %M (Dinophuyceae)
DY 7 4 = & H (Peridiniales) <Y 7+ =7 A%
(Peridiniaceae) IZALESIT SN TV 5,

HWESIX, o group BT 54EmMEEIIBREX
DIREL, EEBTFHEMBC I VBELER, BT
FEF I h iz ABE(1981) DY FHFRIMREAS,  Dgroup
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DEA LB L OFEHEELY, BETOMREZM
%, O group #EWEEEONY F+ =7 AHX
DL T, FiEF « 7w 4 Y REL (Diplopsalia-
ceae) LT HZ LEMELAL,
ZOFEHCBT B4, hRoTk LoMRES
»T, IBR1FIBEZMZ, 2@2XBHHN5,
CRRIRCTHT SO/, R K » %, 30K - HRIER)

(40) BRI : FHTVERANBEICLBEERD

31

HE, E#HOKVERS LT ARERCET
T5+¥<vEHSHEIBIEICOWT, TOEEHEIC
X B ATER DR E (T -7

macrothallus % microthallus ( JURK X4 FH %%
BEHLOEFOREITIT 2B ELILHARSEADS
h, FhoEREEN OKBRRER) CKET%E
ERENOREERORE LB X ONDHELBD -7

FH =y EHOLFFIIRD 6 20348 — iTKHY
T&E7,

1), SEEEREST OB IC X % %5,
allus OETFO 5 AkDOfIFic X %5 macrothallus »
EHEWK. 3). BTo5hRoOIETFHOEAIKLS
macrothallus DEEFK. 4). BT-D 5 hkOlEFo
Fet @R T vegetative diploidization Z X% ma-
crothallus OEEK. 5). microthallus DET-D 5
sk olaT nEL M TO vegetative diploidization
Ik 5 BEMRAER,. 6). microthllus OET-05H
KlaTt-MoEa T X 5 BRI,

FH=YEATR, INLD- % — vORMERX
W OPDOMAEDbEITE 5T, TNETNOEOLEE
EABREIN TV, Gik-8)

2). macroth-

(41) ONO%¥S - FARYE : Kintokiocolax ag-
gregato-cerantha % h% K1) DEFERED
BEE FOFHEICOVT

Kintokiocolax aggregato-cerantha % v + %+ ¥
Y 131960 I B & BRI X h REINAFAEMLET
b5, HETINE, oMt Carpopeltis angusta
v & LT, BEELVLAEEOAKD D VITHE
KONERE LTHET B, TOLTERE, 3~4
MRS B Is B H L F 2 VS E BN & T 5,
MGIEFO > EERABTHFREIHT 5, Zhbo
BESSHEREIBRIE, CoHXAE/VHIEDD
REZERBRIz, LALEDIS, MRLETHESN
Ted V3 LOFEABLEE 2SN AL EE D

BRI LR, HbhEBIROE 5 BRAOFMEITRD S
Nieh o 72T, KON, NEEOET, KB
BERE VY P2 Y PV IREL—FT5 2 L 0BRERS
oo B DMER, X OAFEERE 2P LICHE
LR, DToSTHGEFROIERMANE
vz s (D2 Ha» S5 5 F = T BIENE & 1
HENWTHEEL, MERETAFNESMat#Ehicd
5o (BRI B O ENT RO b U iLERE R & O
Bzl D, ZOEBERIZTRHLERB»SY)Y
HENTELDDOLEEZDNS, Th O ORHIE, &
BEAXJVEBETREL, #7v4 tBanT 7 VE
KEDBREZLE2TRYTS, ok -H - fE)

(42) HKESCER : BEAIBIC BT ARV AT THONT
Ic2owT

BASIC Wi, S V&7 FREENEE, B
+THVbY 5 H T B OERIC T S IFEIIED T
Ve FZTHERBAIBIZR TSR VALY 7 HOME
HHLARAE i 2 DK - BMEFHDEREES 2T
5 BT, 19754 4 A X W AMEICETF L, T 0141976,
80, 81, 83, 84 £ D 6 ¥ EMITH V WER EN
Lo AEIFEL SEEMO 4~ 6 AITERMITT
VW, RA¥ 2 —BEKITE DEBL 7,

AFEIC L D, BANSER VLY FHEELTLET
0EHEBL N, BRICEVTEERBREDLSL, %
e # 7 2HEBE L Abh 58T, ERBORBMEAEE
B TH b, BRCAKHRTEEIT»E7, Vv
YREEYIT, I, AVEY, /J2F¥VES, =2
VEY, VFEY, 78/ RERIEREOLCY
fitd, —F, A4/ a LY /2T 2 mE SIS
RE» ST THHL, LT arvESIH
FHAFEERMNEORCET TS, #7EHI—MR
ERIRANIE X DKk 6 m OFEFIC A Oh, FOXEH
BEIYY<REIE= AL T T THD, BENTIR
2 ALT FBRRLFENETEFL, KEHNIEMETHR
bz, PWT/aF¥YyEy, aSsrmrEy, a3VE
7% F & BHEMIEROKEHN8mETHEEF L TV,

(K - HB0E)

(43) OifDFRARR* - fREIGHE* - EZKE* - SR
A« BFEH EDEEKIRIC BT 3 lce Algae
RERD L CIEER O EHER

FRS DUPKIC I BB R K & L 7 ice algae &
TS5 R E S B L, BRkEROE£ER
EHEWT—REEOLE»PBDRHTEB-TWE EH



b TW5, HE S E24 K rERmHSRERR (1982~
84) ITHWT, WAEMEDOEEK LiTES LR,
19834 3 H» 519844 1 BT TRER TRV,
ke Chl. a OBZEMSHi%ZHASH»ITL oo £ D
R, ice algae LI AL T3 2d D, R—A
THEFEOBHRME RS Z b ot Thb
b, WA OEFEKE TR E K BRSh 51K
TEHOBEL, dkhBcRbh 2E, XUk
EHFOMESRELL BT RONBRETH D,
KTHOBEIKEFO2RORF B X 2dH,

Amphiprora, Berkeleya, Nitzschia, Pleurosigma
R EOTIRBEEENS B L TV, —HHkhEo
HETROEKYIN A5 Chl. a BERL L TEAVE
ERLEDOONELEMIRSNT, Actinocyclus,
Biddulphia, Eucampia, Rhizosolenia 75 & O H
BEEHINEBLEL TV, Zhb ice algae PFEDFK
i, $ME - KECTHE SRS RRER X CHKER
BORABAKELEELZRELTVWE EEADND,

CEEHOER, **BKK, *SFFX)

(44) ED{=A - OWUAREIRF : Peridinium bipes
OWFEICRIFTXL — MRIOHE

LR BHEINRE L AMliC 3T 5 KROFA
BRETHS Peridinium bipes % T, AEDH
FE~NFIET F Vv — FRIOBE IOV TR,

EE LT, RERERO L AROREKERK
LHFAT 14K~ (100~120pm) THIBAL -, A
TOEFERICEBS T DA A v ILrF v+~ L
b DRV, XIEEHRIT 19834 (A A3 A DS
BicAWbORREERE L, I~V — b E (F
— %4 F GEDTA /ra—n=—FAJ7 3 vEE
§) RE4Q@BETIMLDDEAV, BEIEE
18+2°C, HApF 2000lux, L :D=14:10 D&HTT
H—r A, HEEEL TR 7. TOHER»D, K
BEOMIEICHE L TEFORMRAEBAOTHRET 5,

(BRET-A B - 4)

(45) OFTHELF* - BOEEY: RBEHBICHOIS
777 b OFESHEL

19824E 5 HIC#ERR L 7o 8Rith (1.3x1.3x1.1 m)
CHBELIEm T 7 v 7+ voEfiZitizowT, #
BRI VR IR 905> & AR RIC b7 B 3H50RBI D TR R
EIVWTHRET 5,

TS5 vyt vORBRERIZEMEZBL THRL,
2taxas> 5 18taxa Th -1z, FOHT, Hokikori
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R DI > THIINY I D B BEEEDOLE
fta %% &, 19824 6 HH 5 8 £ Tlix Melosira sp.
BB L, To%3E# D Tetraedron minimum v.
scrabiculatum, Chodatella subsulsa, Pectodictyon
pyramidale, Chlorella sp., v 4 #0> Nitzschia palea,
7 VB Synechocystis sp. OWHEBR SN I,
Hlagr SBEREX R 5 &, 198260118, 12HiC
Y —7 (9 10%cells/0. 1ml) 23251 % 5% D1%1983
FE7TATACACELTSET (§910%cell/0. 1ml),
1 ~ 6 x10%ells/0. Iml OFFATOLELI B SN 5,
A AR R b MBI A L 7o 0121984 2 A B X
C3ATHo7 ($94~9 x10cells/0. 1ml) , 4@ENT
ZEMEZBUTOEM T S v 7+ vOEKKDOZEL,
R OZ L2 BHRER & ES THRITL Th5,
)RR « 42, **EARTEE - RIETE¥)

(46) BB {8* - I HEEF - FERAT - OBHE
£ - REBS 5T ERREF)NOMHAER

ABNNOFNEES N AFE TR 100m (st. 1), /\
KiRHE ik 50m (st. 2), ¥ Tk 100m (st. 3)D 3
s T, 19844E 4 J116H, 5110, 118, 228, 28
H, 6/148, 150, 226, 7)J38, 16H, 278,
8 J110H, 270 O13EMER T - 720 (HEHOBHEF
B/, SR, <o 7 o4&miEE, RBRE, 5B, 1%
B, 7 e g, BhHEOLLoRKRITOVT
wET 5,

(R R, AR « B - 4, PO I EEA
ffid - AEHR)

(47) ORFEL - mF & :EREEH, oA1iLE
HERETICH (T 5 EH HBRR O SRS

19844 6 J1, ERHTHILf¥E L v & —RITHRIRL 72
Hi (BX3.75ma 2 74 v 7 ) oW THEES
Wit -7o

SIOE, RE 8.50m~4, 25m Tk, Cocconeis
scutellum (¥§), Synedra tabulata (¥8—iR) H i
F5, TR, HAKEENGBSULERTILOO,
KB b FREEREN T 5, Eh, AKX/ HA, TY
Y, v i=FEoBEEKARCEROBEA RO
> T\Wbh,

VEEE 4.25m~3.35m T, Nitzschia granulata
(if§), Cocconeis scutellum (if§), Melosira sulcata
(if) HAEET B, o OTIE, WKEENTO%LLE

L, SKESEI0%UTICRYT %,
UERE3. 35m UL 7%, Eunotia praerupta var. bi-



100

dens (i), Achnanthes lanceolata (i%), Hantzschia
amphioxys {. capitata (%), 1B LET %, 22T
i3, BKEREN80%LA LE G5, FHIT, FHES 35m
~1.75m T, HE/KEERRL, BEAEHBLRY,
72, WKBEED D RKRIE~DOE(LIE, RWTH o
tEzBNh5,

EREES. 50m DFHE & EH U /o HEE AR D HC &
i, 6240%220 y.B.P. TH -7z,

(MFX - B - %)

(48) OF mf-BEXR—BR:A—ALSYTEL
BRICHTAFZE 10 EISR - EEEMO IR

WIRKEKEFRE - i B Lo BIOMASS-SIBEX
it (1983—1984) IZH\WT, A—A 5V 7i¥HHE
B 150 BEICIR - R Em KRB B LNz, [
WEOREENOEN - BRNMEZBET 5D, X
¥HEXOEBTHEMBFNEEL T -7,

R i3 de s & EEE INR AR (STC), HRGIERATH
(SAF), mildiH (APF) @ 3 D ORMHBHFET 5o
IS ORI OREEMOFRITHT BRI, £
hENRMBSBRD NI, BHCHHTHBONH D
JeiRix, E& LT APF » STC wRoh, dbhiey
T H5BOGMHO™IRIZ, &L T SAF &b -7,
ORI REEMOZECH N TIBEL TR ON I,
IS DOFT#ELIANZ, SAF & STC & oflici\w,
FEREEMEONHOER - BTSRRI KZE
Nico ThE ORI OWTEHET %,

(MF - KEREER)

(49) OFE Fmift - E¥ExkA : Heteropleura cruc-
iformis (LEADBEATER) gen. nov., comb. nov.

(BEEHE- 7HY b HED)

#4813 LEADBETER (1974)ic & v Salpingoeca [&
12 S. cruciformis & U CEi XN, TOEE, AR
OBRVPEBREOER XL VBRSNS BRSNS,
L L Salpingoeca Bx &L 41 E v a=nEHT,
BERAOREHE > L2 M L LT3 (NORRIS,
1965 ; THOMSEN, 1977) , §it » TAHi% Salpingoeca
Be&ws LidrYTiel, HREORZIFEOT L
PREETET H V= hBCEE Heteropleura %
T, BT NELLE BHKIL I, Heteropleura
B IE R E OB A O L2 RHME LT3,
FRBHP 2R THE L, BOTRESORES2
BROBRCE > TRPBREIN S L bI-IITH

%

BRI FTERBROREIE/KRIC, HENHEK

B (8.6—17.2°C), 1ml Y4 0-H{AFKHERL 7.
(MFK - AR

(50) OMEE=*-{£F ™ : EEFRICHEIS
MhBOEHEL

AABON BRI IR EA NSNS, Z
OEEIIEED THe <, MR (FH, 1963)
DORENDHHITBE LV, £IT, EifmROMNE
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