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Appearance of heterogeneity in morphology and nucleoid distribution

among chloroplasts in germling cell of Bryopsis plumosa
(Hudson) C. Ag. (Chlorophyceae)*
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Ogawa, 8., Hamada, K. and Wada, S. 1991. Appearance of heterogeneity in morphology and nucleoid
distribution among chloroplasts in germling cell of Bryopsis plumosa (Hudson) C. Ag. (Chlorophyceae).
Jpn. J. Phycol. 39: 1-6.

The appearance of heterogeneity in the morphology and nucleoid distribution among chloroplasts in the
germling cell of the green alga Bryopsis plumosa (Hudson) C. Ag. was investigated. About two weeks after
germination chloroplasts which were morphologically distinguishable from many other chloroplasts ap-
peared near the giant primary nucleus. They were small and generally poor in starch. At this stage,
remarkably extended chloroplasts were often observed around the primary nucleus as well. As compared
with the usual spindle-shaped chloroplast, most of the perinuclear chloroplasts had nucleoids densely.
Several days later some of the perinuclear chloroplasts bore one or a few larger nucleoids, sometimes
reaching 3.0 #m in diameter. The number of small chloroplasts with large nucleoids gradually increased,
but, inversely, the frequency of occurrence of conspicuously extended chloroplasts decreased. Based on the
present observation, the process of the preferential appearance of small chloroplasts with large nucleoids in
the perinuclear region is discussed.

Key Index Words:  Bryopsis— Chlorophyceae—chloroplast heterogeneity—chloroplast nucleoid—germling cell.

In the green algal genus Bryopsis (Codiales,
Chlorophyceae) the zygote resulting from the
union of biflagellate anisogametes germinates
into a single branched cell, or germling cell.
In contrast with the coenocytic gametophyte
cell, the germling cell is uninucleate, and it
contains a large primary nucleus at maturity
(Neumann 1969, Burr and West 1971,
Rietema 1971). Saito ez al. (1989) found that
in B. plumosa (Hudson) C. Ag. the giant
primary nucleus was always associated with
small lenticular chloroplasts which were
generally poor in starch and often lacked
pyrenoids. These chloroplasts  were
distinguishable from the majority of
chloroplasts in the same germling cell in

* This work was partly supported by Grant-in-Aid for
Scientific Research from the Ministry of Education,
Science and Culture of Japan (No. 63740392).

T Present adress: Kyoritu Womens University, Bio-
logical Lab., Hachioji, Tokyo, 193 Japan.

respect of DNA distribution as well, sug-
gesting that the mature germling cell of Bryop-
sis is one of the remarkable cells in which
marked variations in morphology and DNA
distribution can be seen in the chloroplast
population. The process of the occurrence of
these heterogeneous chloroplasts and the
cause of their exclusive perinuclear distribu-
tion, however, remained unknown (Saito et
al. 1989). The present investigation was car-
ried out to clarify the initial stage of the
development of these heterogeneous
chloroplasts in conjunction with their
preferential localization near the primary
nucleus.

Materials and Methods

The plumose gametophyte plants of Bryop-
sis plumosa (Hudson) C. Ag. were collected
from Murohama beach, Miyatojima Islands,
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Miyagi Prefecture, Japan. Freshly liberated
male and female anisogametes were mixed
together, and the resultant zygotes were allow-
ed to germinate and grow in Petri dishes,
each of which were half-filled with an enrich-
ed seawater medium (Provasoli 1968), under
12 : 12 LD cycle (white fluorescent lamps, ca.
2,000 lux) at 25°C.

For fluorescence microscopy, some of the
germling cells were fixed in 2.5%
glutaraldehyde dissolved in seawater for 30
min at 20°C. After slight rinse in seawater,
they were then stained with 4',6-diamidino-2-
phenylindole (DAPI), 0.1 z#g/m! in buffer S
(Nishibayashi and Kuroiwa 1982), for 1 hr at
20°C. They were then examined with a
Nikon XF-EFD fluorescence microscope, us-
ing a Nikon UV excitation filter set (UV330-
380, DM400, 420).

Results

Immediately after plasmogamy the male
and female nuclei united together into a
single zygote nucleus of 2-3 ym in diameter.
The zygote germinated into a filamentous
cell, which later branched at several sites.
The nucleus gradually swelled and reached
about 10 #m in diameter at seven days after
germination. The number of chloroplast in-
creased with time. The chloroplast contain-
ed one or, sometimes, two pyrenoids, each at-
tending abundant starch (Fig. 1a). When
germling cells were stained with DAPI, the
nucleus emitted blue-white fluorescence of the
DNA-DAPI complex and numerous, bright
fluorescent nucleoids were distributed within
the chloroplast exhibiting red
autofluorescence of chlorophyll (Fig. 1b).

At about two weeks after germination the
nucleus measured approximately 25 gm in
diameter, and it was enveloped in a thick
layer of cytoplasm. Most conspicuous in the
perinuclear cytoplasm was the presence of
chloroplasts which were different from many
other chloroplasts by size and shape. As com-
pared with the wusual spindle-shaped
chloroplasts (Fig. 2a), they were generally
small and meager in starch, and they took

various shapes, spherical, oblong, and so on
(Fig. 3a). Their sizes also varied con-
spicuously.  Some of the perinuclear
chloroplasts remarkably extended in one direc-
tion and the extending parts sometimes
branched irregularly (Fig. 3a, arrowhead).
In some cases, the extending chloroplast
assumed a dumbbell-shape (Fig. 4). The
usual spindle-shaped chloroplast contained
40-60 nucleoids, which were ca. 0.2 ym in
diameter and scattered uniformly within the
chloroplast except in pyrenoids (Fig. 2b). By
contrast, most of the perinuclear chloroplasts
included nucleoids densely (Fig. 3b). A
remarkable feature of this stage is the
presence of chloroplast with few nucleoids
(Fig. 3b, arrow). Several days later some of
the perinuclear chloroplasts attended one or a
few large nucleoids (Figs. 5a-c), which
sometimes attained 3.0 um in diameter.
Some of these large nucleoids seemed to con-
sist of several bright regions (Fig. 5b, ar-
row). The number of chloroplast bearing
these relatively large, bright nucleoids
gradually increased. In 20-day-old germling
cells the majority of the perinuclear
chloroplasts included one or a few large bright
nucleoids (Figs. 6a, b). Remarkably extend-
ing chloroplasts were rarely observed at this
stage.

Discussion

The present investigation revealed that
small chloroplasts with poor starch, or
heterogeneous chloroplasts, appeared near
the primary nucleus at about two weeks after
germination (Fig. 3a). In Bryopsis the male
gametangial chloroplasts degenerate marked-
ly during gametogenesis, becoming small and
yellowish (Burr and West 1970, Ogawa
1988). These degenerate chloroplasts lacked
DNA discernible with DAPI staining
(Kuroiwa and Hori 1986, Ogawa 1988), and
eventually they were destroyed after copula-
tion. Accordingly, the chloroplast of the
female gamete origin is the parent of the
perinuclear heterogeneous chloroplasts. The
giant primary nucleus of 14-day-old germling
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Figs. 1-3. Light micrographs of germling cells of Bryopsis plumosa. a, ordinary transmitted light; b,
fluorescence. 1a and 1b. The same field of part of a seven-day-old cell. Each chloroplast contains numerous
nucleoids. Bar=10 #m. 2a and 2b. The same view of part of a 14-day-old cell. Nucleoids are uniformly
distributed throughout the chloroplasts except in pyrenoids. Bar=10 #m. 3a and 3b. The same field of
perinuclear part of a cell of 14 days old. Some of the perinuclear chloroplasts extend, and the extending part of a
chloroplast (arrowhead) branches irregularly. Perinuclear chloroplasts contain nucleoids densely. A small
chloroplast with few nucleoids (arrow). Bar=10 p#m.
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Figs. 4-6. Light micrographs of germling cells of Bryopsis plumosa. a, ordinary transmitted light; b,
fluorescence; c, superimposition of a and b. 4. Perinuclear part of a 14-day-old cell. An extending chloroplast
takes a dumbbell-shape. Bar=10 #m. 5a, 5b and 5c. The same view of perinuclear part of a 16-day-old cell.
Perinuclear chloroplasts often contain large nucleoids, some of which seem to consist of smaller ones (arrow).
Bar=10 gm. 6a and 6b. The same view of perinuclear part of a cell of 20 days old. In most of perinuclear
chloroplasts large nucleoids are present. Conspicuously extending chloroplasts cannot be seen. Bar=10 pm.
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cell often attended chloroplasts which extend-
ed unidirectionally (Fig. 3a) and sometimes
took a dumbbell-shape (Fig. 4). The fre-
quent appearance of these chloroplasts was
typical of this stage. The frequency of occur-
rence of them decreased with time, whereas,
inversely, the number of small lenticular
chloroplast increased (Fig. 6a). Fluorescence
microscopy revealed that nucleoids were
distributed less dense in stretching parts than
in pyrenoidal peripheries of the extending
chloroplast and that small lenticular
chloroplasts with few nucleoids were often
present near the primary nucleus of 14-day-old
cells (Fig. 3b, arrow). Based on these obser-
vations the initial process of occurrence of
perinuclear  small  chloroplasts  may
reasonably be explained as follows: Some of
the chloroplasts situated near the primary
nucleus first extend remarkably and, then,
they are torn off or divide into smaller ones.

Most of the perinuclear chloroplasts first
contained small nucleoids densely (Fig. 3b),
but later some of them included one or a few
large nucleoids (Fig. 5b). The large nucleoid
sometimes seemed to consist of several
smaller fluorescent regions (Fig. 5b, arrow).
These results suggest that the large nucleoid
might result from the accumulation of smaller
ones. It is unclear why the perinuclear
chloroplasts of 14-day-old germling cells con-
tain nucleoids densely. DNA may be highly
replicated in these chloroplasts.

The vegetative cell of the Dasycladalean
alga Acetabularia is known to include
chloroplasts both with and without DNA
(Woodcock and Bogorad 1970, Coleman
1979, etc.). Although the intracellular
distribution of the DNA-deficient chloroplast
is heterogeneous, it exists throughout the
vegetative cell (Littke 1981). In Bryopsis,
however, the heterogeneous chloroplasts
usually showed the exclusive perinuclear
distribution (Saito et al. 1989). Our
preliminary observation using 11-day-old
germling cells revealed that the primary
nucleus and the chloroplasts situated near the
nucleus moved together slowly within the cell

at least for several hours, while the other
chloroplasts seemed to migrate randomly.
The close association of chloroplasts and the
giant primary nucleus may be established at
this early stage.
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Fujimori, Y., Nakamura, K. and Tamura, G. 1991. Cysteine synthase from a red alga Porphyra yezoensis:
purification and properties. Jpn. J. Phycol. 39: 7-14.

Two types of cysteine synthase (CSase, EC 4.2.99.8) were purified from a red alga, Porphyra yezoensis.
The enzymes (CSase-1 and 2) were separated by hydrophobic chromatography using Butyl-Toyopearl
columns. The purified CSase-1 and 2 were judged homogeneous by PAGE and had specific activity of
408 and 300 zmol L-cysteine formed per min per mg protein, respectively. Both CSases had a molecular
weight of 68,000 and consisted of two subunits with identical molecular weight of 34,000. The visible spec-
trum of the respective CSases shows the absorption maximum at 412 nm, indicating the presence of pyridox-
al phosphate as a prosthetic group in the enzyme molecule. The same level of Km values (2.5 mM for O-
acetyl-L-serine and 23 #M for sodium sulfide) was found in both of the P. yezoensis CSases. The optimum
pH for the reaction was 8.0; however an apparent reduction of the CSase-2 activity in alkaline condition was
observed. The antibody against purified CSase-1 was prepared for the immunochemical characterization
of enzymes. The results of immunotitration and double immunodiffusion analyses suggested that the P.
yezoensis CSases possesed antigenic determinants in common but some differences in their external con-

struction.

Key Index Words:

Cysteine biosynthesis has been confirmed
to proceed through sulfhydration of O-acetyl-
L-serine (Kredich and Tomkins 1966,
Yamagata 1976, Schmidt 1977). The en-
zymes catalyzing this reaction, cysteine syn-
thases (CSases), have so far been studied
mainly with a variety of higher plants
(Masada et al. 1975, Tamura et al. 1976,
Ascano and Nicholas 1977, Hock Ng and
Anderson 1978, Murakoshi et al. 1985).
Sulfide can act as the effective thiol donor for
these CSases, and the reaction product has
been shown to be L-cysteine in all cases.

Extensive purifications of the CSases have
been accomplished with rape leaves (Masada
et al. 1975, Nakamura and Tamura 1989) and
radish roots (Tamura e al. 1976). Isolated
CSase preparations reported so far exhibited
similar absorption spectra with a peak in the
vicinity of 410 nm, which was characteristic
of pyridoxal phosphate containing proteins
(Kredich and Tomkins 1966, Tamura et al.

cysteine synthase—Porphyra yezoensis—red algae—sulfur assimilation.

1976, Leon et al. 1987).

Since little is known yet about the relevant
enzymatic mechanism of the algal sulfide
assimilation, the authors intended to purify
CSase from a red alga, Porphyra yezoensis,
which is one of the important edible
seaweeds, and to characterize its enzymatic
properties. In this report we describe the
isolation and characterization of two
hydrophobically distinguishable CSases from
this alga.

Materials and Methods

Plant materials

Fresh thalli of Porphyra yezoensis Ueda,
cultivated in Tokyo Bay in winter, were kindly
supplied by Mr. S. Araki of the Yamamoto
Nori Research Laboratory. The thalli were
frozen and stored at —30°C until use.

Chemicals and supplies
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DEAE-Toyopearl 650 M, Butyl-Toyopearl
650 S and Toyopear] HW-50 were supplied
by TOSOH Co. Ltd. The following
chemicals were products of commercial
sources: Coomassie brilliant blue G-250
(Fluka AG); Calibration proteins kit
(chymotrypsinogen A, ovalbumin and
aldolase) (Boehringer Mannheim). Other
chemicals were of analytical grade.

Enzyme assay

The assay method for cysteine synthase
(CSase) activity was essentially the same as
described in the previous paper (Nakamura
and Tamura 1989). The reaction mixture
contained, in a total volume of 1 m/, 50 gmol
of potassium phosphate buffer, pH 8.0,
12.5 pmol of OAS, 5 gmol of sodium sulfide
and an appropriate amount of enzyme. The
reaction was started by the addition of en-
zyme and continued at 25°C for 10 min, then
terminated by adding 1 m/ of 4N HC1. L-Cys-
teine thus formed was measured by the
method of Gaitonde (1967) using acid-
ninhydrin reagent. One unit of CSase was
defined as the amount of enzyme which pro-
duced 1 #mol of L-cysteine per min under the
conditions described above.

Purification of enzyme

All the purification procedures were per-
formed in a cold room maintained at 0-4°C.
Dialysis was performed overnight against the
indicated buffer and centrifugation was car-
ried out at 10,000 ¢ for 20 min.

Enzyme extraction from thalli

Fresh thalli of P. yezoensis were subjected to
autolysis in twice the volume of buffer A
(30 mM Tris-HCI buffer, pH 8.0, containing
10 mM 2-mercaptoethanol and 0.5 mM ED-
TA) for 96 hr at 4°C. The autolysate thus ob-
tained was filtered through cheesecloth with
the aid of a hand press and the filtrate was us-
ed as the crude extract. Two kilograms of
fresh thalli was used in this purification experi-
ment.

Ammonium sulfate fractionation

Solid ammonium sulfate was slowly added
to the crude extract to 30% saturation. After
standing for 60 min, the mixture was cen-
trifuged and the inactive precipitate was
discarded.  Then, the supernatant was
brought to 809 saturation with respect to am-
monium sulfate, and the mixture was recen-
trifuged. The precipitate was collected and
dissolved in a minimal amount of buffer A,
and then dialyzed against the same buffer.
By removing the insoluble material by cen-
trifugation, a clear concentrated enzyme solu-
tion (260 m/) was obtained.

DEAE-Toyopearl column chromatography

The obtained enzyme solution was applied
to a DEAE-Toyopearl column (5cm
diameter, 20 cm long) which had been
equilibrated with buffer A. The elution was
performed as follows. Linear concentration
gradient of NaCl was established with 1 liter
of buffer A in the mixing vessel and 1 liter of
buffer A containing 200 mM NaCl in the
reservoir. The active fractions were pooled.

First Butyl-Toyopearl 6508 column chromatography

The pooled fraction (103 m/) was sup-
plemented with ammonium sulfate to bring
them to 30% of saturation. The precipitate
formed was removed by centrifugation. The
resulting supernatant solution was put on a
Butyl-Toyopearl 6508 column (2cm
diameter, 30cm long), previously
equilibrated with buffer A containing 30%
saturated ammonium sulfate. After the col-
umn was washed with the same buffer, a
linear concentration gradient of eluent was
established with 300 m/ of equilibrating buffer
in the mixing vessel and the same volume of
buffer A in the reservoir. The active frac-
tions were combined and concentrated by am-
monium sulfate precipitation (80% satura-
tion). The precipitate, collected by cen-
trifugation, was dissolved in a minimal
amount of buffer A and then dialyzed against
the same buffer.

Toyopearl HW-50 gel filtration
The dialyzed enzyme solution obtained
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(2.8 ml) was filtered through a Toyopearl
HW-50 column (2 cm diameter, 90 cm long),
equilibrated with buffer A, and the active frac-
tions were pooled.

Second Butyl-Toyopearl 6508 column chromato-
graphy

The combined enzyme solution (10.7 m/)
was brought to 25% saturation with am-
monium sulfate and applied to a Butyl-
Toyopearl 650S column (1.3 cm diameter,
15cm long), previously equilibrated with
buffer A, containing 25% saturated ammonium
sulfate. A linear gradient of ammonium
sulfate concentration was established with
200 m! of 259% saturated ammonium sulfate
solution, containing enough buffer A to bring
the solution to pH 8.0 in the mixing vessel
and 200ml of 10% saturated ammonium
sulfate solution containing the same buffer in
the reservoir.

Third Butyl-Toyopearl 6508 column chromato-
graphy

The pooled fraction (62m/) was sup-
plemented with ammonium sulfate to bring
them to 25% saturation. The resulted solu-
tion was applied to a Butyl-Toyopearl 6508
column (lcm diameter, 23cm long),
previously equilibrated with buffer A contain-
ing 259 saturated ammonium sulfate. The
chromatographic procedures were essentially
the same as described for the second Butyl-
Toyopearl 65053 column chromatography
with a slight modification; the gradient slope
of ammonium sulfate was 25-159% instead of
25-10% .

Determination of molecular weight

The molecular weight of the enzyme was
estimated by HPLC CCPM system (TOSOH
Co. Ltd.) using TSK gel G3000SW column
(0.75 cm diameter, 30 cm long), previously
equilibrated with 50 mM  potassium
phosphate buffer, pH 7.0, containing
200 mM sodium sulfate.

Preparation of antiserum and immunochemical
characterization

Homogeneous CSase-1 from P. jyezoensis
thalli (ca. 400 gg) emulsified with complete
Freund’s adjuvant (Difco Laboratories) was
administrated subcutaneously to a New
Zealand white rabbit. The booster injections
were performed four times at two week inter-
vals with the same amount of antigen. Two
weeks after the final injection, whole blood
was collected and allowed to clot at 25°C for
1 hr and then at 4°C overnight. Serum was
separated by centrifugation. The antiserum
obtained above was used for the experiments
without further purification. Immunotitra-
tion was performed by incubating antiserum
with enzyme sample for 10 min at 25°C.
Then, CSase activity was assayed according
to the standard assay system. The double im-
munodiffusion was performed by the method
of Ouchterlony and Nilson (1973).

Other analytical methods

Protein was determined by the method of
Bradford (1976) with bovine serum albumin
as a standard. Analytical gel electrophoresis
was carried out according to the method of
Davis (1964) for PAGE and Laemmli (1970)
for SDS-PAGE. Protein bands on the gel
slab were stained by Coomassie brillinat blue
R-250.

Results and Discussion

Most information on the sulfate assimi-
lation by higher plants has been derived from
experiments using leaf and root tissues, and
sulfhydration of O-acetyl-L-serine, catalyzed
by cysteine synthase, is generally considered
to be the final step of cysteine biosynthesis in
plant tissues. However, such data from
algae are very scanty.

Enzyme purification

Table 1 shows a summary of the purifica-
tion starting from 2kg of fresh P. yezoensis
thalli. = The CSase with the lower
hydrophobicity, obtained from the third
Butyl-Toyopearl chromatography step (Fig.
1), represents about 3/4 of the total CSase and
will be identified in further characterization
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Table 1. Summary of purification of cysteine synthase from a red alga, Porphyra yezoensis.
St Total activity ~ Total protein Specific activity Yield Purification
cp (units) (mg) (units/mg protein) (%) (fold)
Crude extract 3,358 9,138 0.37 100 1
Ammonium sulfate 4,186 6,266 0.67 125 2
DEAE-Toyopearl 3,011 413 7.29 90 20
1st Butyl-Toyopearl 1,926 14.7 131 57 354
Toyopearl HW-50 1,199 5.6 214 36 578
2nd Butyl-Toyopearl 801 2:5 320 24 865
3rd Butyl-Toyopearl
CSase-1 265 0.65 408 8 1,103
CSase-2 81 0.27 300 2 810
and discussion with suffix 1. The other  Chlamydomonas reinhardtii (Leon et al. 1987), ap-

enzyme will have suffix 2.

The procedure,

prox.

1 and 41.2 #mol L-cysteine formed per

described here, allows 1,103 and 810-fold
purification of P. ypezoensis CSases (CSase-1
and 2) with recovery of 8 and 2%, respective-
ly. Both isoforms showed specific activities of
408 and 300 #mol L-cysteine formed per min
per mg protein. These values were much
higher than those of purified algal cysteine
synthase from other sources: from a blue-
green alga Synechococcus sp. (Diessener and

Schmidt 1981) and a green alga
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Fig. 1. Elution pattern of CSase from the 3rd
Butyl-Toyopear] column. Experimental conditions
were essentially the same as that of the Ist Butyl-
Toyopearl chromatography, except for the gradient
concentration of 25-15% of ammonium sulfate.
Fractions of 2.7 m/ were collected and the tubes in
brackets, Nos. 66-78 and 88-96, were pooled as
CSase-1 and CSase-2 purified preparations, respec-
tively. —@—, CSase activity.

min per mg protein, respectively. When the
purified enzymes were separately subjected
to native PAGE, a single intensely stained
protein band was observed (Fig. 2a).

Molecular weight

The molecular weights of the purified
CSase-1 and 2 were estimated by HPLC us-
ing TSK gel column G3000SW. In Fig. 3,
the elution volume for the marker proteins are
plotted against the molecular weights. The
elution volume for these CSase isoforms was
equally 10.6 m/, corresponding to a molecular
weight of 68,000. The molecular weights of
highly purified plant CSases so far reported

(b)

CSase-1 CSase-2 CSase-1 CSase-2

Fig. 2. Electrophoretogram  of  purified
CSases on PAGE (a) and SDS-PAGE (b). Purified
CSase preparations (30 pg for PAGE, 6 and 3 pg for
SDS-PAGE) were subjected to electrophoresis on
7% poly-acrylamide gel disc (a) or 15% SDS-
polyacrylamide gel slab (b). Protein bands were
stained with Coomassie brilliant blue R-250.
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Fig. 3. Determination of the molecular
weight of CSases by HPLC using TSK Gel
G3000SW. The elution was performed with
50 mM potassium phosphate buffer, pH 7.0, contain-
ing 200 mM sodium sulfate with a flow rate of 0.5 m!{
per min. The detection of the enzymes and marker
proteins was carried out by monitoring the absor-
bance at 280 nm.

are in the range of 56,000-70,000: by Masada
et al. (1975) for rape leaves, by Tamura et al.
(1976) for radish roots and several other plant
CSases reported previously.

The subunit molecular weights of these
enzymes were estimated by SDS-PAGE. Each

preparation gave a single protein band on
SDS-PAGE gel (Fig. 2b). The Rf values for
both CSase-1 and 2 were equally 0.45, cor-
responding to a molecular weight of 34,000.
So, it might be concluded that the purified
hydrophobically distinct P. yezoensis CSases
appear to be composed of two subunits with
the same molecular weight.

Absorption spectrum

The solution of CSase-1 and 2 separately
gave an absorption spectrum as shown in Fig.
4. In addition to the protein peak at 280 nm,
the purified CSases exhibited absorption maxi-
mum at 412nm. The ratios of the absor-
bance at 412 to 280 nm are 0.22 for CSase-1
and 0.13 for CSase-2, respectively. Since
this absorption spectrum is similar to that
reported by Masada et al. (1975) for rape leaf
CSase (pyridoxal phosphate, PLP, containing
enzyme), it can be concluded that respective
two CSases from P. yezoensis equally have
PLP as a prosthetic group in the molecule.
This fact suggests that CSases from higher
plants and algal sources may have basically
similar functional groups.

Effect of pH and buffer composition on the CSase ac-
tity

0.8 1 ~— 280 o.7{ _ 280
CSase-1 CSase-2
]
3}
<}
d
Q
[
0o
0
2
412
% 412
/
[¢] - (6]
300 400 500 600 300 400 500 600

Wavelength (nm)

Fig. 4. Absorption spectra of CSases. The purified preparations were dialyzed against buffer A containing
100 mM NaCl. The spectra were measured at room temperature.
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Fig. 5. Effects of pH on CSase activity. The assay procedures were described in the text. Tris-HCI buffer

(-O-) and potassium phosphate buffer (—8-) were used in the assay.

The effect of pH on the CSase activity was
studied under the same conditions as describ-
ed in the Materials and Methods section, ex-
cept that pH was varied as indicated (enzyme
concentration, 0.2 pg for CSase-1 and 0.3 g
for CSase-2 per reaction mixture). As shown
in Fig. 5, in which 100 mM potassium
phosphate buffer was used, the pH-activity
curves obtained for CSase-1 and 2 were
rather broad and showed an optimum pH
around 8.0. And a similar observation has
been reported for the enzyme from a number
of higher plants (Masada et al. 1975, Hock Ng
and Anderson 1978, Murakoshi et al. 1985).
On the other hand, in Tris-HCI buffer, the
enzymatic activity of CSase-2 at pH 8.0 was
about 0.35 times as low as that observable in
phosphate buffer at the same pH, and this
CSase-2 activity in Tris-HCI buffer became
much decreased in alkaline region. This
effect of pH for CSase-2 reaction has not been
reported in plant enzymes; however, it was
analogous to the result of a bispecific enzyme
in yeast (Yamagata ¢t al. 1974) which function-
ed as O-acetyl-L-serine (OAS) and O-acetyl-L-
homoserine sulfhydrylase.

Heat stability

As for the heat stability of P. yezoensis
CSases, they exhibited similar behavior: they
were stable on the heat treatment at 45°C for
10 min, but 90-959% of the activities were
decreased at 60°C for 10 min (data not
shown). It showed that P. yezoensis CSases
were less stable on the heat treatment than
other plant CSases reported previously. For
instance, CSase from rape leaves (Masada et
al. 1975) and radish roots (Tamura et al.
1976) were stable at 70°C for 3 min and 65°C
for 2 min, respectively.

Effect of substrate concentration

The effects of substrates concentration for
the isoforms were also determined. From the
double reciprocal plots for OAS and sodium
sulfide, respective CSases showed the same
range of Km values, 2.5 mM for OAS and
23 uM for sodium sulfide.

Immunological comparison of CSases

Behavior of two CSases towards the anti-
CSase-1 was studied by the inhibition of
enzymatic activity and double immunodif-
fusion. Fig. 6 shows the immunotitration
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Fig. 6. Immunotitration curves of CSases

using anti-CSase-1 serum. Each of 0.33 units/m/ of
CSase-1 and 0.31 units/m/ of CSase-2 was used for
the experiment. —@—, CSase-1; -O—, CSase-2.

curves of CSase-1 and 2. With the enzyme
samples, activity in the incubated solution
decreased with increasing amounts of the
antiserum. These activities were found to be
differentially inhibited by the antiserum.
CSase-1 activity was more susceptible to in-
hibition by antiserum than CSase-2 activity.
The amount of the antiserum which caused
509 inhibition of CSase activity was 7.5 u/
for CSase-1 and 17.5 pl for CSase-2. The
comparison of antigenisity between CSase-1
and 2 was analyzed by Ouchterlony double
immunodiffusion. As shown in Fig. 7, using
anti-CSase-1 serum, a single precipitin band
which was completely fused was found. The
results of these two immunochemical ex-
periments suggest that P. yesoensis CSases
have the same antigenic determinants in com-
mon, but some difference in their external con-
structions may present.

It remains to be established if the difference
between P. yezoensis CSase-1 and 2 is due to
the different primary structure, i.e. that they
are isozymes, or if GSase-1 or 2 is derived
from another one in early step of purifi-
cation. Dissener and Schmidit (1981) have
also observed the occurrence of a marked twin
bands in the electrophoretic pattern of partially
purified CSase from Synechococcus. These

Fig. 7.
analysis of CSase-1 and 2.
the agar plate (1.2%, dissolved in 20 mM potassium
phosphate buffer, pH 7.2, containing 150 mM NaCl
and 0.05% sodium azide) filled with purified CSases

Ouchterlony double immunodiffusion
Six ul wells were cut in

as shown: well 1, CSase-1; well 2, CSase-2. Each
preparations contain CSase activity —around
10 units/m/. The center well contained 6 p/ of anti-
CSase-1 serum.

authors did not identify those twin bands as
the two isozymes, but the presence of two
CSases might be a common phenomenon in
the behavior of algal CSase.

References

Ascano, A. and Nicholas, D. J. D. 1977. Purification
and properties of O-acetyl-L-serine sulfhydrylase
from wheat leaves. Phytochemistry 16: 889-893.

Bradford, M. 1976.
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal.
Biochem. 72: 248-254.

Davis, B.J. 1964. Disk electrophoresis. II. Methods
and application to human serum proteins. Ann.
N.Y. Acad. Sci. 121: 404-427.

Diessener, W. and Schmidt, A. 1981. Isoenzymes of cys-
teine synthase in the cyanobacterium Synechococcus
6301. Z. Pflanzenphysiol. 102: 57-68.

Gaitonde, M. K. 1967. A spectrophotometric method
for the direct determination of cysteine in the

A rapid and sensitive method for

presence of other naturally amino acids. Biochem.
J. 104: 627-633.

Hock Ng, B. and Anderson, J. W. 1978. Chloroplast
cysteine synthases of Trifolium repens and Pisum
sativum. Phytochemistry 17: 879-885.

Kredich, N.M. and Tomkins, G.M. 1966. The
enzymic synthesis of L-cysteine in Escherichia coli
and Salmonella typhimurium. J. Biol. Chem. 241:
4955-4965.

Laemmli, U. K. 1970. Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature 227: 680-685.



14 Fujimori, Y., Nakamura, K. and Tamura, G.

Leon, J., Romero, F., Galvan, F. and Vega, J. M.
1987. Purification and  physicochemical
characterization of O-acetyl-L-serine sulfhydrylase
from Chlamydomonas reinhardtii. Plant Science 53:
93-99.

Masada, M., Fukushima, K. and Tamura, G. 1975.
Cysteine synthase from rape leaves. J. Biochem.
77: 1107-1115.

Murakoshi, I., Ikegami, F. and Kaneko, M. 1985.
Purification and properties of cysteine synthase
from Spinacia oleracea. Phytochemistry 24: 1907-
1911.

Nakamura, K. and Tamura, G. 1989. Five isoforms of
cysteine synthase in rape leaves. Agrc. Biol. Chem.
53: 2537-2538.

Ouchterlony, O. and Nilsson, L. A. 1973. Immunodif-
fusion apd immunoelectrophoresis. In D.M. Meir

(Ed.) Handbook of Experimental Immunology, 3rd
Ed. Blackwell, Oxford.

Schmidt, A. 1977. Exchange of cysteine-bound sulfide
with free sulfide and cysteine synthase activity in
Chlorella pyrenoidosa. Z. Pflanzenphysiol. 84: 435-
449.

Tamura, G., Iwasawa, T., Masada, M. and Fukushima,
K. 1976. Some properties of cysteine synthase from
radish roots. Agric. Biol. Chem. 40: 637-638.

Yamagata, S. 1976. O-acetylserine and O-
Acetylhomoserine sulfhydrylase of yeast subunit
structure. J. Biochem. 80: 787-797.

Yamagata, S., Takeshima, K. and Naiki, N. 1974.
Evidence for the identity of O-acetylserine
sulfhydrylase with O-acetyl-homoserine sulfhy-
drylase in yeast. J. Biochem. 75: 1221-1229.

AR T PRBAY - BNAR*  CERAYE/ VDL XTI CARBROBE L ZONE

HERHLREE LTHE IR T BELHE Porphyra 13, & V7 BRER, ¥, 8W7 I/ BYEECSLA
RTHDAWT I /B ATA VOSHER (CSase) IO\ TiL, BEHY CREEMRBFEA L S h TV B4,
BEYNSR L LRI R, £ T, AYE/ YV (Porphyra yezoensisy DONH K% TRE 5 E, DEAE-
Toyopearl # 5 &7 m< }, # A58, Butyl-Toyopearl # 5 47 r= } CRET % & Lic X h BEKEKERNICH—
75 2 D CSase (1, 2) R Lz, HEMEIZThEFN408R U800, 2T Ei3361268,000TH b, SDS-PAGE L b
SFE34,000DA—H 7 ==y I WORBEB_BETHSBZ LR ENT, RIEDER pH (3 CSase-1, 2 3£i2.8.0,
Tris-HCl BZERCIS\TUIT A0 ) QI CHLMRESROE RS bhic, 1, HI CSase-l MELFR LEE
HRHE S RAARl, (%271 TERMFHLF648 TEAFRZFMAEMFEREE, **505-11 FEFIKBTHH
Fl-1 RBEXFEHEDEWFRE)



Jpn. J. Phycol. (Sérui) 39: 15-20, March 10, 1991

Leachiella pacifica Kugrens (Choreocolacaceae, Rhodophyceae),
new to Japan
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Matsumoto, M. and Yoshida, T. 1991. Leachiella pacifica Kugrens (Choreocolacaceae, Rhodophyceae),
new to Japan. Jpn. J. Phycol. 39: 15-20.

A parasitic red alga was found growing on the thalli of Polysiphonia sp. and Pterosiphonia bipinnata
(Postels et Ruprecht) Falkenberg collected from Nemuro, eastern Hokkaido, Japan. We identified this red
alga as Leachiella pacifica Kugrens based on the results of morphological observations. The thallus of this
alga consisted of an external pustule and internal penetrating filaments. The pustule was small, spherical,
and milk-white in color without pigmentation. Internal filaments were uniseriate, frequently branched,
and penetrated into host tissue to form secondary pit-connections with host cells. Gametophytes and
tetrasporophyte were similar in vegetative morphology. L. pacifica is similar to Choreocolax polysiphoniae
Reinsch, reported from the Atlantic Ocean, in vegetative structure, host specificity and carpogonial branch
system. But Leachiella differs in the structure of the cystocarp, which is the most important feature to
distinguish genera in the family Choreocolacaceae. L. pacifica has gonimoblasts which radiate from central
large fusion cell and cut off terminally carposporangia. On the other hand, C. polysiphoniae is provided with

gonimoblasts that construct a conceptacle-like structure and cut off carposporangia inwardly.

Key Index Words:

alloparasite— Choreocolacaceae—Choreocolax polysiphoniae—Cryptonemiales—

Leachiella pacifica—morphology—parasitic red algae-Rhodophyceae.

A parasitic red alga, Leachiella pacifica
Kugrens is a common species on Pacific coasts
of America. The alga was first reported as
Choreocolax polysiphoniae Reinsch because of the
similarities of the vegetative morphology and
the procarp structure (Kugrens and West
1972, Goff and Coleman 1984). Kugrens
and West (1972) studied the ultrastructure of
this plant. Goff and Coleman (1984) examined
nuclear events during carposporogenesis,
spermatangium formation, post-fertilization
and tetrasporogenesis. = Kugrens (1982)
established the genus Leachiella emphasizing
its cystocarp structure.

On the  Japanese coast, the
Choreocolacaceae was represented by only
Gelidiocolax mammillata Fan et Papenfuss
(Yoshida 1977). This is the second report on

* Present address: Japan NUS Co., Ltd. Nissou
dai-12 Bldg. Shin-yokohama 3-6-12, Kouhoku-ku,
Yokohama, 222 Japan

the family Choreocolacaceae in Japan.

Material and Method

The plants were collected from Nemuro
peninsula, east Hokkaido, Japan, from April,
1987 to October 1988. The plants were grow-
ing exclusively on the thalli of Polysiphonia sp.
and  Plerosiphonia  bipinnata  (Postels et
Ruprecht) Falkenberg which were growing in
the littoral zone or were drifting ashore. Col-
lected material was kept alive at a low
temperature or was fixed with formalin sea
water, and carried back to the laboratory.
Preparations for microscopic observations
were made by cutting the material with a
razor blade or freezing microtome, or
smashing tissue on the slide-glass after treat-
ment with 10% sodium hydroxide solution
for 12-24 hours and following the wash with
distilled water for 12-24 hours, stained with
aniline blue solution and mounted in glycerol
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sea water.

Observation

Mature plants of L. pacifica were collected
in every season from April 1987 to October

1988 (Table 1). The fresh thalli were milk-
white in color without noticeable pigmenta-
tion (Fig. 1A). Color of the thalli became
brown with formalin sea water treatment.
The thalli consisted of external pustule and in-
ternal filaments penetrating through the host

Fig. 1. Leachiella pacifica Kugrens. A. Thallus growing on the Polysiphonia sp. B. Penetrating filaments (ar-
rows) secondary pit-connections (arrow heads) with host cells. C. Male gametophyte. D. Female gametophyte

with mature carposporophyte. E. Tetrasporophyte.

F. Spermatangia formed in cortical layer of male

gametophyte. G. Mature carpogonial branch. H. Cystocarp. I. Tetrasporangia: ca, carpogonium; f, fusion
cell; h, host cell; pa, paraphysis; s, spermatangia; sc, supporting cell; sm, spermatangial mother cell; st, stalk cell;
sub, subsidiary cell; t, tetrasporangium; 1-3 first, second and third cell of carpogonial branch.
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Table 1. Leachiella pacifica Kugrens. The months when the mature specimens were collected in
Nemuro peninsula during study period, from 1987 to 1988.
month
Generation Jan. | Feb. | Mar. | Apr. | May |Jun. | Jul. [ Aug. | Sep. | Oct. | Nov. | Dec.
Male Gametophyte + + +
Female Gametophyte + + + + +
Tetrasporophyte + + + + +
tissue. The pustules were spherical or and female gametophytes and
hemispherical in shape (Fig. 1A). They were  tetrasporophyte were similar in morphology
usually smaller than 1 mm in diameter and (Fig. 1C-D).

mature plants were sometimes up to 1.6 mm
in diameter. Medullary cells of pustules
were ellipsoidal or cylindrical, and were up to
80 #m long, 40 ym broad. The cells became
smaller outwardly. Cortical cells were
spherical or obovoid in shape, measuring 8-
15 pm long, 5-8 ym broad.

The penetrating filaments were uniseriate
and frequently branched. Cells of the fila-
ment were cylindrical or ellipsoidal, 6-17 ym
broad, 1-4 times as long as breadth. They
formed secondary pit-connections with host
cells (Fig. 1B). Vegetative structure of male

Mature male gametophytes were covered
with particularly thick cuticle. They formed
spermatangia on entire cortical layer of their
pustules (Fig. 1C). Cortical cells transform-
ed into elongated spermatangial mother cell,
which cut off the spermatangia by oblique
walls. Several (usually 4 to 7) spermatangia
were alternately arranged in chain (Fig. 1F,
Fig. 2A). They were angular at first, and
were 3-5 ym in diameter.

Numerous procarps were formed in cortical
layer of a female gametophyte pustule. They
were provided with a 4-celled carpogonial

Fig. 2. Leachiella pacifica. A. Spermatangia. B. Carpogonial branch, connecting with supporting cell. C.

Tetrasporangia formed with cruciately divided.

ca, carpogonium; cf, connecting filament; p, tetrasporangial

primordium; pa, paraphysis; s, spermatangium; sm, spermatangial mother cell; st, stalk cell; sub, subsidiary cells;
t, tetrasporangium; tr, trichogyne; 1-3 first, second and third cell of carpogonial branch.
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branch and a few groups of subsidially cells
(Fig. 1G, Fig. 2B). An initial cell of a car-
pogonial branch was cut off from upper side
of a supporting cell and develops into a car-
pogonial branch. A carpogonium was con-
ical, and extended a trichogyne to the surface
of pustule. Two or three groups of subsidial-
ly cells were formed along a supporting cell.
Number of subsidially cells in a group was in-
definite (Fig. 1G, Fig. 2B). After fertiliza-
tion, the carpogonium extended a connecting
filament to the supporting cell (Fig. 2B).
The supporting cell fused with subsidially
cells after connecting with a fertilized car-
pogonium. They developed into a large and
irregular shaped fusion cell. The fusion cell
was up to 110 #m long, 80 #m bread. The fu-
sion cells gave rise to gonimoblasts radiating
from them. Gonimoblasts cut off car-
posporangia terminally.  Carposporangia
were waterdrop-shaped and were about
20 ym long, 8 pum broad. Spherical or
hemispherical carposporophytes were up to
300 ypm in diameter, were surrounded by
elongated vegetative cells of gametophyte for-
ming pericarp (Fig. 1H). An inconspicuous
ostiole was present in the pericarp over the
carposporophyte.

Mature tetrasporophytes produced
tetrasporangia in the cortical layer of pustules
(Fig. 1E). The cortical cells elongated and
divided into two cells. An upper cell of them
became a tetrasporangial primordium. It
divided cruciately and formed four
tetraspores. Tetrasporangia were long-ellip-
soidal and 20-40 #m long, 10-20 gm broad.
Another cells surrounding tetrasporangia con-
tinuously divided and formed paraphyses
which were laterally arranged along the

tetrasporangia. (Fig. 1I, Fig. 2C).
Discussion

Sturch (1926) established the family
Choreocolacaceae based on  Choreocolax

polysiphoniae  growing in Atlantic Ocean.
Nemuro plants were in agreement with his
descriptions of the Choreocolacaceae in the
following  points. The plant was

holoparasitic without pigmentation. It con-
sisted of small spherical or hemispherical
external colorless pustule, and of filaments
penetrating through the host tissue. Support-
ing cells were laterally provided with a car-
pogonial branch. Therefore this parasitic
red alga belonged to the family Choreo-
colacaceae.

In the Choreocolacaceae, three genera are
recognized from northern Hemisphere:
Choreocolax Reinsch (Sturch 1926), Harveyella
Schmitz et Reinke (Sturch 1899, 1924, Goff
and Cole 1975) and Leachiella Kugrens
(Kugrens 1982, Goff and Coleman 1984).
They are provided with four-celled car-
pogonial branch, and are distinguished by
difference of cystocarp structure (Sturch
1926, Goff and Cole 1975). In Choreocolax,
gonimoblasts elongate and form conceptacle-
like cystocarps. They cut off carposporangia
inwardly (Sturch 1926).  Harveyella has
diskshaped  cystocarps  consisting  of
gonimoblasts extending through the female
gametophyte tissue and surrounded by
elongated vegetative cells of gametophyte
(Sturch 1924, Goff and Cole 1975). The
structure of cystocarp of Nemuro plant was
different from these two genera. In Nemuro
plant, a large fusion cell gave rise radiated
gonimoblasts around forming spherical or
hemispherical carposporophytes. These
were surrounded by a pericarp consisting of
elongated  vegetative cells of  the
gametophyte. An ostiole formed in the
pericarp, over the carposporophyte. These
features of cystocarp quite agreed with those
of Leachiella pacifica Kugrens (1982).

The genus Leachiella was represented by
only one species L. pacifica (Kugrens 1982).
This species had been identified as Choreocolax
polysiphoniae, because of its similarities of
vegetative and procarp structures and host
specificity; L. pacifica and C. polysiphoniae
grew parasitic on Polysiphonia spp. (Sturch
1924, Kugrens et West 1973, Goff and Cole-
man 1984). Kugrens (1982) distinguished
L. pacifica from C. polysiphoniae by the follow-
ing features, six-celled carpogonial branch,
carposporophyte structure and tetrahedral
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tetraspore division. On the other hand, Goff
and Coleman (1984) proved that carpogonial
branch was four-celled, supporting cell func-
tioning as an auxiliary cell and ostioles pres-
ent. These features were different from
descriptions of Kugrens (1982). They did
not accept the genus Leachiella because of in-
sufficiency of observations of C. polysiphoniae
from Atlantic Ocean (Goff and Coleman
1984). Our observations agreed with the
description of Goff and Coleman (1984).

We accepted the genus Leachiella, and iden-
tified Nemuro parasitic red alga as L.
pacifica, because cystocarp structure was the
most important features to distinguish genera
in the family Choreocolacaceae, and there are
clear differences between Leachiella and
Choreocolax.

We noticed certain differences between the
plants growing at Pacific coast of America
and Nemuro plants. American plants are
always smaller than 1 mm in size, and have
tetrasporangia divided tetrahedrally
(Kugrens 1982, Goff and Coleman 1984).
Nemuro plants were sometimes larger than
1 mm in diameter, and tetrasporangia were
divided cruciately.

Our plants had one or two tetrasporangial
paraphyses. And the alga formed four to
seven spermatangia which were cut off by
alternating oblique divisions, and were ar-
ranged in chain. These features were similar
to Harveyella mirabilis (Reinsch) Schmitz et
Reinke growing in both Pacific and Atlantic
Oceans (Sturch 1899, 1924), and were absent
in C. polysiphoniae. Thus it seems that L.
pactfica is nearer relative of H. mirabilis than
of C. polysiphoniae.

Taxonomic placement of the family
Choreocolacaceae has not been clear
(Kugrens 1982, Goff and Cole 1975). Kylin
(1956) placed the Choreocolacaceae in the
Cryptonemiales based on the procarp struc-
ture and post-fertilization' events of the
Choreocolacaceae that were similar to those
of the Kallymeniaceae, one of the families of
Cryptonemiales (Kylin 1956). Thus we
followed Kylin’s opinion and regarded
Choreocolacaceae as a member of Cryp-
tonemiales.
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Nuclear divisions in the tetrasporangia and tetraspore germlings of Gelidium amansii

Some cytological aspects in the tetrasporangia and in the tetraspore germlings at an early developmental
stage were reported for Gelidium amansii Lamouroux (Gelidiaceae, Rhodophyta) collected from Hakodate,
Hokkaido. The nuclei at diakinesis and metaphase I in the tetrasporangia and at late prophase in the
single-celled tetraspore germlings with empty spore membrane were revealed to have n=22-26
chromosomes, from which n=25 is supposed to be the reliable number due to the its frequent appearance.

Key Index Words:

The cytological studies hitherto being
published for the species in the Gelidiaceae
(Gelidiales, Rhodophyta) were quite recently
listed by Kapraun and Bailey (1989, p.203,
Table 1) to show their chromosome
numbers. The present communication gives
some cytological data of Gelidium amansii
Lamouroux collected at Tachimachi-misaki,
Hakodate, Hokkaido.

Collections were made at times during the
months from September to November in the
years 1980-1984. On return to the
laboratory, maturing tetrasporophytes were
selected. The tetrasporic areas were cut off
from the plants to use either for fixing or
culture. The liberated tetraspores had been
cultured in Schreiber solution at 15°C,
20001lux and 12:12 LD. The slides with
tetraspore germlings were immersed in fix-

chromosome number—cytology—Gelidium amansii.

ative at 2 to 3 days after spore liberation.
Aceto-alcohol (1:3) was employed as fix-
ative. Staining was done with aceto-iron-
haematoxylin-chloral hydrate solution recom-
mended by Wittmann (1965).

Meiosis in the tetrasporangia (Figs. 1-9):
It was reported for prophase I in the
tetrasporangia that Gelidiella acerosa had di-
ffuse stage but no diakinesis (Rao 1974),
however on the contrary, Acanthopeltis japonica
has no diffuse stage but diakinesis (Kaneko
1968).

The results of my observations for Gelidium
amansii differed from those of the above two
species, namely, prophase I in the
tetrasporangia of G. amansii revealed to have
diffuse stage prior to diakinesis. Definite
diakinesis having clear bivalent chromosomes
was shown for Acanthopeltis japonica by Kaneko

Figs. 1-9. Nuclear divisions in the tetrasporangia of Gelidium amansii Lamouroux X 1,100.
6. Metaphase I.

cessive nuclear movements in diakinesis.

1-5. Suc-
1'-6". Drawings of the nuclei shown in Figs. 1-6,

respectively. 7. Metaphase I. 8. Anaphase I. 9. Late anaphase I.

Figs. 10-17.

Nuclear divisions in the tetraspores and their germlings of Gelidium amansii Lamouroux

%X 1,100. 10. Tetraspore with resting nucleus. 11. Early tetraspore germling with prophase. 12. Early tetraspore
germling with metaphase. 13. Daughter nucleus (pointed by arrow) remaining within the spore envelope, after
finishing the nuclear division in a tetraspore. 14. Single-celled tetraspore germling with late prophase, showing
small metaphase nucleus in the side view (pointed by arrow) within the spore envelope. 15. Two-celled tetraspore
germling, showing anaphase within the spore envelope. 16. Single-celled tetraspore germling with late prophase,
showing numerous small nuclei within the spore envelope. 16". Drawing of Fig. 16. 17. Two-celled tetraspore
germling, showing many small nuclei which are vanishing within the spore envelope.
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(1968, p. 169, Text-fig. 3-F), but such
bivalents could not be detected in any of my
preparations for G. amansii.

At the onset of diakinesis (Fig. 1),
chromosomes appear as weakly stained
granules. Those chromosomes increase their
size to some extent up to mid-diakinesis, but
thereafter they gradually diminish a little
(Figs. 3-6). With progress of the nuclear
movement within diakinesis, the
chromosomes come to be stained well.
Similarly to the case of Acanthophora japonica
(Kaneko 1968), centrosome was absent at the
pole (Fig. 7). Spindles were usually visible at
anaphase between the groups of chromosomes
(Fig. 8). In the first meiotic division,
nucleole remains rarely even at metaphase or
anaphase (Fig. 9).

Mitosis in the tetraspore germination
(Figs. 10-17): On the tetraspore germination
of Gelidium latifolium, Boillot (1963) observed
the presence of 6-8 small nuclei remaining
within the envelope of the spore. Of Gelidium
vagum, Kaneko (1968) detected the following
two cases on nuclear divisions in the
tetraspores: (1) The nucleus in the tetraspore
divides twice prior to the formation of the
germ tube and one of the four nuclei migrates
into the tube. (2) The nucleus in the
tetraspore does not divide up to the formation
of the germ tube, so that only one nucleus re-
mains with in the spore envelope.

My observations for Gelidium amansii in-
dicated to have sometimes such two cases.
But ordinarily, mitosis in the liberated
tetraspore occurs at the formation of germ
tube when the cytoplasm was found to be con-
spicuously dense near the tip of the tube
(Figs. 11 & 12). After finishing mitosis, one
daughter nucleus migrates into the tube, and
the other one being remained within the spore
envelope soon begins to divide to produce
small multi-nuclei which can be visible for a
short while (Figs. 13-17).

Chromosome number: Chromosome
numbers obtained from diakinesis and
metaphase I in more than 400 tetrasporangia,

together with from late prophase in ca. 60
single-celled tetraspore germlings with empty
spore membrane, totalized for this study,
were usually 22-26, in which 25 is supposed
to be the reliable number due to their fre-
quent appearence. As shown by Kapraun
and Bailey (1989), the chromosome numbers
in the Gelidiaceae have been reported to date
for Acanthophora japonica (n=15, 2n=30,
Kaneko 1968), Gelidiella acerosa (n=4, 2n=8,
Rao 1974), Gelidium latifolium (n=4-5,
2n=9-10, Dixon 1954; 2n=ca. 18, Boillot 1963),
G. latifolium var. luxurians (2n=25-30, Magne
1964), G. pusillum (n=10, 2n=20, Kapraun
and Bailey 1989), G. sesquipedale (n=4-5,
2n=9-10, Dixon 1954) and G. vagum (n=7-
10, Kaneko 1966). Those numbers range in
n=ca. 5-15, most likely n=35, 10 and 15, in-
dicating the possibility of x=5.

The chromosome number counted in this
study at meiosis I in the tetrasporangia and
mitosis in the tetraspore germlings of Gelidium
amansii obtained from Hakodate, Hokkaido
was n=25 which is above the previous
records in Gelidiaceae and also likely multiple
of x=3.
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Some specimens of Cladophora sauteri from Toyama Prefecture in Japan were observed morphologically.
The size distribution in both diameter and length of cells and the ratio of length to diameter of cells of the
alga from Toyama agree with those of Cladophora sauteri (Nees) Kiitzing f. sauteri. Toyama specimens of
Cladophora sauteri f. sauteri resemble f. kurilensis in the size distribution of cells, but the filament of cells of f.
sauteri is harder than that of f. kurilensis. The filament of cells of the Toyama specimens was hard. Thus, the
author concludes that the specimens from Toyama are Cladophora sauteri (Nees) Kiitzing f. sauteri.

£

Key Index Words:  Cladophora— Chlorophy

Cladophora sauteri has been reported in the
seven lakes of Hokkaido, northern Japan.
However in the Honshu district, middle Japan,
the alga has been reported only in two lakes,
Lakes Yamanaka and Kawaguchi which lie
close to Mt. Fuji, and one marsh Sakyounuma
Marsh (Hirose and Yamagishi 1977).

A new found district where this alga grows
in the Town Tateyama in Toyama Prefec-
ture was reported by Nagai (1988). Dr. I.
Yasuda (Toyama Prefectural College of
Technology) and Mr. S. Nagai (Toyama
Science Museum) separately gave the author
some specimens for identification of the alga.
The author identified the specimens accor-
ding to morphological observations of the
alga, especially the size distribution of cells of
the alga.

Observations

The alga grows on gravel and stones, or
is free-floating on the bottom of a pond (Nagai
1988, Fig. 1A and B). Individual filaments
are 0.5-1.5 cm long, branched densely (Fig.
1C). Adventitious rhizoids descend from any
portion of fronds and are attached to stones
(Fig. 1F). Branches are alternate, sometimes
opposite, composed of cylindrical or
sometimes slightly clavate cells (Fig. 1D and

J

hwater algae—lake ball—Marimo.

As shown in Figs. 2-4, the diameter of the
cells of branches is 40-70 ¢m (mean, 55.9 ym)
and the length of the cells is 200-600 y#m
(mean, 419.8 ym). The ratio of length to
diameter of the cells of branches is 2-18
(mean, 7.72). Branchlets are composed of
cylindrical cells. The diameter of the cells of
branchlets is 40-60 #m (mean, 51.7 g#m) and
the length of the cells is 200-600 ym (mean,
406.9 #m). The ratio oflength to diameter of
the cells of branchlets is 4-12 (mean, 8.43).

Discussion

The results obtained were compared with
the data on Cladophora sauteri previously
reported from some lakes and marshes in
Japan. Diameter, length and the ratio of
length to diameter of cells of the alga from
Toyama are similar to those of cells of
Cladophora sauteri (Nees) Kiitzing f. sauter:
from Lake Akan (Sakai 1964). The size
distribution of cells of the Toyama specimens
agrees with that of C. sauteri f. sauteri from
Lake Shirarutoro and Takkobu Marsh (Kan-
da 1979, 1980).

Another forma, C. sauteri f. kurilensis Sakai,
resembles C. sauteri f. sauteri in the size
distribution of cells. The difference between
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Fig. 1.
B. The alga growing on a stone.

C. Filaments.

branchlets. F. Rhizoid.

C. sauteri . sauteri and f. kurilensis is in the hard-
ness of filaments, namely the filament of f.
sauter: is harder than the filament of f. kurilen-
sts (Sakai 1964). On this point, the author
compared the filament among the specimens
of C. sauter: f. sauteri from Lake Shirarutoro,

4 3 2 1 0

100

A. Cladophora sauteri f. sauteri collected from the bottom of a pond of Toyama Prefecture, Japan.
D. Middle portion of a filament.

E. Cells of a branch and

the specimens of C. sauteri {. kurilensis from
Lake Yamanaka and the Toyama
specimens. As a result, filaments of the
Toyama specimens are clearly hard. Thus,
the author concludes the Toyama specimen is
Cladophora sauter: (Nees) Kitzing f. sauter:.
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Fig. 2. Distribution of the diameter of
filaments of Cladophora sauteri f. sauter: from

Toyama. A. Cells of branches. B. Cells of bran-

chlets.

However, there are some differences be-
tween the Toyama specimens and C. sauter
f. sauteri from other places. C. sauteri f. sauter:
from Lake Akan, Lake Shirarutoro and Tak-
kobu Marsh is free floating algae on the bot-
tom of the lakes and the marsh, whereas, a
part of the alga from Toyama was attached to
stones. In addition, the manner of branch-
ing of filament of the alga from Toyama is
rather irregular as compared to the algae from
other places.

The pond in which the Toyama specimens
grow was artificially made about 35 years ago
(Nagai 1988). Thus, it seems that the alga
was transferred from other places. There are
some possibilities as regards transfer of the
alga to this small pond. One is transference
through the underground stream flowing into
the pond. In this case, there may exist a lake
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Fig. 3. Distribution of the length of cells in

Cladophora sauteri f. sauteri from Toyama. A. Cells of
branches. B. Cells of branchlets.
or a marsh in which the alga grows above the
stream. Another possibility is transference
by water-birds or animals (including human

A average
(7.72)
301 1
20F i
! I
3 .
JE=ii i
o :
g0 !
53r B average
(8.43)
20f -I!'_‘
10} |
J!
G : | —|

0 2 4 6 8 1012 14 16 18 20
length/diam.

Fig. 4. Distribution of the ratio of length
to diameter of cells in Cladophora sauteri f. sauteri
from Toyama. A. Cells of branches. B. Cells of
branchlets.
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beings) from its original habitat.

Since Cladophora sauteri f. sauteri in this pond
in the Toyama district seems to grow very
well, the pond may have good environmental
condition for growth of this alga as stated by
Nagai (1988). This is interesting in view of
the ecology for Cladpphora sauter:.
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The morphology of Bostrychia pilulifera Montagne

(Rhodomelaceae, Rhodophyta). Jpn. J. Phycol. 39: 31-36.

The vegetative morphology and all reproductive stages of Bostrychia pilulifera Montagne
(Rhodomelaceae, Rhodophyta) are described in detail from recent collections in Brazil. The relationship of

B. pilulifera to other species in the genus is discussed.

Key Index Words: Bostrychia pilulifera—Rhodomelaceae— Rhodophyta— systematics—taxonomy.

In a worldwide taxonomic revision of the
genus Bostrychia Montagne, King and Puttock
(1989) recognized 11 species, but noted that
those species restricted to tropical and
southern America, B. calliptera (Montagne)
Montagne, B. montagnei Harvey and B.
pilulifera  Montagne, were known from
relatively few collections. In consequence on-
ly short diagnoses of these species were provid-
ed and reproductive stages were not described
in detail. Collections of B. pilulifera from
Brazil, including fertile material of all stages,
have now become available (Paula et al. in
press). The present paper brings the descrip-
tion of Bostrychia pilulifera into line with those
provided for other species in King and Put-
tock (1989), and makes further comments on
the relationships of B. pilulifera to other
species of Bostrychia. In spite of the limited
material available to King and Puttock (1989)
the diagnosis of the species remains essential-
ly unchanged and it can be identified without
difficulty using the keys in that paper.

Materials and Methods

Collections were fixed in formalin-
seawater.  Specimens were stained in
toluidine blue and mounted on microscope
slides in karo solution. A representative col-

lection of microscope slides has been
deposited in the John T. Waterhouse Her-
barium (UNSW). Measurements quoted for
cell dimensions include cell walls, as in most
preparations some plasmolysis of the pro-
toplast occurred in processing. All drawings
were made by C.F.P. with the aid of a camera
lucida and light micrographs taken on an Or-
thoplan photomicroscope (Ernst Leitz
Wetzlar GmbH, FRG) using Kodak technical
pan 2415 rated at 50 ASA.

Taxonomy

Bostrychia  pilulifera was described from
material originally confused by Montagne
(1840) with Rhodomela floccosa (Esper) C.
Agardh.

Bostrychia pilulifera Montagne 1842: 252.

Syntypes: Cayenne, French Guiana,
Leprieur 349 and Montagne.  Surinam,
Splitgerber 1316/1317.

Literature: Montagne 1850: 286. Kiitzing
1865: 7, pl. 18 fig. e-h. Post 1936: 20.
King and Puttock 1989: 28. Paula et al. in
press.

Synonymy: Helicothamnion piluliferum (Mon-
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Fig. 1. Paula, SPF 54449 ®, &, 2 respectively. a. Tetrasporangial stichidium, showing the five
tetrasporangia around the axial cells. Scale: 100 zm. b. Spermatangial branch with apical portion fertile and
lower part now devoid of spermatia. Scale: 100 zm. c. Gonimoblast filament exhibiting sympodial growth and
with a terminal carposporangium. Scale: 50 #m. d. Determinate (lateral) branching system arising from an in-
determinate branch. The hapteral branch (lower) has a rhizoidal apex. Other branches show the typical single
celled apex, and young tetrasporangial stichidia are visible in the upper branches. Scale: 200 #m.
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Fig. 2.

Paula, SPF 54449. Scale: 100 pm. a. Vegetative apex; axial cells stippled. b.. Hapteral apex. c.

Cortical development; cells derived from two pericentral cells only shown. Most proximal pericentral cells give
rise directly to four cortical cells, and distal cells give rise to 0-3 cortical cells.

tagne) Kiitzing 1847: 3.
Amphibia pilulifera (Montagne)
Kuntze 1891: 881.

Description (Figs. 1-3)

Thallus scrambling with sub-erect branches
or more or less prostrate, robust, clump or
turf-forming, purple to brown; main axes in-
determinate, 35-70 mm long bearing deter-
minate lateral branches 2-3 mm long, with 1-
2 (-3) orders of alternate branching (5-13 se-
cond order determinate branches); 2 tiers of
pericentral cells per axial cell, with (6-) 7-8
pericentral cells per tier around the main axes
and primary lateral branches; (4-) 5-6 pericen-
tral cells per tier in fertile branches; corticate
throughout (except distal portion of male
reproductive branches polysiphonous); attach-
ed to the substratum by cladohaptera.

Indeterminate axes 120-600 ym in diameter,
axial cells 80-400 #m long; cortex well
developed, 2-3 orders of cortical cells;
superficial cortical cells rectangular to ovoid
15-25 ym long, 8-12 #m wide; branches aris-
ing alternately at intervals of 5 or more axial
cells; determinate branches arising laterally at
intervals (2-) 4-6 axial cells. Determinate bran-
ches of 1-2 (-3) orders, branching at intervals
of 2-5 (-10) axial cells; ultimate branches 25-

45 axial cells long. Cladohkaptera 8-10 axial
cells long; branch borne from the first axial
cell of primary lateral  branches.
Cladohaptera that do not become attached to
the substratum have the appearance of short
unbranched laterals of determinate growth.
Carpogonial branches borne within 5-7 subapical
axial cells of lateral branches; fertile region
usually 1-3 consecutive axial cells long with 1
procarp per axial cell; axial cells below the fer-
tile region have 5-7 pericentral cells per tier
and procarpial axial cells 5 pericentral cells
per axial cell; the supporting cell produces a
sterile group of 3 cells prior to fertilization
and the adjacent sterile pericentral cell pro-
duces a group of 3-5 cells; the carpogonial
branch is 3 cells long. Cpystocarps subapical,
ovoid to globular, 500-600 #m long, 450-
500 #gm in diameter, with a 50-80 #m
diameter ostiole; cystocarp walls have 8
longitudinal pericarp filaments with two 2-
tiered pericarp pericentral cells per filament
cell and 1-2 orders of cortical cells; car-
posporangia 88-100 #m long, 25-35 gm in
diameter, 40-70 per cystocarp. Spermatangial
branches 800-1500 pm long, 85-110 ym in
diameter, formed from 3-12 subapical axial
cells (350-400 #m) of ultimate lateral bran-
ches fertile, and older proximal sper-
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Fig. 3.

Paule, SPF 54449 2, &, ® respectively. Scale: 100 #m. a. Procarpial branch; axial cells and pro-

carp stippled. b. Spermatangial branch; all cells derived from three pericentral cell rows only shown. c.
Tetrasporangial stichidium; for four pericentral cell rows only.

matogenous superficial cells spent; axial cells
below the fertile region have (4-) 5 pericentral
cells per tier; spermatangial branches have 5
pericentral cells around the axial cell, giving
rise to 2 tiers of pericentral cells; each pericen-

tral cell produces 1 (-2) orders of cortical cells,
the superficial cells are potentially sper-
matogenous. Tetrasporangia  borne  in
subapical stichidia on ultimate lateral bran-
ches; stichidia 700-1200 #zm and 7-10 axial
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cells long, 195-250 p#m in diameter; branches
bearing stichidia have 6 pericentral cells per
tier; stichidia have 5-6 pericentral cells per ax-
ial cell, each of which gives rise to a
tetrasporangium and 2 cover cells, each cover
cell divides once and subsequently forms 0-1
order of cortical cells; tetrasporangia 50-
65 ym in diameter.

Dastribution and habitat

Endemic to the northeast coast of South
America: French Guiana, Surinam and
Brazil; probably widespread in this region but
as yet poorly collected. Bostrychia pilulifera
grows epiphytically on mangroves in the up-
per eulittoral zone, in both the full sun and
shade. Plants growing in full sun tend to be
short and prostrate whereas shade plants are
longer and erect, and in consequence fewer of
the hapteral branches are attached to the
substratum.

Specimens examined

SOUTH AMERICA: French Guiana:
Cayenne, [1839-1843] Leprieur 349 and Mon-
tagne (syntype: MEL 672280, labelled
‘Rhodomela floccosa? junior?’). Surinam: [Nov.
1837-July 1838] Splitgerber 1316/1317 (syn-
type: MEL 672281); Surinam R., N of
Paramaribo, 26. vii. 1958, Vroman (BISH).
Brazil: Ilha de Maracd [N of Amazon R.
delta, c.2°N 50°W] 21. x. 1988, Paula (SPF
54449 @, &, @, 54065); Baia de Marajé,
Mosqueiro, [c.1°S 48°W] 2. ii. 1988, Ugadim
(SPF 51927, 52026, 52046).

Etymology
Montagne (1842) presumably named this
species because of its “globoso-subovatis”
cystocarps: from pilula (a globule) and fera (to
bear), though this is typical of all species of
Bostrychia.

Discussion

The production of the hapteron is identical
to that found in Bostrychia radicans (Montagne)
Montagne and B. moritziana (Sonder ex Kiitz-
ing) J. Agardh: a vegetative branch dedicated

to the development of a terminal holdfast is
produced from the first axial cell of the deter-
minate lateral branch system (Fig. 1d). This
branch is initiated in the direction of the
substratum instead of more or less in the
horizontal plane, as is typical of all other bran-
ching. Although this branch is directed
towards the substratum it actually emerges
between the second and fourth formed
pericentral cell row because of the rotation of
the formation of pericentral cells in lateral
branches. The first formed pericentral cell
row is in the upper abaxial position and the
last formed is in the adaxial position. The
branch arising from the first axial cell of deter-
minate branches of B. radicans, B. moritziana
and B. tenella (Lamouroux) J. Agardh is
likewise in this position. Hapteral branches
(Fig. 1d, 2b) can be distinguished from other
branches by the cluster of extended pericen-
tral cells associated with the apex.

In tetrasporangial plants of Bostrychia
pilulifera (Fig. 1a, 3c) the pattern of cover cell
production is the same as that in B. radicans
and B. moritziana, with two cover cells produc-
ed to the outside of the stalk cell. Each of
these two cover cells cuts off one cell
anteriorally. In B. pilulifera this is followed
by the production of a further layer of cortical
cells. In other species of Bostrychia three
cover cells are produced.

The morphology of the procarp (Fig. 3a),
cystocarp, and carpospore (Fig. 1c) of B.
pilulifera are the same as those of other
species of Bostrychia.

Male plants possess fertile lateral branches
which produce spermatia over some length of
time. Spermatogenous cells of the subapical
region (350-400 #m) are active in producing
spermatia and for up to 1100 #m behind this
is a region that had produced spermatia in the
past but is now inactive (Fig. 1b, 3b). The
superficial ex-spermatogenous (spent) cells
provide no evidence of secondary activity.
The same pattern is seen in Bostrychia radicans
(see Fig. 10b in King and Puttock, 1989).
No spent spermatogenous regions have been
found in other species such as B. tenuissima, B.
pinnata and B. moritziana (King and Puttock
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1989; Fig. 8d, 9a, 13e) nor in the cultured
plants of B. fenella (West and Calumpong
1988).

Cortical development of Bostrychia pilulifera
differs in detail from that in other corticated
species (Fig. 2c). The pericentral cells are
formed in two tiers as is typical for the genus
(King and Puttock 1989). The additional
two or three layers of cortical cells cut off to
the outside may also follow this same patt-
ern. However, frequently the outermost
layer of the cortex diverges from this pattern
with the cells of the penultimate cortical layer
producing four cortical cells directly (Fig. 2c;
see also Fig. 4a in King and Puttock 1989).
Unlike the cells of the outer cortical layer in
other corticate species these cells do not form
secondary pit connections with the cells of the
same order from adjacent anterior and
posterior cells.

Conclusions:

The availability of this additional material
has provided confirmation of the details of the
diagnosis for Bostrychia pilulifera in King and
Puttock (1989) including the presence of
cladohaptera (Post 1936). The pattern of
development shown by B. pilulifera is the same
as that in B. radicans, but B. pilulifera is readily
distinguished by the cortication of the main
axes and the well developed indeterminate
axis (35-70 mm long c.f. 10-20 mm in B.
radicans).

In addition, one of the underlying predic-
tions of the cladistic analysis in King and Put-
tock (1989) was that the cortication has arisen

on several occasions. The superficial cortical
layer in B. pilulifera is developed in a different
manner to that in other corticated species of
Bostrychia, which is consistent with the no-
tion that cortication has arisen on several occa-
sions, and is not homologous at least between
B. pilulifera and its species group (B. radicans)
in the cladistic analysis, and the other groups.
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An alga “Hikarimo” in Japan usually referred to as Chromulina rosanoffii was collected from a pond in
Miki City, Hyogo Prefecture, Japan. It was cultured and examined with light and electron microscopes.
Judging from a reduced flagellum observed on a motile cell, this alga was identified as Ochromonas vischert

not as Chromulina rosanoffii.

Statospores (chrysophycean cysts) were found among the clumped cells at

floating stage. Large cysts with the same structure as the statospore were found among the palmelloid cells.
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Table 1. Chemical quality of water of the pond.
Feb. 26, 1986 Apr. 16, 1987

Water temperature °C 6.4 9.2
pH 5.9 5.9
Electric conductivity #S/cm 64.1 60.0
COD (Mn) mg/! 2.8 3.3
NH,-N mg/! 0.00 0.10
NO,-N mg/l 0.000 0.002
NO;-N mg/! 0.02 0.14
Total-N mg/l 0.31 0.71
Total-P mg/! 0.18 0.074
Total hardness mg/! 8.4 5.4
Alkalinity (as CaCO;) mg/l 3.0 2.4
Chlorophyll a pgll 14.2 7.2
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Figs. 1-6. “Hikarimo” at floating stage. Fig. 1. Clumped cells (LM). Fig. 2. Clumped cells (SEM). Fig.
3. Detail of a projection (SEM). Fig. 4. A cyst (arrow) among the clumped cells (SEM). Fig. 5. A cyst (SEM).
Fig. 6. Smear preparation of 14 cysts among clumped cells (LM). (Scale bars: 10 #m for Figs. 1, 2, 4, 6; 1 yrm for
Figs. 3, 5).
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Figs. 7-13. “Hikarimo” at motile stage. Fig. 7. A motile cell (LM). Fig. 8. A motile cell stained with
Giemsa (LM). Fig. 9. Long flagellum bearing typical mastigonemes in two rows, and short one lacking such hair
appendages (TEM). Fig. 10. Short flagellum (SF) with electron-dense substance. Fig. 11. Two motile cells with
short flagella (arrow heads) and long flagella (SEM). Fig. 12. Section of a cell, showing major cellular components
(TEM). C, chloroplast; ER, endoplasmic reticulum; G, Golgi body; GL, girdle lamella; M, mitochondrion; N,
nucleus; P, pyrenoid; PR, periplastidal region. Fig. 13. A vesicle containing mastigonemes (TEM). (Scale bars:
10 pm for Figs. 7, 8; 1 pm for Figs. 9-13).
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Figs. 14-17.
cells at palmelloid stage (TEM).

Fig. 16. A cyst (arrow) and cells at palmelloid stage (LM).

“Hikarimo” at palmelloid stage. Fig. 14. Palmelloid cells in culture (LM). Fig. 15. Section of

Fig. 17. A cyst

(SEM). (Scale bars: 10 #m for Figs. 14, 16; 1 pm for Figs. 15, 17).
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Taniguchi, K., Isogami, K. and Kojima, H. 1991. Observations on the growth and maturation of 2-4
year old plants of Eisenia bicyclis (Laminariaceae, Phaeophyta). Jpn. J. Phycol. 39: 43-47.

Growth and maturation of 2-4 year old plants of Eisenia bicyclis were investigated from June 1986
through June 1989 at Iwaki on the Pacific coast of northeastern Honshu, Japan. During a year, lateral
blades grew rapidly from January to August, but slowly from September to December. Lateral blades with
sori were observed throughout the year in plants 3-4 years old. Lateral blades had wrinkles on their
surface from January through August, when lateral blades with sori showed a decrease. Plants of 2, 3 and 4
years old were found to produce 34, 44 and 42 lateral blades yearly, and to discard 30, 44 and 42 blades,
respectively, in a year. From the wet weight of lateral blades and the number of lateral blades falling off a
year, it is estimated that the yearly loss of organic matter of 2, 3 and 4 year old plants is about 1.3, 2.5 and

2.1 kg (wet weight), respectively.

Key Index Words: Eisenia bicyclis—growth—leaf marking method—maturation—productivity—sub-

marine forest.

Kazuya Taniguchi, Tohoku National Fisheries Research Institute, Shiogama, Miyagi 985 Japan;
Kotaro Isogami, Fukushima Prefectural Fisheries Experimental Station, Onahama, Iwaki, Fukushima 970-03

Japan,

Hiroshi Kojima, Tokushima Prefectural Fisheries Experimental Station, Hiwasa, Kaifu, Tokushima 779-23

Japan

187 7 4 Eisenia bicyclis (Kjellman) Setchell i3, =
B (1i81954) 2> 5 UMM £ TOKFHRRE,
BPNEES L ONMBEED b BABBERRE T TA<
oL (FH1953), SRR HEIEREIC 2T T
DEWEBR PR L EN A EBEPRE LR T D, K
i, FONBER TSR (PE1979) TR 6K (B
O - fngE1984) LHEE S h, BHHLLEDO EFT2R
LE#ERT 5 ¥ TOAERSR L UOTBREHEROBRIC 2
WTIRBALACER TV 55 (Yendo 1902, HiEF1953,
PE1963, 1966), T DHEDER & BBOEHN s B
FHELMAR IR T, E, FHE (1970) X3 H
® “3SETRThIERA L EE” TERLTH
EOFFEBEYHEEL, AEOHRER¥BEMHEHID
TEMIC® 2kg LEEL, ThicE S THEOMAE
EREY 0kgmYEL#EELI, LvL, UEOKE
BRFRHCL-Th, EHHCIRLBLDEEXD

* RALKKETRFERTERSE 468 5

haicd, E@HI0LERLNAOEHHEPLBRET
B EESWTHLMACTELEN DD, ZRET
i3, FH (1970) D H kit by, BHHENEETE
HEFCES LT, 2~ 4 RicHYST5 3 FRH)

RIEFFEBYBETS L L b, EBEELR—F
Bo@EGYIRE L TER LERBOEHEMS XL O
HOMAEERYHTT AR L L TCONERER R
L,

5 3

BERVbEMOXBRERN (JL&s36°57, #HE
140°56") DIKIE 4~6m DOHEITET T 5 198441
HWL7 5 24 (EREEH1985) %X HIT, 19864 6 A
2H19895E 6 ATl L 2 » A 1 B TH
ExfTot, ¥, 10EGHEOERTLL cESHD 7
TRF y I REREALETHITLAATER L, &E%
ORBCRELHESE, ThrhkbECAE (KX
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#3 10 cm) DEEERA S 5 cm D & & AICERE 0.5 cm DR
b, BREROREOT LS L BB R, AR
R RS RVCAEONBEREER LI, EHlLi
B0 ALY H10~15EELREL, KR, ZR, £
& (RRSEL) 2HEE AErEEc oL

ThEhIKBRES, BR, EEH (DELTA-T
DEVICE #, AT AREA ME":["ER Eﬁ]), BRIz K %
B L, MEREOBR L FEEOREY S L,
Tods, IEFRIL19865F 6 2519874 6 A ORIET,

REER L —FOBIFARH S 0T, 19874 8 A
AR BIZEER s B R L CoRab T,

BRLER

BESFOT 7 412, 1984FEFHIBROT, 19865
6 A~19874F 6 A1 2 8%, 19874 6 A~1988%F 6 A
13 38R, 1988%F 6 H~19804F 6 AL 4 B AN T 5,
Fig. 1 RT X 51, WFHOFEME 7 - THIERE
GEE, EERL b8 AEX, 12~2 Al
RLIZ LT, 2~3BEPFTLREIAXHLT,
4ETEB LT HA A BRI, ERTITERT
Lhigo THEREYHRY, ERI4KRT, ERIIKRT
BITRACETHOCH L, BRI 4R TLERYSE
I, Fig. 2 KA BB LA, HEORER, &R,
BIfUZER L oFEic BT h 8 AKX, 12~2 A

NEIh, ERBOFEHE L TLT—FH L,
¥, HIECRIKIVERIL 2 ~3FEIHTTKE
EXHL, 4BETEBUTWSLER—FHK LI, &d
EOAEIDHE Lo bR b A EWRIZEDIRM L 2
~ 6 Bl fIEF LA, 128 BEAcBT 5
ZEnD, 2~6 ARIIAIEDERNEL, TOKE
EHBAREKE D, DBRIZAC L) » TERNE
ARTI2~2 BelB/heisbZ EHRLT 5B,
FIZEDK & X LA RHEIIRI & R 5
LEZONDDT, Y RRAIZER - TEMS L 0%
Bx b OREDMEOFHE(L L RDIC (Fig. 3), &
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FCHEmL, 9 ALBL1RAEMF TR Lic, ¥,
RECTFEHAL RS, 2®TILI~4 A,
SETIE8~4 [, 4TIL6~6 ALERE LD
BIME Lich, FEEIY L oMIZERL I ~12AED
Ehote, —H, BilE b OAUEGTFEHERI D
VI & K, R D oo IR FEIIER O %
Ve S0 otc, 2 F b, TEHPRE LO#HKO
WM&y, REEABD LAIEOERMIMET T 5K
BoTwb, 20X HIBEREOBOEEL FE
PR & OB HBBED T 7 AT THEER
T3 (Gflh, #E). Fig. 2 OF — 2T,
122 5BE 6 OB OHBHRLEVHUEDOFHE
B (£H) *HETHE, 2R TII46.45£5.14, 3
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Fig. 1. Changes in leaf area and blade weight (upper), stipe length and diameter (middle), and stipe weight

and arm length (lower) of Eisenia bicyclis. Averages and standard deviations.
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Fig. 2.
lateral blade (lower) of Eisenia bicyclis (solid circles).
maximum value. Averages and standard deviations.
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OIS KED 5T,

PLEDFER, MR, 1~ 8 AicflfEn LR
WA L L IBERE B LT, 8 Ak
D, 9~12 I IEED A BAMKTT LIIEER L i L
TI12H i/ Nc7e B (Figs. 1~3) &\~ 5 2 320

LATERAL BLADE NUMBER

Changes of the length (upper) and weight (middle) of lateral blades, and the number of bladelets per
Open circles represent positions of the lateral blade with a

bhb, —F, TEEHONIAEILFICE s> T
ﬁmmb S D 4 RIS T TR R s+ 5
, FREPEA & ORIBEN R S & < 7n B D IERE O K
%é#ﬁ&?%QNQHT%6@@mOLt#oC
W2~4EDT7 7 ACBWTUL1ExX 1 ~8 A4 R
WE 9 ~12 8 DREIC KI5 2 L TE B,

B o RIHE T B A & 7237 (Fig. 3), RO #HL
DHLHMUEL HIEITHE, oz &k, ks LT
TR DT ADWHE & = 5 L F — DHELOFERS 7c
LEANICEEZ L ENTED, Itds, FEROMWINIC

Fig. 3.

Changes in the number of lateral brades on one of the two arms of plant (open circles) and the posi-

tions of lateral blades with sori (dark areas) and with wrincles (dotted areas) in Eisenia bicyclis.
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Changes in the rates of the lateral blades formation (solid line) and decay (broken line) obtained by

the leaf marking method in Eisenia bicyclis. Averages for ten plants.
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Schematic representation of the lateral blade longevity on one of the two arms of Eisenia bicyclis.
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Table 1. Seasonal changes of the loss of
organic matter (g wet weight) of lateral blades in 2-4
year old plants of Eisenia bicyclis.

Age
Duration
2 3 4

June-Aug. 185.8 358.4 320.5
Aug.-Oct. 371.6 597.3 534.1
Oct.-Dec. 92.9 238.9 213.6
Dec.-Feb. 185.8 477.8 502.4
Feb.-Apr. 245.3 517.8 385.4
Apr.-June 228.6 326.6 192.7

Total 1,310.0 2,516.8  2,149.0
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Volvox globator DEFREME & £ F MR E

m A

i

HWERIIRILEEESER (350-13 HERBRIUT FRE4)

Kochi, S. 1991.
Phycol. 39: 49-54.

A sex-inducing substance in Volvox globator and its physiological properties. Jpn. J.

A sex-inducing substance (SIS) was extracted with water after homogenization of colonies in the sexual

reproduction phase of Volvox globator, a monoecious species.

The substance exhibited an intense

physiological activity, a remarkable sex-inducing effect not only on V. globator itself but also on other species
of Euvolvox including V. merrilli. It is remarkably stable against heat and organic solvents, and seems to be
a relatively low-molecular weight protein that is deactivated by acid or base and by proteolytic enzyme pro-

nase.

Key Index Words:  culture—physiological property—sex-inducing substance—Volvox globator.

Stgeru Kochi, Saitama Prefecture Say

Volvox DM FHFRIZBEIT HHFCIL Volvox aureus T
Darden (1966) 23, V. carteri C Starr and Jaenicke (1974)
& Tschochner et al. (1987) 23, V. rousseletii T Mec-
Cracken and Starr (1970) 4%, \v3°h & HERER A ORES
BWT, ZomMEREYFHER TS MIS (male inducing
substance) IZ DWW TH#E LT\ 5,

AR TIL, HEHEREDEE Volvox globator DM
FAOBGEHER L, KTk > Tl LB x A
T, X OAEBEN LR,

HE&LUHE

1. # ®

FEE BV Fo BN Volvox globator (19744ERHZS)I| 1R
VBBV & —OWTFEABRENR [FHoE] T
B Licd D% 19844E 8 BIRAE), V. memilli (1987
F5 A6 AW ERTFABRO/NIi A EAFETH
BOKETERLICH DEAF), Volvoxsp. 1 (19865
107 12 A BRILUKICERE), Volvoxsp. 2 (19874£7 A 2 A
RILT TREOKE CTHI) O Euvolvox SBT3
MERERIAD 4 B8 & V. aureus (19864E10 10 A ERE
BT, V. carteri & (19864E 7 A 14 A —E IR
FERONEFHEMELFMR—EHRHIOKE TR
BLcbD%AE) ThH5,

7¢3s, Euvolvox Hid 2 fi% sp. & L7cDi Smith
(1944) DB ABK Lich 21D TH B,
2. V. globator DAFH

Seiryo Senior High School, Kamiokutomi 34, Sayama, 350-13 Japan

(1) EtEAE

V. globator DEMEAETEREGAIIFRIN I EAGH T,
ALY EBRT A MR KVCERATEVCICERSL, &
MR EESEEY LS, X %8,000~17,000F D /N F
DREMPADAIC 5 ~ 128D AE D4R B
%, AFEMME (gonidium) (THARSNZA < DR LigH
LEEORLEAELIAR, K& (inversion) L, 1§
BT T 5, IRBEAIRRER TY 5 2r B
LTWaB0, ZTokEH L, ®KROBEGEL s,
BH LB CRELARE L, ®ROBEEEHRTS
¥ CTOR/BE 5 DD stage X4 L, Table 1 & Figs.
1~5 =T,

(2) B4R

V. globator (3R€ %Y , 7, MiERGT, RA—#E
PRIl L R TFRETR T 5, ITER30~408, KT
W3~ 7EHRL, INESRsE, AALHO-=
MorErE+TrEE6F LD, REL, BBACK

Table 1. Developmental stages of vegetative
colonies of Volvox globator.

Time (hr)

after release Developmental stage

0~12 Stage 1: Gonidia undivided~4—celled embryos
12~24 2: 8- ~ 32-celled embryos
24~36 3: 64— ~256-celled embryos
36~48 4: ~pre-inversion embryos
48~60 5: Inversion~daughter colonies
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Figs. 1-5.

Developmental stages of vegetative colonies of Volvox globator.

1. Stage 1 (gonidia undivided~4-

celled embryos). 2. Stage 2 (8-~32-celled embryos). 3. Stage 3 (64-~256-celled embryos). 4. Stage 4 (pre-inver-
sion embryos). 5. Stage 5 (inversion~daughter colonies). Scale bar, 100 #m.

ST TR, RIEEL, 1~ 20 ke inz
BEFRFL, MianZi nBL, TOBRRELTH
LW BEEAEAE T 5,

Figs. 6~12 12 V. globator DHEMEFE(R & fLed Euvolvox
i s fioEE T 2R,
3. REFE4ff

B3, VT b (A7491972) © 5 % Glycyl glycine
% HEPES W 2 ro Bt FiVy, 6,000 lux DERET16
ERETBH - 8 W5HIRE, 23°C 1E1R (AiF11975) TTT e o 7,
Fro, B, # 7 ARBERETNTRE L TRV
B OMBUI KR DM D TH S,
Ca(NO;y),-4H,O 11.8 mg, MgSO,-7H,0 4.0 mg, KCI
C3H;Na,O¢P-5HO
phosphate) 5.0 mg, Thiamine HCI1 1.0 zg, Vitamin B,
0.01 pg, Biotin 0.01 g, HEPES 50 mg, P IV metals 0.3
ml, H,0 99.7 m/ (1IN NaOH T pH 7.5 & L72),

¥72, P IV metals DS ITKDOHBD TH b,
FeCly-6H,0O 97 mg, MnCl,-4H,0 41 mg, ZnCl, 5 mg,
CoCly-6H,0 2 mg, Na,MoO, 4 mg, Na,EDTA 750 mg,
H,0 500 m/,
4. MEFHRWE ORI

5.0 mg, (Sodium--glycero-

Volvox globator DA MEAEFEREMAS B RO X 5w LT
R E A L,

(1) HHAEMREE GERBINATER Lk CoTREHO &
D) FLF1L000BEAAEK 10ml & & L@ Lics
A 7 e v 65°C TURERIEDL, To kEw 2-
4°C IRET B,

(2) IRBEMR0E AT O btk AR FERF (A 2 B53b 25 mi %0
Z 1B 18 mm D F v HRBRES AR 1 FAT O AR
7 AREERT B & L AP ORMEEIL600& 7 b, 504
DOREUL 3 FITET B,

(3) Z DAL A Aty v a
FictEw, BEHITE — B — IV AT,
(4) B2 11 ANz o 581040 (1) 0 EER 1 ml
Oz, Zhic (3) DMMATEREEIHECINZ T6
AR X Dk a ot 5 &, A ATRRTE
W EA ETRTERILL, BRI Z TR
T5 (BB X £2075),

(5) ZORMERBEEY A r v 2y v RITED,
300ml DIKE & HITE —H — 1BV IR s,

(6) Chua%EM I v — L, MlaxirL Ty
2= AL L,200mlBEDOE —H—1Z 50 ml TONEL,

(150 MS)
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Figs. 6-12.
sperms (V. globator).
100 #m in Fig. 6, 10 #m in Figs. 7-12.

65°C ITff - EREFTY 5 oK EFES D
o, fifarficE T s MFEWE A KT L, #E
LR

(7) ZoEEMTK 50ml Nz CTHREB®K S L, oh
w5 EE (5,000 rpm, 1043) LT EER E— 7 —
B LCHY 65°C TEET 5, S HIC/K 10ml &
2T, wmh, TET 5, ZOBRFEYHO hIRL
TRHEOAFERAR EEY 1 7€ vhTiE, 7F
BL, ERCTHRELL,

Z DEEWE & AW TIRMEE R E (sex-inducing
substance, SIS) & L7z, 105 DA MAFERE, B Eid
DFFETHH LB% SIS &Ik 10~20mg TH -7,

PR~ 3 EBE O LI SIS st D b of
MAFER A OTEUL SIS 1 mg % 1 ml DAHEM LT
JFRREL, ThEETHRLTHV,

5. EBRAE

SEERITES 10 m! % 72 18 mm D F v Ok
B ERIOATORNT T o7, o1 BRTINL
TBEAS & SIS BT ER T LR ®m Y TH D,

Bt of#E - BT, $HERBEORNKT bbb
BB DA U7 IR BE R 2405 MR L7 RE S T 1
BHERPOFGAERKE L HIE 90mm OEFFHILC
BL, =X (X xACTHN, oo
HEFERHE (Fig. 6) IXFEENICE R OIS Akic Bz
HEMATER G L BB T HZ LN TEL, ok,

Sexual colony and zygotes of Volvox. 6. Sexual colony. 7. Egg and sperm packet. 8. Egg and
9-12. Zygotes (9, V. globator; 10, V. merrilli; 11, Volvox sp. 1; 12, Volvox sp. 2). Scale bar,

BHACRGRTEGED DI Lo HERE D 5 bR
L& TR LIS,

BREER

1. SIS OA:FIEM:

(1) MR D stage DL & HHEALE

V. globator D Mk A MR (k% Table 1 & Figs. 1~5 1T
R 5 D stage X4y L, SISEE 1073 g/l OEFHIC
EXIBHRBILY 1 BHEARTHBEER L ERY
Table 2 {2783, Stage 1 & 2 DFFIR100% IS\ E
HALEREZRL, T, stage 2T O CTHMEAL
ROETHRE BT,

Table 2. Effect of SIS on developmental
stages of Volvox globator.
. Sexual colony No. of
Medium Stage %) colonies
1 99.5 1,045
Conditioned 2 98.5 1,284
medium 3 91.3 1,328
(SIS 1073 g/0) 4 74.1 1.301
5 27.5 1,149
Volvox medium il 0 1,232

(Control)




52 Kochi, S.

Sexval Colony
)

90
8
70
60
50
©
»
2
0

0 12 2 48 72 96
(hr)

Fig. 13. Relationship between sexual induc-
tion and exposure time to SIS in Volvox globator.

ZORBRECRMEIIR L SISENT 5 REENR
W, HBWIIEFEEY 5 st T itz — R
LESISOERAADBR LERBLTWSLEEZD
ha,

(2) SIS DYERRsRE & AfELER

I BVHEE (stage | CTHETEMBRLRIMEORLE)
% SISEBE 1073g/l OEEHITEERL, RE LN
(12, 24, 48, 72WsRE) #, WAL SISHEF o8
HWCHESE - 7ok, SIS & ¥ i el L TisE
L, ZOFEBLRELFA I, 7ois SIS TI6HREEE
LRk, £oRR T cAboREL T
BREBICE L TWDT, SISHEWIETZ &7l
D E FHE LI,

FRIAX 1 BEbIch S FEEANLIOT, 1H,
SEHEANICLOT2EERE LIc, TDERY Fig. 13
CRT, TORML, SIS OFEA 8RR COEY
ERTBRICIEL, 105 ATCHB L, 728M% TR
96% & 2B LR L, 96KFfIHE T1iiF100% HH:A1b
LicZ &2 5B,

Lichio THERY 5 s Tiediciy, riehEn
BRI SIS DIERAXMEL L, BEALOHEGIEY
b3 2w x 728 B LA L SIS DIERA L E L & & 4%

Sexval Colony
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Fig. 14. Effect of SIS concentration on sexual
induction in non-sexual colonies of Volvox globator.
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Fig. 15. Effect of SIS concentration on sexual
induction in four species of Euvolvox. —, Volvox
globator; ——, Volvox merrill; -+, Volvox sp. 1; —-—,
Volvox sp. 2.

hotc,
(3) SIS B & HiEfLE

SIS % 1073 g/l HHIOETOFR L BE TELES
T stage 1| OEBUATEHALEX 1 BEDIch 1#
BANT, BERBLIERY Fig. 14 RT, SIS
R 1073 g/l T99Y, 10~*g/l THY L&\ EHLR
#RL, 1075g! T TRERETHELRIA,
1077 g/l BT d e BIFERATRD bt

LasL, V. carteri (Starr and Jaenicke 1974) & MIS
7% 10710g/l T100% DHEMALEER LD L T 5
ERBEL, TOBREO SIS T MprE<Lat
LOLEEIND,
(4) Euvolvox HiDfhfEizxt3 % SIS DZ)E

V. globator O SIS AMbEEDH AL RIFTE B>
\C, Euvolvox SiC/BT % 38 (Volvox merrilli, Volvox
sp. 1, Volvox sp. 2) A\, 1 BRI 1BHMEANTE6ME
EBR LR % Fig. 15 R T, SIS V. globator (X
T, Thb 3L ThEAFOEERT T
EMBABN LT, LA L, Euvolvox EiLlstd V.
aureus 38 X V. carteri 1ITIXE 5 1e S BRER I Teh»
o

Table 3. Effect of heating (30 min.) on SIS.
. Temp. Sexual colony No. of
Medium (°C) (%) colonies

—_ 99.2 733

60 100 704

SIS (1073 g/i) 80 99.4 723

100 100 689

120 64.6 527

Volvox medium - 0 891

(Control)
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Table 4. Effect of organic solvents on SIS. Table 6. Effect of proteolytic enzymes on SIS.
Rageaaat S colomes  Experiment Time (min.) S;Ly] No.of
SIS (1072 g/l 99.9 780 )
SIS treated with chloroform  98.6 766 L3 40 S8 1,449
SIS treated with ethanol 97.7 795 BIS tepied with pronsse. 30 0.8 1,456
Volvox medium 0 879 SIS treated with trypsin 30 82.0 1,620
SIS treated with chymotrypsin 30 95.4 1,504
Volvox medium 0 0 1,575
2. SIS D
(1) SIS k3 % o 8
SIS % 1073 g/l & isEEHi% 60, 80, 100, 120°C TZHh  (4) SISICK T3 % v R 7 REEEDOHE
FR30 B L7, &KX 1 BB s BEAR T2 SIS 1mg & LEEM 10mlic T rr—+, F) 7

EEA Lok B A Table 3 173, 100°C # Tl Atk
R BRoh T, MBOEE IR bhich -1,
E7, 120°C OB X b, AR5 %BITIET L
2d 00, eREWEREESRS bR, ZOfER
& 120°C TEEWKRIE LIS V. aureus D MIS (Darden
1966) % H#r$5 &, V. globator D SIS (3 45ed THC %
ELHBETHB E\ 2 5B,

(2) SIS IHf¥ 5 HREHOHE

SISOFW 1ml =&/ —AFIAIZer 7 4L
A% 9ml TOML, WEERM LI, LT 65°C
TR EME L, TOBEE L, ZhiEtTHR
L (SIS ¥REE 1073 g/l), 1 2581 5 BEE AN T 2 [A15ERR
L7cHE 8% Table 4 ITR$, SISIk=%/ —1%7 R
B 7 o /b ATR E DRI Uiked TRETH - 1,
(3) SIS X3 ARk - sEHOHE

SIS DJEHE 1 m/ i 1IN HCI % 721% 1IN NaOH % 9 m!
oz, B LT 65°C 1 2 KRB L, F0,
BEEh, ToEFEEL, IN NaOH %72k IN
HCl %Nz CTpH7.0 % L, £#hT SIS N
1073 g/ICie DX H5CHERLT, BB FHEAN
TER LR % Table 5 1wR$ (Bt pH 38
BCIOVER LI NaCIA G ERIEFETHLH, B
Bed, ToTFER L), SISOMF ki
L BREIRD NI,

Table 5. Effect of acid and base on SIS.
: Sexual colony No. of
Experiment %) colonies
SIS (1073 g/l) 99.4 361
SIS treated with HCI 0 358
SIS treated with NaOH 0 342
Volvox medium 0 329

v, BAH0EFELNY T vE 10ml Tomz,
23°C T24IREALEE U 7o 1%, I E % (Corning #18,
45 pm) 5l L, —20°C CRFE L1,

KR TR Y SIS IBEA 103 g/ 1T/t B
L OB HNL, BRYREZ LD 100°C T
30 MENE Lok, 1 AR 5 BEEANR T 2 BIEM L
720 TOFER% Table 6 1IT/R”T, SIS (L7 v+ —+ED
{EM %50 < ZKRIE L7, MU Darden (1966) %5 &
OF Tschochner et al. (1987) DFER L —F T 5, 72721,
ARER TR FORE TRV LTy,
(5) ¥ LVESKENC X B SIS OO FROHTE

SDS ZLBE L7z SIS % MW Marker (# Y = v % /Lg%
) LEBEY T2 I AT I K (ATTO #,
5-20%WEREL Y V) THKEIL, 7~y v—7 VY
7 ¥ b 72— R250 THfE LR % Fig. 16 10”7,
SIS DAYV Fit MW < — % — D4 FH12,400(F + 7

A B

M- W

73800 —-
49600 —-

37200—-
24800— -

12400__%*» g
i : % "LU" =

[ S,

Fig. 16. SDS polyacrylamide gel electro-
phoresis of SIS. A, Mol wt standard (Cytochrome
¢ monomer~hexamer); B, SIS. Stained with Com-
assie brilliant blue.
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rA C E/7=) XOhTRBbh, 2t ESFO
BVAIETHBZ L' HDbES,

Is3s, MIS ODAFEIL V. aureus Ti3200,000L4 1
(Darden 1966), V. carter: Ti%.27,000~30,000 (Starr and
Jaenicke 1974), V. rousseletii T13.10,000 (McCracken and
Starr 1970) & DEENDH B, ABED SIS i V. aureus
R IOV, carteri DFHALIZ F o> 1o R ER S e o
fez k&, HTFEOBGDD, WEDOMIS L3R
EMETHBEELZ OB, ¥, V. globator LR T
Euvolvox fiD V. rousseletii (MEHERAE) o MIS L HF
BIEVE B s, V. rousseletii X35 SIS ©
BHEIL F LT T e,

] E
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The life history of the Gracilaria species has
been reported to be the Polysiphonia type
(Ogata et al. 1972, Bird et al. 1977,
McLachlan and Edelstein 1977, Yamamoto
and Sasaki 1987, 1988). However, there are
cases in which only a few or no gametophytes
exist in the natural populations of some
species, i.e. G. chorda in Hokkaido, one of the
ecological forms of G. salicornia and G.
eucheumoides. This fact makes one imagine
that the life history of these species might be
of the tetrasporophyte-tetrasporophyte type
or some other types.

G. salicornia has two forms which can be
divided morphologically and ecologically.
One is the type in which the nodes of
segments are markedly articulated and the
fronds grow solitarily, and three reproductive
phases are common. The other is the type
forming a mat which consists almost only of
entangled and less constricted tetrasporangial
or sterile fronds (Trono e al. 1983,
Yamamoto 1989).

The writer carried out culture studies to
reveal the life history and the morphological
modifications of this mat type.

Fertile tetrasporophytes of the mat type
were collected in Cebu Island, Philippines
and carried to Japan by Dr. M. Ohno, Kochi
University, in July 1988.

Released spores were transferred by pipette
to 50m/ glass tubes for unialgal culture.
Tetraspore-derived sporelings cultured to ap-
proximately 5 mm in length were detached
from the substratum and 10 of them were
transferred into a 1000 m/ flask for free-living
culture. The culture was carried out under
the conditions of 23-24°C, 3000-4000 lux of a
white fluorescent lamp, a photoperiod of 14

(light)-10 (dark) and aeration after detaching
the sporelings from the substratum. PES
medium without vitamins was changed once
a week throughout the culture. Spores from
mature fronds in culture were incubated in a
similar manner.

A spore germinated to form a disc from
which an erect frond sprouted. The erect
fronds developed into club- or spindle-shaped
segments of about 5 mm in length after 40-50
days. Afterwards 1-2 (-3) branches appeared
on the tip of the segment and gave rise to new
segments. Accordingly, the fronds became
conspicuously or sometimes moderately ar-
ticulated.  After about 70 days, sper-
matangial pits of the wverrucosa type
(Yamamoto 1975) appeared and cystocarps
followed on different fronds.

Carpospore-derived sporelings developed
into tetrasporophytes which were mor-
phologically the same as gametophytes and
released normal tetraspores after about 60
days.

Although the tetrasporophytes of the mat
type were employed as an initiator for this
culture, the resulting life history was of the
Polysiphonia type and the morphology of
fronds in culture was similar to that of the
solitary type rather than of the mat type.
This fact demonstrates that the mat habit is
not a determinant for this species and is
changeable according to environmental fac-
tors. This type is found in a habitat under
moderate-strong waves (Trono et al. 1983).
The results of this experiment do not explain
why tetrasporangial or sterile fronds are
almost the only component of a mat. Further
observation is necessary.

Xia (1986) proposed articulated G. sali-
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cornia and related species which are less con-
stricted as G. salicornia for the reason that the
degree of constriction is not diagnostic.
Although experimental crosses among those
species are necessary for a final conclusion,
the morphological modification in this culture
supports her proposal to some degree.

The writer sincerely thanks Dr. I.A.
Abbott, University of Hawaii, for her critical
reading the manuscript. The writer also
expresses his cordial thanks to Dr. M. Ohno,
Kochi University, for providing the
materials.
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Tsuda, R.T. and Kamura, S. 1991.  Floristics and geographic distribution of Halimeda (Chlorophyceae) in
the Ryukyu Islands. Jpn. J. Phycol. 39: 57-76.

Eleven species of Halimeda occur in the Ryukyu Islands, based on the reexamination of the majority of
specimens previously reported in the literature, examination of unreported specimens, and the acceptance
of one previous species record. The species are H. incrassata, H. simulans, H. macroloba, H. opuntia, H. distor-
ta, H. velasquezii, H. renschii, H. tuna, H. discoidea, H. micronesica and H. fragilis (not substantiated). Halimeda
renschii and H. distorta, previously reported as H. opuntia f. renschii and H. opuntia v. hederacea, respectively,
are substantiated from the island chain. Halimeda cuneata is not among the specimens examined; specimens
previously identified as H. cuneata from the Ryukyu Islands, mainland Japan and the Bonin Islands were
identified as either H. discoidea or H. tuna. A general attenuation of species is evident as one moves from the
southwest to the northeast along the island chain—Sakishima Is., includes Yaeyama Is. and Miyako Is. (10
species), Okinawa Is. (10 species), Amami Is. (5 species), Osumi Is. (3 species) and mainland Japan (2
species). Although H. macroloba is present at Kume I., its absence from Okinawa I. is a mystery. Fifteen
new island records for species of Halimeda are cited.

Key Index Words:
marine benthic algae— Ryukyu Islands.

The Ryukyu Islands (Fig. 1), i.e. those sub-
tropical islands from Tanegashima I. (Osumi
Islands) to Yonaguni I. (Yaeyama Islands)
which lie in a northeast-southwest orientation
between the southern coast of Kyushu and the
northeastern coast of Taiwan, are
phytogeographically interesting because the
island chain serves as a filtering region for
those marine benthic algae deemed tropical in
habit. One such alga is the conspicuous
Halimeda  (Caulerpales, Halimedaceae)
which is usually associated with coral reefs
and which abounds in tropical waters, e.g. 20
species reported from the Philippines (see
species listing and references in Silva et al.
1987) and 21 species reported from adjacent
Micronesia (see species listing and references
in Tsuda and Wray 1977, Hillis-Colinvaux
1980).

The original concept of the study was to ex-

coral reefs—geographic distribution—Halimeda— Japanese Southwestern Islands—

amine the geographic distribution of the
species of Halimeda along the Ryukyu Islands
based on records in past literature and sup-
plemented through the examination of
Halimeda specimens deposited in the Her-
barium of the University of the Ryukyus and
other specimens in the personal possession of
the second co-author. Eleven species, in-
cluding four varieties and eight forms, have
been previously reported in the literature
(Table 1) from 17 islands within the island
chain—Heydrich (1894), Okamura (1915,
1932, 1936), Yamada (1934), Yamada and
Tanaka (1938), Tanaka (1950, 1956, 1957,
1960), Hillis (1959), Segawa and Kamura
(1960), Kida (1964), Moul (1964), Kamura
(1966, 1977), Tanaka and Itono (1968, 1972),
Akatsuka (1973), Itono (1973), Yamazato et
al. (1976), Kamura and Iida (1981), and
Ohba and Aruga (1982). Three species of
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Fig. 1. Map of the Ryukyu Islands.

Halimeda, i.e. H. cuneata Hering (Okamura
1930, 1936, Segawa 1935, Chihara 1956,
Ichiki 1956, Yagi 1962, Iida 1979), H. tuna
(Ellis and Solander) Lamouroux (Okamura
1936) and H. discoidea Decaisne (Chihara and
Yoshizaki 1970, Yamamoto 1988), have been
reported from the Japanese mainland and its
vicinity.

Initially, the approach seemed quite
satisfactory since previous Japanese authors
had been quite detailed in attributing names
at the infraspecific ranks to such species as H.
opuntia (L.) Lamouroux and H. incrassata
(Ellis) Lamouroux. The task of applying the
current applicable specific names to the
varieties and forms would be relatively
routine, e.g. H. velasquezii W.R. Taylor for
H. opuntia f. intermedia Yamada. It soon
became apparent that any discussion of the

geographic distribution of the species of
Halimeda within the Ryukyu Islands must be
more solidly based on the reexamination of
specimens on which the initial identifications
were made by previous authors. This matter
was especially important in terms of earlier
authors since many changes relative to species
concept have occurred since their studies were
published. Prior to the monographic revi-
sion of the genus Halimeda by Hillis (1959),
phycologists were following the taxonomy of
the initial monograph of Barton (1901) who
recognized seven species; H. discoidea was
then considered a synonym of H. funa. Hillis
(1959) recognized 21 species and since her
revision, nine additional species have been at-
tributed to the genus Halimeda (see Hillis-Col-
invaux, 1980). Twenty-five of the 30 species
recognized worldwide can be found in the In-
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Table 1. Past references of species of Halimeda reported from islands within the Ryukyu Islands.

Section RHIPSALIS

H. incrassata (Ellis) Lamouroux. YAEYAMA IS.: Yonaguni I.—Tanaka and Itono (1972), as f. lamourouxii J.
Agardh; Iriomote I.—Ohba and Aruga (1982); Taketomi I.—Ohba and Aruga (1982). MIYAKO IS.:
Miyako I.—Kamura (1977). OKINAWA IS.: Okinawa I.—Yamada (1934), as f. ¢ypica and f. ovata J.
Agardh; Moul (1964); Kamura (1966); Yamazato et al. (1976), as f. ovata; Kume I.—Kamura and lida
(1981), as v. lamourouxii. AMAMI IS.: Yoron I.—Tanaka (1960), as f. typica; Tanaka and Itono (1968), as
f. lamourouxii; Amamioshima I.—Tanaka (1956), as f. typica. RYUKYU IS.: Okamura (1915), as f.
lamourouxii; Hillis (1959).

H. cylindracea Decaisne. RYUKYU IS.: Hillis (1959), specimen is labeled Okinawa I.

H. macroloba Decaisne. YAEYAMA IS.: Yonaguni I.—Yamada and Tanaka (1938); Iriomote I.—Akatsuka
(1973); Ohba and Aruga (1982); Taketomi I.—Ohba and Aruga (1982); Ishigaki I.—Okamura (1915,
1936); Akatsuka (1973). MIYAKO IS.: Miyako I.—Kamura (1977). AMAMI IS.: Yoron I.—Tanaka
(1957, 1960); Kakeroma I.—Kida (1964); Amamioshima I.—Kida (1964); RYUKYU IS.: Hillis (1959).

H. simulans Howe. OKINAWA IS.: Okinawa I.—Moul (1964).

Section OPUNTIA

H. opuntia (L.) Lamouroux. YAEYAMA IS.: Yonaguni I.—Yamada and Tanaka (1938), as f. typica and f. in-
termedia Yamada; Taketomi I.—Ohba and Aruga (1982), as v. opuntia and v. hederacea (Barton) Hillis;
Ishigaki I.—Okamura (1915, 1936), as f. cordata (J. Agardh) Barton; Segawa and Kamura (1960), as f.
Yypica; Akatsuka (1973), as f. typica and f. cordata; Ohba and Aruga (1982), as v. opuntia. MIYAKO IS.:
Miyako I.—Heydrich (1894); Kamura (1966), as f. {ypica; Kamura (1977); Ikema I.—Kamura (1977).
OKINAWA IS.: Okinawa I.—Yamada (1934), as f. typica and f. intermedia (f. nov.); Moul (1964), as v. opun-
tia and v. hederacea; Kamura (1966), as f. intermedia. AMAMI 1S.: Yoron I.—Tanaka (1960), as f. cordata;
Amamioshima I.—Tanaka (1956), as f. cordata; Kida (1964). OSUMI IS.: Mageshima I.—Tanaka
(1950), as f. cordata and f. renschii (Hauck) Barton. RYUKYU IS.: Okamura (1915), as f. renschii;
Okamura (1936), as f. typica and f. renschii; Hillis (1959).

H. velasquezii W.R. Taylor. YAEYAMA IS.: Kuro I.—Ohba and Aruga (1982); Ishigaki I.—Ohba and Aruga
(1982).

Section HALIMEDA

H. tuna (Ellis and Solander) Lamouroux. YAEYAMA IS.: Ishigaki I.—Akatsuka (1973), as f. ¢ypica. RYUKYU
IS.: Okamura (1932, 1936), as f. typica.

H. discoidea Decaisne. YAEYAMA IS.: Taketomi I.—Ohba and Aruga (1982). MIYAKO IS.: Miyako I.—
Kamura (1977). OKINAWA IS.: Okinawa I.—Moul (1964); Kume I.—Kamura and Iida (1981).

H. cuneata Hering. OKINAWA IS.: Okinawa I.—Yamada (1934); Yamazato et al. (1976). AMAMI IS.: Yoron
I.—Tanaka (1960); Amamioshima I.—Okamura (1915, 1936); Tanaka (1956); Kida (1964). OSUMI IS.:
Tanegashima I.—Okamura (1915, 1936); Mageshima I.—Tanaka (1950).

Section MICRONESICAE

H. micronesica Yamada. YAEYAMA IS.: Hateruma I.—Itono (1973); Taketomi I.—Ohba and Aruga (1982).

H. fragilis W.R. Taylor. YAEYAMA IS.: Hateruma I.—Itono (1973).

do-Pacific region.

Materials and Methods

The floristic section of this study is based
on the examination or reexamination of
specimens from the Herbaria of the following
institutions and the private collections of the
following individuals.

(1) Herbarium of the University of the
Ryukyus and collections in the personal

possession of the second co-author, based on
past reports (Segawa and Kamura 1960,
Kamura 1966, 1977, Yamazato et al. 1976,
Kamura and Iida 1981, Kamura e al. 1982)
and other unreported specimens;

(2) Personal collections of Dr. Washiro
Kida, Faculty of Fisheries, University of Mie,
based on Kida (1964);

(3) Herbarium of the Tokyo University of
Fisheries and personal collections of Dr.
Hideo Ohba and Dr. Yusho Aruga, based on
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Ohba and Aruga (1982);

(4) Herbarium (SAP) of the Department of
Botany, Faculty of Science, Hokkaido
University, Sapporo, based on past reports
(Okamura 1932, Yamada 1934, Yamada and
Tanaka 1938), Dr. Kintaro Okamura’s collec-
tions, and other unreported specimens.

(5) Herbarium of the Faculty of Fisheries,
Kyushu University, based on past reports
(Ichiki 1956, Segawa 1956, 1958, Segawa and
Kamura 1960), and other unreported
specimens of Dr. Yoshikazu Okada, Dr.
Sokichi Segawa, Dr. Takeo Okuda and the se-
cond co-author.

(6) Herbarium of Marine Botany, Faculty
of Fisheries, Kagoshima University, and per-
sonal collections of Dr. Tadahide Noro.

(7) Herbarium (MICH) of the University
of Michigan (Hillis, 1959).

Unfortunately, the specimens of Dr. Takesi
Tanaka and the late Dr. Hiroshi Itono (i.e.
Tanaka 1950, 1956, 1957, 1960, Tanaka and
Itono 1968, 1972, Itono 1973) were not
curated and, thus, could not be loaned in
their present state. Other collections and the
detailed description provided by Itono (1973),
however, substantiate most of the island
records. In addition, Halimeda specimens col-
lected by the first co-author during his three-
month research visit to Okinawa during
January to March 1990 are incorporated in
this study.

Since the Herbarium of Hokkaido Universi-
ty, Sapporo, is the only Japanese institution
listed above that has an official Herbarium
designation, i.e. SAP, the following designa-
tions were used for the other institutions as a
guide to where the specimens are located—
University of the Ryukyus (RYUK),
University of Mie (MIE), Tokyo University
of Fisheries (TUF), Kyushu University
(KYU) and Kagoshima University (KAG).

Locality data for the specimens examined
are cited with the applicable island groups
and specific islands in order of their location
from southwest to northeast within the
Ryukyu Islands, i.e. Yaeyama Is., Miyako
Is., Okinawa Is., Amami Is. and Osumi Is.
Those specimens examined from the Japanese

mainland and the Bonin Islands are also
cited. Although the Senkaku Islands are not
officially part of the Ryukyu Islands,
specimens (Kamura et al. 1982) were reex-
amined and incorporated in the listing.
Specimens which have not been designated an
acquisition or field number are cited with the
designation “s.n.” (sine num.) after the
name(s) of the collector(s) or the Herbarium.

Materials from herbarium specimens for
microscopic examination were obtained by
sectioning a thin rectangular strip, ca. 1-
2 mm wide and 4-6 mm long, from mature
nodal regions that included portions of the up-
per and lower segments located mid-way be-
tween the basal and apical segments. In those
cases where the nodal regions were extremely
narrow, adjacent mature segments with
nodes were taken from the herbarium
specimens. The strips or segments were
decalcified in 10% HCI, placed in an
aqueous solution of detergent for 5-10
minutes, sectioned and other parts teased
under the dissecting microscope (35 X), and
examined under the compound microscope
(100 X and 400 X ). The above technique dif-
fers slightly from that recommended by
Hillis-Colinvaux (1980) who decalcified her
sections after the sections were made.
Macroscopic observations and
measurements, i.e. thallus height and seg-
ment size, were obtained from dried
specimens, unless otherwise stated. All
anatomical measurements were made under
high power (400 X).

Since the range of surface diameters of
peripheral utricles of a particular specimen
played an important role in differentiating
species which appeared morphologically
similar, range of means, based on a minimum
of 10 measurements per segment or per
thallus (Hillis-Colinvaux 1980), was used in
this study instead of the extreme range to dif-
ferentiate species, especially those in the Sec-
tion Rhipsalis. Past experiences by the co-
authors have shown that if one looks long
enough, extreme range can be found in any
specimen which negates the usefulness of the
measurements of surface diameters. The



Floristics and geographic distribution of Halimeda 61

range of means provided the co-authors with
a useful tool to separate species of Halimeda.

The information on the geographic distribu-
tion of Halimeda in the Ryukyu Islands is
primarily based on specimens actually ex-
amined by the co-authors. Only in a few
cases, when specimens were not available for
our reexamination, did the co-authors rely on
the past reports.

Results

The 11 species of Halimeda which we
recognize in the Ryukyu Islands are discussed
individually under their respective Sections,
as defined by Hillis-Colinvaux (1980: 85).
Therefore, the degree of fusion, if any, of the
medullary filaments at the nodal regions is
not discussed in detail, since the nodal
characteristic of the species is defined by the
Section.

Section RHIPSALIS

Halimeda  incrassata  (Ellis) Lamouroux;
Okamura 1915: 213, pl. 150 (figs. 1-7);
Yamada 1934: 81, fig. 52; Hillis 1959: 365,
pl. 4 (figs. 1, 2), pl. 5 (fig. 21), pl. 6 (figs.
21-24), pl. 12; Hillis-Colinvaux 1980: 93,
fig. 22.

Plate 1, Figs. 1-5

Japanese name: Mitsude-sabotengusa.

Specimens examined. MIYAKO 1IS.:
Miyako I.—Kamura 2967 (RYUK),
Oonogoshi, X-11-73 (Kamura 1977).

OKINAWA 1IS.: Okinawa I.—MICH s.n.
(MICH), V-5-28, leg. M. Higashi (Hillis
1959, as H. cylindracea); TUF s.n. (TUF), V-
5-28, collector not cited; Segawa s.n. (KYU),
V-5-28, leg. T. Tamayose (Segawa 1956,
No. 93); SAP 14376 (SAP), V-32, leg. Y.
Yamada (Yamada 1934, as f. typica); Segawa
s.n. (KYU), Naminoue, V-56; Kamura 78
(RYUK), fertile, Itoman, VII-7-56, leg. K.
Hanashiro; Kamura 80 (RYUK), fertile,
Itoman, V-7-56; Segawa s.n. (KYU), fertile,
Itoman, V-7-56; Kamura 117 (RYUK), Hen-
za I., 2m deep (MLLW), sand-rubble
substratum, X-11-77; Kamura 255
(RYUK/KYU), Itoman, IV-26-57; Kamura

941 (RYUK/KYU), Oomine, III-26-59;
Kamura 942 (RYUK/KYU), Yonashiro, III-
13-59; Kamura 943 (RYUK), Henoko, III-
27-59; Kamura 944 (RYUK), Hiyakuna, III-
29-59; Kamura 1240 (RYUK), Itoman, VI-
27-61; Kamura 1325 (RYUK), Itoman, VIII-
12-59; Kamura 1726 (RYUK), Itoman, V-5-
57; Kamura 1941 (RYUK), Itoman, VI-4-62;
Kamura 1974 (RYUK), Itoman, VI-18-68;
Kamura 1995 (RYUK), fertile, Itoman, VI-
30-62; Kamura 2554 (RYUK), Nakagusuku
(Kitahama), III-16-72;  Tsuda  90-68
(RYUK), Henoko, sandy seagrass bed, 1 m
deep (MLLW), III-9-90. RYUKYU IS.:
SAP 10078 (SAP), III-31, leg. S. Inoh
(Yamada 1934, as f. ypica).

The specimens, up to 18 cm tall, possess
fan-shaped basal regions, up to 2 cm broad,
which are formed by the fusion of subcylin-
drical or barrel-shaped segments. The subse-
quent segments usually grow in one plane and
vary in shape from cylindrical, i.e.
characteristic of H. cylindracea, to subcuneate
and reniform, i.e. typical of H. incrassata.
The cortex consists of up to five layers of
utricles. The peripheral utricles are 42-
67 pm in surface diameter (i.e. range of
means of 10 measurements each from 18 dif-
ferent thalli) with an overall mean of 48 ym,
which is lower than the mean of 73 #m cited
for H. incrassata by Hillis-Colinvaux (1980).
The peripheral utricles of fresh specimens are
48-57 pm in surface diameter (i.e. range of
means of 10 measurements each from 5 thalli)
with an overall mean of 53 gum. The
peripheral utricles are 50-125 #m long and re-
main laterally attached after decalcification.
Secondary utricles are globose, subglobose or
elongated, 25-50 ym broad and 60-88 y#m
long.

Initially, we had attributed certain
specimens, i.e. Kamura 117, 255, 941, 944,
and 2554 to Halimeda cylindracea Decaisne;
however, the large diameter of the peripheral
utricles and the fact that the surface diameters
of the peripheral utricles did not differ from
the typical H. incrassata convinced us to in-
clude all specimens under H. incrassata. In-
terestingly, three specimens which we had
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received on loan were collected on the iden-
tical date, i.e. 5 May 1928, as the specimen
collected by Dr. Michitaro Higashi which
Hillis (1959) attributes to H. ¢ylindracea. The

specimens, i.e. TUF s.n. and Segawa s.n. (two
specimens), are labeled “Halimeda incrassata
Lam. f. {ypica Barton”. The specimens are
morphological identical to the MICH s.n.

Plate 1.
Fig. 1. Halimeda incrassata; TUF s.n., V-5-28, Okinawa I.
Fig. 2. Halimeda incrassata; MICH s.n., V-5-28, Okinawa I. [Cited by Hillis (1959) as H. ¢ylindracea.)
Fig. 3. Halimeda incrassata; Kamura 117, XI-11-77, Henza, Okinawa I.
Fig. 4. Halimeda incrassata; Tsuda 90-68, 111-9-90, Henoko, Okinawa I.
Fig. 5. Halimeda incrassata; Kamura 2967, X-11-73, Oonogoshi, Miyako 1.



Floristics and geographic distribution of Halimeda 63

specimen cited by Hillis (1959) as H. cplin-
dracea and to some of our specimens recently
collected in March 1990. The anatomical
characteristics of the specimens collected on 5
May 1928 are typical of H. incrassata, i.e.
peripheral utricles are 50-67 #m in surface
diameter and 112-125 ¢#m long, and the secon-
dary utricles are globose, subglobose or
oblong, 35-62 #m broad and 42-150 #m long.

Halimeda simulans Howe 1907: 503, pl. 29;
Hillis 1959: 368, pl. 3 (fig. 4), pl. 5 (fig.
27), pl. 6 (fig. 15), pl. 11; Hillis-Colinvaux
1980: 103, fig. 26.

Halimeda incrassata (Ellis) Lamouroux f.

lamourouxii J. Ag.; Barton 1901: 27, fig.
41.
Plate 2, Figs. 1, 2

Japanese name: Fusa-sabotengusa (nov.)
[=Ramorou-sabotengusa].

Specimens examined. YAEYAMA IS.:
Iriomote I.—Ohba and Aruga B-65 (TUF),
juvenile, 3 cm tall, Yuba I., VI-21-75 (Ohba
and Aruga 1982, as H. incrassata); Taketomi
I.—Okhba and Aruga B-64 (TUF), west side, I-
29-75 (Ohba and Aruga 1982, as H. in-
crassata). MIYAKO 1IS.: Miyako I.—
Kamura 1312 (RYUK), VIII-25-60; Kamura
2888 (RYUK), Ooura, III-18-68; Kamura s.n.
(RYUK), Yonaha Bay, X-9-73; Kamura s.n.
(RYUK), Turiba, X-10-73; Kamura s.n.
(RYUK), Oonogoshi, X-11-73.
OKINAWA 1IS.: Okinawa I.—Kamura 75
(RYUK), V-26-56; Kamura 76 (RYUK), V-
30-56; Kamura 1327 (RYUK), fertile,
Itoman, VIII-12-59; Kamura 1371 (RYUK),
Tina, 1-20-58; Kamura 1430 (RYUK),
Itoman, VI-30-57; Kamura 1471 (RYUK),
Tina, 1-20-58; Kamura 1472 (RYUK),
Itoman, 1-24-58; Kamura s.n. (RYUK),
Itoman, VI-28-61; Kamura s.n. (RYUK),
Sesoko I. (Anchibama, north side), VIII-2-
77; Tsuda 90-19 (RYUK), Motobu (Ohama),
sandy substratum, 0.2 m deep (MLLW), I-
12-90; Tsuda 90-40 (RYUK), Shinzato, adja-
cent to seagrass bed, sandy substratum, at
MLLW, I-26-90; Tsuda 90-616 (RYUK),
Motobu (Ohama), sandy substratum, 0.2-
0.5m deep (MLLW), II-7-90, leg. S.

Kamura, S. Nakamura and R.T. Tsuda;
Tsuda 90-65 (RYUK), Henoko, sandy
substratum (seagrass bed), near MLLW, III-
9-90; Kume I.—Kamura and Iida s.n.
(RYUK), Ohara, III-12-74, leg. Y. Iida
(Kamura and lida 1981, as H. incrassata f.
lamourouxis);  Izena  1.—Kamura 1123
(RYUK), Nakada, III-17-61. RYUKYU
IS.: SAP s.n. (SAP), fertile, VII-20, leg.
Yagi.

The thalli are erect, compact and bushy, up
to 8.5 cm tall (excluding holdfasts which may
be up 1 to 3 cm long), and are heavily calcifi-
ed. A stalk region is usually evident and is
formed by the fusion of cuneate segments or
consists of a single reniform segment which
supports several subcuneate segments which
may appear in an imbricated (i.e. overlapp-
ing) arrangement. The segments at the up-
per half are usually subcuneate and reniform,
up to 9 mm long and 13 mm broad; however,
smaller segments, variously shaped, may be
present. The cortex consists of two to four
layers of utricles. The peripheral utricles are
31-50 pm in surface diameter (i.e. range of
means of 10 measurements each from 17 dif-
ferent thalli) with an overall mean of 38 ym,
and are 37-75 #gm long. The secondary
utricles are 20-45 #m broad and 52-135 ym
long.

The compact habit, imbricated arrange-
ment of basal segments of branches, and the
multi-plane growth (i.e. fresh and air dried
specimens appear round when viewed from
the top) of H. simulans distinguishes it mor-
phologically from H. incrassata. H. simulans is
quite common in the Ryukyu Islands; the her-
barium specimens are often labeled as H. in-
crassata  or H. incrassata f. lamourouxii.
Okamura’s (1915: 213, pl. 149, figs. 9, 10)
description and illustration of H. incrassata f.
lamourouxii Barton appear very similar to
our H. simulans.

Halimeda macroloba Decaisne; Okamura 1915:
211, pl. 149 (figs. 1-8); Yamada 1941: 108,
figs. 1 and 2; Hillis 1959: 375, pl. 3 (fig. 3),
pl. 5 (figs. 19, 20), pl. 6 (fig. 17), pl. 12;
Hillis-Colinvaux 1980: 108, fig. 28.
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Plate 2.

Fig.
Fig.
Fig.
Fig.

[P N

Plate 2, Fig. 3
Japanese name: Hiroha-sabotengusa.
Specimens examined. YAEYAMA IS.:
Segawa s.n. (KYU), VIII-57, leg. J. Isa

Halimeda simulans; Tsuda 90-65, I11-9-90, Henoko, Okinawa 1.
Halimeda simulans; Kamura s.n., X-11-73, Oonogoshi, Miyako I.
Halimeda macroloba; Kamura 2966, X-11-73, Oonogoshi, Miyako I.
Halimeda opuntia; Kamura 82, VIII-9-56, Kabira, Ishigaki .

(specific island not specified); Yonaguni I.—
SAP 21140 (SAP), IV-15-35, leg. T. Tanaka
(Yamada and Tanaka 1938); SAP 21141
(SAP), IV-15-35, leg. T. Tanaka (Yamada
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and Tanaka 1938); Kamura 940 (RYUK), X~
28-59, leg. S. Shinohara; Kamura 2398
(RYUK), Higawa, III-26-72; Kamura 2589
(RYUK), Higawa, patch reef, III-26-72;
Iriomote I.—Kamura 804 (RYUK), Sonali,
VI-27-60, leg. S. Nishijima; Ohba and Aruga A-
38 (TUF), Yubal., V-5-73 (Ohba and Aruga
1982); Taketomi I.—Ohba and Aruga A-39
(TUF), north side, V-3-73 (Ohba and Aruga
1982); Ohba and Aruga B-66 (TUF), north
side, VI-16-75 (Ohba and Aruga 1982); Ohba
and Aruga B-67/B-68 (TUF), west side, I-29-
75 (Ohba and Aruga 1982); Ohba and Aruga B-
69 (TUF), west side, 1-28-75 (Ohba and
Aruga 1982). MIYAKO IS.: Miyako I.—
Kamura 1230 (RYUK), Turiba, VIII-23-60
(Kamura 1977); Kamura 1337 (RYUK),
Hisamatsu, VIII-25-60 (Kamura 1977);
Kamura 1508 (RYUK), Nogawazaki, VIII-
25-60 (Kamura 1977); Kamura 1614
(RYUK), Turiba, VIII-22-60, leg. K.
Sunagawa (Kamura 1977); Kamura 2091
(RYUK), Turiba, VIII-18-63 (Kamura
1977); Kamura 2966 (RYUK), Oonogoshi, X-
11-73 (Kamura 1977). OKINAWA IS.:
Kume I.—Kamura and Iida s.n. (RYUK),
Nakadomari, III-11-74, leg. Y. Iida.
AMAMI IS.: Amamioshima I.—Kamura
1268 (RYUK), Koniya, VI-28-61, leg. T.
Yoshida; Kida s.n. (MIE), Sokari Bay, VII-
11-63 (Kida 1964); Kamura 2752 (RYUK),
Koniya, VI-28-72; Kakeroma I.—Kida s.n.
(MIE), Eniya-banare, VII-7-63 (Kida 1964).
Halimeda macroloba is morphologically the
most distinctive of the species within the Sec-
tion Rhipsalis. The heavily calcified thallus,
up to 13 cm tall, possesses a massive holdfast
and large flat thick segments, up to 22 mm
long, 37 mm broad and about 1 mm thick. A
few segments, which arise from the flat
segments, may be much smaller, even cylin-
drical (i.e. 6mm long and 2.5mm in
diameter); however, the majority of the
segments are commonly subcuneate, sub-
discoidal, or subreniform. The cortex con-
sists of usually three to four layers of utricles.
The peripheral utricles are 27-37 gm in sur-
face diameter, appear round in surface view,
and separate with ease after decalcification.

This species grows intertidally or subtidally
in sand-mud areas near MLLW level.
Hillis-Colinvaux (1980) described its vertical
distribution from above low-tide level to 12 m
deep. Neither of us have seen this species in-
habiting waters deeper than 2 meters
(MLLW) in either the Ryukyu Islands or
Micronesia.

Section OPUNTIA
Halimeda opuntia (L.) Lamouroux; Yamada

1941: 113, figs. 1, 7, 8; Hillis 1959: 359, pl.

2 (figs. 7, 8), pl. 5 (figs. 3, 4), pl. 6 (fig. 6),

pl. 7 (fig. 3), pl. 10; Hillis-Colinvaux 1980:

110, figs. 19, 51, 92.

Halimeda opuntia (L.) Lamouroux v. opuntia.

Halimeda opuntia (L.) Lamouroux f. typica

Barton 1901: 20, pl. 2 (fig. 19).

Halimeda opuntia (L.) Lamouroux f. cordata

(J. Agardh) Barton 1901: 20, pl. 2 (fig.
21).
Plate 2, Fig. 4

Japanese name: Sabotengusa.

Specimens examined. YAEYAMA IS.:
Yonaguni I.—Kamura 2382 (RYUK), I11-26-
72, leg. K. Yamazato; Iriomote I.—Kamura
800 (RYUK), VII-2-60; Kamura 803
(RYUK), V-27-60; Kamura 832 (RYUK),
Akabanare, VII-7-60, leg. N.
Nishishimamoto; Taketomi I.—Ohba and
Aruga B-61 (TUF), west side, I-29-75 (Ohba
and Aruga 1982); Ishigaki I.—Kamura 82
(RYUK/KYU), Kabira, VIII-9-56, Ileg.
S. Segawa (Segawa and Kamura 1960, as H.
opuntia f. typica); Ohba and Aruga A-33 (TUF),
Ohhama, VI-30-73 (Ohba and Aruga 1982);
Kamura 3499 (RYUK), Kabira Bay, I-17-77;
Kamura 3501 (RYUK), Kabira Bay, I-18-
77. MIYAKO IS.: Miyako I.—Kamura 1229
(RYUK), Turiba, VIII-23-60 (Kamura
1977); Kamura 1311 (RYUK), Hisamatsu,
VIII-25-60 (Kamura 1977); Kamura 2877
(RYUK), Tomori, III-17-68 (Kamura 1977);
Kamura 2878 (RYUK), small segments,
Tomori, I1I-17-68 (Kamura 1977); Kamura
3403 (RYUK), Yanaha Bay, X-9-73; Kamura
3435 (RYUK), Turiba, X-10-73 (Kamura
1977); lkema I.—Kamura 1555 (RYUK),
VIII-26-60 (Kamura 1977). OKINAWA
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IS.: Okinawa I.—Kamura s.n. (RYUK),
Sesoko 1., VIII-2-73; Kume I.—Kamura and
Iida s.n. (RYUK), Madomari, III-23-74, leg.
Y. Ilida; Izena I.—Kamura 2797 (RYUK),
VIII-5-67.

Halimeda opuntia forms compact prostrate
clumps on hard substratum and/or sprawls
horizontally over sandy substratum and pro-
duces rhizoids in several areas where it con-
tacts the hard substratum. The shapes of the
segments are variable; however, the most
common segments are flat, reniform and
usually with ribs, up to 6 mm long and 10 mm
broad. The cortex consists of up to five
layers of dichotomous branches, i.e. not
utriculiform. The peripheral utricles (i.e.
the outer tier) are 18-31 pum in surface
diameter (i.e. range of means of 10
measurements each from 7 different thalli)
and fall within the 15-59 ym length, as
described by Hillis-Colinvaux (1980).

Halimeda opuntia is most commonly found
on the shallow reef flats, especially in calmer
waters such as inner bays, in water less than
0.5m deep (MLLW); however, it can be
found in water 90 m deep (Hillis-Colinvaux
1980).

Halimeda distorta (Yamada) Hillis-Colinvaux;
Colinvaux 1968: 33, figs. 4, 6 (2); Hillis-
Colinvaux 1980: 120, fig. 34.

Halimeda incrassata (Ellis) Lamouroux f.
distorta Yamada 1941: 119, fig. 14;
Yamada 1944: 28, pl. 4.

Halimeda opuntia (L.) Lamouroux v.
hederacea (Barton) Hillis 1959: 360.
Plate 3, Fig. 1

Japanese name: Soriha-sabotengusa.

Specimens examined. YAEYAMA IS.:

Taketomi I.—Ohba and Aruga A-34/A-35

(TUF), north side, V-3-73 (Ohba and Aruga

1982, as H. opuntia v. hederacea). OKINAWA

IS.: Okinawa I.—Kamura 2616 (RYUK),

Sesoko I., 2m deep (MLLW), VII-8-72;

Kamura s.n. (RYUK), Sesoko I., VIII-1-73;
Tsuda 90-64 (RYUK), Sesoko I., over reef
margin, 2 m deep (MLLW), II-7-90, leg. S.
Nakamura.

The straggly thalli, up to 23 cm long, ap-
pear very similar to H. distorta, as described
and illustrated by Yamada (1941, 1944, as H.
incrassata f. distorta) and Colinvaux (1968).
The segments are heavily calcified, brittle,
glossy white or pale green on drying, and up
to 10mm long and 14mm broad. The
peripheral utricles are 35-45 ym in surface
diameter (i.e. range of means of 10
measurements each from 6 different thalli)
and are 40-50 #m long.

Since H. distorta may have several rhizoidal
areas, it appears very much like straggly H.
opuntia, but with larger segments. The
mean surface diameter of the peripheral
utricles seem to be consistently larger, i.e. 35-
45 pm, in H. distorta than in H. opuntia which
has a mean range of 18-25 um. The presence
of short fusion of medullary filaments in twos
and threes at the nodal region eliminates the
possibility of these specimens being H. gracilis
Harvey, which morphologically resembles H.
distorta.

Halimeda velasquezii W.R. Taylor 1962: 176,
figs. 8-14; Hillis-Colinvaux 1980: 117, fig.
32.

Halimeda opuntia (L.) Lamouroux f. in-
termedia Yamada, 1934: 81, figs. 50, 51.
Plate 3, Figs. 2, 3
Japanese name: Hira-sabotengusa.
Specimens examined. YAEYAMA IS.:

Yonaguni I.—SAP 21149 (SAP), IV-35, leg.

T. Tanaka (Yamada and Tanaka 1938, as H.

opuntia f. intermedia); Kamura 2457 (RYUK),

I11-30-72; Kamura 2658 (RYUK), II1-29-72;

Kuro I.—Okhba and Aruga B-63 (TUF), VI-75

(Ohba and Aruga 1982); Ishigaki I.—Ohba

and Aruga A-36 (TUF), Ohhama, V-1-73

(Ohba and Aruga 1982). MIYAKO IS.:

Fig. 1. Halimeda distorta; Kamura 2616, VII-8-72, Sesoko, Okinawa I.

Fig. 2. Halimeda velasquezii; Kamura s.n., IV-23-67, Komesu, Okinawa I.

Fig. 3. Halimeda velasquezii; Kamura 1227, fertile, VII-24-61, Gushichan, Okinawa I.
Fig. 4. Halimeda renschii; Kamura 937; 1959, Okinawa I.

Fig. 5. Halimeda tuna; Tsuda 90-29, I-18-90, Sesoko, Okinawa I.
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Plate 3.
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Miyako I.—Kamura 2875 (RYUK), Tomori,
II1-17-68 (Kamura 1977, as H. opuntia);
Kamura 2947 (RYUK), Bora, III-16-68
(Kamura 1977, as H. opuntia). SENKAKU
IS.: Uotsuri I.—Kamura 3583 (RYUK), VI-
16-81 (Kamura et al. 1982, as H. opuntia).
OKINAWA 1IS.: Okinawa I.—S4AP 11100
(SAP), V-31, leg. T. Teramati (Yamada
1934, as H. opuntia f. intermedia); Segawa s.n.
(KYU), Naha, V-39; Segawa s.n. (KYU),

Tina, V-2-56; Segawa s.n. (KYU),
Naminoue, VI-56; Segawa s.n. (KYU),
Ninatogawa, VI-24-56; Kamura 253

(RYUK), Komesu, V-2-57; Kamura 25%
(RYUK), Kamiyama, V-1-57; Kamura 1135
(RYUK), VI-27-61; Kamura 1227 (RYUK),
10 of 11 specimens fertile, Gushichan, sides of
deep pool near reef edge, VII-24-61 (Kamura
1966, as H. opuntia f. intermedia); Kamura
1969 (RYUK), all 19 specimens fertile,
Gushichan, sides of deep pool near reef edge,
VI-17-62 (Kamura 1966, as H. opuntia f. in-
termedia); Kamura s.n. (RYUK), Komesu,
IV-23-67; Tsuda 90-88 (RYUK), Shinzato,
channel wall, 0.5 m deep (MLLW), III-11-
90, leg. S. Kamura; Kume I.—Kamura and
Iida s.n. (RYUK), Ohara, I1I-26-74, leg. Y.
Iida; Izena I.—Kamura 1020 (RYUK), III-
18-61; Kamura 2016 (RYUK), V-19-61;
Kamura 2745 (RYUK),  VIII-5-67.
RYUKYUIS.: SAP 10416 (SAP), III-31, leg.
S. Inoh (Yamada 1934, as H. opuntia f.
intermedia).

The thalli are up to 9 cm tall and are usual-
ly attached to the substratum by a single
holdfast. The segments are firmly calcified.
The lower segments are small, usually
subterete; the upper segments are transverse-
ly oval to reniform, up to 5mm long and
9 mm broad. The peripheral utricles are 10-
20 gm in surface diameter, with a mean sur-
face diameter of 13 gm, 20-37 ym long, and
are supported by lateral non-utriculiform
branches arising from the medullary
filaments. In the majority of specimens, the
peripheral utricles separated quite easily after
decalcification; however, the peripheral
utricles did not separate easily in three sets of
specimens (i.e. Kamura, 1135, 1227 and

1969).

Halimeda velasquezii appears morphological-
ly very much like H. renschii. The segments
of H. velasquezii are slightly larger and the
branches seem to arise in one plane whereas
H. renschii is more erect and bushier. The
mean surface diameter of the peripheral
utricles are consistently smaller in H. velas-
quezii than in H. renschii. Six of the fertile
specimens (Kamura 1967) of H. velasquezii
have matted rhizoids at the base, which is
characteristic of H. renschii.

Halimeda velasquezii inhabits the perpen-
dicular walls of surge channels and open
tidepools exposed to strong water motion.
The holotype was collected in Okinawa in
similar habitat (Yamada 1934, as H. opuntia f.
intermedia).

Halimeda renschii Hauck; Hillis-Colinvaux
1975: 93, fig. 1; Hillis-Colinvaux 1980:
115, fig. 31.

Halimeda opuntia (L.) Lamouroux f. renschii

(Hauck) Barton; Okamura 1915: 208,
pl. 148 (figs. 8-12); Yamada 1941: 115,
fig. 9.

Halimeda batanensis W.R.. Taylor 1973: 34,

figs. 1, 2.
Plate 3, Fig. 4

Japanese name: Hime-sabotengusa.

Specimens examined. SENKAKU IS.:
Minami-kojima I.—Kamura 2542 (RYUK),
ITI-31-71, leg. K. Nagahama and Y.
Nakasone. OKINAWA IS.: Okinawa I.—
Kamura 937 (RYUK/KYU), 1959. AMAMI
IS.: Amamioshima I.—Kida s.n. (MIE),
Ushuku, VII-5-63 (Kida 1964, as H. opunt-
ta). OSUMI IS.: Yaku I.—KAG s.n.
(KAG), Anbou, IX-13-83, leg. N. Higo.
BONIN IS.: Chichijima I.—Segawa s.n.
(KYU), V-38 (Segawa 1956, No. 90, as H.
opuntia).

The specimens which we examined do not
appear as robust as depicted by Taylor (1973:
Fig. 1, as H. batanensis) from the Philippines
and by Hillis-Colinvaux (1975: Fig. 1) from
Kenya; however, the specimens are quite
similar to the illustrations of Yamada (1941)
of H. opuntia f. renschii from Micronesia. The
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thalli, up to 7 cm tall, have matted rhizoidal
bases and segments which are oval or
spathulate. The largest segments are 4 mm
long and 5 mm broad, and are consistently
smaller than the segments of H. velasquezii.
The peripheral utricles are 15-23 gm in sur-
face diameter; the secondary utricles are not
particularly  utriculiform, 17-20pm in
diameter, but do expand toward the apex as
described by Taylor (1973).

Section HALIMEDA

Halimeda tuna (Ellis and Solander)

Lamouroux; Okamura 1932: 70, pl. 285;

Taylor 1950: 84, pl. 43 (fig. 2); Hillis 1959:

342, pl. 1 (figs. 4, 5), pl. 5 (fig. 9), pl. 6 (fig.

7), pl. 9; Hillis-Colinvaux 1980: 122, fig.

35.

Plate 3, Fig. 5

Japanese name: Tsuna-sabotengusa.

Specimens examined. OKINAWA IS.:
Okinawa I.—Kamura 3521 (RYUK), Motobu
(Sesoko Channel), 10 m deep (MLLW), III-
28-76, leg. M. Nishihira; Kamura 3530
(RYUK), Motobu (Sesoko Channel), 7m
deep (MLLW), III-26-76, leg. M. Nishihira;
Tsuda 90-186 (RYUK), Motobu (Ohama), in
crevise on side of dead coral mound, 0.2 m
deep (MLLW), 1-12-90; Tsuda 90-29
(RYUK), Sesoko I. (southeast side), in
crevise on side of dead coral mound, 0.4 m
deep (MLLW), I-18-90. RYUKYU IS.:
SAP s.n. (SAP), VII-20, leg. Yagi (Okamura,
1932: 70, pl. 285, fig. 1). HONSHU: Segawa
5.n.(KYU), Susaki, VIII-28-34; Segawa s.n.
(KYU), Tago, VI-19-35; Okada s.n. (KYU),
Susaki, III-37; Segawa s.n. (KYU), fertile,
Susaki, VII-30-50, leg. S. Segawa and T.
Segi. BONIN IS.: Segawa s.n. (KYU),
Hachijo I., VII-11-29; Segawa s.n. (KYU),
Hahajima I., VI-38; Segawa s.n. (KYU),
Hachijo I., V-29-52.

The specimens, up to 7 cm tall, are lightly
calcified and consist of subcuneate and
reniform segments, up to 10 mm long and
13mm broad. The peripheral utricles,
angular in surface view, are 98-133 #m in sur-
face diameter (i.e. range of means of 10
measurements each from 11 thalli), 125-

320 #m long, and are firmly attached after

decalcification. Secondary utricles are 60-
100 pm broad and 142-170 pm long.
Although the dimensions of the fused

peripheral utricles exceed the normal ranges
described by Hillis-Colinvaux (1980), i.e.
(25-) 34-100 (-125) #m in surface diameter and
(46-) 60-130 (-230) um long for unfused
peripheral utricles, the specimens do fall
within the overall taxonomic circumscription
for H. tuna.

One specimen (Kamura 3530) was initially
identified as Halimeda gigas W.R. Taylor.
The thallus is lightly calcified and consists of
two large thin segments, 17-22 mm long and
26 mm broad, and about 14 smaller
segments, up to 10mm long and 12 mm
broad. The peripheral utricles are 129-
150 pm in surface diameter (i.e. range of
means of 10 measurements from one large seg-
ment and one small segment); the smaller seg-
ment had the higher mean value. It seems,
however, that the overall appearance and the
surface diameter of the peripheral utricles are
similar to other specimens of H. tuna.

Halimeda discoidea Decaisne; Taylor 1950: 85,
pl. 45 (fig. 1); Hillis 1959: 352, pl. 2 (fig.
5), pl. 5 (fig. 11), pl. 6 (fig. 11), pl. 7 (figs.
9, 10), pl. 8 (figs. 5-8), pl. 11; Hillis-Colin-
vaux, 1980: 136, fig. 41.

Plate 4, Fig. 1
Japanese name: Uchiwa-sabotengusa.
Specimens examined. YAEYAMA IS.:

Taketomi I.—Okhba and Aruga B-60 (TUF),

west side, I-29-75 (Ohba and Aruga 1982).

MIYAKO IS.: Miyako I.—Kamura 2781

(RYUK), III-18-68 (Kamura 1977).

OKINAWA 1IS.: Okinawa I.—Okada s.n.

(KYU), III-30-29, leg. T. Tamayose; SAP

14349 (SAP), Naha, V-33, leg. Y. Yamada

(Yamada 1934, as H. cuneata); Okada s.n.

(KYU), IV-1-37, leg. T. Tamayose; Segawa

s.n. (KYU), Naha, III-39 (Segawa 1956, as

H. macroloba, No. 92); Segawa s.n. (KYU),

Tina, V-2-56; Segawa s.n. (KYU), Tina, V-

8-56; Segawa s.n. (KYU), Naminoue, V-26-

56; Segawa s.n. (KYU), Naminoue, V-56;

Kamura s.n. (RYUK), Ooyama, III-17-57;
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Plate 4.
Halimeda discoidea; Tsuda 90-87, 111-11-90, Shinzato, Okinawa I.
Halimeda micronesica; SAP 14342, V-33, Ttoman, Okinawa I.
Halimeda micronesica; SAP 14343, V-33, Ttoman, Okinawa I.

Fig. 1.
Fig. 2.
Fig. 3.

Kamura s.n. (RYUK), Naminoue, IV-6-57;
Kamura s.n. (RYUK), Naminoue, IV-15-57;
Kamura s.n. (RYUK), Kamiyama, V-1-57;
Kamura s.n. (RYUK), Gushichan, I-7-58,;
Kamura s.n. (KYU), Gushichan, I-19-58;
Kamura s.n. (KYU), Minatoga, II-4-58;
Kamura s.n. (KYU), Aja, III-9-59; Kamura
s.n. (RYUK), V-16-61; Kamura s.n.
(RYUK), V-29-61; Kamura s.n. (RYUK),
VI-14-61; Kamura s.n. (RYUK), IV-23-67;
Tsuda 90-61a (RYUK), Motobu (Ohama),

reef platform, 0.2-0.5 m deep (MLLW)), II-7-
90, leg. S. Kamura, S. Nakamura and R.T.
Tsuda; Tsuda 90-67 (RYUK), Henoko, east
of Cape Henoko, dead coral reef, 0.5 m deep
(MLLW), II1-9-90, leg. T. Yoshida; 7suda
90-86 (RYUK), Minna I., southeast side,
reef pavement, at MLLW, I11-10-90; Tsuda
90-87 (RYUK), Shinzato, pool on reef
margin, 0.2 m deep (MLLW), ITI-11-90, leg.
S. Kamura; Izena I.—Kamura s.n. (RYUK),
I11-18-61. AMAMI IS.: Amamioshima I.—
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SAP 20735 (SAP), Shimama, VIII-14-23,
leg. K. Hamana; Kida s.n. (MIE), Ushuku,
VII-5-63; Kida s.n. (MIE), Surikozaki, VII-
3-63 (Kida 1964, as H. cuneata); KAG s.n.
(KAG), Kasari, VI-15-88; Kakeroma I.—
SAP 45305 (SAP), Ankyaba, VI-25-61, leg.
T. Yoshida. OSUMI IS.: Yaku I.—KAG
s.n. (KAG), Anbou, IX-13-83, leg. N. Higo;
Tanegashima I.—KAG s.n. (KAG), off
Shimama Harbor, VI-22-83, leg. N. Higo;
KAG s.n. (KAG), beachdrift, Maenohama,
Minamitane, VI-23-83, leg. T. Noro;
RYUKYU IS.: S4P 10079 (SAP), III-31, leg.
S. Inoh (Yamada 1934, as H. cuneata); SAP
10445 (SAP), III-31, leg. S. Inoh (Yamada
1934, as H. cuneata); SAP 11101 (SAP), V-31,
leg. T. Teramati (Yamada 1934, as H.
cuneata). KYUSHU: SAP s.n. (SAP),
Nagasaki (Takahama), ca. 26 m (14 fathoms)
with gill net, VII-03, leg. K. Okamura; Ichiki
s.n. (KYU), Nagasaki (Meshima), IV-15 to
V-12-54 (Ichiki 1956, as H. cuneata); Segawa
s.n. (KYU), Nomo, VIII-6-56, leg. T.
Yoshida (Segawa 1958, No. 20, as H.
cuneata); SAP 23897 (SAP), Katura I., Goto
Is., Nagasaki, VII-28-42, leg. Y. Yamada

and T. Tanaka; SAP 24251 (SAP),
Nomozaki, Nagasaki, IV-15-33, leg. T.
Tanaka; SAP 35099 (SAP), Hirado,

Nagasaki, VII-19-77, leg. T. Yotsui; SAP
35422 (SAP), Nomozaki, Nagasaki, VIII-6-
56, leg. T. Yoshida; SAP 43625 (SAP),
Hirado, Nagasaki, 16 m deep at Mozone
Bank in Shijiki Bay, V-25-83, leg. T.
Yoshida; SAP 49263 (SAP), Nomozaki,
Nagasaki, IV-25-32, leg. T. Tanaka.
SHIKOKU: SAP 42138 (SAP), Tojima I.,
Ehime, leg. S. Ouchi. HONSHU: S4P s.n.
(SAP), Hamajima, X-18-10, leg. K.
Okamura; Segawa s.n. (KYU), Susaki, VIII-
28-34; Okada s.n. (KYU), Hamashima, VIII-
3-36; SAP 9643 (SAP), Hamajima, Shima,
Mie, VIII-31, leg. K. Inagaki; SAP 28290
(SAP), Tanabe, Wakayama, IX-9-53, leg.
K. Mihashi; SAP 34587 (SAP), Mishima I.,
Yamaguchi, 16 m deep, VIII-11-69, leg. N.
Kadota; SAP 35370 (SAP), Tanabe,
Wakayama, IX-14-54, leg. K. Mihashi; SAP
38787 (SAP), Iwaizaki, Shima, Mie, X-26-

81, leg. T. Yoshida; SAP 46780 (SAP),
Tuzuno (Hidaka-gun), Wakayama, V-11-64,
leg. T. Yamamoto.

The specimens, up to 9 cm tall, arise from
distinct holdfasts which may be up to 1 cm in
length. The discoidal and reniform segments
are of various size; one specimen (Tsuda 90-
67) from Okinawa I. has one segment which
measures 21 mm long and 32 mm broad.
The inflated secondary utricles are
characteristic of this species; however, the size
of the secondary utricles can vary, i.e. (70-)
95-155 (-260) pm broad and 100-350 (-
435) pm long, as described by Hillis-Colin-
vaux (1980). The peripheral utricles in the
specimens we examined are 31-44 ym in sur-
face diameter (i.e. range of means of 10
measurements each from 19 thalli), which are
narrower, more like H. cuneata, than the nor-
mal range of (30-) 40-90 #m cited by Hillis-
Colinvaux (1980). Measurements of the sur-
face diameter of peripheral utricles from fresh
thalli also fall between the above range; the in-
flated secondary utricles are much more con-
spicuous in fresh materials.

Section MICRONESICAE
Halimeda micronesica Yamada 1941: 121, fig.

15; Yamada 1944: 29, pl. 5; Taylor 1950:

89, pl. 46 (fig. 2), pl. 47; Hillis, 1959: 364,

pl. 3 (fig. 1), pl. 5 (figs. 13, 14), pl. 6 (fig.

2), pl. 9; Itono, 1973: 160, fig. 21; Hillis-

Colinvaux, 1980: 149, fig. 46.

Plate 4, Figs. 2-3

Japanese name: Ko-sabotengusa
(=Kobano-sabotengusa).

Specimens examined. YAEYAMA IS.:
Taketomi I.—Ohba and Aruga B-62 (TUF),
west side, VI-17-75 (Ohba and Aruga
1982). OKINAWA IS.: Okinawa I.—S4P
14342 (SAP), two specimens, Itoman, V-33,
leg. Y. Yamada (Yamada 1934, as H. in-
crassata f. ovata Barton); SAP 14343 (SAP),
Itoman, V-33, leg. Y. Yamada (Yamada
1934, as H. incrassata f. ovata).

All four specimens lack the most distinctive
character of this species, i.e. the enlarged
basal segment, which Hillis-Colinvaux (1980)
cites as being large or less distinctive;
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however, all other macroscopic and
microscopic characters are applicable to H.
micronesica. 'The dried specimens, up to
15 cm tall, are white or steel grey in color.
All branches seem to radiate from the small
cuneate basal segment, up to 7 mm long and
10 mm broad; long fibrous rhizoids can be
seen at the base of the basal segments. All of
Yamada’s specimens have strands of
medullary filaments, up to 17 mm long, aris-
ing from a few nodal regions. The segments
are trilobed at the basal area, and range from
subcuneate, discoidal and reniform, occa-
sionally lobed, up to 7 mm long and 10 mm
broad, throughout most of the thalli.

The medullary filaments at the nodal
region remain free and are few in number,
i.e. 8-10, based on the examination of nine
nodal regions. The peripheral utricles are
33-38 pm in surface diameter (i.e. range of
means of 10 measurements of 9 segments
from four thalli), 25-32 ym long, and
separate with ease after decalcification. The
secondary utricles, which are not particularly
utriculiform, are about 20 #m broad. In-
terestingly, the Okinawa (Itoman) specimens
are those which Yamada (1934: 83) examined
and referred to when he stated, “The
filaments of the central strand do not usually
fuse in the node...”

Only two other species, H. fragilis W.R.
Taylor and H. melanesica Valet, are included
in the Section Micronesicae, which is
characterized by the free (i.e. unfused)
medullary filaments at the nodal region.
Neither of these species resembles the
specimens we examined. One other record
of H. micronesica from Hateruma I. (Itono
1973) exists. Although we have not had the
opportunity to examine Itono’s specimen, his
photograph depicts the characteristic enlarg-
ed basal segment with long fibrous rhizoids.

Halimeda fragilis W.R.. Taylor 1950: 88, pl. 48
(fig. 2); Hillis 1959: 363, pl. 3 (fig. 2), pl. 5
(fig. 10), pl. 6 (fig. 1), pl. 7 (fig. 1), pl. 8
(fig. 1), pl. 9; Itono 1973: 161, fig. 22;
Hillis-Colinvaux 1980: 151, fig. 47.
Japanese name: Moro-sabotengusa (nov.).

The only record of H. fragilis from the
Ryukyu Islands is that of Itono (1973) from
Hateruma I. He provided a detailed descrip-
tion, emphasizing the unfused medullary
filaments, and a photograph of his specimen,
which leaves absolutely no doubt in our
minds that H. fragilis is a component of the
marine flora of the Ryukyu Islands.

Discussion

Our examination of over 180 specimens of
Halimeda and the acceptance of the past
record of H. fragilis (Itono 1973) indicate that
11 species of Halimeda, within four of the five
Sections, occur in the Ryukyu Islands. The
species within their respective Sections are as
follows—Section Rhipsalis: H. incrassata, H.
stmulans and H. macroloba; Section Opuntia:
H. opuntia, H. distorta, H. velasquezii and H.
renschit; Section Halimeda: H. tuna and H.
discoidea; and Section Micronesicae: H.
micronesica and H. fragilis.

The presence of H. renschii, previously
reported by Okamura (1936) and Tanaka
(1950) as H. opuntia f. renschii, is substantiated
for the island chain. Halimeda distorta,
previously reported by Ohba and Aruga
(1982) as H. opuntia v. hederacea, is now at-
tributed to the Ryukyu Islands, instead of H.
copiosa Goreau and Graham (1967) which
was also part of the H. opuntia v. hederacea and,
later, H. hederacea complex. We feel that the
specimen (MICH s.n.) attributed to H. ¢ylin-
dracea by Hillis (1959) is best considered
under H. incrassata.

Although H. cuneata had been reported by
various authors from the Ryukyu Islands, we
could not attribute any of the specimens we ex-
amined to this species. Gilbert (1947),
Papenfuss and Egerod (1957) and Hillis
(1959) have previously commented on the
situation in which past authors have reported
specimens of H. discoidea as H. cuneata, based
on the descriptions and illustrations of Barton
(1901). Based on the species listing of
Japanese marine benthic algae, Yoshida et al.
(1985) seem to have accepted the suggestion
by Hillis (1959) that H. cuneata probably does
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Table 2.

Species records of Halimeda from islands within the Ryukyu Islands, based on specimens examined

by co-authors (X) and records from past references (R). New island records are underlined. Key to species of
Halimeda: Hi= H. incrassata, Hs= H. simulans, Hma= H. macroloba, Ho=H. opuntia, Hdt=H. distorta, Hv=H. velas-
quezit, Hr=H. renschii, Ht=H. tuna, Hdi=H. discoidea, Hmi=H. micronesica, Hf=H. Sragilis.

Islands (N Lat)

Species of Halimeda

Hi Hs Hma Ho Hdt Hv Hr Ht Hdi Hmi Hf

OSUMI IS.

Mage (30°45") R R’

Tanegashima (30°35") X

Yaku (30°21") X X
AMAMI IS.

Amamioshima (28°20") R X R X X

Kakeroma (28°05") X

Yoron (27°02) R R R
OKINAWA 1IS.

Izena (26°56") X X X

Kume (26°20") X X X

Okinawa (26°12) X X X X X X X x X
SAKISHIMA IS.

MIYAKO IS.
Tkema (24°56) X
Miyako (24°47") X X X X X X
YAEYAMA IS.

Ishigaki (24°30") R X X R

Taketomi (24°20") X X X X X X

Iriomote (24°20") X X X

Kuro (24°14") X

Hateruma (24°03) R R

Yonaguni (24°27) R X X X
not occur in Japanese waters. All specimens  are cited. The difference in the number of

labeled H. cuneata, which we examined, were
identified as either H. discoidea or H. tuna.
Table 2 presents the species of Halimeda
which occur on individual islands within the
Ryukyu Islands; fifteen new island records

Table 3.
Islands.

species from any one island within an island
group, e.g. Yaeyama Islands, is, no doubt,
based on the collection effort undertaken in
the various islands. The few number of
species, i.e. six species, from Miyako Islands

Geographic distribution of species of Halimeda in the major island groups within the Ryukyu
Species reported from Taiwan and species substantiated from mainland Japan are included for com-

parative purposes. See Table 1 for key to abbreviations of species of Halimeda.

Species of Halimeda

Island Groups -
Hf Hmi Hv Hi

Hr Hdi Ho Hma Hs Ht Hdt

Jpn. Mainland

Osumi Is.

Amami Is. X
Okinawa Is. X X X
Sakishima Is.* X X X X
Taiwan X X

X X
X X X
X X X X
X X X X X X X
X X X X X X
X X X X

* Includes both Miyako Is. and Yaeyama Is.
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Table 4. Monthly means and monthly ranges of surface seawater
temperatures in degree centigrade during winter (January to March) and summer
(July to September) for Ishigaki I., Miyako I., Okinawa I. (Naha) and Amami-
oshima I. (Naze), based on seven-year period, 1978-84 (Japan Meteorological

Agency).

Monthly Means (Monthly Range)

Islands

Winter

Summer

Amamioshima I. (Naze)
Okinawa I. (Naha)
Miyako I.

Ishigaki I.

18.7 (17.7-19.7)
20.6 (19.4-21.7)
20.5 (19.4-22.4)
21.4 (20.1-23.0)

27.7 (26.6-29.1)
98.1 (27.3-29.5)
29.2 (28.2-30.3)
28.8 (27.7-30.2)

in comparison to the 10 species in the
Yaeyama Islands and the 10 species in the
Okinawa Islands is most likely again based on
collection efforts. We feel that the species of
Halimeda present in the Yaeyama Islands
and Okinawa Islands will be eventually found
in the Miyako Islands, which should make
these island groups homogeneous in terms of
species of Halimeda.

The absence of the conspicuous H.
macroloba from Okinawa I., where collection
effort has been the greatest, remains a
mystery, especially since it is found on Kume
I., located just 80 km east of Naha. Halimeda
macroloba is present in the Yaeyama and
Miyako Islands to the south, and the Amami
Islands to the north of Okinawa I.

When the species present within island
groups are consolidated (Table 3), a general
attenuation of species is evident from the
southwest to the northeast, i.e. from the
Sakishima Islands (includes the adjacent
Yaeyama Islands and the Miyako Islands) to
the Japanese mainland—Sakishima Is. (10
species), Okinawa Is. (10 species), Amami
Islands (5 species), Osumi Is. (3 species) and
the Japanese mainland (2 species). The six
species of Halimeda reported from Taiwan (see
references in Lewis and Norris 1987) are in-
cluded in Table 3 for comparative purpose.
The absence of H. renschii from the Sakishima
Islands is interesting since this species is
found in the southern tropical waters of the
Philippines (see references in Silva et al. 1987)
and the cooler waters of the Japanese Bonin
Islands. We feel that the presence of only
five species and three species of Halimeda in

the Amami Islands and the Osumi Islands,
respectively, is not an artifact, but represents
a good portrayal of the geographic distribu-
tion of Halimeda in the Ryukyu Islands. No
record seems to exist of any collections of
Halimeda from the Tokara Islands, located
between the Amami Islands and the Osumi
Islands.

We can only speculate that the causal factor
for the attenuation of species of Halimeda from
the Okinawa Islands to the Amami Islands in
the north is most likely related to the surface
seawater temperature, i.e. survival of the
species based on winter temperature and the
fruiting capability of the species based on sum-
mer temperature. Kamura (1966) found
fruiting thalli of three species, i.e. H. in-
crassata, H. opuntia and H. velasquezii, in
Okinawa I. only during the late spring and
early summer, i.e. June to August. In addi-
tion, fruiting specimens of H. simulans col-
lected in August were among the specimens
which we examined. As shown in Table 4,
the surface seawater temperatures during
winter varies the greatest between Okinawa I.
and Amamioshima I.

Further collection efforts from the Miyako
Islands and collections from the Tokara
Islands should provide further answers to the
distribution of species of Halimeda in the
Ryukyu Islands.
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WEFK (BRR), BN 2 (RER), MAE GHRR), PEBck (EFaR), REBA (KR, MR
RIE (RER), BNA—E (BRI, BX # (K9R)

IF 8 % Errata
(538% #3%5, 45 Vol 38 No.3&4)
2 For IE Read

p- 299 left, L. 18 from bottom WoLLANSTON WoLLasTON
p. 328 left, L. 4 from bottom 20°C 20°
p-391L.2 Caulerpa Caulerpa
p- 391 right, L. 4 19 % ~NFA T T &
p. 392 Table 1, L. 5 C. okamura C. okamurae
p.392 Table 1, L. 8 (Mond.) (Mont.)
p- 393 Plate, No. of Figs. 11 13

12 11

13 12
p. 393 Figure caption, L. 3 okamura okamurae

Hyogo, Pref. Hyogo Pref.
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In Kyu Lee :

The Korean seaweeds were first introduced
by Okamura (1892), and were investigated by
only a few scholars such as Cotton (1908),
Wakitani (1914), Grubb (1932), Yamamoto and
Kawamoto (1942), etc. until 1945. The first
paper by Korean was a flora (Rho 1954), and
ther a list (Chong and Park 1955). The
latter, however, included so many mistakes,
and was revised by Kang (1964) later. A
real tazonomic study on Korean seaweeds was
started by Kang (1966) 'On the geographical
distribution of marine algae in Korea'. He
listed there 414 taza and divided the Korean
coasts into five sections based on water
temperature and the other hydrologic
conditions. This paper became a milestone
to study Korean seaweeds. Thereafter, the
studies have been extended to floristic,
ecological, systematic, and bicsystematic
approaches.

The floristic studies were succeeded by
Noda (1966), K. Lee and Kang (1871) and I.
Lee (1973) in early time, and developed
intensively since mid-1970. . Lee and Y.
Kie (1977), 1I. Lee (1980) and H. Lee and I.
Lee (1981) dealt with distribution,
phenolegy, and descriptive notes on
unrecorded or taxonomically remarkable
species. The results attributed to clarify
the geographic distribution and to add the
number of Korean seaweeds. [. Lee and Kang
(1988) revised the checklist as 620 taxa,
including 48 blue-green, 81 green, 135 brown
and 356 red algae up to the time, so that
more than 200 taza were added since Kang
(1968). At present we expect they are more
thar 650 and will be more than 1000 taza in
future. The ecological studies were first
published by Song et al. (1970) adopting
Saitoc and Atobe's method (1970), and
continued by many investigators. In early
time they focused on the algal vegetation

Recent Progress of Marine Algal Studies in Korea

according to Tamiguti (1961), but extended
to multiple amalysis, cluster analysis,
productivity, autecology, etc. Y. Kim
(1983), Sohn (1988), and Koh and Ahn (1985)
can be representative on these studies. The
monographic and phylogenetic studies were
first published by Ueda (1932), who included
9 Korean Porphyras. The first descriptive
monograph by Korean was on Porphyra (Kang
1970). Polysiphonia by Yoon (1988),
Halymeniaceae by H. Lee (1987), Amphiroa by
Choi (1989), and Cladophorales by Oh (1980)
can be representative in this field. I. Lee
and Yoo (1979) first published a new genus
Gloeophycus koreanum from the western coast
of Korea. Finally, a biosystematic study was
first published by I. Lee and West (1979)
with the second new genus, Dasysiphonia
chejuensis. Most of these works were carried
out by I. Lee and his students intensively
on the Ceramiales. Adopting scientific SCUBA
diving, they found many new genera and
species mainly from Cheju Island. Boo
(1984), H. Kim (1988) and K. Kim (1930) can
be representative of the studies. Recently,
I. Lee and his students extend the works on
mized phases reproduction and somatic cell
fusion in several Ceramiaceae.

Next year is a centenary of the study on
marine algae since Okamura (1892). Hawever,
a true research history can be only 25 years
or so from Kang (1968). Therefore so many
tasks are opened to us. During the time
about 250 papers have been published and
about 50 investigators including graduate
students are working now. Fortunately, the
flora of Korean algae exhibits unique
characteristics different from neighboring
countries.
study.
(Department of Botany, Seoul National

University)

This makes us happy in future



FHHH (O)
HWERE ¥ TRESROFHEOEYFEIEYE

ZhETChENMRALRIT>TELHARAIOBHED
35, EYPEFEHEYRBB O IR, AR 14,
BY1BORACODVWTHERNS,

HRYNF X ) NF Desmia hornemanni 27 & T
HMEBUTHMBYE. BAOI/OT P TI5T 412
EoTHRMUREZ S, L&MW (1) & (2) 28T
BRBOFHUVFAXRVENE W2, ThdE{LFEH
RRBUTHEBREOWL 2D, IYXA0HNMR
HRYABERIHUT. BROAREERRU R,

) B®D Laurencia venusta H Sk NN RED
TALAOHHENE T S IBOYHNAVETh R,
ZhaD35. 1 2BFHYHT. XXAY MY F -
(3) tRBXh, —7%. L. brongniartii }{L*¥
BHREHHTLZ—IRYVOIBTH 3. ZOHED
3. YVEREKEERBSRIRShRb o, ¥
DERBAL Y F—-LEBEOhR. ThdD4L Y F—
LMERWE. V3 LABHERER Y hEHIIH U THE
FEHERTLOR. AFNLRTHOLH 5.

BREDONY 7 IV Dictyota spinulosa 3. %
BOBHYF AN VEERE. Fiitapeiorsy
JIFAF47NL (4) BBohk. COYPHRZUNR
AL, REHTIBRABEFANSY. NY

HHH®] ()

givind Moestrup: On a more natural

classification of the primitive green algae

The advanced green algae have been clssified
and reclassified numerous times. Many phycolo-
gists now accept the classification suggested
in the 1970s by Mattox and Stewart, who divided
the advanced green algae into the Chlorophyceae,
Ulvophyceae and Charophyceae. Most recently van
den Hoek has suggested a much larger nuamber of
classes. There is no satisfactory classification
systea for the primitive green algae. A new
system is now emerging, however, comprising two
classes, the Prasinophyceae and Pedinophyceae.
The former differ from other algae in details
of the flagellar apparatus and in the presence
of flagellar scales, but there is amounting evi-
dence that some non-scaly foras should also be

classified in the Prasinophyceae (notably Micro-

monas). The Pedinophyceae is a new class and
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ZIVOBHYPRE U TRIEVLTLWIHDOEEbh 3,
ARZEwz iz, (4) OFSE7RMTSERME
. 73V 79 hoMdh T S3HMULEDY I F
AF47N (B) XD,

BRO 7YY+ Y Cladophora fascicularish &
. @/FXY Iz LT—FN (B8) BEMTO R,
ZOBOILEYE. WHREHLOBHMSh Tk, ¥
HPOEAPHTTH 3. (B8) RIRRAWRMTIHAMN
EURshRbokd. FOILBUERHEL V5 LBRY
BN U THEAEANS S EHIZ. NTHICK BRE
RMXBVEANS 5,

4 R=0H
5 R=H

GRik # )

includes the genera Pedinomonas and Resultor gen.

nov. They differ from other green algae indetails
of mitosis and the flagellar apparatus and appear
to constitute an old group of green algae. The
ultrastrutural basis for the new classification
system of primitive green algae will be discussed
in detail.

(Institut for Sporeplanter, University of Copen-

hagen, and Institute of Biological Sciences,

University of Tsukuba)
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(1) N8B : kHBXIBLOLDE, Laninaria-

ceae of Japan.

St AFERERREOEMREER ORI PITK
HB K1 & 2 "Laminariaceae of Japan"t T %
AMRR235 ORI S A TEB28HBH 5. FIEERE
12720 A8, 1936~19395E LIEE T & 5, Contentsid

Introduction, Systematic part, Composition of the

Laminariaceae-Flora of Japan, Literature cited,
Index # & T* Platek D 72245, ZM > 5 Introduc-
tion, Index ¥ & UPlate MFMIL%L . Systematic
partiC it SO BARE14/R 484 2 FIE28REOFM 2
BEER, XK, I, 14, BFREE, SR LK
08 HH 5. Hedophyllum spirale Yendo ZHBED
Aneileophyllum spirale(Y.)M. et N.comb. nov. & &
niziEhy, 1HE, IREE, TRE0 S T Vs H 5.
COEBHEOEAR > BHILAHTH S
A, #DWNZAEENagai:Mar. Alg. Kuril Isls.1(1940)
KHENT, Z, ZOXEEH5MBIT 0L ERAS
hTsH, BRE2 YV THERRBEE LA LTEE

I3,

(EfEHEEM4—29—15)

(2) Ot - WIMFIT** - NHITE =
MEEH e UhBTRASNTHKKE

Mz BRYZREUZONT

WIRMZ ABORREREBRTIEMELT
i3, AsTit<vE_Cladophora sauteri f.sau-

teris X< 2hnzo forma, ZHUIZE X
<Y % C.ninina f.minimaB k- Z o formaTd
B7hEXRVELEDNALRTWS, ZhbHid
WENRLAERMICIIRKETHZD, BEDIW
37k Cladophora balloFEEL RIS T W
% (Gordon et al.1985;Sakai et al. 1977) , &
Lol EORKEBHREL LTix_Cladophora o
fth_Spongomorpha 7 ¥ A fi s S LT\ 5 (Sakai,

1951) ., ZhBAKkEOLHTIHINE TIZ Cla-
dophrallsb o F@EM E L TIZEEH B o _Plectonena
L 2BRREMBRVME S T3 H (Noda, 19

M) AEIEESIR, CLHOBHEW(0.5-1n)
KEIRET L) ERNDRKETAOHEXRR
L, 2DOMRBEH Pithophora ThHhar L 3 K

BALINTHET S,
(» BRX - ¥, = LBERFK,
RUYREHLE, »EMKA - H)

e T

(3) HHEE: AESEEICL B2 7FRI /Y.
F* ¥ FE XY OHE

>=F AT /) Thorea gaudichaudii, #¥FEX
2 Nemalionopsis tortuosa (IEIFE™Y IV AVEHF
2T /) BoBokEET. EERRHMNO &b I s
ET 3. HhhEHITH S, BOhOEHIK
seamiciEEsh T3, LirL. @)oo s
BREET. chHoEITREEIEMLEY T
IZHER L b e K dsb,

%CC. imnlEA < 4k (Chantransia-stage) {3}
FEEL. ZOKPHN L CREICEEES . 5
BT 2 hikC et > TA e, RarR3kES
»— L CHNEEL. 2O« UM LA
CEIZE Y. KERFEERT A LA TR B, FILAH
ETHRPEB R EICEEMESE, 1~1.5HERN
ERLEESERE BAOmoORhCBLELECS
HBRIBSIZRORBERF GO, coTlk, %
M SOEBMRIZ OV THRET 3.

€=y N

(4)  Jh#F ¥E— : B Chaetoceros )T
SRk R

LEEOERE LB =F I RIER T
MESRHR L, BEREOHS LFEBIC, H%
BEOBEBRL 5D HEODL. TholEH
MBEOHBRIBIBRENTROBFBRO AR
IhTVE0I, (LABRZROMRTIHIZLA
EEHINTAY PEIhBZ LD, Ly
L, BlLHBATARL2ICREINLERIT
Chaetoceros& | B2 > Tsetae® b 122\, =
NHDEKIIEHTHEWIERBEO RO th
K—ROKIEIRF2ME L TBYsetaek $F/>
2\ PISMIChaetoceros BD % +7r X
TWT, TOHAERLEBDHLNG, ZORDI{L
AlL1002MA HWBEHARIEER I zWwE T
KREINRTWS, BEBICEEED > TN
#AHT, LIrLEHEREIASZWETOEE%
TEHRT A,

(YA = Al KE&H)



(5) OMBRD*  EDBFAKr . FIRZ: i
BOIJ0X AT 1 AREROBMR

HESWBAEDI Ju* XF 4 X Microcystisfg
EROoWT. NEBRLBERERCRILITFIN
FHERWZTV. BRI DEZL LB 403 HE»
SRATLEHAEMILE, T5ICEREOEATS
B ARZEHRFHERRIZOVWT., BEFELRL
TORIFZBEL TS, *O—RL LT, ART
DLBOMBIHHMKERBL. AREROETS LU
R EARL~.

ZOER. EHBEH. ANHGHEASR) . BRI
HAEHEAER), pEH(EER). AEILKSH
ER(SHREB)D THENSHOEDI JO0F 2T 4
AREBNBOhZ, COIBEREM O 2MATIE
Th—LhBBEhE, BEOERDHBEROREN
HEPBRT. ThBIZTXTILEED Y. aeruginosa
IR HEAENhS, TDS5Hb128kIZS B, 158K
LEOARMRHEBERLTWAA . B 1IKIZER
AMERATWEWRRZERELTED . TOERLZM
BERETIEDICIZRBEFELRANTORFHLE
T#$H 5. &H M. viridis, M. wesenbergii o 2 @i
Rtxhzdor, (CESIHZEMWE - ~H&H)

(6) ONMAERGE - FEXH: VU TFEAIE
VI AROMEIME S HMPEnRN

NI BIWI B (Hemiselmis) W YEEL ~IV Tt it
- ERRANRERICIR - TRRBTBZLICEVS
BITdhs3 7V S+ #ETH3, XBRBEEETHo
ESEALOBEETATEY, DFAETCLIRAEEES
DI BT 2 LHEAOND, —RICVY T IHT
REREKOGR L MBEL 05\ E RS NG
FRAFET D EFHASHICROTETVBAY, A
BOWZLEABCRIIBOEREZ DO L FRE
DERKELDOLOD2ENEET IS,

CHhALERRLELT, AESHERBLIYVSRELE
ML 488 Hemiselmis brunnescens ¥, MFR#EL Y B
EHEREHE H virescens ICDWT, BFHEMSEA
WTHMBEEREL, BEOUBRETRoE,

TORE, BEERMPERK, BBELUX VL L E
N7EO—BOBANVHRS OHBE L CRREICO N
TRIZER—T, @EODWELLBEMTALHSIZ
YOERBBEHOIALRIEN, EL) A ROT MY
JACAYRALFSaL ROBRBICBVTHERYS
ST EANHBELE, (REKX - £EHBER)
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(7) OHBRE -BOKE - HEH Brx- & MW
o BIER o AFRAE - RF K BREB
* : N7 M#Gephyrocapsa oceanica 58k

Gephyrocapsa oceanica 5 #kiZ 35} 5 M A9t % 0l
SHIITIEAMT, RRSRELAR S SREE
REGTTORMBREIT o/, SHOARITHEN
BE2# (4B-1,2) , MBKILAEME 2% (VK-6,7) >
EZ RAFEFRER (NIES-353) TH3. WMER
BRTI60, 100 pmol/n2/s iz351F SRR <, BB
TiXAB-2,¥K-7,NIES-353, WK-6, AB- 10D JTH §= #49 5 7 BE %
HNEESB B Shl, HWHAEEDEAINIES-35385T
1.4x108 cells/nl %R U 7= (100 pmol/n2/s) . B
HRTIX20,25 CTONMIMRL, HIITR (25 C
DPHE) VK-7,AB-2,NIES-353,AB-1,WK-BD I iz 29 Rl 8
EXRNCLXRD SRz, MAMBRORKIZINIES-3
53# T1.6X10° cells/ml %R L 7 (25 C),

(*BARLR -a—-xxX (K) , » (K) HEBS
Bt 2 —, xR ERARE, o lB{ 7 ()

(8) O Ef HHEHH : BrORFHFTICH
BIHIERE O DLl

¥%7% Dunaliella sp. 75 # Tetraselmis
tetrathele. N7 # Pavlova lutheri, I
Thalassiosira sp.. 2 ') 7'+ # Rhodomonas sp. %3¢
EvBEAL23HEx (10. 30, 50. 120,
200 umol-m™*-s™' ) LELXBOHSEE. RENX.
HEROTCEEL, EHEEES L UEKOERHDE
fbxtEBRET Lz, #D$EHR. Dunaliella sp..
Tharassiosira sp.. Rhodomonas sp. 0 3fE(IHEH
BTN E, - 255, T. tetrathele (3
120 pmol-m™2-s™' ®FT. P. lutherild
50umol-m™2-s™' DT TROLIEFASE,P -1z, SfL
LEBE T TROEREASED - 1245, IRV THEFEAE
Mo f=MDit. Dunaliella sp. & T. tetratheleTldir
fayt. P. lutheri. Thalassiosira sp.. Rhodomonas
sp. D3FBTHBREXOTTH- 1. £z, BERoE
#Aid, KBPHERICE->TEELE. TOT e, *#

ARBEORIEOEIC LS bDLHEEX AT,
(BokX - #50)
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(9)osR M=% FiM{TEXX: BBkon/ kb
TYOZHMORIE. HicWERBoORELDOIZLT

ton/ b bxZ ¥ (Honostroma latissinum) DH
MEMBRLZEFHBBHTHEFL 2, W B¢
i BEBTFEEAL. BROICEE ARLE
0fptRICIE. VMREXH AMBARTERICRESLMEBL
7zplanozygotes|MWHETHB & h 5, &Y. AE
BFOHRBITEERLBOGDOEMICHD TOROMT
HEICEM - MEeET5. Slada gshinigho,
LY LERBBIESICEENEI~20MUTARICHA
T35, EDOHMBAIETICE W TIIBESE O X5
HBESTREOBREAMEBOD., BEILABED S,

BEERFOLLEEIZEWICRKIEIIED Icdh, F -3
—I9EYILTWS, AERORB TFIZHMRAM%E
MATHETHOT, M REBTFICHRII240
bbsiZZMMAICIE 5~600 nofRh TEITICRET 3,
+RPORICHMIZIEET 5, EZEATENbsIZM
ZL —HBRRIZFHT, XWTl1/50§85iIc¥h 3, &
OMIZABEMObbsIZ RIFHED N FELE X . 21
ARG ERETFOIBObbs BFIEML 2ERE4A L
3k51ch3, EHRREEMOKEBHIc LY, 46
FRICHEEhER FBINhS, #ETRbbsE R
RIRBILOEAZAFMRIC LRI TW B 68
MEBE»6HMhisD 5, 128METHLENRT7 — B
FREIhTW3E, COM. bbs BRFS VY9 yavil
RRBLAZEETHS. (XHHKA XXZHEK)

(10) OWIHME* - THIB**: IAVYFETOX
RYGERICE 70—V HES (EVT7407)

Closterium ehrenbergiid AR ~AFuy Uy 742%
BREADIG-48-2 (VA1 FR) KT EhICENT 4~
THET B, I5-48-22 FPHOF KICIE. BHE
REN 742 T7EBZUL. ULRBTIRAREIAFR
DELLOXMYLHBBEATFERMT HHMNEL i,
N4 TIE>TEREhEAZRAET»OEL Y
F—DHABETTIRAEIAFADFRMNEL., ¥4
FABLOERTHELINEEATIBRTIREYA
FAERIH L, TIRAKEOXRTELNEEST
PERTIARHULTISFRALENT 7 —DEEH
L LIERBLE, €720 70—YicBnTH
GTORBIREHNEL. E2OXT7EBFIu—>
BETHETIREIAFA, TI9REENT 7 —,
TSALTSADHMEHEOKEMNBOLA, v1FRLT
1FARIAFRLEN 7y —DHABR B hED
2k, CHABEDHEER YN T 4V 0—-YTRER
HMI4 T 208MRO—BrRBESHPICRELTRY
TIADHMBIZHEBRLTWEZILERLTWALER
5h b, (kK - ISRER. * * B SLRUEH)

(N)OMERS - HMlif— : KEH DAnabaena cylindrica

A A E R

KEQEBIcHTI7VORY —EREMBEDIC
R=PRN—F4 APEEHVWTERUE, KEX80% =
) -V ERBREI O BRI FVERVWTE
%, HEE, MESICKBRES L KHEL, KE
HBEHRZBICTY /- VARSIV RBELILS
BULTERLE. CZCREBALBOFNTEET S
74734 FEORBEHESSIKESLRYLES
BiHOWTOR5,

BUEESONAREERORKEMBEDICREN
SABXUY YIS N—TFvaklAnwTra b T
S7%FWEI752vavIicowWTA.cylindricalc#f
TEHONMME L REXERETRELE. WRMEE
HABBENETSIVaVvREBRITIAIVE
&Y AF AL L =8, GC-MS B UMMM FEILS
PHOREBLXEVEBOAERARRY M VEYS 4TS
Y-—U—Y-—FEREBUE, YIVFIVR, AV IR
7¥SA VR, AT uVR, 71 ZIWERRYDH
RUBOBEIEREENE. ZhB ARV BROER
Acylindricalc 3 2B EHR BN,

()| R4 B2 mT)

(12) ORFFOT ¥ - HEMBIX - BIREER XK . A Y
€Y D7 —hREK T 3 R IR 0D R

AYE ) OTY) - REOFBRFEMAO R
EUT, W ODOFEEHHROHRICOVTREU
foo AU RFEEHWANL, YAFLALT +2VF
(DMSO), Zyyto-n, TFLIYFYa-pn,
oy, EBNY4Y, ARLINY, FLa-2,
A=A, YLVEP=LBIUIVZP-LTH3.
ZhoR8UHARER 7Y - R RELHEEE, O
CTIRMEH SRR, TV -F-RAhEREU .
REL, W0COT+—F-NAPTITo k. TOHR,
S2-bFSALY FRERLVEROETELHNEL,
RSP ROz, —30°CTHIFL ES, DMSO,
Tayy, Ay a-AEHEHAHRBBD SN, D
MSOMELHRMNE >k, DMSOXYVILE M-
RHATILHEHIDRNER VR, CTOBETD
GHEAINR L 23 L ARBURFIET Uk, —80
CTHBELURBE, ALV ThOFEBRIRKC & >
Td, —BE CRBIOMEMIEAE. LEDZ EH
3, 7Y —%RER —-30C$ k2t —80°C TRIMMHRTE
THZLUEATHY, —BRBENEC L IREER
HTOREFREORFBLEEEXS N B,

CREURK » B8R, KRB - i)



(13)OMBME" - ATFMA - MER=": ¥50LT
Dunaliella sp. IZREOBEAMCEZShEIN?

HERMLHASEICH BRelict type DFEEAH
fﬁ%lﬁlﬁi{'lﬂ:iwﬂimnalie“a sp. IC & 3Bloom
FUFUECHRIER X RAD. sp. HERLEEE 20T
6-BXDERETREFVMAMA X Shiz. Dunaliella
BHARARWEDBBEOLYB VS IVIREY
B IEHICB S =B, shrink 7= 1ksveel MIRAR
RELEE, THICglycerol B Y ORBEIRYE
MBI ETARETKET L ABATWED
THEHANVAOHEICHELEHHETH 2. BB
DD.sp. kD.primolecta® HBtd LTHHENT L
55V EN—BE:EDETORBCIFMHHRE
BEZLOWEBINMR (MBEA{BE) CT' H b
KT'C-NMR 2> TREILER, ZELREEH
B ILClycerol THY,CH - , CHs , CH.-—CH 5 ,
-COOH FERR Y DY TF AR EhE, X5,
D.sp. &D.primmolecta ¥-20 CTHKL,I» A%
ZERTRELRBAL-KRD.primolectad WEEEH)
A< BMBEhado =N, Dosp. TIL20-30%H°3%
RICHEEEHE LTV, HEED sp. BHEHRT
H2LARICHBNETH 2 HBEEFIEVWEEABH
1. V)BT D EART - DEHMTH

(14) oML #n-hBRA -MIATE" MiEmR
AEIRAD Chl b/a HIIBERBEY ?

—RIZRWMD Chl b/a [ITEEXRRICL > TE
I LBALhTnad, CORRIBKICHT S
ROAGRIBTHS LRSS, L L, KB}
ERRROBIIMICE > TELELTHE, ThbHpo
Bowi, ERROABENOZL LTRRLNT
A3, FCTHENL, BPOZ2EILRETS
BOAERRLIERL, B850 Chl b/a HEHE
LTHRRELORFAL AN, TOKR, ZofEld
FRECL>TERET, BBRAHTHEI LI LA
bhote, Thbb, 7HPAYRINLEDNENER
ERYFARELBIE, AL VI EANITES-
TWa WS TRRENRME I,

LZBHHDOBERT. 2 VA ¥NA T L (Inertsil
SIL) # WA HPLC i2Xk»>TZ7on 7 1B
Uhad/ A FE2HRITRTEHFELRRBLLD
THHLETHETS.

(RK -BH -&H, “=ZEX-EWER, “"HWEL-
THE®)

Dasycladales
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(18) sk F « - BURBEZ + - #INETF * -
WBAHB* - BINEAF* : £EETWRILE

Cymnpolia

WEE - &4 218500 0 HERAMBATR SN

2HEHILAOE I Mizzia L HHEh RED
DLEMTRLWwWhEHFIZLNTWY
. WS 1990FENA] SEMIEEWT Mizzia
DLBEERRICTUETE2ESBRETLEHNTS
foo COBRBROFH SN XFHMBEZAWTL
REOBEEHAE LA, —F. 1990£4 A, MhEdR
i T Cymopolia van Bossei Z $R 8 L. XF B4 L&
U THRRRTHEOIBB I CASBROIIMY
BB LA, O kIS Bk ageing Sk %> THIKD
BB IR LA A, AR kbIR, KEBICHDL
BRI LA ERIRL, BEOLE
O 5. Cymopolia van Bossei #¢ &4 11D Mizzia
sp. EELLSHEMLTED, 21850007 R
EETWBILAETHE EVWIHEEHL. ( 4O
PEAY . x EIEHE -k x HPHE)

(16) ALk : BB R SH Dasycladus
(&%, A4 /VE8) 20T

Dasycladus ik, Hiriig, HFV—#8&, HV 7
#, 1 it 538 (D. vernicularis, D. densus,
D. ramosus) AHEXHhTWS, ALFBEIOR,
g (1950) OHBETORKRBEMRL L, XBED
AHICETIREE LY. SE, ARCETSLED
hakimky, MEBRBRUZSOMES, BUME,
HBEPSSBRETET-DT, TOLEEN, BEN
IOV THRET 3.

A%, EROBAEFE» 6B LBDEE~DB
1780 (KER15-25n) ICHET SEPERLIIBELT
W, BB T, BERKERZL, EZTENPP
WL, &X10-25m, H%E1.5-3.5m, ¥KE~B&
BERL, AKEERLEL VY. BBEERE, SR
h, £% (AKHE) WAL TWS. HERERT,
#4£400-900 un, HWEWHS8-12KT>OWERE
T 5, BEHIRI-AEPHEL, B1-2PEETEI-
1R8 %, B ADHETR2-IDEEELC S, BElE
DOHMBERBKRT, hENLs, BRETEIRRT,
#4£400-500 n, SEHOBIHWEAHRIZIET OB
REhsd., JLotlh s, A#IE D. vernicularis

(Scopoli) Krasser ILEbEVWLEXS6HB.

(HEKEKXE)
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(O7) &l B: 3 FNyBEDOHE

IF+NY R (Liagora) i KEMBRB7 IV 74 VH
D—RBT. hicER2*UBEL. ERTHEHELVL
L5k rnTInaNb L, B BERFBRICK
<HfmLl. 100 KB AU AELETREORREICY
UABOEEHASNT VWS, ERVER. ABRANN
AL, ARAMCLEBMEBNICLBLLONSL
SEREHTEHRETHS., arNTRIR. DikicHR
UM L. DEEKIZ. EMLRICEE. 2 WA
{tRHMBOERICEL . BRRORBL I, ALk
MBc@ELLRBE LS, 3)BREIZ3 -5,
L% ARMLLBR|G LT 2H MBI AFIL.
thoMRrSrACHRBAAE DL L LTERAR
(R L. THOMRBIZFEMERL %5, 5) RRFHkiX
RBT. RETHADIVWEBRBEOABBERICE
STHNEZhZEWSIHRCI>THRHOELLHREH
Eh3, lzziellaB L | Cylindraxis Bid. 2hb6o
BRIPLATNTBELCLEEINE, aFNTEHBOR
BFhBRABY*RRL. aFNTBLEROELD
FHESRTS.

(RHEAFERZHEHER)

(18)  OJUFHss - gk : B3, Coelocladia
arctica (F¥aof¥; Hf, Y4 ¥avxH)
DHBL EFERIZO>WT

Coelocladis arctica i% Rosenvinge (1893) (=&
VIYV—USURDOMBHIb L TE BB hrE, 20
BIOBIMTZREESL A0, AERRE,
KRV 7HTORHERAShTWS, SELENE
BUBWTABIIRAEXh HEBRALLDT, 20
ERRVERTCOABRIZ>DWTHET 3,

ARIMEARE 1 — 3 mBEQEEME Los
PIEOEZAYEIVSUIRL->TETL, BEN
3cm, HEO. 3mmisELFRHRIZ 1 - 2@ HH
T3, $ii 1 -3BOREFEATAEDAR DM
L1 -2B0GRECEL /IS LRFOMBL S2Y,
BEHDOEEHT S, ART I LRBOMBLY, &
BIKBHLRES3 -4 MBTCOBRT 2 HFELAL
5. HTEREBxh2N,

HFEHROEEMBILERT CHERRBEORE
ERTHBRRERY, 20 EICEE, BEOLETF
BEEUD IR REI L £ U,

(dtx - # - fif)

(19) OFr Ttk - PEIRE - BABZY : ik
Diploschistes diacapsis #> & 738 & h /=4 R

fiidkiti & 3| Diploschistes diacapsis (¥ vy 277 I
yBRO 1) OXEBRBRCHOVWTAHENRI LT
tre ChETRFvaIILR 9 #ir s Trebouxia
Ro 5 #8 (T. asymmetrica, T. crenulata, T.
gigantea, T. irregularis, T. showmanii)A$3tH4: %
MrLTHisxh T3 (Friedl & Girtner 1988),
AMBEOHR, ¥va v ITrBoERRLLTHL
i Trebouxia excentrica MEd»shi-, T.
excentrica [ HEREOKRBRT. KEMROZ X
HiZ10-15 umOKKT, BREGFELPhASH, 1 @
DEL )4 EEFED, EL)A KRBTV T BAERE
¥, HROTLHPSHBICHEF > THET 20858
ThHd, BUEEMIEETF B LCRBRFEHMIC L -
Titbha, AHERIBRREhL,o1. T.
excentrica {¥, N+ X4 & (Cladonia), ¥ I+ %
(Stereocaulon), 4L+ /& (Usnea)#z ¥, #fix
DHRPOKERHL L THShTEY, BHATIRA
# o4 (Cladonia vulcani) S 3EXh T3,

(EBX - 18 - M)

(20) OHFRE - RHBEH - BAEZE : BHHS
Sy x h= 48 Dilabifilum arthopyreniae
(Vischer) Tschermak-Woess

EBREBEOBREORKFICHDE0FNA,S
#% %M Dilabifilum arthopyreniae % HEL, i %
Tl o=, KMl Vischer & Klement & T, i
BEM I Arthopyrenia sublitorales (=A.kelpii, A.
halodytes) A& #E&h, Vischer (1953) Ic&»>T
Pseudopleurococcus arthopyreniae¥ L T hi=,
O, KR TAHRET LikOBEL2FOBEETFEH
MY 52 &b Tschermak-Woess (1970)ick > T
Dilabifilum BABEhi, KHRTIE, FIMEARL
BRBKICOVWTAMOMEBEF#MICBELE. TO
R, K#ld Tschermak-Woess(1970) AL T3
BRiC, FMNEAR TR, 2-3TH 5 A%, R
THENHTHRRKEKE LY, TBFL K20
WEFEHRT DI LHIBREIhE, BEEROBE,
ARG B KBEEABL L AR RO Y5 S5 THAEFT
BTHDZENHLM B o, BEARMEILHKTE
THd,

(Rik - B - 1)



(21) o=EHF— -8 W=" - %" R': BERS
M2 €LY/ 9 (Caulerpa lentillifera) O EL ./ 4 K
EHROBRME

REORRGKICEETIEC L, 4 Fit, XA OR
BEECMS VYT o—2-1,5-2 ) YBRAAVHE L 5
— ¥ (Rubisco) DELEBH L EX ShTWE, &C 5
¥, bhbhit, BREV 74195, s L v5,
BRERI VL I FooRRETIR BREDNANE L
ZAFPBREBETILVWSHRERABERAL £+,
SEIR. LY IDEL /4 FEBOBKRIBE 2
Shicdsfedic, REEHEANEEFTR > THREE
BEHNL, v/ 4 FERR, @R0BRUVLART
RGRITMBICR A 325 1% Triton X100 THAMRT 3
EVRTRESADVIHRKER) . BFEED
BONFER] . HMEBR]. rehoomzEsy
MBI BMBEhi, ¥5c, Pronase EAET
BFFEOBVNTER] . TthoomzEH2Y
B 5. DNase IREET [##ER| BT hPhiik
LEDT. 2EVY S0 L/ 4 FRERERS V278
BNTFERE RRADATCHRRINWIBRBELE -
TW3eEEISH B,

(OHBEK - EYHER. s+rhEKR)

(22) OA.Chirapart - KEFIEXR : R PSS PEA T )
VEOEFAKERICEIREICONWT

EXFRL U TS VRBRBEEATWIHEY
S 7 #DGracilaria verrucosa® 4 7 (v=5#) ,
G. salicornia (¥=5%) , G. coronopifolia (A
YREXYP), G firma (1), Polycavernosa
fisheri (2 4) K2\ T, BRAADOTFHKM (HK)
KT 1990468 510 £ THEEEITV, BBIKOW
TR,

G. verrucosa® 4 Tz WA E 2SO R
ETHEPHILIEEL, 82l Eicko=, HMBEX
(EE) &,
HMIRB*E (G.R.D) 22.65% LIEMICHWHERL =,
AU BRICG. salicorniald, 11.02% (G.R.D) THo
=, P. fisherild, %4 TRELITHLH, EXFRL
LT, BRYBFAHZTATW3HETH 2., Z0MD
BAHMBRERIITA TH26.2CoORE, 13.75%%mRL
=, FURICG. firmao H MR ERIIS.31% CH ok,
G. coronopifolia &, BRICEEL, PIYIATH
ERAHMBER 13.83% CHok, ZhdOKERED
57 =5 KG. verrucosa® 4 F L P, fisherildfbitis
DEARKFRLUEBRLTHRVWREXERLE,

(BaX - BEEDEY 2 -)

TAHH 25.2C, #H533.20FUET T,
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(23) YH R EBRUMIRENES
(BE - RY¥758) 1250
YV IRBROBHICOWT A S—MEFAL BEH
HAE (1989~1990) A HBEFBIIMLIR, Ho ¥
U I@BHIITRE NHEP SBEICHIITTELEFL
. MOnLIRICESEFLTWB S EMhh iz, kY
Y7 MRt L BEICBWIAHTIBE. £FF
BICEMR LN, fiEICINXFE | Sarugassum po-
livorun Sk V. HEITE 57T 7 (H) T
YRZEIFNRWENBEEICERLL., MEED
SmilEROERE B 3 & WilgkR:20,179ha (59.58)
. FEiBEIR;13,716ha (40.5%) & K237\ A5 FRISE
RCIIIBAIRH BB RIS, 205ha(90.6%) k> 57
S 5I56,642ha(99.43) % Gdre, IHEERBIIIIERIR
ICHEIchH BH5, FIBEHRICII AWM. WS
Sft2- 3R ICHIBEN TS, BERHE19775 L1
IBELIRNFEFEY R LAER. 20ouE.
BIERICIETL TWEW, B4 7/ N
7 /VE0NhT,. BERBOEESH. HARHLHD
PR SN A EAL L TRI(NEE) - THI(SH-W) Z 5
BoOMEL v THE &R L (S8ANE~SH) )
RRICESEYTERTS, (i k)

(24) OFMESM - 3 LM - WEHE - FHRXE: N\T K
Chrysochrosulina hirta OAEA-RZIRNFRHAETT
DEFBGEEOER)

#2i2, C. hirta2HWT, N7 FRICKEHOERME
THAHNT P XN FOINE L AW H B 5N %
LTWBZ 2860zl 2 (HARWERBHAL) .

C. hirtaiz, N7 FR7 LiIcHRBL AN FAEELZN T
RICMI U TSI 508, BEIFPSumEBRSY 1
AORMFRIZEBRAATETH > 2. SOV XHTWMLE
IRRETH - . BIGHEIZ, HRAICERIhENT
BOBHELrsNHI L, —BOICIZRTFEE L LAY
RichdeHXHbhTWB, LMLC. hirtaTid, N7}
A9 THERINERNTFROY 1 XN FEEICHAL TW

b, FEGERIZAT L HIAMRICIIZS 2ok, A
RE, ENFELUTHE.I umOBE L —XEHWEFIC
12, SEGREEIZN5 - 105/mlOEE F CEEOMME L bic
WML, XWTEASLE, 0¥, 5:105/a12 EOF
BEATT, ANBRAMELBXINTFRIBRIISL
TEUTWE, —F, BFY 1 X BRI AR
BRIcH -2, Shid, A-EBEESHTT, KD AEEN
FIREYKERNTFREERL, ARERALBABNL
ITREL TW2,, B EORERICR T, HBGRE, S HH
L 72K O A (clearance rate)icoWTHHET 5,

(REK - EWHER)
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(25) OfE® R* - ¥GOIEE' - KBS " - At
W o —aRet - BEASIXARED
FHORRLWMH TS /) F o ORE

198 9EHIIRERRBOHTICRALIA /2
Zh (BEESm, EX18m) CBBEKEREL,
P& DRFELAE TChattonel la R4S X & 7oK
IKOWTHE, BISILLAMENHD (BFBEER
1990 EFKRL)

TR, RFEMRERCES I TOERBOBEEE,
HAETHIHHM TS5V 7 b OR(LLHBELUTHRE
T3, 24 BHOKRAES | BE & CERFELE
BL, 2OBFREFCZERATER LIcBEER, ¢
SMDRhizosolenia=> Thalassiosira =% Y 7 R0
Rhodomonas=> #¢ fa Bk DScrippsiel la=> Prorocentrum
=57 4+ FE@Chattonella &8 b &b > THEIRE
KE o1, JOFRMBEADOBRIL, EREOFHP
BTS00 b UoOBEEE & B3I S LR
1co EERRIESI0 DB LHWARICL > THEL, £O%
HEKEEN %55 - I-REBY, RETCORBEORI%
bMT 348, B TSS507 Frofific@Bs s L
B ERT, Thicxt LChattonella |3, {hDZEH
BWAtk, RETREEGREBL, 2oBWMTS5 V2
b B b M ST RN S,

C* UK - 85, EREH, * EEERK)

(26) OB suLx - HE HBr BE & e
AR ME-RTF M- HJR EResx
BRECOMEAILLBIRAYE) YDRR{EM

COHFADTIRBERRE &, WIIZCO,D%EM
FHREEHOMTSCLEENHLLT, BRS
CO,ME T THAMAHY Y/ Y (Porphyra yezoensis) %
BB, TORBEUBU T, BALEE THOIZRE
LERAYEIY (MRFENZGRW) BRIEEER
(350ppm) , 1000ppnE 7= 121600ppnDC0, % L WM %38
U2 515C, 300#E n-2s 1 TR L, #H50MkT
DORBLREELRE LR, SBMEOCO, EBEAL
HDFEYBRBELINZLBP SR, T
b, BRIBURIHAZRBOZNZ Sh, BR
(350ppm) , 1000ppm CO», 1600ppm CO, Wiz FREADH
< (chzE, P0.01) , BROBRICHRBIITHhEL
44 + 12 om, 62 + 15 nn, 86 + 21 mm& Y, g
Eh¥h13 + 208,19+ 3 o, 26 + 4 mmE 2D,
BREDC0 2 KD AY ) URREO BB I, #
RMHOLRABBBEORE D I/ S HEFAED
HARILEBHOLBXSNB. (K BERSRNE
¥ R—, BHOKK, ssaRik, seoBlER D (8K))

(27) HEBAIES - ORBEET - HEMN : %7
5 A DEETFH SOMBBIEE L h L AR

7 5 AEisenia bicyclisDliEF#IZEL TiHSHh
REE 3-SmDETiRA S DR &RV TR
EEIEREED. AL SEIREADMEEE]
BI5LLLIC. VAR TEES LUBE
DRABEFXT-. SRTFEE0.5- | mADIERIC
LT, 15°C. 1000 lux. 14L:10D OZMTHEEL 1-45
R, EH4HBICIYES>S 1 BIC. ERikoeE
ED iz A L 2D E RSB S hi-, RS
DEEBHRAER A SHE U 1= A1)V AFEHINNS: | FELIRAER
AHSELELOL N ESERL . B2 3B/,
HE 1 mDAIL AR A DL TEICER AT
T4, SHEMEICIEA N ARO—ECEREERDOE VM
fass@@noh, #hoOfidizZEREAMELT. £
f=. 10, 15, 20. 25°C & 1000, 2000, 4000, 8000 lux
DB EOREE T THIRFEL SOBEFEMNTH
WADEE#FERIzL T3, 20°C - 1000 luxTHENT
13 20 Y A

(BkK - F20)

(28) OHERBIER - HHIERS : 18FH D ADBEBFR
kB L USIRaTiR D S OMBBIE R

AT A MEHBEY S DEBRERAERL Tz L
25, ¥R 3 - SmOYETFROEIRERS I azikD
DRV ABHIRRATERL TV 28ksaEnon
Iz #TT. COAHNABMIEMAIHL TIEELL
R, 6% —NoMIIC EEEOMINNSED S
h. 0. TNSOMBITEEICHRARYELT
FEMOEEREAL ML L=, 1=, MR EE» S
ZHRIC & > THEU 1R 3 — 5SmSR TADIERER
%0.5 — 1mAOERICYHIL TSBLEZL 3, 1)
Wit A & ROz A L R AT R X N -
DT, TOHVAFHIIR G TIBB U8,
4 - 6E TREROEREADMESED SN -,
CHHDBRTIE. WTFhLRKOKREED, SO
BSERICLEATID TIEHARIC 4 L A DR R 2K
ANDHEHBDH SN DD T, YEEAFH N 2HEERIE
WhEERTO 0 -UMICENThE L E AN
3,

(AKX - B5)



(29)cEhHE - /MK & - KFES% - BILE BB
Dunaliel la>#ffaa & (o B9 3%

MRAEEDE L . BAEVAES TH SDunaliel lak Tt
AV, SRBEGCAEREBOKHLE OV TR
iTok,

1) AREcRIEBREREAEGEEAY. Bamiil.
4702 alb -9 -RABEY I 7Y TETH
HMETSCEEU. EDRDIEMT S0unaliellald.
TR B OMIEM DR X, Wik, BRI TOET
RN, BEFORKHE U RKRBEIRU 2.

2) HRBEORDOTO TSR MEMOZERD
WT. BT ABER. RRBROAMSRFA Uk,

3) YRILANFOOREHER LD, MEAMS
DFIRT - N - OBRFEEITY X, BRI SHED
REHHH R,

PDEIT-RERROE. MERITS,

CRBRT T8

(30) OWMIHMLE « 7TRIMu] ¢ 7=/ U RRRIKO S8
FREEkDELIZOWT

F 27 YR DWW TR TR0 2 ¥ i sE 2
RV|BSBER TN, WFhHEHIEHC L300
RHBRTREEX 603, iz, BETHSEFLE
7<) Y ORKNRIEHIZF A 5K TH HTTERIEN
EZxoh(8 - =, 1984), RRBYRETMOYRSE
1753 BTN BHR B eIy — KBz 33
CUHNEBELAXOND, FHORINOOEEFTH
U TGRAMIZ FIBES O nikikd 5iREE FRoR — 2
BT 2 REMI IS5 DOERBERILIZ. 2D
BR, 70 b 7SR PSSR EIREREDH
FMAT-RREBB T EWFT LItk Y, METL
P HETOBFNE — 0B T B %555 PR S h
Teo TOXSMAL Iz FREMERENHRTHD
ST CEO LI ARIWIC K DGEEMEITO, free
-livingD 5Kk BB U Tzo 1 Shi-spikikik200C
ORSMFAI D&M F TR OB T R LSS, Th
SOMBFRETA--ORETFREEROLE X b0 B,

(A By T 1 1 I K BB AT

(31) Orhig§ Gh—s+ - BHR FiE*>: NTAHEEHT
BNLEAANOZ 7 OEERSFEICOWT

SBEAMMEEHOEREN LIk L D X
KWMRINTWE, UL, BBIFNLBE»LR
T. ZOEMREOWFIES THHIEHIEH, 15108
HERREWIERLL T, FRETLE, N7
FEEBMBBE TR LI AANOZTICOWT
Lz &Ry 1 Bk &K RICHM S ¢ 5 WiE
LHEEOWTIRET S,

BaZek@RBIZHEAANOZTICOWTHIES
EDEROEEL AL, BERBLE/FLALEET
MEROE L AR LA, ERMLRITHL,
AANo7HRREELSY /- TREL . R
ALY YR L VMBNBORIBHANEIREND, &
h%ESSigicBL T,

RRAOGESRFRARI NV DlikoEiERt%
aRcElLsesZricknEHRBEMELA T2
FUBTISRIC SEsR X4, ShEigsar30c, RH&MN
THfY LI LIZLDEVWEERNEFLNL,

AAFMRE, ARIRREFARO—RE L THE
BN F 77 /aY-BIRTHFHLANX - FERBH
BARABRMISBEEZTCRELALLOATHS,

(+ MEE/NA A H, U AWIETER)
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(32) OfMIEX - HHER: 7hAHET IEHE
Bolbocoleon piliferun DEPERLBHERL D=

BERI NN

#MBolbocoleon piliferum PRINGSHEIH (H=x +7
ASAAT 7 A5 i, BARTIRILEBHBONHE
A7 7 UBECBEY IV ERAET S LAHES
ATWBH (- HE1988) , BRMHEKIERTE

FIREX R HARKICHAESRRE NI,

BSmBolbocoleon piliferun i, PIAEBKIZZH
DA BE KR TN, RFRFKONBEER
EBOTHREOBRRIZYREY, BEEFELAYE
BETE 2y variRohiRk 2 RMLE. L
U7 A ARTHLOBHRTHE, FHRLLE
iz, RRPERLFRORB|REZY, 7HRAHE
ATBAITEIROBEEBR LU, £l-gBEO_H

BRI, 7HARH LBOHERILERL

i, 4WBL 2WROHEMRSRBESH,

WFhyRBORERR L.
(B - AE)
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(33) O/MRER - NFHEE : BEY NV EOERRD
HAB Y MABEIZDONT

BAEYIE (Chords filum, 2>V THB) DAERA
DML BIBIC oW T, BB ERIC L DTS
Fok.

BB EWO 1 AR RET S ERAED
S, TOAMITERE L =iV IAIE Y HEIEN - 2.
—7%, ERCIREVHORTFHIITERRITBD S
highok i, BEOEI MM cnlzBTZEHIZIZE
BHEIERROEBRRABO Sh-, BF&E, &C
DEREADI S EBAFRICETHMBELEY, DWTTH
FEizbMBls, 2ORE, LRA0HEMNHMURIT
RPIBEOLBAEBEL, RBTIEHITERK
ZERRKOBEL AL THROEL tdh ok, 4R
ROZROMKE, J7oHYSPF7 IO TOHEHEM
fae - RiamEi s ~L, SEOKRRTEEFIIC
BASRRABET> TR, HECE, BELES
oRMizabh3 sieve tube (%) oBfiTd
RN MBNHR Sh, BHICEEFEICBALSY
2 HBEEToOTHE,

(dEx - = - )

(34) OMWER - RIRBK : HER (N7 M
M) OBRRILBXERICRETHE

AREZRIIREINVY T L (Calla) 6B (ay
AYR)EHBKT S CORD CaCls B & KA
2 HCO; + Ca2?* - C0z + H:0 + CaCls ZB3RGET
HBELTWAAEEL, Ui EREh TS, i
HHk. CaCls BRI XSROBEETH S C0. O
BREBBRTZ30TRZWIEE X, BEMLADI-
Hydroxyethylidene-1,1-diphosphonic Acid (HEDP)
@ Pleurochrysis carterae OFKIL L HAKEE)
PRETEBOWTIRELE, ZO&KE. (D) in
vitro T® CaC0s JEALIL 0.1 4N @ HEDP THL
BEShE, (2) Tva Y RAWHIE 20048 FTIHE
TXhY, 500 M T50%, loM TL00% FEXhE,
72,500l Tk, 2y AD CaCls DEERKE
U shicllEIRE, (3) WOMEZE 200l FC
BHEERI . 500uH, 1ol THO%LNEESL
B0k, ThEoDOHERIK, TvaY ABKIcE 3
CaC0s JEIEAS KA IR MISHEN ¥ 2T figtt 2 M &
ELTWw3, (QZEX - HHy)

(35) MEE B : BEEMOXEBOLH RN

FrRBAilcHEOBRETHRERROD fucozanthin-
chlorophyll a/c AW SK(FCP) HHEICLEGL B
B O (FCPA) TRBRICBWTWB I LEBEL X,
SEBAUNOBABBIcOWTRRRROB R
HYARICEROBEE > TWENE I nERETLE,
HE #2AB NTIE.S74 FE ABERIZON
TEhTh_ZHEI O REL KR OEMMKRERN
THEHXHEE, ST X Tearotenoid-chlorophyll
EUSTREBLLTHESh HREMLEWThD
20kDa #iifkdpolypeptideTdH - /=, HEE Cyclotella
BLUNT FERuttnera 282> ARBETEFXE
FERTIIEHBREBROKX & JIIMEICHREREL —
ET BT DI ABRBEMOKTH-> 2, BHROD
FCP(20.5kDa) %RV THHL EHME TREZNRE
®#LHBXRBE . Th6D carotenoid-chlorophyl 1% H
BWFhHBWREERUEN, Z7 LYY IO
REE(LHCPIL) iod ¥ 2HMmiE. 5> & Anabaena
variabilis (M3) @ phycocyanin (23 24§
phycobilisome @ core linker =¥ ¥ S{iMil & i
E{RKBEY. HABPOXHREA L OXHIRE
BEOHOMZITNINWERbh3, REEROBE
peridinin WO FE N S5 H fucoxanthin OFEHM 5 HH
CHEORBIRBENYF# XN /205 Crypthecodium
DESIZAREERLEZVWENS I LD & SR MEE
MREBZ#TRTEQRBEZhZ2- A, (FHA,_H)

(36) O#ikEEx - Bl Pxx o FWHAS0or: =i
HBICH 5 KENBHE Y 0 A 05 LR

7 1 A (Ecklonia kurome)lfHt (1921)ic k- T,
ki iBOES 2T IR L THR AL L
HEIKRSX, # YA cava)h SXBILTEHFES N
foo TO)& XIS, ZiliChEuhdE & BASEBMNO R
1IEHO 7 0 AOhRIERELZ UL, Hich b
BOL5THh, BREKET, BIH{AOREL
NEHICELIRNT B &EBBLTH B, £LT, ilbdk
D7 oA RBRINT S, £0%, FH(1936)i%
it & BHRABEEICMA T, BRIKHTTS 7
o A OThRIEMNI AU S TEV(20 26enoiFiciEd
B EicHKIXx, Bff [ latissima(bm/ N7 0 A,
22 DR A O A

hhbhig, 19765, S ZHEB—HT, I 7TH
o 53T % B0 Ll LiB/KREL TR, Th
FTIZ, bansoA RTINS 7 o4 bl
PHE MR, ERISILES X N EAERERAETRE
T&f, MEBBHRBETRICRBELLER 704D
hRIEIEA R S <, 40 60 cmiciB Ui, thRBid,
HEKFEBI O/ NS OFR T » foo F /o, HHRAGIENE
DAV ALZORBEIB U,  (R)iFEVITE-
BEAK-IFEEYE L 5 oex(B) B R REFTENT)



(37) HKESCHS : A E T 39 H 5 AilEhHkD S
L tOBRE/BICOVWT

AHRE, BABILET 29T A0 H OB
FTOREWMELHESMCTH2L 2 HME L, 19894
AANSIAETREBYICIIPMELEKLE. &8
OMEME BT IEER, WHETRShIRE L
HELLTHIHWY, IS —FARICKYEGEE, Bk
B, N, EEREY, BGERR, AERSLUR
BREVICOWTHEAE.

#H 3 ADHAKI, BEHARI SHHGREMIC
MITTHY, B TIRAERIC K 2EAREHE
ARSNE, BB, £MEEL TIEF—ET,
1YY MIETH- =, B, ARERSIV
BiFRIE, L UTEBORBRIHE->TWTAHTA
KRAIEL, ThELAEYT 122m, 1140, #13
kg« EE/nfE5R Uk, MUREBILEM %38 L T50~70
T, HICSATHRBLECAShE. REMRBRER
SANB8AIMAFTRALEY MO/ MTH-k
. AL 8 ALBICREL, 10~118 TIRRRREILY
6281 L=,

(i K - #5H)

(38) OFFH#mE - ME Foex o KT —xxx . #
BB oIS U 7o KENBH o BitlIETE

TIELEOFMERHHOME LT RYEHEO
e HM & LIBRISERORBRPPEN, NAKH
THRALEBINTO S, FEREUKRBRLONES,
G ER O/ ML HRBRIC BT b 2EANIETEA
ETHB, Zolce, BREBTENRINGETSEEL
5h55~THELE KUEERErEOF THHFS
NTVENEIDTHDTEEE TS,

HBRERBICH T, 1978~1980FI2 7 n7IE%E
WHRE U KBREBHBRISHIGER S i, 19869E6 Hic
MELHT~BENEBLAENE T oy 7IARIR2
BV, BEMRELL, BRI EoKESI, RS
50m, fF10m, B 32.8m~3.8mTH 3., D2 HDH
BEFEBTALSIC BIMOPEREZ . I m EX
m & iCigEo g %) 2 HE L, X<, 40X40
I K5 FEAOT, BREER LoilEEEKIE
6.7.7.5mTEh ThIFML 1z TR, KIRIZIE
U T 7 # %7 (Sargassum !u_)rneri ), 77 A(Undaria
pinnatifida), L7 5 £ (Ecklonia stolonifera)o
BANREEATBIRICARIL L E HlT s h e, (*(K)
ERRPITERT - BT PSRy F(R) - xx()a )
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(39) OFHAMYX ZEHEEXxX HRAEXXX
BAKMTHELE7 ESOERLEBRE
01 kB

DL L EABEMOBAKE (BKEL1I50. KiF4
m. K=FVEAME) CTHIBHEILAKT AT 20D
EnBHESEBRIA TR, BERK. K. BEs
BoBEashTwa, thoEREBTHRBM T EE
bofznWFE& ik (95mm/DAY) T2BELHOITEE
EH2enTHMBEMNER I L BF 2IHRLBARX
htze KERTORHKR LY —Tid2<. FIERS
TRESLLSEBLEWZYTOUHELL. THE2
FEELDECRE, LODLIXBEOERBHEET
bo. BHESIF1989FE 2 A18H» S19904E 1 1 23A
TO1HEM, EXIE. HOW»SHEE TOBRIFNL
IZANX¥-BEPELIZ. TOKR. BEBIOBL
T3 ¥ - Ri22550, 85E/ nf/YEAR . ERRBR412635.4
E/nf/YEAR THo1-o (XDE U FEHARBKKAN.
XXBMTHMA - BTMBIE. XXXFMK - [2k)

(40) O C. Orosco® - iRFIER/* - KFEX""
MER= YLy EDHEVWREKSIUAS
FEORRIO>NT

AEHTHAHY LY T T (Gracilaria chorda

Holmes) OHFWRKL NP FHhOT LAY LE
BIURNEBEOLOERAWT, —HOBRMBE &
[/ (22°C),100,80,60,40,20% EtOH ( #HEB) .
#MAK (100C)JIc&L D EXAMEL, 2hoottH
EHE&EL .

YNy ELSBONLBRRXOEHBERCHN T
ZNEIF, SEKT24.2% , WA FH TS
% Chotets, 7TLAVRBLELOIZBNWT,
ZhEh11.5% $L26.4% THhote. 12, 7
LAYKRNEBOLOTIE, ¥HKkE &L T60XELOH
HEANELEAITHY, W53 EELLEXS
FOFEMTRENEY, PLAVBRELELOT
12, 60% B L r40% EtOHMBE X EE S & 2 3
cepBEdohiz. — K. 3.6-7rekaHhs2
F-2ABLURBREEISVREKLIDOAIATE®
Kg<AazhTWiz. UL, ZLAVRBIE
STEFRSBEOHBERL 2.

( "BRXE B, "SAXkFEELtYY-)
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(41) Danilo B, Largo®’ - OKEFEXR"*: 74 VEY
& 7 ByEESargassun myriocystum¥ Sargassum gili-
quosund) 4 A%

Sargassum myriocystum& §. siliquosumid 74 V¥
VHBIKRLAHTIHEMT, 74V ERREICH
EI23TRBICIEWREERBRLTWS, S, myrioc-
ystunid W F RO BBV L Z 5(C, 8. siliquosum
BEOWAY, PLBWEIZACEFTTIHAINHD
hi,

M#E319884E8A L W 14EM], A1E{TbhbhE, RE
$CS. myriocystumd EH B iX29~68cm, F¥542emT
MK BP0, 8. siliquosum OEHKIZ32~T4cn,
THEER I TREDIP 2L, WELEKT DL
BWHEAadh=, MEOREREPII2AT, K
BB E 2R THo L,

EFBREIMALDICILAKCIZIZERYY 100%0H
BE sk, LAL, YOBMiTchEMBERTHERIC
ERZ BTN YBBBZhE, HEORERORYD
X, EYA—voxBicrykElELHZh, 8AK
BERoOFEAKED S, (&%
AVBAK - WEAEY, BAK - WEEHEY R-)

(42) ORULEE * - ik Bhk + : FRMEF Eu-
notia MicB I 2WOSMEEOFME. 1. ERE,
B, &8, NY-VEVY -, HROFME

Eunotia RBBAUNISHEORKBRICHE T 3HER
THB, RET, ABOBOSMERIIRBL <N
LB ABREROERIC > TORMEXRTEE,

—7 Eunotia REMEROBEOLEWEHL LTS
hTwad, EERABLEOERE28-> 2RI,
BLAERBESZW, Bhill, AYHTLEWERBR
AR TEEOHEIRBWTIR, BicE#» >EFLH
Twi,

BEBIUEABWT, BARFEERLVEER%
SHULBEGEEAAY, RN JUBHMNICHEL
LE, eho 2B IcHBOSBEERL L TORREDR
iz, MEBLUERBICBWIITo 2, TOHEX2
BicF3TRET 3. EEHAELRER2~48F
ftL, BHLAKELEDbo =, LML, EREEK, £
BREE, NY-vEevy-0UBBLURROUER
FERITKELTEN, ChoRBoSMEEELTH
ATH%.

(xR REX - £, *x RHERH)

(43) O/h#k 5L : HARE Navicula bryophila 0
A & 5 MEd

N. bryophila % 1928 fEic Boye-Petersen Ik -
T7A4RFYFOaritgoERL L THAREZL
EHBAOHLWHEBTS 5, COEMIIBE 10-25un
WiE 2.5-4.5umiFX CHRBICMETHIZL L. £
MENBMTH 52D, XRATOMEDOAHTIRXFEED
BLWE Boh, B,y HHE, IR
BUMFEITOobObHEN, IV M. XBOATO
HAEA2EBICLTNWE, COLSBBHOEZD,, R
2RI ARBIZI LW, HEROEHMOEKICDH,
kKichH, FE, BRICRBRICLHBEL, #hEho
BRETHREICOLLBZDOBVYEAERBZDT, Thb
ZoWT (THESR) BHICXAUWBEToRLZ S,
WEMETREANCAKEZBWIREL. £2TH N
bryophila YtEIELX3bDTH - %,

BHEER R B 14.5-18 x 3-3.5
fil gy’ it B R Bt 20-22 x 4

FRavy)-Hilt BRR - BMWEITS  13.5-16.5x3-3.5
Kik iR R (RN 15 16.5-23 x 4-4.5
WELOE  BRAE 14.5-16 x 3-3.5

(48) OBBIE" - /IMKBETF"* - KIEBET "

74 LA T8 12 Cymbella turgidula @
LR

19901 AFAMAIDT AT Y (YT ) TiF
723 3 0Bk A2B/EL 2. YA REOLVYF 30~
41pum, E-=F36~37. Sum. YA HEOL >
F10~14pum, - K13 um. PRPUKBERE
(A#/10um) . HWL>F8~12. 5, £—FK
10, BlLY#9. 5~15. £-F12,

ROV TIHBEN (REFR) . hE. A8 (&
#) . 223 (R)V-) DAMEORNEBEL T3,
TAROKESZEDMEL b L BUTNS A, *RE{‘
BEAROEEIEN LENOZBKE V. ChizhED
KHEBUTWS, BRHOHBREE LA OLOL L
BE¥T 5,

(* Bifhk, CHEMTA. * B5)IAGK)



(45) O¥HEE" « hBRB™ : LEHTHHOR
31

EEfHic 5w, B igFeav 29—}
BEDEHLRM U QLD 2 0 =—49R0N £ 58
BEL, RAERBEORBI>VTIRH 2T -7,

ZORR, RELZEHICUMBEOIEMEAE L,
SEFRELLTR, DTobor@RIhx,

1) Apatococcus lobatus®¥#% :Girtner & I ngolié
(1989 & 5 WA IMMBYM Apatococcetun Jobati
CHYT S, HRECRAOHEER I LNE
Vo

2) Klebsornidium flaccidunBi% : f1OR 4% & B
EFBT LS, Chlorella reisigliihtH ey
2B ohnVHREATILNE,

3) Trentepohlia lageniferali¥® : (Lth ¢RI
R OMBRECEHEN L, dihcRrDIY,

4) BEEHE  Scytonemataceae® XU & LI ER
R7oy 2BERBBvan=—2HKT 3,
5) ZOHOBE © Desnococcus®, D iplosphsera
BEMXENL I v=—13, BEOHRITIINY

515 428 (X

CC LBREE, *LKEX « 5« #Y))

(46) OB - PHRE - BABZHY : WKHY
< ¥4 25 F (Caloplaca ) » &M & hrf- L

¥4 ¥4 15K (Caloplaca ) If, #filk & fzix88)v
KomxET, 2L ECHEEL, #R» S
PR TEL AT 3. APRTCRILEEREBOERO
REFILHSEMBLECEELTWEY A YL IR

0 —1i@ (Caloplaca sp.)» &3 I & ik - JERL.

SHEORFETR 1. TORRCOMKOILER
¥ LT Trebouxia showmaniis$iZshSiitz. Al H
HIRDRRT, HIfAIX 10-16umDKFTHY, ER

KiIESHA T, PORIBOCL ) A K> T,
BUHEEMIITHRT, BEXRT, BETFORRICL 3.

TR I Lo . 248, Hildreth and

Ahmadjian(1981){3, Caloplaca cerinas& Trebou-

xia gigantea ##EL T 3. SEMMEs N T
showmanii i}, i#KRFABM T LBRIEMTLES
HEZ. COTLPSHBROMEFICHEL TV
KHOXEROZ LI}, BAEHMTETERS L E2
Sha., 28, XARBFEHETH .
(EBX -8 - )
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(47) BFEA%: BN, 24 ¥~ 9VED Goniun
quadratun DEMMEHHEM

Gonium quadratum Pringshein (1959) ex Nozaki
(1990) i3, +FEIcHIAHNETILEAK O 8 @i
BREE OO LESME Lk kROo—MTH 2,
Z it Pringshein (1959) 24 4 Y 7O F oL
DHIELTLIR, RERBXATESS, SHEMD
BEIhTVRL,

HERX - VEDEREhiL Y > T,
Goniun D¥%ERME-2 0 — HERL, TOHMREEY
HUEREAETRAT ORACHELL, cok
DREBAOE L/ 4 FIERRM I L > TRHET
52, bH 17D, Pringshein (1959) AHV A D
LRUKTH S UTEX 956 L HEBHIE L7, Z20E,
HEREFHCRRAILEL /4 FORBEBEER S
RLIDT, WEDOKE Goniuw quadratum ERIE L
o FUHARMBANEBTHY, EETFOBELRIC
i3, HIRER DL (nating papilla) 2& b, =i
Rto&ah SMINRBAHNBIE LA, BTN O,
4latk D "gern colony” ML 7o

(BEZBIR)

(48) OFIFEMII* - TROEHE*x: 15 Y THE= &
FEDHES

187461 2 U 7D+ XYMk 34 RFTHE
A5 YV LEHESCS2 ) —BTHRSB L= ¥
/>4 % Trichosolen myura(=Pseudobryopsis myura)
ZoWT, BRICKALIEROWEERIT- . EhO
RAKREA~SmoFLEFLTWE LD T, BEMN
{ci3 Feldmann DIR#kE —H L. =&/ % T30k
Rtk T, MEEEORBTIIES L ThS ARk IC TS
L. SRERARAIL, MllghosarL sV
h%bo, CoBRIAAED N REEFF T. hai-
nanensis N HiICL<FMPT 3, LrL, TR
B EETEBRT 5 L0, ZOFRBEHIIEAL
METHILICL-T, BENRRATROAZ LS
ot FEDBEEKL 2, ORI Hayhoub
MDFBE LY Y YEO— AR EDRRE—F
T3, BARICHEVTH Yendo(1915)ABEH S =&/
FEOEFEEHRLTVE, LaL, EHRSEEMD
BELEDRBEE AL OMBEERE, —k N XE
THNREEFFTHIL, %€ Bryopsis O—
MeBbhz, GGHEEXR-MH, SHABK-EDHED)
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(49) OFEEH, HH{—M, TEAHE: ABIVT
O—J RO RAFFHOR B, BRI,

B - AR EOOKI/MIBRRR Yy ao—JK
DFET 5. COFKERRBHOT L A@NKDIR
AR, BERXRES, RiEULEE, FROS
BRERER, £ - BRZEOVRVRRZHRE, il
BRI RVEEE2EL, TCREUCRESBICEH
RUEDERIEHRIBHIBRL TV 3, FXUL, &
NFEREBREHICEF T I3FOLEFIREST, TORK
TR IEBERUVEHSRROTILUIBH TABRTH Y,
—ACTUEBOBHL S 3ALEBROXEL LRER
FRERETRUEZHATVIEDLVES, ZD&IR
ERZRATCARU LERTSEFROBAR L B
@ - KER AL FRISRERHOCTRAELVLTE R, C
DBETABOEEAEDI I T O-TENSZLD
BRRIELEB LR, ThoONHLEFTFHEDD
SFULUAKRSTHHEU . SEIZZTH S BEKD
RECEORIAIRL, 2HUTLEIMICESARRY,
BNY 3. Blgh 515 - BERAT L OHMEHD
HEEEUT, ThoHEEI > ro—JyiKkE oM
Re & OBHICT 3, AKX - EUNER)

(50) HEBAIE® - ORIk - HEIER: - FEAATE
L YNFEE M A IYNFEDIER

FEEMmLREED A Y )N+ EErythrocladia
subintegra& b &'« Y NFEE. irregularis%1%#
L. HiEBLER. BRI TEE. BE. BRO
EEAHELL. BT YNFETIES.0-
8.0 um (P4 7.0um) . &AL YNFETIHL5-
6.5 um (¥ 5.4um) TH-o7:. WL LEETF
DOFRFEITAF. SBIRCERT 205, B0y
2ETHIPEDPILL>TEREFNXFIZ NS, il
IFEBIICTTRIZLALERBRONT. 1 PAD
BETL4-8HfAICL EE -7z, 25°C. 8000 lux.
ROA&HTRLECERL, 1 YNFEIRS5HM. b
T4 YIYNFERTARTHEBUCE Tz, 15-25 'CTIt
i AT CERDEL - 1245, RIFROFREE
BL3dzaFmpsRonsz. 30CTIE o1 YN
Eid2 - 4MiaE TRELES, 8HEE TICRFK
DETHHIELTz. UL, 1 YNFERBRIKDOFAE
T. TLAHBORFERIIEET Uk 12, mifEe bR
FLAOEREMRIEED Shith - 1,

(AKX - %)

(51) OILEfIZE* - MEAMAx*: IR avIa
Yy OREBENHRRA

HABRAESMICET T ANBYavdavr /)i
|3, Polysiphonia urceolata (Dillwyn) Greville @
HENERONTEE, BRERET A -V FTOE
MO ZRRTBEEAOUKBET, XELEBRMIC
BWIBRDLhIHEROBRMELIBELE, TOKR,
BREIREELLT, RSO L BEORBA LT
ABRFEOVWThICHBBENEMEREI D LHHE
Baxhi, 1 FYBTRBENEERTINEN
BEE2AM¥ENERTHD, Eus bryaryrl
LPHEOBEFRMEI TS, UL, BREXEK2
BUAEHENDD. urceolataiziZ DX > B/MH O
RIRBEIhTWEW, £k, BREROHRER D
BEFOCLdYayvavy s VORMTH BN,
#1212, P. senticulosa Harvey O EXRiiEA
(2QULKRAVRREOHMRLHMLAEL: S, BN
BHABL—B LR, LENST, &Y a Y a
YY) O%EZI2P. senticulosalcBEE XA IZIRET
boremahi,

CRALERA - £, * x4k - 2 - K1)

(52) REIRFB: V2XT7H )Y (KLE, #5347
) OREFIHAR

FRROR X 129.5cm €T, —F@EICIE KIS
BEKIC, Ba2 =K TEESEEL, SO
EXF 2—-13x1.5 —dom TH5. EEKIITHRAL
HIKT, REORLMIE, 0>, KTHICHFET
3. BEREOHETHIAOHRNITEREH SBIIRIER
MRS A LIRNCHEE D, BTHR»S1 -3
EohiEmiansy o s h, ShEMEEOSO 1 @iz
SLBRLBNT EMESHS, fhohiERIRRIH L
RICARL T 2 - 3EMIES» S 2 PR % T
¥ 3. ERBEHROEMRICHKII> T, BRENE
ERfaD S it 4 BOREARISFHIAELEL 5, HiE
fERRMICHEF IR OV, REL HHERHET 258
RO TR AKE BT, BvicHEL, T4
BiKE 25, BIRKRIBEIVRT, v o
MBS L TRIBFD > L 25, BERBFO
SHI B OERD | — 2 HRMO_ LMK A
ZUTHERMEN S, #EEBFOSBICHNG 2ETHE
BRRREL, RUERBTO > REFO/PMIOKEE
Hiah o EMERBTO > BR% | NEMBEL, #
HRETFO > BRI ARV, ETAWD
DLH 3, SHERBTFO > BRI RN, S Hil
2 -5 EDOHHERBFO > 2R T 5. RUEEBFO
SBHCIIN K S3HBIEL THI L 25 15D 5 B BE
&%ha,

(BIRX - B2 - i)



*
(53) o Boo, S.M. , J. Rueness**, I.K. Lee ™ and
dekdkk
T. Yoshida : A New Combination in Aglaotham-
nion (Ceramiaceae: Rhodophyta)

Examination qf the type specimens of Calli-
thamnion callophyllidicola and living materials
collected from Tyoshi and Kinkonai documented
that the species may be positioned in the genus
Aglaothamnion Feldmann-Mazoyer, because of only
one nucleus in each vegetative cells. A new
combination, Aglaothamnion callophyllidicola
(Yamada), is proposed. The type materials of
C. minutissima Yamada is also examined and the
taxonomic relationship between A. callophylli-
dicola and C. minutissima is discussed.
(*Chungnam Nat'1 Univ., **0Oslo Univ., ***

Seoul Nat'l Univ., ****Hokkaido Univ.)

(54) HEEK: 74V EUBREY VEIR

7 4 YU BEOBR L TOREIZ OV TOWEH
3 (48F: A EXSUIR) TI9904E1- 25 6B VY U &
iR IT, #1580V V& (Laurencia) Y
OBEEB, ThEDD>L, ARLEFT I, b
BORERKFHEHDH, BREAFESHEIIEH
T A4 IV V(L. palisada Yamada), F>h
4 Y V(L. tropica Yanada)Mfit®iZL. obtusa (Huds.)
Lamour. var. snackeyi (W. v. Bosse) Yamadaiz-D¥
TEFOFMAEBET 5, FHYIVVIIENTR
BB RARM —kSEAER ORS, AiHER
ERCRFREHH L TERNIC RS usRT
BHIRBER, FUAAVVIEBOTRERENT
M —RkSBARBOFE, KERRERONS
BFE, EERRERCTRELME S HFRENEDR
Xh, Moflik Y HSection Pinnatifidaed DD
RBEhi=, L. obtusa var. snackeyilkMiR{THHH
SHOBOEZ KR, ARREHOEE, EdBOX
MBSO TERETHL ALY, WL -BoAH
#yREh. (deX - 3 - )
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(55) BRIRIEMA: 7 UINE U Sargassum crassifoliup
J. 6. Agardh OBBERICOWVWT

B ERWRICEFTTAR Y ITERONT.
FEORBPRAN BB TES B IHEHEED
DIN-T. EWORHNB LWL EhTE&E, B
XOMBEABRBEBEDOTFIYNEIELTIAVELIDA
03X/ VFHINTRAEDDDIZDOWT., ERZE
BREE (FICEICOWTEDEROE) 2H<E,

19874E 6 AR R OIRFWO 7 YNEVIZ. BRES
RE/BROMTHRE. AEROBL D RRLEER
IBAERE ZRDPPEE T, BEICH2EEAT. X
RS20 & (2008%) k. =X16.5-46.5 (F
15 29.4)mm. 4§ 8.2-22.5 (15.4)ma. B X /M@ 1.5-3
A(LLOT, M RDITHITITOHEE@BILE5%
DETWLIVWELLRRBREAIILOM AR, EHD
BX18csl LOHDTRMAMASh AN, BhoidR
HEELRIKET. BERPZERZIOLOPARDODLD
MHHaohrk, POBIBOEMBHEOAMERELE,

19902E 2 ARKD AU ZADHDTIX. {THBDE,
FHOBHEIZIFFALTH - 22, REX1TcoXTTHR
BLTWY, Rladbabhzhorz, ¥ (20080) i,
B X 10.5-65.0 (35.5)mm, 48 7.0-33.0 (19.1)mm,
BX /18 1.1-2.8(1.8)T. —HERRIAFTC8IITE
DEENS1/25 5\ LicbioTRENE,

EORMIZ. EERBECROLNASVW 2 ETRE
HOBETH 2N DERIABNB L ST, EOEM
BRI -HIHLIYIEIIROWTHERT B,

(FK- R -BFERY)

(56) /NEB—3h: ®%®SYH7T%EFF (Haptero-
phycus canaliculatus) % BRBRAT-—J LT3
#A¥E/1)JB (Scytosiphon) O—FicoWT

i pEAIIDIK, FYHITERFIOEREE
& AMETHYE/ UBIEUABESLHBER, 1YY
ISEKRFIE, AVE/VHOBIBHOBKKRT
—TTHHEBELE, HORERERIARTER
Mo F=ht, (1990, M.Sc.thesis)id, TOHMELEM
BELCRMOEBFICLAZLERLA, LALE
NEBEEZT, TOAABR I A —IVFTREOD»
Twhhok, 40, tOHEMGLEXbhI2HEKE
LEEORRLERW, FHEROKMPEELOT,
ZORBLEAEBRTORBILOWTIEHRET 2. £0O
Wik, BX 50 co, U5 Som FTOHZELMHAERT,
CThEH-HELHD, BEL, TOARRIYTE
) Y (Scytosiphon lomentaria)izE®ick < BLTWE,
UL, BREEBFOAZINELLREZIATAY
E/)YEEHNTEE, EAERICEWT, BREBT
HHAREELTAYHIIERF LEARDOREKKI
REL, TORKBIEARGTHEFRELRL .
BEPZEp oL IhagEEaR, BREEARETL
HIzRELE, (dbk - 2 - &)
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(57) M ®HB: ALY YNX (Dictyopteris
divaricata, 7S YUV H) OLMBEOLR

7 IV UYERMIL. RROBETIT4 9 RTFEH
%<, RAGOEFTIBDTHBW, $2430FD
SHPITTY HFYTYREDLSICARMIC4
DRBALTVWIHOREhEBRTE 3N, FHL
ZWHOTRIMRLEABZIhIBANDIRY, 7
IVITYMOEMBEORBIZ L A>T aW,

BADOIRABREPBFABICETF TSIV YN}
ChETRRTHEIENAShTWSN, BiZAb6h
Twih, 1979 6HICEBRTRFHICRL > Tt
BOEBKNBRTEEOTIHEDORRBARET 5.

AZRT, B, MTOLEMBMIZDIICH > TBROD
ABEIcTE. 1@ 1 oa, BX 2-3 o0 FXOFHAE
BELTWS, SEHMHOBDOKE XZFLAYEL
THHM, APRFOSIHIZIRTATED . Sk
BEXEEL BTOSHIZA->EW, 43RFDS5I}
AATHHORD 2L, EHE 120uns CHBTHEL
LTIBDBLNTES, FITMEE 50un OFEHER
BT, At bo. MTFoS3RREko Lzt i,
FHEITEHT S, (BRI 19 - YY)

(58) #eAKXREBOWASET | ¥iliM@H Myxococcus
fulvusOEEERIC OV T

BHMRE TR, > U 2 358 E Myxococcus
Mit, £2R5  WEAMTITLOTE 3 LIRMAR
ORFATH 3, AROERICOBOELET 2 WM
BRIZLIDHOT, ARETURLHBEOLRDTEDLE
LEHRER R ORHRORREBREERDOS Wit
ROREERS, & 512 OBRORNEIT %, &
SHEVBREERR I EitY, Yeast 0.5%, Casitone
0.5%, MgS0a+7H20 0.1% % &%, 28°C, WA T 3H
[IREIERR T - RITE LBEPICEE U R, TR
B10BD>S N fulvus MV-10 BRDSES &L AINAE
2D, COBRRALTHREAE (S 21T RO
B, FN )L QAE- 550CI2 & U A FRAMCAEU e T
hSOEFHDD B IEMERMEDS 3 L Hs¥8H
Uke UDU,0WThoBEiZHAES Y RIERBICE
WEIN L' RIBRTERD >R, BEXS
HEEEDTVS, (B 2L)

(59) OMHAAN* - P — S+ - FHR=: &
AT S ESY Y TEHORENR - S8t

wmEiYy Y TEl, BlEaEEtoXREE, BR

S EROME, AR, REMREERCHERE
itk 2EERDOBEEREE L, HABMOEERN
ERBIHELTWSLEABATWS, LML, H#
AHMICRTAESY Y JERHOBENE - S8it%
(e mEt Lz, 2T HAESEEULR
BEESETS 7Y ) A%, LERHERORKT
BrERETE->TWAIY A YIOERTES AR
D3IFORAY ) - VliEHmIcOWT, PUE, ¥¥x
BUNTA SERAWEEMRE (FPELIVIRE) £ @
Brav b5 74 -AiRETo 2. TORE, WY
hoEOBmEYIC LEESBENERIR>» 57, BH
HMBEMEL LT, QARENE (YHF7 by WI7
YWYt a— ) BUSE (8- WEKF ) RIND
FUNTVEB-)V) BEFATWBILE2EENIDS
ZENTER, INEOMBITKOTE CHARLE
BAEDIZ,, BECBBELHLSTATVBIIENHS
PEZSTVEHDTH D, (*BEILAR. * *Bk
-3

(60) OFILgFRE - MARE - BRE# : 1 F
T—NiEBET2BROREGRER ICRITT KR
EnkE

BARBEIZLBY L FT—NOBKEEDE TIE
HOXERERICSR2BEEHARD DI, FEF
BTHHMABBOY A FT—NVIZEETHRY Y7
F)Y TFFETEY - LAT ) VDUNCEEIT ARG
BEEE, REKTHRLEBKEAWTHEL, &
RUBWHKPTOXGHREE LR &,

RYXYT7 7Y DOREREEZEKRBENDED
BL2BBWEREBERIIRWY, PH7EYPLA
TV ORERIERER, BRBEENECESIZOAT
BEFLE COBKEEOETOEBEEISIZREL
THhdE. LAT7VERBBEOE{LOBEE, 7
F7F Y EPHPEREORCOBEEMIZIT TS
&5THo k. HREKBICHIFMEWER iz
WABIZELELZ S, XARERRKRVIYT7E)
YTHBIX, FFHTFYTHIN, LANT /) THIGX
EfIL%E. LEMST, RAKFTHIhEOREBD
XEmIEREIhTwWAELE DR S,
CHFEZERX-EW ABEX - BEEREVY-)



(61) OMBTREE+ - HILFEES - BURBEREHH : £ 51
ERLCTB3F VT ONADKEH - BEBHEOLE

BERTH, §FR/E, LBEIBBLEVS LS
KAEFHNARE REZ7AADBICIE. ZORAHK
BRBABICBVODH B EAREhTWS, iy, &
FRoOJLEicOIE S 2 M & HIFMIZH60knDRE7 - b
THaH WIS TEMINEF o T7I9H41, 20
SAEREPEELZRICL. SHOZRELBDH LN L E
VWHONBZEIAADHBEINTVE, DL
ERETIHBICHETT 2, BE-ARZHKD0F+> 790
AOEEEHEHOMNCT ZENT, MK TEML
IBEERVWT, 12A» 5481, 13 TC~35CRID
HARE & UIER — BEBE OIS HNE®Ic >V TH
~ic, MHiDIAOREERVT. HAAKRBEEIL
WFh L CTEDS U - 7ohy, BB ER Y
b DREEEER. 3 L4AICHRNED Sh, B
BowKBREF 1A THOSARICHFTRLIE( N2
CEEFRTNIE, @HLVEICHET ZHFHOR
o H>HERICENTH B LEEL S,
GEBKEEHAER, EREEAE, sl A
¥ - THEHEERE 7 -)

(62) KHMRE : 754 « H YA BHEEBEORMIC
RiFgkBEXROVE

FEEAMNBEDT 5 # (Bisenia bicyelis) & [FEB
HWEDH I A (Ecklonia cava) S B ohi-BIEEE
6 7k#E (10, 15, 20, 23, 25, 27 °C) , BEEBIAILT
BLU4RERHE0, 17, 32, T6pE m~*s ') T
#L, BERBEORBRREZE~. TOEE. D
BRLBE(HMEMIBT 201}, Tl H20C. T6EX
T, TOBPIERIOBERRTH -, Fio, HR
#IBEOBRRTI, 2) 735 213kiE10~23CK,
AT AR~ CETHRH/L, 3) HmEE bRRI~
T6pEX TH L7, 4) REM( 10, 15°C) Tk
& LBRBIMBICIEX CTRARABEVABIIS Y, %
KChIOBARNTHEE -7/, 5) HEAM( 20
~25C) CTREXERRBERBENT (. SROEL
BEX (75 21323°CD10, 1TpER B L U2BCOL KR
X, #YA1325Co10, 1TpER) TRE#BLEN -7,
hoid, HEEBERNTIRRRBRICHYT 2B
EREEE GitEE) KR -Thh, GEMNTIR
HBICEBICHE-> THRRTIDICL DB ORNLE
THBEILELERLTVWRHDEEXI SN D, (BED)
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(63) OMINLE « fNEEL s BINANFET DRI
BEBIIBY DRI OWT

W SIA X7 S5 WETHIT T D5 SWNG
ABIBACLEHME L TR X7 SHON %GR
UAEFBRIIMZ OO TOMREITHO TN B, AMIGIC
BOTREINANXE OHENRRAERTRLT S
CUDBBX N D TR ORIz DV TR S,
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