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In revering the memory

of deceased Professor Tomoo Miwa (1899-1979)
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It was with great shock that we heard of the
unexpected death of Professor Tomoo MIWA, as
result of sudden cardiac failure on the night of
December 27, 1979. That day, incidentally, was
his 80th birthday. An occasion for celebration
was suddenly changed into the deepest sorrow.

Tomoo MIWA was born in Kamisuwa (the
present Suwa City), Nagano Prefecture, the
fourth son of Sankichi MIWA who was a Con-
fucian of the Takashima clan. He graduated in
Botany from the Tokyo Imperial University in
1927, and then entered the Graduate School of
the same University. There he studied plant
physiology under the late Professor Keita SHI-
BATA until he was appointed as Assistant Pro-
fessor in the Botanical Institute at the Tokyo
Bunrika Daigaku (the Tokyo University of Lit-
erature and Science) enlarged later to the Tokyo
Kyoiku Daigaku (the Tokyo University of Educa-
tion). He was promoted to the rank of Profes-

sor in 1940, and continued his studies in the
areas of plant physiology and biochemistry, in
addition to educational activities, until he was
elected the President of the Tokyo Kyoiku Dai-
gaku in 1962. When the latter University was
dissolved to form the University of Tsukuba, he
was elected as the first President of the new
University, a post which he filled from 1973 to
1976.

During his academic years, Tomoo MIWA
studied mainly the biology of enzymes on the
one hand, and the cell wall composition of
marine algae from the phylogenetic point of
view on the other. In addition to his research
contributions, he earnestly trained many stu-
dents, including the graduate students of the
Tokyo Kyoiku Daigaku under a new system.
Most of them attained the doctoral degree and
are active scientists today.

Of his researches, the work on the specificity
of glycosidases may be singled out. In partic-
ular, his finding of the transglycosylative (Um-
glycosidierung) activity of glycosidases which
had been thought of as mere hydrolases, was an
epoch-making contribution to enzymology. Pro-
fessor MIWA was also one of the pioneers of
the biochemistry of marine algae in Japan.
Following a suggestion by the late Professor
Kintaro OKAMURA, an early pioneer of Japan,
he analyzed the composition of alginic acid
whose chemical structure was obscure at that
time, and succeeded in identifying D-mannuronic
acid as the main constituent. Moreover, he
found the ubiquitous existence of mucilages
containing ester sulfate in many kinds of brown
algae, and considered such substances charac-
teristic of this algal phylum. These mucilages
subsequently became the object of investigations
by many workers under the name of fucoidans.

More important to note was the study of cell
wall polysaccharides of siphoneous green algae.
Tomoo MIWA and his coworkers found great
differences in the cell wall polysaccharide of
some algae then classed as Siphonales. In some,
such as Bryopsis, it is a xylan rather than cel-
lulose ; in others, such as Codium, it is neither
cellulose nor xylan but a mannan as in certain
of the Dasycladales such as Acetabularia. Based
on these findings, he was of the opinion that
there may be a possibility of reordering the clas-
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sifications of the siphoneous green algae pro-
posed by Professor PAPENFUSS and the late
Professor FELDMANN.

In addition to these scientific works, Professor
MIWA was not only very active in the academic
administrative field, as noted above, but he also
served in a wider capacity as a member or chair-
man of more than eight Governmental Commit-
tees, including the University Chartering Coun-
cil, Science Council, National Science Museum
Council, and the Science and Industry Educa-
tional Council. He has also been elected the
President of the Botanical Society of Japan, 1965.
As to the International Meetings, he has acted,
for example, as a member of the Organizing
Committee of the International Congress of
Enzyme Chemistry which was held in Japan in

1957.

Thus, throughout his lifetime, social activity
as well as scientific research activity of Pro-
fessor MIWA was most outstanding, and the
Japanese Government raised him, upon his death,
to the Senior Grade of the Third Court Rank,
being decorated with the First Order of the
Sacred Treasure.

Professor MIWA was not only one of our most
prominent plant physiologists but also a great
leader of his students for whom it is not enough
to regret his loss. As one of these students, I
pray for the repose of his soul.

(Department of Fisheries, College of Agricul-

ture and Veterinary Medicine, Nihon Univer-

sity, Shimouma-3, Setagaya-ku, Tokyo, 154

Japan)
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Ni1sizAwA, K., OKADA, Y., KuBo, K. and ANzAI, H. 1980. An adenylate deaminase from
Porphyra yezoensis UEDA. Jap. J. Phycol. 28: 205-210.

5-AMP deaminase was extracted from Porphyra yezoensis UEDA {. narawaensis MIURA

and partially purified to investigate some enzymatic properties. The enzyme was extremely

unstable against heat, and remarkably activated by alkaline earth metal ions, particularly
by Ca?+. The deaminase was inhibited not only by Fe?t+ and Zn2?*+ but also by p-mercuri-
benzoate almost to a similar extent. The Km values for AMP, ADP, ATP and adenosine
were 5.3X10-5, 6.6x10-5, 11X 10-5 and 19X 10-5M, respectively. The enzyme was slightly
activated by Mn2?+, but the effect was influenced by pH of reaction mixture and the

activity was conspicuously inhibited on alkaline side.

Key Index Words:

Adenylate deaminase; Km value; optimal pH, Porphyra

yezoensis ; substrate specificity ; thermal stability.

It is well known that the laver contains
inosinic acid (IMP), though in a smaller
amount than other nucleotides in it, and
that the acid constitutes one of the flavors
characteristic of laver (Su et al. 1962, Fuju
et al. 1967, OovaMA et al. 1968, NAKAMURA
et al. 1968, Nopa et al. 1975). Of these
investigations, NAKAMURA et al. have found
an interesting fact that Porphyra tenera
contains a fairly high amount of IMP while
none of it can be detected in other seaweeds
such as Enteromorpha as well as several
brown algae commonly used as the food
in Japan. Thus, the confined occurrence
of IMP in the laver seemed to be due to
possibly higher activity of 5-adenylic acid
(AMP) deaminase in P. tenera.

However, no work has been repoted at

that time for algal AMP deaminase except
that from Porphyra crispata by Su et al.
(1966). Su and Lu (1972) have thereafter
purified the AMP deaminase of this laver
and found that the enzyme consists of 4
subunits as found recently with the AMP
deaminase of mammalian origin (OGAsA-
WARA et al. 1977).

We have also been interested in this
enzyme in laver, and made similar investi-
gation on Porphyra yezoensis, the represent-
ative laver of Japanese ‘“Nori” at present.
Another reason for our investigation lied
in that no such investigation has been per-
formed on this important laver.

Although we used partially purified en-
zyme preparation, a considerably high AMP
deaminase activity was detected and con-

1) Dedicated to the memory of the late Professor Tomoo MIWA.

* Present address: Department of Chemistry for Natural Products, Tokyo Institute of Technol-
ogy, Nagatsuda, Midori-ku, Yokohama, 227 Japan.

**  Present address: Department of Agricultural Chemistry, Faculty of Agriculture, Tohoku Uni-
versity, Amemiya, Tsutsumidoori, Sendai, 980 Japan.
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firmed that the deaminase we obtained
may be available for the rudimentary in-
vestigation of its enzymatic properties.
Thus, we obtained some additional infor-
mation about them, and we report the
results in this paper.

Materials and Methods

1. Material: Porphyra yezoensis UEDA f.
narawaensis MIURA, which was cultivated
in the Tokyo Bay, harvested in winter
season in 1979 and stored at —20°C, was
used as the experimental material.

2. Substrates: AMP, ADP, ATP, adeno-
sine, NAD and adenine used as substrate
and IMP used as marker were purchased
from Wako Chemical Industry, Ltd.

3. Enzyme assay: The enzyme reaction
was carried out in the cell of a Shimazu
model-UV 200 S spectrophotometer in a re-
action mixture containing 2.8 m/ of 0.05 M
Tris-acetate buffer, pH 6.5, 0.1 m/ of 3 mM
of AMP and 0.1 m/ of enzyme solution.

The enzyme activity was measured by
decrease in the absorbance at 265nm at
temperature between 20°C and 25°C except
otherwise stated.

4. Analyses: Ammonia formed in reaction
mixture was determined by the phenol
method (CHANEY et al. 1962), and protein
in enzyme solution was measured by the
LowRrY-FoLIN’s method (1951).

5. Paper chromatography: After an
appropriate incubation period, remaining
AMP and IMP produced were absorbed
together on activated charcoal. The char-
coal mixture was collected by filtration
and extracted with an ammoniacal ethanol
(ammonia : water: ethanol =5:45:50, v/v).
The extract was concentrated and a small
aliquot of it was applied on Whatman No.
1 filter paper using the solvent system
(n-propanol : conc. NH,OH : water=6:3:1,
v/v) as developing agent. The spots to-
gether with those of authentic AMP and

IMP obtained by the ascending technique
at 20°C for 20-hr run were detected under
UV-ray at 253 nm wave length and identi-
fied them on the basis of Rf values.

Result

1. Preparation of enzyme: Laver fronds
(50 g) frozen at —20°C were ground with
15m/ of 0.056 M Tris-HCl buffer, pH 7.5,
containing 1 mM mercaptoethanol in an ice-
cooled mortar in the presence of a small
amount of quartz sand. The homogenate
was centrifuged at 10,000X g for 30 min and
precipitate formed from the supernatant
by salting out on a saturation between 45%
and 70% of ammoniumsulfate was recov-
ered by centrifugation at 10,000X g for 30
min. The precipitate was dissolved in 10
m/ of 0.05 M Tris-acetic acid buffer, pH 6.5
and dialyzed in a cellophan bag against
the same buffer overnight. The dialyzed
solution was used as the enzyme through-
out this work.

2. Examination of enzyme activity: Reac-
tion mixtures containing various concentra-
tions of enzyme were prepared and de-
creases in the absorbance at 265nm per
min were determined. The results were
shown in Fig. 1. The enzyme activity
was enhanced in proportion to the enzyme
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Fig. 1. Relationship between amounts of

enzyme and its activity.
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concentration expressed as LowRY-protein
in the range of approximately 50 #g to 1300
rg in 3ml of reaction mixture.

3. Time course of enzyme activity: Three
kinds of reaction mixtures containing in-
creasing enzyme concentrations were incu-
bated and the time course of each one was
followed. The results were shown in Fig. 2.
They pictured patterns commonly found
with most of enzyme reactions.

A0D.265nm

0 1 1 1
5 10 15
Reaction time (min.)

Fig. 2. Time course of adenylate deaminase
activities at different concentrations
expressed by protein contents in
3 m/ of reaction mixture.

—o— 982 ug, —O0— 491 pg, —[—
2455 nig.

4. Optimum pH: The enzyme reactions
were carried out in 0.05 M NaCl-containing
0.05 M Tris-acetic acid buffers of different
pH values from 4.0 to 9.0. An optimum
activity area was found at pH’s from 6.0
to 6.5, as shown in Fig. 3.

5. Thermal stability: A series of reaction
mixtures was first heated at every 5°C-
raising temperatures from 25°C to 70°C for
5 min and for 20 min each, and then en-
zymic activities of them were measured
after they were cooled to room tempera-
ture. The results were shown in Fig. 4.
Heating at 45°C even for 5 min decreased
the activity almost to a half extent. The
enzyme was remarkably unstable to heat.

O A —
£
iol r

€

c
w
©
~
a

2 _
q 01
40 50 60 70 80 90
pH.
Fig. 3. Optimum pH of adenylate deaminase
activity.
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Fig. 4. Thermal stability of adenylate
deaminase activity.
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6. Effects of various metal ions on enzyme
activity: The effects of Ca’*, Ba%*, Mg?t,
Li*, K+, Mn?* and Cd?* on enzyme activity
were investigated using their chloride salts.
The results were shown in Figs. 5 and 6.
All ions acted more or less as activator,
but particularly higher with Ca?* and the
effects were in the order of Ca?t»Ba?*>
Mg**>Lit=K* (Fig. 5). In contrast, effects
of Mn?* and Cd?* were particular in that
they effected in an enhancing way at lower
concentrations while the effect was gradu-
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Mn2+ and Cd?* on adenylate de-
aminase activity.

ally decreased at higher concentrations
(Fig. 6).

7. Relationship between effects of Mn** and
pH of reaction mizxture: The effect of Mn?*
was particular as described above, so its
dependence upon the pH of reaction mix-
ture was investigated. As shown in Fig. 7,
the enzyme activity once enhanced by 50
mM of Mn?* at around optimum pH’s was
lowered gradually toward acidic side where-
as rapidly dropped toward alkaline side

200
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Fig. 7. Effect of 50 mM of Mn?* as a func-

tion of pH.

and an inhibition began to occur at pH
values slightly higher than 7.0. The in-
hibition was further enhanced as the pH
value becomes higher.

Although not shown here, Na* showed
26% as less effective as that of K* while
even 0.1 mM of Fe?' inhibited the deam-
inase activity down to 50% of that in the
absence of metal ion, and Zn?* also in-
hibited remarkably. Addition of 1 mM of
this ion decreased 85% of the activity of
that without metal ion. p-CMB also show-
ed as potent inhibition as that of Fe?*.
Thus, of various metal ions tested, the two
ions of Fe?* and Zn?* acted as inhibitor.

8. Substrate specificity: A given portion
of the same enzyme solution was each in-
cubated with ADP, ATP, adenosin, NAD
and adenine in addition to AMP in the
standard reaction mixture except for 0.1
mM of substrates, then decrease in the
absorbance at 265 nm was measured. The
activity for adenine was not detected under
this condition, but the activities for others
were measured to be such ratios in strength
as 100:74:17:81:5, respectively, when the
activity for AMP was taken as 100.

9. Km wvalues for substrates: According
to LINEWEAVER-BURK’s treatment, Km val-
ues for AMP, ADP, ATP and adenosine
were measured under the standard reaction
condition except for varying substrate
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Fig. 8. Lineweaver-Burk plots of adenylate
deaminase activity.

concentrations. Representing these results,
that for AMP only was shown in Fig. 8.
The values were estimated to be 5.3X1075,
6.6x1075% 11X107% and 19X 1075 M, respec-
tively. Thus, affinities of the deaminase
seemed heigher for AMP and ADP than
those for ATP and adenosine, and they
seemed independent of the number of phos-
phate group of the substrates.

10. Determination of ammonia produced
in reaction mixture: A reaction mixture
containing 0.1 mn/ of 3mM AMP, 2.8 m/ of
0.05 M succinate buffer, pH 6.5 and 0.1 m/
of an enzyme solution was incubated at
30°C for 60 min. The ammonia formed
from AMP was determined to be 2.1X10~*
#M as an average value from 4 times re-
peating independent experiments.

11. Identification of IMP produced in re-
action mizture: Two reaction mixture each
containing 2.5m/ of 3mM AMP, 70 m/ of
0.05 M succinate buffer, pH 6.5 were incu-
bated at 30°C for 60 min. One was heated
at 80°C for 20 min soon after mixing and
incubated in the same way. They were
then treated similarly to prepare samples
for paper chromatography. Two kinds of
spots were recognized on the paper chro-
matogram with the non-heated reaction
mixture and their Rf values were 0.204 and

0.133 while those of authentic AMP and
IMP were 0.231 and 0.144, respectively. A
single spot having the Rf of 0.231 was ob-
tained with the reaction mixture heated
before starting the reaction. Thus, the Rf
values of both spots from the non-heated
reaction mixture were slightly different
from those of authentic AMP and IMP,
but no other spot was found on the paper
chromatogram than those obtained above.
Therefore, the spots from non-heated reac-

tion mixture must represent AMP and
IMP, repectively.

Discussion

The enzyme preparations used in the
present work were of dialyzed ones after
salting out with ammonium sulfate. They,
therefore, were not higher in purity.

However, since the activity measured by
the absorbance at 265 nm enhanced linearly
with the amounts of enzyme measured by
Lowry-FoLIN’s method (1951) and its time
course showed a common curve, we used
the preparations at this stage of purifica-
tion in the present work.

Of the results obtained, effects of various
metal ions were noticeable. In particular,
it was found that Mn?* and Cd?** activate
the enzyme more at lower concentrations
than at higher ones. Moreover, the effect
of Mn?* varied depending on pH of reac-
tion mixture, and it became inhibitory to-
ward alkaline side of optimum pH. The
fact was entirely similar to that obtained
by Su et al. (1966) from P. crispata. Pos-
sibly, it may be due to the property
of substrate which has multiple anionic
charges.

We investigated the effects of Fe?t and
Zn** on the enzyme activity, though not
tried in the work of Su et al. (1966), and
we found that these metal ions inhibited
the deaminase of P. yezoensis remarkably.
In contrast, alkaline earth metals such as
Ca’* and Ba?* activated remarkably. The
fact was entirely similar to the result from
P. crispata. Similarly, p-CMB, an inhibitor
of SH-enzyme, inhibited the deaminase of
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P. yezoensis, too.

We measured Km values for ADP, ATP
and adenosine in addition to AMP for
comparison with the result from P. cris-
pata (SU et al. 1966). These values were
almost in the same order except for slight
differences for ATP and adenosine. The
similarity suggests that a single enzyme
reacts with these substrates, as has been
demonstrated by Su et al. (1966) for P.
crispata deaminase.

Su and Lu (1972) have demonstrated the
AMP deaminase from P. crispata is a tetra-
mer. Although in the present work, how-
ever, we did not investigate in this respect,
the AMP deaminase of P. yezoensis may
be of a similar structure, judging from the
fact that the deaminase was extremely
unstable against heat.
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KOBARA, T. and CHIHARA, M. 1980. Laboratory culture and taxonomy of two species of
Halicystis (Class Chlorophyceae) in Japan. Jap. J. Phycol. 28: 211-217.

Two species of Halicystis (Class Chlorophyceae), collected from Aomori-ken, and
Ohiragata, Hachijo Island, respectively, have been studied to obtain a better understanding
of their systematic significance, using living specimens as well as laboratory cultures.
The life histories of both algae, starting with zygotes and zoospores, were completed in
the laboratory. The life history patterns were fundamentally identical to those previously
demonstrated for the genus, zygotes giving rise on germination to a Derbesia-phase, while
zoospores grow into a Halicystis-phase. The thallus of the Derbesia-phase derived from
zygotes of Halicystis collected at Shiriya-zaki agrees with description of D. marina, whereas
that derived from Halicystis collected from Hachijo Island agrees with D. tenuissima. From
the results of the present study, it is determined that the Halicystis collected from Shiriya-

zaki is H. ovalis while the Halicystis from Hachijo Island is H. parvula.

Key Index Words:

Chlorophyceae; Derbesia marina; Derbesia tenuissima; Hali-

cystis ovalis; Halicystis parvula; life history; taxonomy.

The genus Halicystis was established by
ARESCHOUG (1850) on the basis of specimens
collected in Faeroes Island, with H. ovalis
as the type species. It is a siphonous green
alga characterized by having a thallus con-
sisting of an erect vesicular part, and a
rhizoidal part penetrating into crustose
coralline red algae. At present the fol-
lowing five species of Halicystis have been
described : H. ovalis (LYNGBYE) ARESCHOUG,
H. parvula Scumitz, H. osterhoutii BLINKS
et BLINKS, H. boergesenii IYENGAR et Ra-
MANATHAN, and H. pyriformis LEVRING.
Of these five species, all except H. pyri-
formis have been shown through cultural
studies to produce gametes whose zygotes
give rise to Derbesia-thalli as an asexual
phase (KorRNMANN 1938, FELDMANN 1950,
Pace 1970, MayHouB 1974). Consequently,
it is now generally accepted that Halicystis

is only a sexual phase in the life history
of the genus Derbesia established by SOLIER
in 1847.

Specimens assignable to Halicystis have
been collected in Japan at several localities :
at Hachijo Island by YaMabpa (1952); at
Susaki, Izu Peninsula, by CHIHARA (1954);
at Horiuchi, Iwate-ken, by CHIHARA and
YosHizAKI (1968) and at Enrumu, Hokkaido,
by CHIHARA (1972). However, only one of
the Japanese specimens collected have been
determined as to species. The material
collected at Enrumu was identified as H.
ovalis (CHIHARA 1972). A major difficulty
in identifying Halicystis species is the sim-
plicity of the thallus organization. Since
the discovery of the life history in which
Halicystis alternates with Derbesia as an
asexual phase, the thallus of Derbesia has
become critical in determining the taxono-

1) D;licated to the memor}; ;f the late Professor Tomoo MIWA.
2) Contributions from the Shimoda Marine Research Center, The University of Tsukuba, No. 371.
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mic status of Halicystis. The Derbesia-
thallus has more features recognized as
diagnostic characteristics than the thallus
of Halicystis-phase.

Concerning the life history of Halicystis,
studies have been made on the species
occurring in the North Sea, the Mediter-
ranean Sea and the Atlantic Ocean, but
the specimens in the Pacific Ocean, includ-
ing the coast of Japan, have not yet been
investigated. It is therefore worthwhile to
study the life history of Japanese Halicystis
in order to understand their systematic
position. With this problem in mind, we
carried out cultural studies of the Japanese
specimens of Halicystis and examined their
morphological details.

Materials and Methods

Specimens collected at Shiriya-zaki, Ao-
mori-ken, on August 8, 1979, were in the
drift. Specimens collected at Ohiragata,
Hachijo Island, on May 10, 1979, were
growing on crustose coralline red algae in
shaded tide pools in the lower intertidal
zone.

The specimens collected at Shiriya-zaki
were washed with sterilized seawater and
then cultured in the laboratory to obtain
their gametes, while the specimens collect-
ed at Ohiragata were cultured starting
from protoplast fragments obtained by the
destruction of the thallus by needle, in the
manner described by TATEWAKI and NAGA-
TA (1970) with Bryopsis and RIETEMA (1973)
with Halicystis. The material was placed
in 200 m/ petri dishes containing about 100
m! culture medium, and the culture dishes
were kept in an incubator at 20°C, and 14:
10 hr (light : dark cycle), and 2,500-3,000 lux
from 30 W cool white fluorescent lamps.

The culture medium used in this study
was ProvasoLl’s ES (ProvasoLl 1966).

Observations and Results

Halicystis collected at Shiriya-zaki, Aomori-
ken

More than a dozen Halicystis-thalli drift-
ing ashore were collected at Shiriya-zaki,
Aomori-ken, in the northern part of Hon-
shu, in August, 1979. It appeared that the
Halicystis had been growing on crustose
red algae, because pieces of coralline algae
were attached to the rhizoidal part of the
thallus. The Halicystis-thalli were spheri-
cal or obovate, measuring 5-12mm in di-
ameter, with a short and slender rhizoidal
base (Fig. 1). Chloroplasts were lenticular
and relatively small, measuring 3-6 gm in
length and 2-3 gm in width (Fig. 2). No
pyrenoid was observed. Most of thalli col-
lected were sterile, but a few individuals
possessed colored portions, resulting from
the accumulation of protoplasm, a feature
characteristic of the initiation of gameto-
genesis. Two days after the culture start-
ed, gametangia were produced in the upper
and the lateral portions of the vesicular
parts of the thalli (Figs. 3, 4. The game-
tangial region was clearly differentiated,
and one to several papillae, seen as white
dots, were formed on the cell wall. The
Shiriya-zaki material was dioecious, the
male and female thalli being distinguisha-
ble by their colors. The male gametangia
were yellow green, whereas the female
were dark green. After three days, the
liberation of gametes took place at the
beginning of the light regime. Gametes
were discharged forcibly through a pore
formed in the papilla. Both male and
female gametes were pyriform, having two

Figs. 1-13.

Derbesia marina.

1. Halicystis-thalli collected at Shiriya-zaki, Aomori-ken, on August 8, 1979; 2. Portion of
thallus, showing chloroplasts possessing no pyrenoid; 3. Male thallus, producing gametan-
gium; 4. Female thallus, producing gametangium; 5. Male gametes: 6. Female gametes;
7. Germinating zygote; 8. Derbesia-thalli derived from zygotes; 9. Portion of filament of
Derbesia-thallus, showing chloroplasts possessing no pyrenoid; 10. Sporangium; 11. Ste-
phanokont zoospore; 12. Prostrate filaments derived from zoospores on germination; 13.

Halicystis-thalli derived from zoospores.
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equal flagella arising from the anterior end
of the cell. Male gametes were 5-6 #m
long and about 2 #m wide, possessing a
single chloroplast without eyespot (Fig. 5).
Female gametes were 10-14 ym long and
5-8 um wide, possessing several chloro-
plasts and no eyespot (Fig. 6). Neither
male nor female gametes developed par-
thenogenetically. When the two kinds of
gametes were mixed in a culture medium,
fusion took place. The resulting zygotes
swam for a short period, and then attached
to the substratum. Three days after attach-
ment, they began to germinate by push-
ing out a lateral germ tube. This devel-
oped into a prostrate filament (Fig. 7), which
later produced many erect filaments. The
erect filament was sparsely and irregularly
branched, forming a tuft as a whole.
About two months later many sporangia
were produced laterally on the filaments.
Thalli thus obtained in culture had the
features characteristic of the genus Der-
besia (Fig. 8). They were 1-2cm in height
and 20-45 #m in diameter and branched
sparsely several times. Chloroplasts were
relatively small, 3-6 pm in length and 2-3
gm in width, and possessed no pyrenoid
(Fig. 9). The sporangia were obovate to
subclavate in shape, measuring 120-175 ym
in length and 60-75 #m in width, and 24-32
zoospores were formed in it (Fig. 10). The
zoospores were liberated through an aper-
ture formed in the cell wall at the apical
part of the sporangium, and were stepha-
nokont and spherical in shape (Fig. 11).
They measured 28-33 #m in diameter and
had a slightly protruding portion at the
cell anterior. The zoospores contained
many chloroplasts, but no eyespot. After
swimming for a short time, with no pho-
totactic response, they settled down on the
substratum, rounded up, and then germi-
nated by pushing out a lateral germ tube.
After about a month, they gave rise to
simple or sparsely branched prostrate fila-
ments (Fig. 12). Then, one or several vesi-
cles developed from the filament and they
grew into Halicystis-thalli after another
month (Fig. 13). These thalli were spheri-

cal or obovate, and up to 12¢m in dia-
meter.

These results demonstrate that the Hali-
cystis-thalli collected at Shiriya-zaki alter-
nate with the Derbesia-thalli in their life
history, the former being gametophyte and
the latter being sporophyte. The Derbesia-
thalli obtained in the present culture were
very similar to Derbesia marina. This
species is currently characterized by having
such characteristics as: 1) sporangia obo-
vate or subclavate, measuring 164 ym in
length and 60 gm in width (SEARs and
WiLce 1970), 2) filaments 15-(38-) 48 ym in
diameter (SEARs and WILCE 1970) and 3)
chloroplasts with no pyrenoid (KORNMANN
1938). These values and features charac-
terize the specimens we obtained in cul-
ture.

Regarding the life history, KorRNMANN
(1938) has demonstrated through culture
study that Derbesia marina in Helgoland,
Europe, produces stephanokont zoospores
which develop on germination into a Hali-
cystis-thallus identical with H. ovalis. Our
present results agree with KORNMANN’s
work. The morphological detail of H.
ovalis has been studied by Kuckuck (1907)
and the alga was described as follows: the
thalli are ovate, up to 12mm in height
and the chloroplasts are very small and
possess no pyrenoid. These characteristics
also agree with our results.

The occurrence of H. ovalis in Japan
was reported by CHIHARA (1972) at Enrumu,
Hokkaido. CHIHARA and YosHIZAKI (1968)
also reported the occurrence of a Halicystis
similar to H. ovalis in Iwate-ken, which
was located near Aomori-ken. In addition
to these reports, the occurrence of Derbesia
marina was also reported recently at Asa-
mushi, Aomori-ken and at Shiogama and
Kesennuma, Miyagi-ken, in the northern
region of Honshu (KoBARA and CHIHARA, in
press). However, no other specimens assign-
able to either Halicystis or Debesia have
been collected in this region. It is there-
fore possible that Halicystis ovalis has a
wide geographic distribution in the sub-
boreal regions, including the northern parts
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of Japan, alternating with Derbesia marina.

Halicystis collected at Ohiragata, Hachijo
Island

Eight specimens of Halicystis-thalli grow-
ing on crustose red algae were collected
at Ohiragata, Hachijo Island, in May, 1979.
Thalli were obovate, pyriform or spherical
and were up to 5mm in length (Fig. 14).
Chloroplasts were lenticular and relatively
large, measuring 8-15 #m in length and 3-
5p¢m in width (Fig. 15). They possessed a
single pyrenoid. All specimens collected
in nature were sterile.

Cultures were started from protoplast
fragments obtained by the destruction of
the thallus by needle.
synthesized cell walls within a few days

These protoplasts

Figs. 14-23.

=

and then developed into spherical Hali-
cystis-thalli after about two months. They
were obovate to spherical when matured,
measuring 5-7 mm in diameter, with a
Then gametangia
irregular

short rhizoidal base.
were produced appearing as
patches on the upper part of the sphere
(Fig. 16). The alga was dioecious, and the
gamentangia of two sexes were easily dis-
tinguished from each other, the male
gametangia being yellow green whereas
female ones being dark green. The zygotes
resulting from the fusion of male and fe-
male gametes immediately germinated and
developed into filamentous thalli (Figs. 17,
18). After two months, the filaments
branched sparsely and irregularly several
times, and became 1-3c¢m in length and

IUDEm 23

Derbesia tenuissima.

14. Halicystis-thalli growing on crustose coralline red alga, collected at Ohiragata, Hachijo
Island on May 10, 1979; 15. Portion of thallus, showing chloroplasts possessing pyrenoids;
16. [Halicystis-thallus, producing gametangium; 17. Male gametes: 18. Female gametes;
19. Derbesia-thalli derived from zygotes; 20. Portion of filament, showing chloroplasts

possessing pyrenoids; 21. Sporangium; 22.

derived from zoospores.

Stephanokont zoospore; 23. Halicystis-thalli
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30-60 ym in diameter (Fig. 19). Chloroplats
were relatively large, measuring 7-18 ym in
length and 3-6 ym in width and each pos-
sessed a single pyrenoid (Fig. 20). Later,
the filaments produced sporangia on the
lateral side. The sporangia were obovate,
measuring 135-220 #m in length and 85-
135 #m in width, and each contained about
30 zoospores (Fig. 21). The liberated zoo-
spores were stephanokont and spherical,
measuring 26-32 pm in diameter (Fig. 22).
They swam slowly for a short period,
showing no phototaxis, and then attached
to the substratum. They germinated di-
rectly and developed into Halicystis-thalli
within about two months. The manner of
their development was fundamentally the
same as that of D. marina described above.
This Halicystis-thallus was pyriform or
spherical, measuring 5-10mm in length
and 3-7mm in width (Fig. 23), and the
chloroplasts had a single pyrenoid.

A Derbesia-thallus obtained from the
germinating zygote of the Halicystis-thallus
collected at Hachijo Island was very similar
to Derbesia tenuissima. According to FELD-
MANN (1937), the thalli of D. tenuissima are
30-50 pgm in diameter, with obovate spo-
rangia, measuring 210 #zm in length and
110 #m in width, and the chloroplasts pos-
sess a single pyrenoid. D. tenuissima has
been also demonstrated by FELDMANN (1950)
to alternate with Halicystis parvula in
culture. According to FELDMANN (1937),
the thalli of H. parvula are spherical or
ovoid, up to 5 mm in diameter, and possess
a single pyrenoid. The characteristics of
the specimens of Halicystis collected in

Hachijo Island in 1979 agree with those of
H. parvula.

Undetermined specimens referred to
Halicystis have been reported by YAMADA
(1952) in Hachijo Island and by CHIHARA
(1954) at Susaki, Izu Peninsula, both sites
located in the temparate to subtropical
regions. The occurrences of Derbesia tenu-
issima have been recognized recently by us
in both localities (KoBARA and CHIHARA, in
press). D. tenuissima was also reported to
occur in Misaki, Miura Peninsula, which is

near the localities cited above, by YENDO
(1914). From this series of observations, it
seems that H. parvula is widely distributed
in the temperate and subtropical regions
of Japan, alternating with D. tenuissima,
as the gametophyte in the latter’s life
history.

In connection with the life history of
these algae, it should be pointed out here
that, according our examination, both spe-
cies of Halichystis have xylan as the main
constituent of cell wall, whereas the two
species of Derbesia have mannan as that
of cell wall (CHiHARA, KoBARA and IRIKI
unpublished data). This result will be
described later.
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Chlorophyll a: b ratios in marine benthic green algae””
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YOKOHAMA, Y. and MIsoNou, T. 1980. Chlorophyll @ :b ratios in marine benthic green
Jap. J. Phycol. 28: 219223,
The chlorophyll a:b ratios were measured in about fifty species of marine benthic

algae.

There seemed to be a general tendency that the a:é
ratios in samples collected from deeper ranges and shaded sites were lower The
a:b ratio varied from 2 or above to values close to 1.0 in Ulvales, Cladophorales and
Siphonocladales, while in the case of Siphonales (Codiales, Derbesiales and Caulerpales)
the variability of the a: & ratio seemed to be small, and low values were generally observed.

green algae over seven orders.

The variation in the a: ratio occurred not only among species but also among indivi-
duals of the same species collected from different habitats with different light field.

Key Index Words: Caulerpales; Chlorophyta; chlorophyll a:b ratio; Cladophor-
ales; Codiales; Dasycladales; Derbesiales; light field ; Siphonocladales; Ulvales.

JEFFREY (1965) reported chlorophyll a: b
ratios below 2.0 for siphonous green algae,
and KEAsT & GRANT (1976) considered that
the a:b ratios in siphonous green algae
were characteristically lower than those in
other members of the Chlorophyceae and
higher plants. On the other hand Naka-
MURA et al. (1976) concluded that the occur-
rence of lower a:b ratios close to 2.0 was
a general characteristic of marine members
of the Chlorophyceae.
noticed in our previous study that the
chlorophyll a:4 ratio was considerably
different among the algae collected from
different habitats (YokoHAMA 1973, Yoko-
HAMA et al. 1977, KAGEYAMA & YOKOHAMA
1977).

The present paper will report the chloro-
phyll @ : b ratios measured in about 50 spe-
cies including the members of Siphonales
and others collected from various habitats
with different light fields.

However, it was

Materials and Methods

About 50 species of the Chlorophyceae
of benthic type were collected from inter-
tidal and subtidal zones at Shimoda in
Central Japan and at Okinawa and Amami
in the southern part of Japan. Thalli col-
lected at Shimoda were soaked in a large
volume of seawater and carried to the la-
boratory of the Shimoda Marine Research
Center, where they were kept in running
seawater for a few hours before pigment
extractions. Those collected at Okinawa
and Amami were frozen and carried to
the laboratory, where the extractions were
made.

The fresh or frozen material was extrac-
ted with cold methanol. The extract was
mixed with a nearly equal volume of di-
ethylether. The pigments were transferred
to the ether layer by shaking with a 10%
NaCl solution. After repeating wash with

1) Dedicated to the memory of the late Professor Tomoo MIWA.
2) Contributions from the Shimoda Marine Research Center, No. 373. This work was supported
in part by Grant-in-Aids for Scientific Research Nos. 534027 and 534028 from the Ministry of

Education of Japan.
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Table 1. Molar ratios of chlorophyll a to chlorophyll 4 in
marine benthic green algae of seven orders

Species Habitat Chl. a:b
ULVALES
Monostroma nitidium U 213
Ulva amamiensis* 5m 1.22
U. japonica 20 m 1.18
U. pertusa M 1.59
Enteromorpha compressa U 1.85
CLADOPHORALES
Chaetomorpha sp. 8] 1.89
C. crassa 0.5m 1.45
C. spiralis O0Om 1.56
Cladophora sp. U 2.04
C. japanica 0 m (Sh) 1.02
C. ohkuboana 17 m 115
C. wrightiana 2 m (Sh) 1.30
Anadyomene wrightii* L 1.56
Microdictyon japonicum L (Sh) 1.14
SIPHONOCLADALES
Cladophoropsis zollingeri L (Sh) 1.08
Boodlea coacta (outer part) L 2.56
(inner part) 2,04
Valonia macrophysa 18 m 1.22
Dictyosphaeria cavernosa L 2.27
DASYCLADALES
Neomeris annulata* M 1.54
Halicoryne wrightis* M 1.61
Acetabularia ryukyuensis* M 1.85
CODIALES
Codium adhaerens 18 m 1.09
C. divaricatum 18 m 1.05
C. fragile L 1.23
C. intricatum 0.5 m 141
C. latum L 141
18 m 1.25
C. mamillosum 18 m 1.10
DERBESIALES
Bryopsis sp. L 1.37
Pseudobryopsis hainanensis* Cultured** 1.37
Derbesia marina 0.5 m (Sh) 1.19
Cultured** 0.88
Halicystis ovalis Cultured** 0.99
Pedobesia lamourouxii 5 m (Sh) 111
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Species Habitat Chl. a:b
CAULERPALES

Caulerpa ambigua L (Sh) 1.67
C. okamurai L 1.52
C. peltata var. peltata* L (Sh) 1.33
C. racemosa var. clavifera {. macrophysa* L 154
C. racemosa var. laete-virens L 1.67
Chlorodesmis comosa* L 1.67

2m 1.61
Udotea javensis* L 1.67
U. orientalis* L 1.64
Avrainvillea erecta* L 1.69
Tydemania expeditionis* 2 m (Sh) 1.23
Halimeda discoidea 0.5 m 1.52
H. incrassata {. incrassata* L 1.47
H. macroloba* L 1.30

2m (Sh) 1.23
H. opuntia {. opuntia* L 1.54

Number in m denote depth from low water mark. U=upper intertidal zone; M=middle

intertidal zone; L=lower intertidal zone.

Sh denotes shaded site. * Collected at Okinawa

or Amami. ** Cultured for more than one month under 2 klux of fluorescent illumination.

the NaCl solution, the ether layer was
dried up under reduced pressure, and the
residue was redissolved in a small volume
of ether.

The absorption spectra of the ether solu-
tions of pigment were determined with
a Shimadzu Spectrophotometer UV-200.
The concentrations of chlorophyll @ and &
were calculated from the absorbances at
642.5 nm and 660 nm, known from the ab-
sorption spectra, using the equation of
CoOMAR & ZsHEILE (1942).

Results

Table 1 presents the chlorophyll a:b
ratios measured in about 50 species over
seven orders of the Chlorophyceae collected
from various habitats. As can be seen in
the table, the chlorophyll a:& ratios are
different among the materials. There
seems to be a general tendency that the
samples collected from deeper ranges or
shaded sites possess lower values of chlo-

rophyll a:b ratio. The samples of each
order collected from deeper ranges or
shaded sites possess the a:b ratios close
to 1.0. However, the a:b ratios in the
samples collected from sunny sites at shal-
low waters are remarkably different among
the orders. Those in Codiales, Derbesiales
and Caulerpales are generally lower than
those in Ulvales, Cladophorales, Siphono-
cladales and Dasycladales. The correlation
between the chlorophyll a: & ratio and the
habitat in each order is more noticeable
in Fig. 1 made from the data presented in
Table 1.

Difference in the chlorophyll a:b ratio
is also remarkable between individuals of
the same species collected from different
habitats. Codium latum was collected from
both lower intertidal zone and the depth
of 18 m. The a: b ratio observed with the
sample from the intertidal zone was 1.41,
while that with the sample from the deeper
range was 1.25. A similar difference can be
seen between the samples of Halimeda
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Interrelation between chlorophyll a: b ratio and habitat. Depth means

that from low water mark. Closed circle denotes shaded site.

macroloba collected from a sunny site at
lower intertidal zone and a shaded site at
the depth of 2 m.

Boodlea coacta collected from lower in-
tertidal zone possessed the a:b ratio of
2.56, the highest of all the values observed
in this study. This value was, however,
not that of whole plant of this sample.
The collected sample was shaped into a
hemispherical clump with the radius of
about 8cm. The highest value was that
in the cells of its outer part, and the value
in the cells of its inner part was 2.04.

The chlorophyll a: & ratio was also
shifted under artificial conditions. A ratio
lower than 0.9 was observed with the sam-
ple of Derbesia marina cultured for more
than one month under 2 klux of fluorescent
illumination with day length of 14 hours
at 20°C, while the value in the sample
collected from nature, a shaded site at the
depth of 0.5m was 1.19.

Discussion

We observed the variation in the chloro-
phyll a: b ratio from about 2.5 to 1.0. The
variation can occur not only among species
but also among individuals of the same

species, and there seems to be a close cor-
relation between the a:b ratio and the
light field.

The a: b ratios observed with the shallow-
water samples of Siphonales (Codiales, Der-
besiales and Caulerpales) were generally
lower than those with the shallow-water
ones of the other orders. Therefore, as
far as the shallow-water samples are con-
cerned, members of Siphonales seem to
possess chlorophyll a : b ratios considerably
below those found in other species, as
observed by JEFFREY (1965) and KeasT &
GRrANT (1976). In this study, however,
exceedingly low value close to 1.0 was also
observed with the deep-water samples or
shade ones of Ulvales, Cladophorales and
Siphonocladales.

Rawmus et al. (1976 a, 1976 b) also reported
the adaptive change in the chlorophyll a: b
ratio for Ulva lactuca and Codium fragile.
The higher proportion of chlorophyll &
can be more favorable for growth in deep
waters and shaded sites since chlorophyll
b absorbs short-wave light more effectively
than chlorophyll @ does. Another charac-
teristic of green algae growing in deep
waters or shaded sites is to contain sipho-
naxanthin as a photosynthetic pigment col-
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lecting green light dominating underwater
in the coastal area (YoxoHAMA et al. 1977,
KAGEYAMA et al. 1977, KAcGEyaMAa & YoOKo-
YAMA 1977).
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Morphological observation on a brown alga,
Delamarea attenuata (KJELLMAN) ROSENVINGE

(Dictyosiphonales), new to Japan”

Hiroshi Kawal and Munenao KUROGI

Department of Botany, Faculty of Science, Hokkaido
University, Sapporo, 060 Japan

KAwaAIL H. and KUROGI, M. 1980. Morphological observation on a brown alga, Delamarea
attenuata (KJELLMAN) ROSENVINGE (Dictyosiphonales), new to Japan. Jap. J. Phycol. 28:
225-231.

Delamarea attenuata belonging to the order Dictyosiphonales (Phaeophyta) is reported
from Abashiri on the Okhotsk coast of Hokkaido. Previously known from the North
Atlantic and eastern North Pacific, this is the first record from the western Pacific. The
species is characterized by having an unbranched cylindrical habit similar to that of
Scytosiphon lomentaria, and by having large vesicular paraphyses and by the occurrence

of ovate unilocular and lanceolate plurilocular sporangia on separate (rarely on the same)
thalli.

Key Index Words: Delamarea; Dictyosiphonales; geographical distribution; mor-

phology ; Phaeophyta ; systematics ; taxonomy.

A brown alga, Delamarea attenuata
(KyjELLMAN) ROSENVINGE belonging to the
Dictyosiphonales has been reported from
cold waters of Novaya Zemlya (FLorROV &
Korsakova 1932, A. D. ZiNnova 1954), Spits-
bergen (KJELLMAN 1883), Greenland (ROSEN-
VINGE 1893, Lunp 1959), Iceland (CArRAM &
JONssoN 1972), Norway (JAAsuND 1965), Den-
mark (ROSENVINGE & LunD 1947), Helgoland
(Kuckuck 1894), Miquelon Isl. (Har1oT 1889)
and southern Massachusetts (DoTy 1948,
TavLor 1937, 1957) of North Atlantic
Ocean. It is also known from Alaska
(JoHANSEN 1971) of the eastern North
Pacific Ocean, but not from the western
Pacific.

The alga referable to this species was
first collected from the Okhotsk Sea coast
of Hokkaido on the west side of the Pacific.
Morphological observations on the Japanese
population are described here.

Materials

The specimens observed were collected
on June 24, 1979 at Futatsuiwa, Abashiri,
Hokkaido (44°02’'N, 144°17’E) growing on
rocks in the subtidal zone about 1 m deep
in company with Chordaria flagelliformis
(MULLER) C. AGARDH and Scytosiphon
lomentaria (LYNGBYE) LINK. Preserved ma-
terials in 10% formaldehyde-seawater were
used for microscopic examination.

Observations

The plants are solitary or caespitose,
attached on rocks with a cushion like hold-
fast, filiform and simple, attenuate towards
the base, roundish at the tip, olive or yel-
lowish brown in color, and up to 8.5cm in
length and 1.3 mm in diameter (Fig. 12).

The thallus is solid when young, becom-
ing hollow with age except in the lower
part (Figs. 1-4, 13). Peripheral cells of

1) Dedicated to the memory of the late Professor Tomoo MIWA.
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Figs. 1-11. Delamarea attenuata (KJELLMAN) ROSENVINGE.

1. Transverse section of young solid thallus. 2-4. Development of paraphyses from peri-
pheral cells. 5, 6. Paraphyses and hairs. 5. Showing initials of sporangia or hairs. 7. Pluri-
locular sporangia and paraphyses. 8. Conical plurilocular sporangia borne in lowest part of
hollow thallus. 9. Unilocular sporangium and paraphyses. 10. Unilocular sporangium borne
on a plant with plurilocular sporangia. 11. Lowermost part of young thallus, rhizoidal filaments
descending from the surface cells. p: paraphysis, h: hair, ps: plurilocular sporangium, us:
unilocular sporangium.
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young solid thallus are small and cubical, 3-3.5 #m in diameter. The inner cells are
14-33%15-30 #m in cross section, contain- large, roundish and thick walled, 55-78 X
ing many discoid chloroplasts measuring 47-63 prm in cross section, and nearly color-

. i e &
Figs. 12-17.  Delamarca attenuata (KJELLMAN) ROSENVINGE.
12. habit. 13. Longitudinal section of young solid thallus. 14. Transverse section of
immature voung thallus. 15. Longitudinal section of lower part of thallus. 16. Unilocular
sporangia and paraphyses. 17. Plurilocular sporangia, paraphyses and hair.
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less. In longitudinal section, the inner
cells are cylindrical (Fig. 13).

When mature, the thallus becomes hol-
low, and clavate vesicular cells (paraphyses),
hairs and plurilocular or unilocular sporan-
gia develop from peripheral cells. The
inner cells of mature thallus are larger
than those of the young thallus and meas-
ure 80-115 (-125)X50-70 #m in cross sec-
tion.

Paraphyses are vesicular, containing
many chloroplasts, clavate to cylindrical,
and measure 65-122 (-137) gm in length
and 22-35 gm in diameter (Figs. 5-7, 9, 16).

Hairs are scattered singly or in groups
among the paraphyses, provided with mer-
istematic cells at the base, measuring 12-
18 pm in diameter (Figs. 5, 6, 17). The
basal seath of hair mentioned by LunD
(1969) is not observed.

Plurilocular sporangia and unilocular spo-
rangia are borne usually on distinct plants.
Unilocular sporangia are rarely borne on
the same plant as plurilocular ones (Fig. 10)
as already mentioned by CArRAM & JONssON
(1972). Plurilocular and unilocular sporan-
gia are distributed evenly among para-
physes over the entire thallus except near
the holdfast. Plurilocular sporangia (Figs.
7, 17) are lanceolate or linear, with two
to four seriate loculi, 65-110 #m in length
and 12-22 (-25)pgm in diameter, being
about as long as the paraphyses. In the
lowest hollow part of the thallus, however,
they are short and conical or roundish,
being 32-50 #m in length and 14-21 gm in
diameter (Fig. 8). Unilocular sporangia
(Figs. 9, 16) are ovate, pyriform or short
clavate, usually sessile, measuring 55-85
(-92) gm in length and 31-52 pm in dia-
meter, being usually about 7/10 times
shorter than paraphyses.

Cushion like holdfasts are composed of
densely intertwined branched rhizoidal
filaments 15-20 #m in diameter. Rhizoidal
filaments extend horizontally in the lower
part of holdfast and enclose the basal part
of erect thallus in the upper part (Fig. 15).
They also descend from the superficial cells
of the basal part of the erect thallus (Fig.

11). The rhizoidal filaments are composed
of sinuate cells, uniseriately arranged with
rare cell divisions by longitudinal walls.

Discussion

This species is similar in outer appear-
ance to the young plant of Scytosiphon
lomentaria belonging to Scytosiphonales.
However, Delamarea is characterized by
having large vesicular paraphyses and both
ovate unilocular and lanceolate plurilocular
sporangia usually on separate plants. This
species also has many chloroplasts per cell
as opposed to a single plastid in Scytosi-
phon. Scytosiphon has narrow cylindrical
paraphyses and only cylindrical plurilocular
sporangia.

This taxon was first described by KjELL-
MAN (1883) as Scytosiphon attenuatus KJELL-
MAN based on the plant from Spitsbergen
in the Arctic Sea. He described the plant
as having only plurilocular sporangia. On
the other hand, HarioT (1889) reported also
a plant similar to Scytosiphon lomentaria
and bearing only unilocular sporangia from
Miquelon Island lying south of Newfoun-
dland, and he named it Delamarea para-
doxa HARIOT. ROSENVINGE (1893) consi-
dered that the two species were conspecific
and combined them as Delamarea attenuata
(KJELLMAN) ROSENVINGE.

Table 1 shows a comparison of the shape
and size of paraphyses, plurilocular sporan-
gia and unilocular sporangia of our speci-
men with those described by KjJELLMAN
(1883), Hariot (1889), ROSENVINGE & LuUND
(1947) from Denmark, TAvLoORr (1937, 1957)
from eastern North America, LUND (1959)
from east Greenland and JAaasunp (1965)
from northern Norway. The sizes meas-
ured of the specimens of west Greenland
and Denmark (cultured from Denmark iso-
late), which were kindly sent to us by Dr.

P. M. PEDERSEN, are also added in the
Table.

At first, compared with the original de-
scription by KJELLMAN (1883), our plurilo-
cular sporangia are usually longer than
those described by him, and nearly the
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Comparisons of the sizes of paraphyses, plurilocular sporangia

and unilocular sporangia among the descriptions by different

authors from different places

Paraphyses
(pm)

Plurilocular Sporangia
(pm)

Unilocular Sporangia
(pm)

Our specimen 65-122 (-137.5)x 23-35

65-110X 12.5-22 (-25)

55-85 (-92.5)% 31.5-52.5

*(33-50 X 14-22)

KJELLMAN (1883)

(Spitsbergen) -120x-55 30-40x 15-20 —
HARIOT (1889)

(Miquelon Isl.) 60-90x 30-40 — 40-54 % 33-40
ROSENVINGE & LUND 133-156 %35 91-123%19-21 61-86 4355 (-63)

(1947) (Denmark)

TAYLOR (1937, 1957)

(East N. America) 60-120x 30-55

30-60x18-40

LUND (1959)
(East Greenland)

28-70x 11-21 (-28)

JAASUD (1965)

(Norway) 100-110x 50-65

55-70% 35-50

West Greenland,

collected by PEDERSEN 63-98x12-28

63-98x12-28

Denmark, cultured by
PEDERSEN

63-83x43-70

* showing the size in the lowest hollow part of thallus.

same as those described by ROSENVINGE &
Lunp (1947) and those from west Greenland.
According to KjeELLMAN the plurilocular
sporangia are roundish or conical. Our
plurilocular sporangia are usually lanceolate
or cylindrical, but as mentioned before the
sporangia borne in the lowest hollow part
of thallus are conical to roundish and of
nearly the same size as those of KJELLMAN.
ROSENVINGE & LuUND also reported the
plants bearing such short and roundish or
conical plurilocular sporangia collected at
Skagen and they expected that the plants
are more juvenile than those with long
sporangia. Paraphyses of KJELLMAN’s plant
are also somewhat broader than ours and
those of ROSENVINGE & LuUND.

On the other hand, there are also some
differences in the shape and the size of
para-hyses, plurilocular sporangia and uni-
locular sporangia between our plant and
other plants described by HaRri1oT, TAYLOR,
Lunp and JAASUND as seen in Table 1.

Unilocular sporangia described by HarIoT,
and TAYLOR are shorter, plurilocular spor-
angia by LunD are shorter, plurilocular
sporangia by JAASUND are shorter and
broader and paraphyses by JAASUND are
also broader than those of ours. Our
plant agrees well with the plant described
by ROSENVINGE & LUND in these respects.
Such differences seem to be the expected
variations within the same species, however
the biosystematic problem at the infra-
specific level remains.

HarioT (1889) and Lunp (1959) described
young shoots issuing from the basal rhi-
zoidal system, and PEDERSEN (1974) clarified
by culture methods the development of
erect thallus from basal rhizoidal system.
We could not find such shoots in our ma-
terial.

As to the systematic position of this
species A. D. Z INovA (1953, 1954) established
the family Delamareaceae including Delama-

rea, Coelocladia, Cladothele and Stschapovia.
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Lunp (1959) proposed the order Delamare-
ales for this family presuming that Dela-
marea attenuata has polystichous thallus
and isomorphic alternation of generations.
But PEDERSEN (1974) demonstrated the pres-
ence of a filamentous microthallus in the
life history in his culture experiments of
the Denmark isolate. He proposed placing
the order Delamareales in synonymy with
the order Dictyosiphonales with the family
Delamareaceae occupying a systematic posi-
tion between the Striariaceae and Punctari-
aceae in the latter order. From our under-
standing of the structure of some of these
taxa, we agree with those taxonomic con-
clusions, and further with PEDERSEN that
Coelocladia, Cladothele and Stschapovia
are in need of further study.

We wish to acknowledge Dr. Tadahiko
HavasH! and the other staff members of
Abashiri Fisheries Experimental Station
for their help in the algal investigation at
Abashiri, Dr. P. M. PEDERSEN, Institut for
Sporeplanter, for sending us his valuable
specimens, and Professor Isabella A .ABBoTT,
Stanford University, for her critical read-
ing and improving the English of our

paper.
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HARADA, A. and YAMAGISHI, T. 1280. Cytological studies on Zygnema (Chlorophyceae) 1.
Mitosis. Jap. J. Phycol. 28 : 233-239.

The details of mitosis and chromosomes in two species and other five unidentified
ones of the Zygnema, were given in this paper. The observations on the mitotic process
in the present study agreed with those by the previous authors. Recently, special atten-
tion had been paid to certain cytological features of the zygnemataceous algae, viz. nucleo-
lar substance, nucleolar-organizing track, nucleolar organizing chromosome, stickiness of
chromosome and centromere. In the present study, the nucleolar substance was observed
in some species investigated. In prophase nuclei, it was confirmed that the nucleolar-
organizing tracks corresponded to those of Spirogyra and Sirogonium, and that the two
nucleolar organizing chromosomes were present in Z. normani and others. However, the
parallel separation of all chromatids at early anaphase were observed suggesting the pres-
ence of polycentric chromosome as found in Spirogyra. The stickiness of chromosomes
during metaphase and anavhase was confirmed in Z. fanicum, Zygnema sp. HA 1281 and
1519. Moreover, cytokinesis to which few attention had been given by the former workers,
was clearly traced, i.e. at early prophase, minute granules arranged in a ring were observed
inside the cell wall at the middle portion of a cell, and the granular ring developed grad-

ually into a cell plate finally, the cell was divided centripetally by the cell plate at telophase.

Key Index Words:
substance ; Zygnema.
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Figs. 1-10.  Mitosis of Zygnema normani TAFT (Scale 10 pzm)

1. Interphase: a nucleus with a prominent nucleolus. 2, 3. Prophase: two organiser tracks
(arrow) in the nucleolus and chromatins in karyoplasm. 3, 4. Prophase: bead-like chromo-
somes appeared in karyoplasm. 5. Late prophase: two nucleolar organzing tracks (arrow)
and chromosomes. 6. Early metaphase. 7. Early anaphase: parallel separation of chroma-
tids (arrow) embedded inside the nucleolar substance in strongly squashed preparation. 8.
Anaphase : polar view of two anaphase plate in strongly squashed preparation: a projected
chromosome (arrow) behind the chromatids group. 9. Telophase. 10. Telophase: two daugh-
ter nuclei and reformed nucleoli.
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~fm>m, Ol flElafuE LERE S e,

F v 3 FoROEMIT—c 3~5 Al 2 T,
KIHLMiB e &C, H—Hia s L ChkaD %
DL > TKETIFEHFE L T B I ENSLH, 5 L1
LODFNBTERUIERIF2 Lo L Da ke T
DlRER L1z,

RN E B BUUTlIET 5 b, Hiblio T
WA THbEIET AR ED ik LD, —xE
NTHLES L b D& 7o, [ E s 1: 3 Frfg 7
wa = ro, & OEERITE WA Tl il (7
BB YERAL X QB L, DEodtGomssicd
e TNCIoP (NN

Ye(t iz WITTMANN (1963) DRk~ < b+ Y
oo fuk s v 7 — i, E1e, Yhikoss
CEEL T E DM A s X 2 5 720ic L NHfiE T
i AF % (77 > 720 T, EECIRPHRE D 3 L)
o E A 7T R S s, [ R R
EERC AR F CRIERORBMITRIFL, bi
T L7zay, BERTEND LEXFETL R
e JERLHP O NV /e

[EHEMFO—HE 2 T4 Fir7 2 Ik, £ZT
P iia Licdh &, MLOS Lk L - Tha%o
ek,

[

(1) Zygnemece norncani TAFT

BabER B3R M TR 8-12 pm,
Defhsfan e 24-28 pm i)t LB TH 5, BadAlla
D, 2

fEDRERAIC I F hrfrc (g3 2 (Fig.

Figs. 11-16

11. Interphase. 12. Prophase.

the poles and a granular ring (arrow).

1
Mitosis of Zygnema normani TAFT (In unsquashed preparations).

13. Metaphase. 14. Anaphase:

15. Telophase.

o BPNCIZEC 1 OO AR BR, (IZid—
f“i:(»';"é%*?‘éul”u‘ﬁ Abhds, WilihE it L
ficds (qu. 1),

BUER: PO RET T L TR E e b,
BB NC % B o Ye (6 fi chromatin, chromocenter
(Fig. 2), KEIN LN D, 03T, HEMNDY: G
DiTg o T Y 2 XIRDYtalknBlih 5 (Figs, 3, 4),
giflohECir gt kiRl Lo e e h, ¥
Wizl BiE > T 5 (Figs. 5, 12), ZDED{ I

M@&‘ ENDOLIARBLNDH, ZhUET A
IFelRic ETHB R Tuw B (DI (A nucleolar
organizing track (GODWARD 1950), Z5(ZF 4 - il
F LT DYDY ({4 nucleolar organiz-
ing chromosome (GODWARD 1950) * & 5 4 5%
(Fig. 5), (X0 F ClaWItic B2 Xh s, i
WD D DB A BEUIT i L Tl 2 ARE
DO 4'E nucleolar substance (GEITLER 1935) (=
Ebh, K& (Fig. 6), = DRz
kI RICEEE 5 TL B2, ZOdhD 2 KR (- '4’01%’
D% H DY I iz LT B DR B L (Fig.
UNEIR

RE R 46 oYk RS S, Yelafk
EAGEIRNCECY NS 2 25, B8 Cla & et b o 7 24

DAIGEIIC AT, W Cik g d Lo g i s

WaREL, HILOMEZ R TRAIL TLADH0EHD
b,

®BE: REAZ25LIELDHEH, ZORIZ &G
o kT iS5 (Fig. 7, M), To7oig,

Zom o4 D (Fig. 14) i { L2577 L oe

chromatids separating toward

16. Telophase : division of pyrenoids

and chloroplasts in daughter cells and a cell plate (arrow).
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Figs. 17-33.  Chromosomes in metaphase or anaphase plate of seven species
and diagrams of each plate, respectively. (Scale 5 //m)
17-18. Zygnema normani (n=46). 19-20. Zygnema fanicum (n=46). 21-22. Zygnema sp. HA
1607 (n=40). 23-25. Zygnema sp. HA 1281 (n=82). 26-28. Zygnema sp. HA 1652 (n=28). 29-
31. Zygnema sp. HA 1519 (n=14). 32-33. Zygnema sp. HA 1278 (n=24). (FFigs. 25, 28, 31,
showing two anaphase plates: sticky threads between the chromatids were remarkably

observed in Fig. 29).
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7 — FTHRBE, L Tliluc s > THE)
T YA AR CE & b D MBIk Y E
NTHFIRZfEINL TH L5 (Fig. 8),

BE B HEF o oY () MR TR A IZE DIES
AW e D, RGN & BN O (2
KI5, 0T, Rhrgebnc 4 n, BN
1o A Eh 5 (Figs. 9, 10),

WInES R N Rk N b I A TR D
PRT, MBS IR - T, BRI E s BB
bhd (Figs. 12, &M, 13), #&llr6#C s 3T,
T DFVRL BRI 2 » THII Bac 7e 2 (Figs.
14 %H1, 15), $HUC A - T 2 A ER T B EITIE,
Z OB & » THIKEA 2 Sh, 1Dk E 1|
DIERAE L o722 [AORMIEATE B,

ERGOFE: BOBEAESHE»ETTDE,
FIRMRNOER AP RIZH B E LV /4 FIRBRCAHIE
O THRENLE TR BT L T2 Mzirhh
bo BV /A FORENTFT L THA A L BRI,
thir T O ARRC 25535 (Fig. 16),

ROBE) : MRS HE TSR (A ) Iz
L T 7oy (Fig. 15) 1k, HERMADONZ» T
BHL, HEREADS2 55 Licd &k 2 (Mo §Efk kol 4
FhicECBEHL, BT 2 (Fig. 16),

(2) Zygnema fanicum Li

SARHINELTE 28-30 pem, I RLERERIZ—H 1
TR 8-10 fom, BEPUCITHIT LD H A bh D,
%, ANE Rk L OWERMA © ) HE I, ko
Z. nonmani Li132+EAERUTH B,

L 46 EY (b fhp iR b iz, P b
W HT TOY S RRTRIC O EA M5 L T
WBDREbT,

@B £ & &K

Zygnema nonmmani TAFT: 46 (o Yok
FTROUNSAeEHIRT, RERLDOTLRE 12 m,
I 0.7 pm, /PNE LD TIREX 0.7 om, i 0.5 pm T
H5. PahHEHOMEDE LT LA ERDRICH
2t N BEiCiE 2 D R knGED b
hiets, TR, BEPREIHbThLHEENTS
X T&Ech -7 (Figs. 17, 18),

Zygnema fanicum Li: 46 Moy ki
T, KEWLDOTIXEX 1.2 tm, 1§ 0.5 yim, &L
L OTIRIRE, REL 05 mBETH D, Yol ik
(LK E TR S Lo IBiE A L, Ytk
EXRETH - 72 (Figs. 19, 20),

Zygnema sp. HA 1607 : 40 flio Yo g3

TEMEIR TR E 7L DIXEX 1.5um, 05 um, /HhX
WL DENCIRTIE 0.3 em BETH B, RIS
sy (ks 4 (HFAET B REAHITIRIOMEE
(ZEA ERDRICH -1 (Figs. 21, 22),

Zygnema sp. HA 1281 : 82 (Ho (O ki bk
WE THITLZ RS LT B, ol 3 X TRIMIRT
KEWLDRIEX 1.2 pom, 5 0.5 pm, X, DX
B, WEd 03 nmBETH -7, AFIETH- 7=
o Ty B KL H\WETH - 1o (Figs. 23,
24, 25),

Zygnema sp. HA 1652 : 28 {i D Y (afki 3 THE
PRF AT, KEGL DR E X 1.3 #2m, 1 0.5 /em,
N7, DL 0.5 rm BEETH B (Figs. 26, 27, 28),

Zygnema sp. HA 1519 : 14 fHogAapid T
R T, K&ELLDTEZ 0.7 pm, 5 0.5 m, /)
T OIREE, WEbic 05 m BETHD, Kl
TR D T BT 2 O00E- & H L H D
hiens, BifloY @) ki BRI, Yotk
BOMRIIRETH - 1o, BIHDITEITrEET Y
orkttod, L LERTEIB LY Ok L
2R L0011 HABhze (Figs. 29, 30, 31),

Zygnema sp. HA 1278 : 24 i Y0 AL 50
W radailc, KE 1.0 pm, 5 0.8 rm D, DO,
PECLOEIEX, & 112 05 om FEEETH B (Figs.
32, 33),

% =B

MERRIMAN (1906) D Eix ZEO O H-ThHr
WEMO, 1=, #iskk, gk, cv /1 FigEo
HHEMZIER LTuw 58, SHEERCOVCTUL, £
REE L QbR Tuisl, LsL, FEEBHAET
P> Tidlgs Lo ihflilia 5 24 O#8:8ik MERRIMAN
Di%h, ESCOYEZ (1907), KURSSANOW (1912), Wis-
SELINGH (1913) 6 Dflg%, R LOW#HDO kY I Fo
= V4 m (BUH - 111} 1976) DL D& B XX —FH LT
W5,

ZCTE, Ay I FeRodDT A I FalfPyo
o= % 41T, GEITLER (1935), GODWARD (1950) &
B L, Fh & Z ) T PRASAD and GODWARD
(1966) 23+ v 3 F o R CHHE Lo akitx e
B nucleolar substance, {ZJZ)¥f4 nucleolar organ-
izing track, {J4EH(B{k nucleolar organizing
chromosome, f)i{A centromere, #efft/MANIC 2
SR B HiVEE sticky substance, X HIZEER kar-
yotype 7¢ EIZDWT, SEIOFEELD@IEIE T 4 3
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FoRRLU'y o =9 AR oW THEIRTW S
FROEDWIRE R L b ERYED B Z LT
T3,
TAIFoBRy o a=9 AR TIRIO/K D ITix
Zmn= b & v ) VICRET 2SO WEC LD
D, EROYPEhRnTOCYWEICUA S Fh THEH
CHINT B2 &, IDREIICAS L, ZOiEN
2HDOMBIRDKIL & Te» THlEL, Thicffo TH
B hAAEATIC 58T 5 2 & AEIB TV 5 (DORAL-
SWAMI 1946; GEITLER 1930; GODWARD 1966 ;
WELLS 1969), 4@, #EES o7 WITTMANN
DY TR BRI N TMIBOR DB D
PR BEET A LTI, TDHICINE
FRIC X BUTABE & 1770 » TEWEOMBY % ST e, £
DI=DIAD B IHENDELBB LT/ CBI T
fehots, L, BIICA D &Y th s ARHE Il
RoPgT BB EN THEBICBEIT5 Z L2
> & b Etxbht: (Figs. 8,25,28,31), Dz &nb
wY I FRRBTHEPHNT A L Feievaa=y
AREESAC X iR b2 D LR,
74 3 FeRiETIHCRCADBR BBk L
TGtk & BRI, Th b OB DV THA X
hT& T\ %, PRASAD and GODWARD (1966) (1.
BlggLichy S FaBTI, (CHICIE- &) LA
Moz A bhish o tedd, TXTOMT1-2 D2
IRPAOAR, FXThL L ELORZLRA LT
Wb, UL, EELOAWICHRTIRIHO A
WY B1ERUA (Figs. 2, 5) 23% - T, HEAKIL
Zhb T ARk Ak bR, Fi, T
4 3 FafEey o g2y AR TR G GEAL DO
wtafk X D BERTHEET Ao, BioCHEBSE
hD—iBA R BREIBIRC LKL BEER LTS
Z &b B H (GODWARD, 1953; WELLS, 1969;
HARADA, HH%), 4 EDOMEBTLED L 5cHD

L, onm bt (Figs. 8, 31, &fl), shbDZ &b
BLTL &y 3 FaRTh—c ARl LOCE
Btk bobDEELDbRD, LhL, —HIIC
EYetafEaVN ez, Fhwhill, Bzl <
R+ OXEETH %,

PRASAD and GODWARD (1966) | f@#%s L7- 11 ffi
Dk y 3 FaRORT, BROSRENDERT, Kii
HFE RIS I B A% &0 & B B Yy
afEmabhic LB XT VW58, EELOBE L
TR, BICABE, FPETCHETaEARL
T+ 5% (Figs. 7, 8, 14) 2 EMBAT, v I Fajf
DUftfhl, HLDTAI Foff, voT=9sFED
3D ERU L ik diffuse centromere #7:i%
% ) JE fh %4 tafk polycentric chromosome %43
3L0LELZDBND,

et kB Z. normani T 46, Z. fanicum T 46,
Foftho 5 fT 82, 40, 28, 24, 14 D fafkv L, D
LR XNt (Table 1), = © T Zygnema sp.
HA 1519 o tafd i 141k, BECEHEIhTW5
Ay FaBoh TN D L O TH 5, PRASAD
and GODWARD (1966) (¥ Z. verrucopunctatum T
1K, Zygnema sp. 25 T2 AKDf X b By Yu(h
hnZbhicE LT30, SRIOBEZCHG T/
TiE, LR LRI L0 pem iR OBS TN ki
KR T, WIEBC X » THHCHEE b OR#ATH o &
TR TH -7, Pk 2\ T PRASAD and
GODWARD (% 11 ffiT 19-82 D &, D& BZE L, Yuln
R & SRIRAAIEDREL LT L —FK Lig\ & bx
Twb, BEFTRabhicky I Fago fufalk
i, WFER bR A SEREIR e LAAIRT, @iER UK
WRaRL, BEAL, HxoYbfbaEil+s o i
TEI, L1chis T, SRIOMEFERIC, PRASAD
and GODWARD D# x0T d, Thb oKl
LIUTEMIEE & DMtk ASR ST D - T

Table 1. Chromosomes and cell sizes in seven species of Zygnema
Species Chromosome Sizes of chromosomes (ytm) Width of
numbers Largest Smallest cell (#m)
Z. normani 46 1.2x0.7 0.7x0.5 24-28
Z. fanicum 46 1.2x0.5 0.5x0.5 28-30
Z. sp. HA 1281 82 1.2x05 0.3x0.3 34-38
Z. sp. HA 1607 40 1.5%0.5 0.3x0.3 23-25
Z. sp. HA 1652 28 1.3x0.5 0.5x0.5 18-20
Z. sp. HA 1278 24 1.0x0.8 0.5%x0.5 20-23
Z. sp HA 1519 14 0.7%x0.5 0.5x0.5 15-17
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H5b,

TA I FuEPey o=y AR TiRpioY kR
BIAOGES R BESBE IR TV 25, 4
B odTix Z fanicum, Zygnema sp. HA
1281, 1579 Tix» & h L Bbhic (Figs. 19, 23, 29),
= OfEEYE % PRASAD and GODWARD (3 3fsfafk
YALCHEO—HTHHA 5L LTB, LvL, F
£OOBETI, HEETABIC X > TCWE &R bk
EHRPDFT B L 5> Th, RfafhkEmT L 57
Rlafh R Lo 2 E0 D, ZOREWEHIICHWE T
e TRBHALTOLDTHA S LEZDND, ik,
DI X7 Ao/ (HARADA and YAMAGISHI,
KFF), vaa=v LE (HARADA, £F) TL1-
WE & R DORD I X » TRAERD Z & 23D
bh T3,

SERTIRCHFEAIERIND Z L2 Tk
MERRIMAN, WISSELINGH HiZ L » THIZZXh T
%, B FIRCIE 2 [EOIEL A DRI I DXk
HrBRIhBDhnHLA: (Fig. 13), LAL, &%
P H N & 5 fefiflih & Yetaufh & OBRILE -
E0BHTAZ LIk TE e T,

MBS Y 2 Fox F &8 (IH- 1115, 1976),
v o I=9 4jF (HARADA, RER), IHKT4 I F
o B LU, MR » T4 U B RE» B
ROMCER SN BHERIC L - Tl &R 5 Z &A%
nHdbhtc, ZOHIEESZHCOVT, MERRIMAN
(1906) (XFEHIL L TUIgbAy, B bhickoHici
WIS L X L DO%AL T35, —Jj, KURSSANOW
(1912) 5 BRI B eI BGH A RIR D U B A
BT 5 e RTUBAMLOMIEERIZEA ESR T
7o\,

AMEE D FENAt - T, IRAC A - 72 1 D3R
hitev 4 FoRCE T2 yrhb, ZDEHT
HZHNBIREOBENIED THRILBLTH BN, &
+ix MERRIMAN (1906), HOSHOW (1968) 5iZ L -
THHEIA T 5,
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MASUDA, M. and SHIMIZU, T. 1980. Taxonomic notes on Rhodomela lycopodioides (L.) C.
AG. {. tenuissima (RUPR.) KJELLM. (Rhodophyta). Jap. J. Phycol. 28: 241-248.

A red alga dredged from 3-5m at Akkeshi, eastern coast of Hokkaido in Japan is
identical with Rhodomela lycopodioides (LINNAEUS) C. AGARDH f{. tenuissima (RUPRECHT)
KJELLMAN (Basionym : Fuscaria tenuissima RUPRECHT).
The fertile plants are 4.5-42.5cm high and dark brownish red in

It resembles Polysiphonia species
in external appearance.
color. They possess several terete main axes issuing from a common discoid holdfast.
The main axes reach a maximum diameter of 500-1000 #m about 0.8-1.5cm above the
holdfast, tapering abruptly from a portion of 400-700 #m in diameter to that of 200-350 y#m,
and becoming gradually slender upward. This depends on a sudden decrease of cortical
layer development. The first order branches issuing from the thicker portion of the
main axis grow in a manner similar to that of the main axes. The lower thicker portions
contrast strikingly with the upper filiform portions. These thicker portions are perennial
and produce many adventitious branches in late autumn. The first order branches are
longest in the lower portion of the main axes and divided into progressively shorter and

This alga
Reproductive

more slender branches regularly in a spiral manner up to the seventh order.
has vegetative and reproductive structures characteristic of Rhodomela.
structures were found during April and early-July. Mature tetrasporangia measure 107.5-
125.0 /tm X 95.0-112.5 ysm in surface view. Liberated tetraspores are 55.0-73.8 #m in diameter.
Ripe cystocarps are spheroidal and measure 230-300 #m in height and 320-450 #m in
Spermatangia are borne

diameter. Liberated carpospores are 68.8-82.5/m in diameter.

on the uppermost portion of lateral branches.

Key Index Words:

taxonomy.

Rhodomela, Rhodomelaceae, R. lycopodioides, Rhodophyta,

Michio Masuda and Tetsu Shimizu, Department of Botany, Faculty of Science, Hok-
kaido University, Sapporo, 06O Japan.

AARHHCPEST 518 7 ¥ =¥ ®ili (tribe Rhodo-
meleae, 7 ¥ = ®F) O 75 AL, M (1936) i
LoTI0EREZIRTV5, £DH%, vy n~N79<
v & Rhodomela gracilis YAMADA et NAKAMURA
(LIIH - [Hep 1944) 25GEMENIA, Ean/axFye
% Odonthalia japonica OKAMURA (1942) (=Odon-
thalia sp. nov. [Ft 1936) 23 WYNNE (1972) iZ X »
T Pleuroblepharis (¥ 7 VFl) ~BEh T35 0D
THRECIAET 2,

AFUIHIC L o THEFENBERFAA T bR, ®
REROFHEXEU MY, BAEOARBRCATTS
ZERFHRIN TS (WH 1972, 1979), i&KiL 1976
A5 1978 T H W CILHEEIE B B DYe 8 HOH
HE T, 7Y =v =)@ Rhodomela D—fE% 1
ERH D K vy FTMN, ABROEBERBEMLE
B, Rhodomela lycopodioides (LINNAEUS) C.
AGARDH f{. tenuissima (RUPRECHT) KJELLMAN
(1883) ITf%M 45 L Dl & D THRET 5, Flf

1) ARPFRECMERFTRL MG (RS 374218) ic X 5O~ TH 5,

2) i =ZdmmiEdkd i < Dedicated to the memory of the late Professor Tomoo MIWA.
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XA DIMEA 4 b 27y |8 Polysiphonia <, 7
Yy EOSERE LT, Mo R b1
HhLembiverzv=evedlLiclh, ZOUHD
ST X - T, HAPED 7 v = v € g (o)
MBS Eh 5,

e i LML 1976 454 J X b 1979456 A
21151/ P VN i g O N 17312 8 =100 | i 73T Wi 33 e i 9
iGh ¥ F2 T 3T < DIKTE 3-5 m DT D F vy FIT
Lo Tz, CThbidbifE R A ) (SAP
032151-032159) 12 {4 X T B,

WD LU T ol HE R AROB 4 L Fie - 72,
(1) 184447 A 28 H iz 4 s+ — ¥ 2 {f ®» Mamga Bay
T &, RUPRECHT 2 X » T Fuscaria tenuis-
sima RUPRECHT ¢& [i]7F 74, Leningrad ®
a = v 7 ffEgERT £ 0 {5 H L7z, RUPRECHT (1850)
DX (Taf. 10, b) io—{iH X TV 5, (2) 1900 4
27 7 24D Golofnin Bay T X h-fidk (UC

Fig. 1.

96155), (3) 1899 4E 7 J 25-26 [ =7 5 % # @ Cape
Nome T 7oA (UC 96145), (4) 1931 427
=7 9 24D St. Lawrence THRHEINEA, H.
L. Mason No. 253 (UC 466147), (5) 193147 J§ 19
Hizi UL 77 2 #® Port Clarence TSz
A, H. L. Mason No. 238 (UC 466147), (2)-(5) i%
HY T aw=TRFEN—7 VAR (UC) &b
JHUL 7. (2 & (3) % SETCHELL and GARDNER
(1903) iz k> THIBEN TV B, 4) & (B) (XA [ %E
DF FTHh o 1oy, FEHIZ X - T Rhodomela lyco-

podioides f. tenuissima \Z[R)5E Stz

HREBER

EWMMIEE

JERREOMA LhUE, 1Y e 7 Y=Y BEKE
3-5 m ol O HIR CAE T 5, A
34 A b 7 4 Al TRE S R (Fig. 1),
12 Jep LA 3 H P C, JEETR-> T o
TR IR S b BN ch 5, 7H

5cm

Tetrasporangial plant of Rhodomela lycopodioides f. tenuissima

collected on May 4, 1977 (SAP 032151).
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3

Figs. 2, 3.

[N

1cm

R. lycopodioides f. tenuissima

Old plant only with lower portions of the main axis and of the

branches of the first and second orders, collected on August

13, 1977.

3.  Plant with many adventitious branches issuing from the main
axes and the first order branches, collected on December 2, 1976.
Scale in Fig. 3 applies also to Fig. 2.

A S R R E AR D e D IR L T 2 &

Fr s X BEIR R ofFE T, 10°C LA LTI ARgn g
TR RERLLZ EAFERIR TS (B, K%
%), 8 Adigicbhrcfidfk (Fig. 2) (1 dh Tl
FOL L DA Ui 1R RO 2 (o Tl &
P> Tk h, 12 A Eacibhi(i{k (Fig. 3) T
LA DICH 2 (kb ElE S LR O T
o DFAKIER AR BRI., S b DAL B Fll
T35 &, 12 AURncEERAEE LD 0 L Bbh
%, KJELLMAN (1883) /= X » T R. lycopodioides f.
tenuissima O—E LTXK HI& 7z a prolifera (%
COREERHEOLORIETEELDND, 4 A LW
B 29 Hoff{AA10-15cm DK E XL
TWADT, 12 AUMEFE I e h SRR T 5
CERRLTWA, 12 Adiynb 3 A TR E TOl
Kt —15~3.0°C TH 5, HfEFEHCE\TL 5°C
OERGEHTEILAERET LMD bR TV D
(W4, A7),

s B R R

L4E A o ko fzsks Bah s LTS 2, &
Ko ORI S D RINL, Se4Tail
MEE DK X X3 45-425 cm TH B, (UL G

> FZWHLO T, BixF:50:<, RUPRECHT (1850) #%
WBXTWB LS54 by Rl @e L Tuv 3
(Fig. 1), 3 A Lz suic i %3 %,
FEilil S eI 5-6 [alF5 754 L 2o il # 2 2 B gt +
5. FlWXMBEILT, T T L E i LTz
K<, I TR 350-660 1m T [z f]hs» T
REC KL e h, g Fifd b 0.8-1.5 cm )T 500-
1000 pm &R RDEREICIe D, TOH, EHCED?-
TRECHI 7o B A5, [EEE 400-700 rm DFBAIAH &
Wiz 200-350 #m &M< 72 B (Fig. 4), ZAUui Ao
NERAJ2 & GR35 KM E o S A A 28k
BT LiLk B, Thobb, WML oo o Tix
HeJEAaA 2-3 Jii (Fig. 5) TH B DTk L, KU iz
Tix6-7 )% (Fig. 7), TOBITHTIL4-5ETHS
(Fig. 6), X 512l e o 1iifim b, *
D EJjNah o TURRE M < e b, g kT 90-
150 /im DJEFRIC e 5,

H L OMENEER TS L 0 FEH T3 L or b &
<, T-10em i35, 2O 10k S FE N oK
W BAET 5 L olk, FEifilc iz B KA R &R
. Fio TR L, FolEk UL DT
B Lo TR L, fiuvsiko Bie
Dz e BA R B ID Z LAY, KEEORE I
ok LT%FSBNRS (RUPRECHT 1850), =< o 7 i
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Figs. 4-7.

e fz@g\%\%ﬁ o

by g

o

R. lycopodioides {. tenuissima

4, Main axis of a tetrasporangial plant collected on June 28, 1979,
showing the transitional region from the lower thick to the
upper slender portions. Arrows 5 6’ and 7/ indicate three parts
where cross sections shown in Figs. 5, 6 and 7 were made.

5-7. Cross sections of a main axis: 5, slender portion; 6, transi-
tional region from the thick to slender portions; 7, thick por-
tion. Scale in Fig. 5 applies also to Figs. 6 and 7.

WFZEAT X b, RUPRECHT AMEZUC i L fiAko
—i A L (Fig. 8), 3{H{kd 2 5 Ho, o
PR oM (RUPRECHT 1850, Taf. 10, b) & [i]—
ThHhbd, bk ®s—Y 7o Mamga Bay
T 184447 28 I Sz b DTH B, A
TRZETE o 72y, FElo PR OE DL X
DI L8 LA O R S ¥ &7 v <y A

JERLTWBDRRDB R, & ORERREE
BT, RO 2R THIC 10°C DTl 3%
B (B, AT,

L REBIRRERC D <, A ORI R A iR
AU (Fig. 9), dith & < Lz b O TIRES 7 (LOF
IR AR Do £ DL 60-120 pm Tdh B,
FIVEDTB DA (trichoblast) (3B A ki T 21
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fill OV B e T b 5 (Figs. 9, 17, 18),
ChbliirsAEmO THINCHE TR LD
(Fig. 17) L #i5o 4, o (Fig. 18) &b A,

2 H ok TlaEfho I\.n), HDNEE LD
Rk o 7 LAy,
SRERTHDT, BHLLD ﬁ“xﬁvﬁéo

i

WO RO G R HUEC, BB Cix 1 ool
i, 7 (s 6 18) oo Ofila & Koo 1k s i flaas
4t x 2 (Figs. 5-7), HWrH T MOMNEAY 1 [l
BALTEF2/MlnEZLD (2, £05H 1M

iy JL'C 3l & 7e ), FJioMaD & il
o & U E G A e, T oML N oo ki

.‘%].urlll}]d> R/ ¢ lIJthH WE G2 U5 (Fig. 10),
BT T2 A & A ORI M iR Ha A 2 % 72
(X 3 i) 0 {14 (Figs. 5-7), Zhb ol th
Fh1-2 k2L, OIS G & IRl
B 2 U A ORI C a5 (Fig. 10), Bl
ki v L, ZoIHMlicis-T1 F 72 2 ol
Nz U)o L, BT C RO R L e B A& 0
KT 5, Bl L7cEER oS ASom+5 7Y~y
EFHOIAN I & 72 DI TH H(FALKENBERG
1901), fiivlk L7z & 942, FEfR O 1 (o Fifolt

i H ok o Eifilnc

st /@:.w}a, G N 7t i
P X4

Sterile plants of R. lvcopodioides f. tenuissima collected in Mamga
Bay, western coast of the Sea of Okhotsk on July 28, 1844 and
determined by F. ]J. RUPRECHT as Fuscaaia tenuissima (part of
the original specimens in LE).

KU, SR oMl R % < 722 D2 A
DOFT, 14EA DMk TRk 10 i 5,

EEHE

US4, S YLER ORI A ) 4 DS AT IR
5, R OAFHETTR RO o Sk fmic
U B, PSRl L 7o 3-16 Bl 1 AN

2, fc 1Pk Eh s (Figs. 19, 20), Se2kL7opU

SRR AT T B A2 L, DU TR R sk
P s (Figs. 19, 20), = huix RUPRECHT (1850)
DEE L X —FK4 5, i Sh i us eIz
4T (0, FoiféiL 55.0-73.8 ym Tdh 5 (Fig. 21),

ey Bl {Ll7: procarpial branchlet & F
7 2FH MR S5 (Figs. 11-13), gL 72
PRETIL )R (pericarp) I Eh, FH BT
iz LTuwa (Fig. 18), MEROFEEIZ DR T,
procarpial branchlet ® 3 ffH ik H 7 iz i
T B, GEENU YT OE oW ERIZ T, 3 & 230-300
rm, (% 320-450 #m TH 5 (Fig. 22), PEFOFIEE
<, Yl A il L TR SR T E B,
Z iUt RUPRECHT (1850) oidifiic—3% 34 %, Ji

R e i o A3, Kok
% < 68.8-825 m DR TH S (Fig. 23),

R FRRAE TR TRE SN DD, TOPKZ
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B 7 v =Y = BOEMERED Rhodomela con-
fervoides (HUDSON) SILVA & —33 % (FALKEN-
BERG 1901, ROSENVINGE 1903, 1923-24, NEWTON
1931), AFEORE T DK M MDH g 0 KR
Rtz o TEHEIR S B (Figs. 14-16, 24), AAK
ED7 Y=y =BOFREBETIHR (1957) Lo T
HEXN kY 7 UYL HUTHD, BF
AR LI OB AR B D BRI U 1o iiE %
L% (Figs. 14, 15),

WEHSHE

YENDO (1909) i dtF & & b Rhodomela lycopodi-
oides f. tenuissima HHEL TBH, HEOEEN
A X T\ A EFRFR AR RE (TD RodeiE
KFBEWEAR (SAPA) 11X, B4 TAERIR
MAB o T, SETCHELL and GARDNER (1903) i
Y > T#%E Xt R lycopodioides f. tenuissima
a1y T 7 A H OEEA%R F~/HY, Golofnin Bay (UC
86155), Cape Nome (UC 96145), St. Lawrence (UC
466127) K 0U* Port Clarence (UC 466147) THRHE X
ni-L o, BA0EhbLRTARELRA—LELDR
by ChODEARDREICISE, KEEIAT—Y
7 & GUIKFHEOREBRIB R HHTH, TbIC
KJELLMAN (1883) (3dL@BHgcIA 573 % & L &
HELTWADT, ARIIABIMERLTWAHI LI
£ %o

ARO ZRMER B ot R EERRAR A
12, HEREAYES T SN 3 < o 7 EHPIERT K.
L. VINOGRADOVA {#+3 0% L. P. PERESTENKO
it #Y 7+ =T KE~S—7 L4 P. C. SILVA

BHE¥ouz J. A. WEST S E#T5, a<wu7
TR TR 5 b DREEEAMERICOWT, TRIE
T/ MERER R FIUERIESE O ZIF B E LR L
EFB,

51 A X B
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Figs. 9-16.

R. lycopodioides {. tenuissima

9. Apical portion of the first order branch of a young plant col-
lected on December 2, 1976, showing a spiral branching. a, apical
cell ; 1b, lateral branch; tb, trichoblast.

10. Longitudinal section of the lower portion of a main axis of a
tetrasporangial plant collected on May 4, 1977. ¢, central axial
cell; co, cortical cell; p, pericentral cell; spc, secondary pit-

connection.

11-13.

Procarpial branchlets, showing development of carpogonial

branches (based on plants collected on June 4, 1976). cb,
carpogonial branch; cp, carpogonium; fp, fertile pericentral

cell; tr, trichogyne.
14-16.

Spermatangial branches, showing the apical portion in 14

and 15, and the basal portion in 16 (based on a plant col-

lected on May 4, 1977).
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18

Figs. 17-24.  R. lycopodioides f. tenuissima

17, 18.

Apical portions of lateral branches of a tetrasporangial plant

collected on April 30, 1976, showing trichoblasts.

19, 20.
4, 1976.

Tetrasporangial branches borne on a plant collected on June

21.  Liberated tetraspores from a plant collected on June 4, 1976.

Mature cystocarp borne on a plant collected on June 4, 1976.

23.  Liberated carpospores from a plant collected on June 4, 1976.
24.  Spermatangial branches borne on a plant collected on May 4, 1977.

Scale in Fig. 18 applies also to Fig. 17; scale in Fig. 22 to Fig. 19;

scale in Fig. 23 to Fig. 21.
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BEEFRIDJIUBEEICD (VT
K H

SR RSB SRR (335 B IRl LAT 5-3-8)

NAKAMURA, T. 1980. Some remarks on 7%orea found in the Kanto district, Japan. Jap.
J. Phycol. 28: 249-254.

An alga assignable to the genus Thorea was found in the Kanto district for the first
time in 1977. It was very similar to Thorea okadai YAMADA in the Kyushu district in
many respects, except one feature regarding the assimilatory filaments. According to the
description given by YAMADA (1943, 1949), Thorea okadai possessed the assimilatory filaments
being simple except near the base, whereas our specimens possessed those with branches.
In the present study, a detailed examination was made on the specimens collected both
in the Kyushu and Kanto districts throughout the year. As a result, it was revealed that
both the specimens produced branched assimilatory filaments, as shown in Fig. 1F and J,
with more branched filaments occurring in the autumn. From these observations, it can
be concluded that the alga growing in the Kanto district is Thorea okadai YAMADA. The
finding of Thorea okadai growing in the Kanto district should be worthy of note since
this species has been known to distribute only in the Kyushu district in the southern part

of Japan.

Key Index Words: Distribution; fresh-water alga; Kanto district; Rhodophyta ;

taxonomy ; Thorea okadai.

Takeshi Nakamura, Warabi Senior High School, Warabi-shi Saitama-ken, 335

Japan.

X XWEES (P - TR1977) A& F =Y 7Y
BOBEEFHERTIRETTAZ Lz ovTHE LA
2, £ 2 CREFHROERSLEGOMESE OV Tilk
NcickEEDh, HOREF TEER Lot £
D%, FEELTBME L OLLEE % 1Ty o BRI
Al TE KSR, BEECBEBIAMEDF 2 /
Y (Thorea okadai YAMADA) & [f) ffi & 3 XX &5
ZELICOTHRET B,

FRY /U BO—EE S

F 29 7 V& (Thorea BORY) i1kl #i#d, v I vV'v
AV H, F227 VAR T 2 KREOIRKERT,
BEF T 8 @RI h T3, 2D5h, AAT
MBS Y = F 2 Y 2 ) (Thorea gaudichaudii
C. AGARDH), HEWIGUL & BEAR M I F 22 7Y
(Thorea okadai YAMADA) @ 2 ffinsiibh s, &<

2, FAY 7 YV AIMHPEROFEICOREFT IS
h, Lrd, BEXKURCR->THATHENS L
b, EYHEE FEELBEHETHHL LT, AL
FRYVVEOBETCH S E L D24+ FEX7
(Nemalionopsis tortuosa YONEDA et YAGI) & &
LizEoRREEHTIREIhTw3 ey
{53t 4 1971),

FRY /Y OEMAT—CREREOERL, #BET
BHPOFMEH S, FHEEIPRCTELTES
30~80 cm 2% % (Fig. 1 A, B), fAixiiikd & B
Lo b, BEECEiASHIRL, FOMBEAY R
RYESFTIR L THECE DI R T 5, 556
GEAD N FLANBIRCEEL, KB 2R
T% (Fig. 1H, I, L, M), o #la T %o
I & o THTieboh, BHEARIEAS R T gy, B
aFRE R bR k2K Bbh s (Fig. IE),

1) W3F 55 SERE SR U R BT T (BB B 591707) iz X 2 WFFE D — i
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Fig. 1. Figures showing Thorea okadai collected at three localities and two sites where
the specimens were collected. A. Young thallus with sparse branches. B. Adult thallus
with plenty of branches. C. Part of the Bizenbori River at Honjo City in Saitama Pre-
fecture. D. Part of the Kikuchi-gawa River at Yamaga City in Kumamoto Prefecture.
E. Monosporangia in clusters at the base of an assimilatory filament. I, J. Assimilatory
filaments of well grown thalli collected in the autumn season, showing their frequent
branching. G, K. Assimilatory filaments of matured thalli in the spring season, showing
shorter and rarely branched filaments. H, I, L, M. Potions of thalli collected in Kanto
and Kyushu in autumn (H, L) and spring (I, M), respectively, showing long and well
branched assimilatory filaments (H, L) and short and rarely branched ones (I, M). Pho-
tographs taken from the materials collected at the Bizenbori (A, B, E-I), Kikuchi-gawa
(J-L) and Sendai-gawa (M), respectivery. Scale: A 1/5; B 1/7; E x200; F, G, ], K
X100; H, I, L, M x30.
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BEEFRS JYUREEDESR

X EFCEHEES U977 AR E LCBEEEOTF RV /
Y B, ILE (1949) Mgtk LicF =2 2 U (Tho-
rea okadai YAMADA) & % DB TL{—&KT
B2, IEFCLIEMLAL 5, BEO L DiRMER
Mle b LGB BAET, FRICOWTHERRS
RTWeWF2Y 7 ) OIUEDEHEHELI., F X
Y/ )BT, BBYRETARILROIRE, o
BORTEDODEELGERED—DLIto T\ B, FX
Y 7 Y OFEMERITOVTILHE (1943, 1949) 1 XRD X 5
CEH LTV, “Bik (ALR) (EEBAE TEL
5 2 &03B B LASHC TR E 43 (1943, p.
138), KU~ “.--filamentis assimilatoribus densis,
simplicibus, brevibus, ---” (1949, p. 158), ¥/, H
AEBKERE (1977, p. 175) Tk, “FRY /VBOD
Bk, EVEIEAIRaL S h SV GRDRbR S
e, BEOHEHMIRNL Y SR LisLEIREE
Lo THBEINTVE", £HBH, FRY /D
[FEARDERH L U XA 5B DV Tkl %
DETHH L,

LIAT, FRY )BT EHNTARS
&, BEROEMHEEIC OV TOWRREI D2
LEEDDOWT, FIT, BERAEFTTAFRY /Y
BEEOEHNLBEX T iclh, BkoF
B YA L RFEL, TR, SUNE
DY DITDONTIE, §FTEHL OWFEECT L - THRE
ANIEROEALRFRD L L LI, Bibdhged
REAEZXFAETH BN R -1, TORERE, UT
DHEFENHB L1,

TR E SR BIE DA TLX, 200~500 pm DfE
WRMEARICRZE L T, B L S fha ¢ 1~3
EE E AT 554 L7z 550~850 pm D\ [l b 5% A%
%¥EETH (Fig. 1F), X 57knKLi-F{bk
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NEILKABRBDIE, KbLDEEDOFERISHAD
METH Y, BUDOHER & & LiICRLREBEL, &
Bk L DR RHERIKREC AT i B EED S B,
ORI D &, F S ORI AL E G
», G LcRbRiIED THicic s (Fig. 1G), [
LR OEROEI X 5 Fetllmik, MEDF =Y /Y
EOWTHIHEPL L THIENTE L, Thh
t, 10 Aehanc i)l TR bR BA TR S B0 58
Licffthniiobh (Fig. 1)), ¥t 12 THO
NPNDEAC 58 LicEERA LIS LIEREL T
Wiz, & AR, 3 ARIEDIIRNIIIE Ft) | OEtk
ik, LGB LIcRERIBERD BRI o1
(Fig. 1K), ZhboBE/fRcES< L, lEDF
29 7 VIBEED S O L AT, RItREESLst
DFFTLHECSETHHEEEX LD LWL T
H5,

ek, [EMbRICOWT, BEELEAMEDO LD LY
IEHE O Fe LicksS®ix Table 1 R L7 L 5 THh,
ZDEMCEAONY, M, BIRTFEDODEHRY
BlaFoRE 3%, WThOBECOWTLHiE DM
CREBERERIEDOR, LEi-T, Lk
MARICEEND, BFEF 2V 7 ) BEEIF Y /
Y (Thorea okadai YAMADA) L[RELT L\ & £
Bt

729 7 Y (T. okadai) \ZHEEDKRE X LN E
Ta—aysX, TAYH, 417 FECEFTOMLRD
T. ramosissima ZHEL L (HEDGCOCK & HUNTER
1899, SWALE 1963, KHAN 1978), [{L:4A%E < 4
BiTHHETIE2a—TR5 eT7ED T. brodensis & L]
% (KLAS 1936), L 2L, Table 2 2R3 X 5iC
T. ramosissima L\3@AEOET, FLROBKRY
BlaFROKE IETXGIEN, T. brodensis L%
EhONY, BlaFEOSES, BRTFEOAE X%
TRAENB, F2Y /) CHEEIRIRLRDENR

Table 1. Comparison of the assimilatory filaments of Thorea okadai
among the specimens collected at three localities: Bizenbori
in Kanto, Sendai-gawa and Kikuchi-gawa in Kyushu
Localities & date collected
Assimilatory Bizenbori in Kanto Sendai-gawa in Kyushu | Kikuchi-gawa in Kyushu
filaments 26 Nov., 197520 Mar., 197630 Dec., 194816 Mar., 197412 Oct., 1977111 Apr., 1970
Length (#m) 550-850 200-500 400-630 250-430 500-900 100-400
Width (#m) 6-13 7-16 6-15 6-13 7-14 6-16
Cells in number 14-24 13-17 12-19 11-14 10-27 5-14
Branching Many A few A few Almost none Many Almost none
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Table 2. Comparison of the taxonomic characters of Thorea okadai
and the related species
ch Species
aracters T. okadai YAMADA T. ramosissima BORY T. brodensis KLAS
Thalli 30-80 cm long 50-100 cm long 20-50 cm long
Color Dark brown purple Olive green Dark brown purple
Branches Many Many A few
Autumn : 500-900 #m long(500-1400 #m long, mixed [Summer: 750-1415 #m long
6-14 #m wide |with short filaments (70- 5-16 #m wide
Assimilat Spring : 100-500 #m long |90 #m long) Winter : 400-750 #m long
Assimilatory 6-16 ym wide  [6-10 #m wide 8-16 yrm wide
ents 10-27 cells 18-20 cells Often branching
Autumn : often branching|Rarely branching
Spring : rarely branching
Medulla 450-700 #m wide 130-190 ytm wide 570-750 ym wide
. 8-11 #m long 20-25 #m long 13-20 #m long
Monosporangia Clustered Solitary or slightly Solitary or densely
clustered clustered
YAMADA (1949) HEDGCOCK & HUNTER KLAS (1936)
References NAKAMURA (in the (1899) KLAS (1936)
present paper) BISCHOFF (1965)

IS & =Bl gut T. brodensis TLBHEIR T
%5, KLAS (1936) ik £ 5 &, = ofEED R bR
(REME Bbh5) iR THIK, 440 (B &
Bbhs) 3l K< Ands 05, Ln
L, FHEARDGEENED & 5B b B hI 20Tk
ERLTuigu,

FRZ /) BIEEARBETOMLR TV, L
MO EHI ORI EMACBETH D, Lich->T, 1l
DOHFECEELTE, HsHkolkiidagic, &k
DR KE LI EDIZD, EITHEFIRE THHH
JaF Do EJTERE IRVFLRDIIR E X DI
e 8T 2oWT, Fiv JIC Ui E i Bk B o st
b+ HRETHB LEZ B,

EBFORR

WERTOF 2 /7 Y o B pE o fii 5 )l (Fig.
1C) T, ALEAILERE A DFIRRI| & e iy H e
DI E ZEES)ER S m, BX 8km OiffEIh
ToMEERKMBTH B, 2 DKEEIF AT TR A
WEHRTL BEGHKDRA L HS K L &
L, ST TKENNhHND L 51Cieh, 1975 h
B 1976 D 2EMICHAE LHBRC L B &, 729
7 ) DEFHUTFIRIIEIKATHA T Bk 0 f55 8
BIRHE KRG T ¥ TOR 700 m DX TH - 72 (Fig. 2),
BADEFIMOLHECHTTT, REHOILH
b1 AR Im B L sk Abhic,
B DFIAEILTED B % BOE LT 2 R0 R L

Fig. 2. Maps showing the localities (marked
with X) where the specimens of
Thorea okadai were collected in the
Kanto district.

LTEAEL, EIRIEERE > T BHK LT &,
REREDOE TSI AT T ARIC e D
LTl AFTAHIEN R b, HAR
IKEEIRIE (1977 p. 174) ik B &, FRY /7 )ikt
fitdan, ELOEFRWIOEEX LARLT
WBLDEEL LS, 2 HBEICIEKR LY, BFT
HLERTHEL LB EDBANRL I BH, Bhnb
HLERCEIBOMEX T EIC Ly, 3ATH
CioTLWERE S DBEROEFTNRONI, L
T, ZOEReDE, LB TH 5 E TR FL
HOBFIRE e TR SR, BIgTOMHAR
BhBLSITieD, ek, F2Y /79 OLFLECE
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5 ABhOK L 6~21°C T, KkiEiX 10~15°C Off
HTholc, bobdb IIMRLAESRVRONADD
113 AREEECT, - ORATT70~80cm iz LD
AN RB R, LaL, KEAI1°C L k3
4 ATaHE 5 A LT TiE, 20~30cm D
POEERD ORI TER LY, Thbikr ok
Lie < HELI,

R UBEET 2 Y 7 ) OWEOFRIHNE,
N FDF 22 7 Y DLh iR EEL bR
Bo BEWRIREDREFHAEL 23 1T 7o o 72 1972 D>
BEERECHI- AT L B &, BIRIEOIAI
TiE, 12 ARABRKWI LR E X DF 2 v /7 ) B2 Bb
his®, ThbixBED3I Anb 4 A ARk E
STHREL, FDHENEL, DE»BHZCHITTE
e dHEIhRVCREBCD LW 5 REFEED
BEC X D), o, AMFERR F) T8 308
FroHs (1976) i k5 &, fEAROFWIITE, F
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OKUDA, H. 1980. Electron microscopic observations on a brown alga Undaria pinnatifida
(Laminariales), with special reference to the fine structure of the epidermal and cortical
layer cells and the mucilage gland. Jap. J. Phycol. 28: 255-263.

As a basic study of the morphology of the Undaria pinnatifida, electron microscopic
observations of the frond were carried out. The fresh materials were obtained from
Onomichi in Hiroshima Prefecture and fixed by double fixation of glutaraldehyde and
osmic acid. After dehydration and Epon embedding, the ultrathin sections were stained
by uranyl and lead acetates. The findings were as follows: (1) Several chloroplaste were
seen in an epidermal and a cortical layer cells. A lamellae band of the chloroplast does
not differentiate into grana and stroma lamellae and is formed by three thylakoids. (2)
Some thylakoids of the chloroplast were connecting each other. (3) Mitochondria are
mostly seen at the end portion of thylakoid. (4) About the mucilage gland the fine struc-
ture of the sticky contents, the membrane structure and different stages of the develop-

ment were observed.

Key Index Wonrds:

Carotenoid ; chloroplast; electron microscope; fine structure;

mucilage gland ; Phacophyta ; thylakoid; Undaria pinnatifida.

Hiroe Okuda, Hiroshima Jogakuin College, Ushita, Higashi-ku, Hiroshima, 730

Japan.
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Fig. 1. Light micrograph of epidermal (E), cortical (CL) layer cells and mucilage gland (M).
%500. Fig. 2. Electron micrograph of epidermal layer cells. Fig. 3. Epidermal cells near
the cortical layer. Nucleus (N), mitochondria (1), some chloroplasts (C) and Golgi body (G)
are noticed. Fig. 4. Chloroplast ER (CE), connecting with nuclear envelope (NE). N:
Nucleus. Fig. 5. In the cytoplasm of cortical cell, mitochondria mainly seen at the end portion

4
I

of the chloroplast (1). Golgi body (G) near the nucleus (N). (Scales in Fig. 2, 3, 5. 1 #m.)
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IFig. 6. The chloroplasts surrounded by the double layer membranes (chloroplast mem-
brane 1). A lamellar band formed by three thylakoids and some thylakoids are connect-
ing each other in some portion (#). Carotenoids (CA) are also noticed. Fig. 7. In the
dilatated cortical layer cells (CL), vacuole (V) occupies greater part of the cytoplasm.
I£: epidermal layer. (Scale 1 /m.)
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Figs. 8-9.  Electron micrographs of the mucilage gland. 8. Various dense materials sur-
rounded by membrane system at the center of this gland. Uncontinuous membrane (1)
observed peripheral area of the gland. 9. In this gland amorphous materials seen in
the membrane system. (Scale 1//m.)
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Fig. 10.  The mucilage gland (M) connected with neighboring cell (C) through opening (O)

of the cell wall (W). Uncontinuous membrane (1) are observed. 11. This mucilage

gland consist of small sac like structure (V), and no dense materials are observed. C:
Cut surface of other cell. CM: cell matrix. (Scale 1/m.)
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13

Fig. 12, Some part of membrane system of the mucilage gland. Arrows show continuous
part of the membrane. 13. Some mucilage gland (M) show empty contents with out
any membrane nor materials. C: Cut surface of other cell. CM: cell matrix. (Scale
1/m.)
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Singo NAKAZAWA: Seaweed re-

search by TAHARA’s school, Tohoku University

B ADEWEDITRIT, \ s o0 Difih s b 5 & T,
ZDO— DX IHEILFEKREDOHFIEA (1884-1969) i
BXRTAMNTH A5, LicAi-T, BELREL, %
rhdiemh, Zolithk QS cbRVH L
IXHENTH B,

FACFERFEFREDFERE T 1921 5 (KIE 10)
4 BB & h, Tl ¥ 5 &6 L1c 6 £BED S b,
5 3 EEVEY SR L O T, BRRAILER
R EN\BEER (BER) 55, T I~BHBER CE
Lice HAREDIECKEE 264 b, 1923 FIim
ELTHEBELY, MOWEF Y HEUTH L LR
27,

AEOPFRIRG L =205 H5Tbhb, 8
Lix# 7 Bl L & T 5 HMIBRIZFHTET, £
DRBIEFROFRLOME LTHBIAT 5, 8§
2RAACEEOREEBL L Tav v+, H¥ig
L O R L ORFEEOHETH 5, T LTHIN
® v &9 5@BE%P0E Lic Fucales DRESGH, 4
FEMIURR, MFATe EDRRETH > 1,

HEFER ORI OV T, #3K NIENBURG (1912)
btk - T, FIRAIRNcORRICHERETH L
AEbR T, AROWSEIC XY, Fhix Sar
gassum BOHFOHEE Phyllotrichia Z DUz EA D
4T, {holE Bactrophycus Tik FiRAIQLE
By L, F7ofthoFEE Micracantha TRHEEHIC
SEET B Ermbhi, ZhbIOWT, HiRkMNE
DI HER R TS, RS A 1%, RlsHrRE L
TERNEEL D EATEL (HF 1940, TAHARA
1940, 1941),

B U D\ Tk, Fucales £ 1 - TEIP
Lz 3EDOHENC L b 8 E LD b Sargassum
T8 BE b oo ¥ EEIPEN LEDIBEL /2y, 8%
D5 1ENZRELTRECH TN, B0 7RILR
ek H EHRTERA LI, Fio Fucus TiX 8#%h
FRENRLBEOINCE T DR, 1EORIPRFIC
SEDIINETHZ L2dbh, Zhb 8IiE 1%
JRohRIC Th 2 hEIE D Pi% & OfEs AR
fi2FlX ht- (TAHARA und SHIMOTOMAI 1925, ¥
B 1944),

FREIZO\TiL Fucus DX 5T 1EDE 1R
BEREZETDL 0N, Sargassum FOMD X 51
8E~32EDENEETHLDOET, FMDE 4 T8
BB EHRHLMIIL o I 1947), XbHI, 8%
% 4> Sargassum DI ZREBC EARYGEK TRLE
BE, REEOELEHILL TRBRCHTHB L
%R Lic (TAHARA 1927), = OPFRITDOHICHIRD
R DERFEEFINRCE L OB ERE Lo,

HRE & TP N L THEOHAXTie - oD,
YO F T RBEETHoTc, MHITFFT Sar-
gassum OEHFECDOWTHREHFERIEREL T
\v%5 (TAHARA und SHIMOTOMAI 1925), #F7-24
BE DA T 1927 I FEE LI BIRIE R, i D%k
BELEYIEC RN T, BEOSETIRCHEFL,
Ectocarpus &>k LT-BISER D, D BIZEATTKEF:
NI U7z, 1928 SRS 2 EE U RE— X H K o 1F
BOTIZD Fucales UWE, 5%, RIBHK e &
DIFTEE BT 21T7c > oo iUt Cystophyllum
sisymbrioides ¥ L O C. turneri DYPH% Fucales
BRT, 8 1 kIR % 32 T 5 Z LWL L
7- (OKABE 1929),

BE R EIROIREY ZT 1930 i ZEFE LI,
FARD D Fucales FEOYRIZ KT BER DT
EHEBEWNCHIEL, FOBRIEERF~EEL T
HHLZHERHL, SHAEOREOWTLIF
L, FHRERRCHI--> CRILKERZL LD,
RHEEY, BIL=#=RREM % DB T bl igiEdr
Rx{Ex 1z, Fucales DRAIZE+ 5 HEF ORFZEIL,
FB, B LT, WIS BB A %S L RIS
R 8D L, DHIZFIEDAIMEBIZH+h 5
N X 5T, POKRI EHENGBROCH D
&, FRYROFRENIIOKR X &L FTRERERT
LERPBMIZ L (INOH 1932, B 1944), L&D
BHE T, BEIEALEIC DL T BT - T,
WO DRICFAERXF L, Thik - TRHfEE
Z, RFHNCBFIART: b DI1F &R Bic, F
reiaFrvhBITh B Z LR LI FEEF 1947),

DT 1931 FILFEZE L EBIER AR, DIk
MMEHEL, BRREBERINCI\ T, Fucales D

1) BS54 9A30R HARFFRMHEEKC ST IMHMOEE



g MBEEDYFEX Tie 1o, FHCIEETXED
&% Coccophora ¥ X O Sargassum DYPH3ZHET5
LET, TRHEERIETE L E, TOMIMERIER
ML BRATH S (ABE 1941), HOBIZL Cy-
stoseira \Z 2\ » T F4 ¥ A KNAPP (1931) i X h &1
BT ey, Pk hi OB TR LIcDTH
%, DL EREZE L, (15 TRiEho L 25,
L 19454 12 BB L7s,

FIELABIC HIR DT & LU CHleEOPFEC e L7
D1 1943 FEZEOFREF T, ELFIKRFT KT S
HEFIT & LCEFRARETH o e, PIRIEZFEFED
SEI1Z Sargassum confusum DRZFsI % EEMHKT
MEL, BAEFERCHTHEN R 5DRErDI, 2
ST S. tortile DYFE £ — & v K& L B THEEED
To5E, PBASHEBRCGET 221200567, K
BEROME T ThCEEIRT, LolXbIinAsk
DU & o TRIRDMEIRETHZ LB L
72 (NAKAZAWA 1951), Zhali¥E7c-T, mh
GAlfaD Bt & BT R DR LR B 2 L &
-7 (NAKAZAWA 1961),

L 1946 SR HALRF 2 BIK L, 1949 SR BRI
MMRFHEE LD, 1956 Fi2 5B L THEIIRZE
IZEA T A 1969 4E 2 A 17 HIC LR - DR L
oo TFahKid 1929 AL REANERIN L, 1963 4RI
FRFEHE X EEREL, BELEMCEATH5,
MRS T FERNGL L, b TAEE
g b, 1977 TR UBIEMZ) IR EA T
W3, BERIRMILKFE & 1972 AR IR L B 7E
IZEATWB, LichioT, HEMTCBRCH S
DIEFRDOHZTH 5,

HERE A b FRANDOEFEW RO NIL, IWEKETRK
HEF, BEREESICEL Bht, KL Fucales @
THARECDOWT, Tz Laminaria DWER
BUZ2WT, HLOWFREZREDDOOH B,

FERlEichich, KAEE, MMF—, BEERE,
HehfETE, RHERBOERICEREZTT o LicxtL

265

WHOBEERET B, (990 Wi IAJIET LA B
FIEFEHRE)

5 B X @

ABE, K. 1941. Weitere Untersuchungen iiber die
Berfuchtung von Coccophora und Sargassum.
Sci. Rep. Tohoku Univ. 4th Ser. 16: 441-444.

INOH, S. 1932. Embryological studies on Sar-
gassum and Cystophyllum. J. Fac. Sci. Ho-
kkaido Univ. Ser. V, 1: 125-133.

WEHRF 194, 7 -7 2 0fARKY¥, MRERFERURE
LFERTROES. EHFE oL I, ki,
493-592.

BRI 1947, WEmoRE. LM, ER

KNAPP, E. 1931. Entwicklungsphysiologishe Un-
tersuchungen an Fucaceen Eiern I. Planta
17: 731-751.

OKABE, S. 1929. Rhizoidentwicklung in Embryo
von Cystophyllum. Sci. Rep. Tohoku Univ.
4th Ser. 4: 591-595.

NAKAZAWA, S. 1951. Invalid stratification to the
egg polarity in Coccophora and Sagassum.
1bid. 19: 73-78.

NAKAZAWA, S. 1961. The polarity theory of
morphogenetic fields. Ibid. 27: 57-92.

TAHARA, M. 1927. Experiment on the eggs of
Sargassum. Bot. Mag. Tokyo 41: 142-149.

HEEEA 1940. AR/ AR/ R4k WK
54 : 148-151.

TAHARA, M. 1940. On the development of the
conceptacle of Sargassum, Coccophora and
Cystophyllum. Sci. Rep. Tohoku Univ. 4th
Ser. 15: 321-330.

TAHARA, M. 1941. Further studies of the con-
ceptacle development of Sargassum. Sci.
Rep. Tohoku Univ. 4th Ser. 16: 9-15.

TAHARA, M. und SHIMOTOMAI N. 1925. Mito-
sen bei Sargassum. Sci. Rep. Tohoku Univ.
4th Ser. 1: 189-192.



266

EBEXE - REKXS™:

taro Masakl and Takeo OKUDA :

FRIMTTRhbhcESEOEER2SCHFE LT Tomi-
A brief report of the Xth International

Seaweed Symposium at Géteborg and the International Phycological Society

Meeting at Glasgow

Il 2 D OFIFABI RO R 2200 & D50 TTTe
bh, WTFRLESMCHT Lic, $TELVEAIC
HENIAN YO FETD) —N Y=, Ax—F Y,
7 v == O3 LA CHE 10 [mEERRE S R Y Y A
NEBH8H11~15 Hic 2 = —F v Goteborg ThHd
i, ERERT LTS bR S s, g0
AT 2945 A8 3 6 Hoilic Copenhagen
K> CHRISTENSEN HfFD & = Alotfe® b i for
T L, FREELC SR Toh i i 7,
ZD 5 HD—DILRFDIEAZE T, #5447z BORGESEN
% ROSENVINGE DfEANFE I THT, Thb%
T LT D TREVIESAC T, B8 2 BRC )
i, 2= —F VIR - 7o { DB NER bR
WTHY 30 44 (HARA 9 fake i ts) 3N 22D ), 7 v =
— 2 bl Frederikshavn HiF L T Copenhagen
L L4 Ao i Lz, —fdkdhc ol
HEpEDIER)5# Furcellaria fastigiata (FL3EA 2 75
rx=F)) opE Havnsg (2% D, Sl 1L
T DETH -1, N & TR KRR & - T
fodiEENPIE IR T TG E D IF AR L7,
UL, MTRESTER D Eakioni e o bl
HERARA Tz, ZETHEEDAED DY T ¥
7D Eucheuma (GIfa+"Y v 4 4) &AL Thli»
T DI, ZTDOHD S HILT v = — 7K+
® Jutland 1 7= ) —& — b TP bH Rold Storko
DRRINC B & T v TH 1 HHDOEAFEA, BHIK
AT I i Frederikshavn 124 % Copen-
hagen KOG FEBRANCFGL, )il
T, WO E2 LT 5 5 B b 2otk iF 98 &
NEILSEN XA D#M%E 5, FHkiEicdh st
— oy N ROWRCES, ELL—RErBL, £
ook 7o & FERRINC i Thitdede & e, B2 £
5 DN L THHE DG IS WD i E R 2 L
72o N E U D OPLIEGCKETIH - 72 b b 3 #HE
A CHRISTENSEN #UJZH % D T 4 O fzdbic i
FIT DRI B A A S A DIIE D » { ) Lieds,
A Z D THZ T te, BRI &
Blhito T, FAEREDO T — T D s hE hfilifg

NEEHC AN TURB A% L Uil s M o
Sh, VR MEIEBMNRSC Lok, etk
FERTOD 2 D51 Fs 28 RBNCTHE o To ATEDS, ]
FEDIC BN A D, ZF > Ta—7 2%k L
THFFTEETT v~ — 7 IRBEOREHE LA T,
BHIX Frederikshavn 735 7 = ) — &K — b T 4 i
DIl 2 LAES Goteborg 12 -7z, T &Ik
[T A & {F 7= LEVRING {42 3l 2 T <
h, —AEFEEL VLW IAFIC o 72 & DA ¢
L7 CHh D, FEPEINGRA & &l b 25°C fiiff
FTLH Santa Barbara 75 k5i 7 GIBOR fii|:
VL E D TR ORI RR S & S b i R DR G L Tk
HoleNETEFORL THTHotz, BIMEL 34
A, 280 FFE (M, HAAGGHIR A B e 28 25w
T 15 43) T, RFOZERC R 7 M ey
L, &k hbofE s bt v i 4o Svenska
Missan & 5 5 VIR aB oY) (5r-1) »4
Thhteny, WD Laa TRl ik oo
oo WERPIELL A, B, C o 3R bR, o
5 BILHE R & I A JLO8 B 53 b Abwicle - C
W, HEMO 72 BT 5 DI HRITH H, AT
EOHE, A, AEIG, BB & DREEA s b o
%<, PERERRDE N b — iR A G R Lic b O
bdhotz, BETHEE LCEECHEEMALLD

BE1 10 [mEEEgEeE s v E 0w A
(Gotebory) &8z CHh
7= Svenska missen (1Yt

T HE)



T, b, RO, AR, RSE, AR, Mltrc
EDNEE ST Itz » T tz, MEEIEA & — s
LT\, Filif & FEROBEDOHEICIE, BT
BrabLih, m#Ex T30 i Thot, C
Fih T T LAY Pharmacy (35 @ ses-
sion ICHWBR7z, Z D session (Z45NE UHTD
RBRTd - 720y, b F RN ten 1ok TH
b, FEINIHFBEUL A E57, B555, C% 26T,
Z DIz £ 2 £ — session A3dH H Kk — D EHF
WEhrz, P E#R MBIt E D, LEoH
D—fFE LD > BRI LTI B 2 &b o1z,
THURT AND)j iz X b, gt o V35 o1 'H
(MULLER), # ) 7 % n =7 FEXRMEEEO R (NEU-
SHUL), [ 7 # Y 5 O#g#Effses (OLIVEIRA), #[#%
T & 20 B (STANCIOTT), drfE o ifii il (TSENG),
T F O MENER (LARSEN), {fif#o4dH &k
£ DR (LUNING) DD L, L1, ThEhHkDH
HNAT TSN, vy RY 9 ATHRE
SRICLDIZOVTIETRTGEV Y biciiiighs Z
LTl o T B, A lENEAREREEBERE U O w i
Rl E LSO RE MR 3 A0 Jj 2 2Nk Lab TS
MEA, FHT T X THA SR, T o8
DEREIZ DT OGMBITII DN 2 Dl L7z, 2
W OB = 7 4 pME SR TEINE R Lo
TSRS R Ie s o 1o, FOHTLEBTH o120
1313 BT /e 7z Marstrand f5~0 1 o o«
2T THRA ER BB, MY (51-2) %
r2h, WhEILDLAKDETIEDF F —r—F
1B Y, FETERCHEHY E X F LI, ¥8k%
DEULHTTHND & 7 v TEAMOEEA SR, TIES
L\l A 7o 22 2 /ED, DOTY  fli-bps SR E
HafiRaeodbh, 010 MCLACHLAN [t
fExhtoc &, KOT1983 Ficixrh[EDWL T & mn

BEE—2 Marstrand & (A x — 7 )2
BB EEIRE

267

§ o, 1986 4RICIL T 5 S v DFHETH D = & Hi—IF
TSR T, YlhaisLiaoo, X, HErlLE
b L,

ZDWH/ —n Y =D Bergen Zdulnz L 7c B2k
T L EHOBME,r D> T, FELWL 73 —v FaX
LAED, foh HOREEID I,

VEDSWT8HI9~22HE TRay b7V FD
Glasgow K2 CHEBEMEI S S0 BE S R, Gote-
borg DEFLEMBHEME Wi fxb KEEBbhis,
Glasgow TIEIIE L INFiD 7€ 5 D & Kig Tl fka A8
DRI ST IS HEA Loy, 100 AL E (Y,
HANGIAH A REE bhbhE{ET4A) O
LA D, FhA E 4 En Queen Margaret Hall
ERIRFOLFHAERCEAL TSR AT L
72 BIXEZ—DICTHEE 5B DD, §IHHE
FLL EFTHEDERDETLL DLW H 2 %%D
Bz, Zo¥LoBERIEL LT Glasgow KD
BONEY {442 & » T h fricoh, EHicdiisaid
BB S bIcFEL L QA TEBR 2 DLLD
B & S D ke W oW R TH B, NIRTER
RSB T, DL L b - 7ohs, FEFREL
VL 62 TIRAKHC T B L ONEHTHN 1, D
24453 Santa Barbara Tfiicdois-a8 9 [0l [E PTG
YRV Y ATHHKSNIOE D, FERMAEE L
SR R FEFT B, EEEEEESFRLT
Fnniz b oT, ICHEZEAE TSy v RO Y
LLIZEDHARICTDLDOE L THRELI, ZD
Bere DM M % 4 T PAPENFUSS £ED Y & T
aFak R 3 ald 7o, FREEREEC F CTHRLGEH
i TIe R, OHMCIRSINF ST B A A L
Wt B 5iEE T o, BETIESHEIE Inter-
national Phycological Congress OAMIZ LT, &
Bk 1982 FEI 7 + £ TD FT78 5 2 ki ExRDI,
X, #BETIE SILVA 2 EHIREFE S OB RIZD
W IR, A — 2 b T ) Y TR ASREL,
Azt WOMERSLEY b2 (T Shi-o &
L, FEE Tz Loch Lomond ~ @
AT S A & D Ifeh edicie b, JERICHIR L%
L Eicot-h3, 21 Hizik Glasgow KEFEDHEFEF THE%E
anbtch, ToHETHIED Ry FFT Y FEYR
REFEE (D)o NHEC Lo nd D, HEELIA4L
ST b DO A 5> THO—K AL T TITH
LA, FEINi 0BT RS R RO RS
# & 2 Phycologia (2> F7ETH B, (F041 $H
SE T PRI 3-1-1 JLifati KSR PESS, *+812 frald i it
[ Gl 6-10-1 JLHIRS RS



268

¥ =R

1. #HbEOF®RAS WM5FETA8A
KSR EREHIED: L ¥ LEBO— L%
Wy 2 —CETTHHCOVLTHER LA, HEIN
rEHEYEEC L TARIERESATIobhic (K
HEE), AW Bey 2 —~OEBEILOLT O
T, AEERERIEP R EmIE TPFERRTIT
] OMAHBRELIDT, £EDHLLRANE,
FHRTAEHABCOWTRETAZ LIt 1,
2. BH56 &, 5T EESRRCFHARE
8 A 20 H I B E A bW REALMETGEL,
9 A 16 BiChHHIER, AFIERKDOMNED L & iCh
TAfTiehbhic, TORE, RDOF 4 nEIH S hic (K
Fiu&),
ARk TEHE
FHB
it 8 58 3 X
#H oL o X
B O o K

PR e - BRI IER
FiRETF
POEFIEE <K L -3E E=-
PEER— - IS
EHEMPLER - B ARE
Holdy BB - BRiiaLE

FE - WEEX fKIL B - KERY

oM o XK RERS - GHER

3. F#HRASL WAIS54E9 A 30 R (FILKFHEmE

£HE)

WL BARMAR. FHA: BHEHE, K&
£W, NGB, SRIE §5, Mk 8L, #EIBER, T
BORKE, $B %, \WREE, SHEEREZAR.
R EREH®RY,

(1) #HEHE

(a) FEBEAR 9 H 16 HCHZED T bhicsR
WO FHHEBEDOERCOCTHREN D o 12,

(b) £EHBIGR FEBEDIETLTVD28EHMA
RHHI80% LBEVZ EDBEND -1,

(c) FRHERAfR 28% 4 B TEM Y =SBt ER
M (i 4R, FIX2R) rERIh D ER
ERH o1,

@ # &

(a) BB OEMERHTHHY SO &L F&4H
Bty 2 —~OEBFEIEC S HMS5 FETH
EEEZ O,

SEEFEFHLE LTHEHE v v 4 —EBERTY)

FOE o K
I U P8

# =

SEREREYG 36 51 & BAEEBITEH D 1o HDOE K
ML) (fLIR—EE) 5 FHDOHHAEBROBRBDD
i, WAL A B DOHfEh4 70 HH %
(BL, SWE ALY THR, YEEREE LT
FEINRTWHEEBREDMOIAD—EHr D EELDE
MEHAFebha o Licied), B RIEER
& LTRARAFEOEE, AEORERVUESHBIND
ETHBH, MOV TESBEEBR & kAR
ROMBITHRE L, 55 ERICIFELHE + v 2 —ICER
D ENTiebh b,

(b) IHEHEKSITHONT

A4 OHAICOWTRRIEBRO T Tk & 8
LT 2 EMFRI NI,

(c) 5 EEFEREDOEY

AT O TS B RIC—ET 5 2 & RHUKS
nito,

4. BE% - BE&

HAFN 55429 H 30 H (17:00~20:00), HAMEHFE
45 EALSDOBIHES L U THIEAELERIT I\
ThfE I hic, PIRIEFE (LKREEREY) O T
JE KRR B AR BEFOWRE) (ER &
SRR, KB4 OiEN MTiebhis,

glEFE, FILLRFHRBARFEHK LK) o
A& CTBRBSrBrNL (BnE T54), s B
BAeOBtcHIo b, T ORI & EEI R
FALRFRESIMBERRKL O OCCHEHHYEREONH
%, BALKOK EEDFFERT RIS /e H O A 0 LR,
BOEIERFERED NTAPRCELS #@iLp L LS
1ol

Bk BIEEY - FEE - &8 - TR
- MR - AN - B 19 BET A - 5

W= - RO - B B - FIaF - BRE £ R
HAEE - HE B RBIHRAT - = o v -
IFa-vedh-¥ /o JIIBAET - InEFIESE - )I|H:EE
BRI 8- TBEF 5K - SRR - EEEARE - BK
SN - AR BL < PRERT - BEEGESR - IEEE RS -
=HIREE - EHRSE - ARE= -l R - ELEs-
ERRT - BEAAW - RIRET - BIHAZK - BB EE
- REBT - BIRESTF - BR—2 - BE—HE - 5
HRE « REFRW - NIAH - BREET - FGELR -
REWE - WEEE - HEE— - HPR= 00 %=
IR - WH-GEHE - 5l - B & - 80m



269

th - BERAIEAD - BRI 1 - SHEKE - EETE - FR BEBEE - LLATRSR - B R - MORER - SHBE -

AF - BERRES - AT - 01 - ¥ 3K - AT - BHRE (CES
5 A =
& FEE

2 = EREE (FHE), WAER GRBUR), B K- RKEF (WR/IR), HARHE- A«F
¥ ML), BE f GRER), EREEE (RER), RERX (AER), RBEE (BRR),
BRXF @INR), B 2% (BAR), xHECS (B4 H), Fisheries Research and
Development Agency (Korea)



B REDBEEERSHT+CF/RATA
Rzl

—

L ABOPHOT

XA L LT OPTIPHOTOMEESR
ITNCEEDFELT,
LABOPHOTI3 . OPTIPHOTOHEAEE 245,
ST NTRIERHOH Y, EQIRELENELTH
RUABRETT,CFYAT4 6V2WHNTY YT
YTORB.RER I EE 7L T, T-ALOREL L,
OPTIPHOP LRI ERE X L&t RAk%: ¥
r—7IILTVE T, R-2BE b 7 VAR HCLELT
FEARECT S5 M EAR=ZE LS 20E)ID
B|HIVNT MEEHLE U, E7-, BB E RS

RIoEAONHBL, T TOLHLELE, KN
PT RN, BERBICLT AR 2 52> T0E

kD
AEMELTOMEE BIEM . REMETATAETERLELS,
OPTIPHOTI}, KNMMAEHG AR T A¥REE LTMR L LOT, BIOPHOT.
Vo) —XCHEFEBTVACE VAT LAAMA, E5IC HLOEHTHELLREREMRL
F U7 228 21, RBIIEBEOEVIZVSOW TS Y 7 7 7Rk, BRETH A X v (g
PEBTEEY, LYX, FYAL, IT-BEORFBHIEERIMLTEROHE L1,
TR RREEAGH>TRALEL, o, BYZEERN #EEL, ERMI-T(V 742
EONCHELT, RERSICES7LT, T—AMERE, THoEN LR IKTT, BUEEIE g*
L Y ADMEE A 7T VICRET A TRy — 7R R, BE S EEETYINRIZLT R
BETEREIILELS, #57-FYABTELTWT, BHRE TR Ch-BERTE
ARELET,

BAAFE T EK/RR AL ¥R T060 AL XAENEL —1 3
KBHOELTL231—7896(0)
|43 o F o) #Re Jdb B X EFE T AEEIEXIE8 &5 —1 5—1
WhLRHHEYILTL741—9381




P hED

TEOERYE CHFEOHCHEMAKL ETOT, ZEHBHRE THHELALXT IV, ([lifgdXkbe &)

L [HE Ny sFun— ik, £B12E45 1,000[, FLECIIETL50M. R5: 14125, 5%
15,6%1-3%5, 7%1-35, 8%1-3%, 9%1-35.

2. [FJ|) #F35) 1-10%, f{fits, £8 1000/, LA 1,500/, 11-20%, £8 1,500, F&£R
2,000 4.

3. WHAEBELEMS HH 25 %N, 1977 ASKER, xxvili+418H. WHELDORY - BE - EH—
B BN RO WA OBESE L D FERI IR 50 7 (33X 26, T3 24) B {HiK 5,500 F.

4. BEFPEIF -8 Contributions to the systematics of the benthic marine algae of the
North Pacific. 1. A. ABBOTT - BARZE ML, 1972. BS5 KR, xiv+280 &, 6 KAR. FEF146 4F 8 A LR TBA
X NI ERRIC BT 5 BBl ¢ + — DOFRE T, 0 ROMIESE (330 »B#,.  {#@H 3,000 .

5 tBEBAAOIVTEERAORBHEPHHE 1977. BSR, 65 H. BM494E9 A, LR ciiicbh
HARBFLER (2 7T 5#HEE] ORG 4RNEHROER. ik 700 M.

Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Institute of Biological Sciences, The University of Tsukuba, Sakura-mura,
Ibaraki-ken, 305 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-25, Bulletin of Japanese So-
ciety of Phycology). Price, 1,250 Yen per issue for members, or 1,800 Yen per issue for non member.
Lack : Vol. 1, Nos. 1-2; Vol. 5, No. 1; Vol. 6, Nos. 1-3; Vol. 7, Nos. 1-3; Vol. 8, Nos. 1-3; Vol. 9,
Nos. 1-3. (incl. postage, surface mail)

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962), Price
1,500 Yen for member, 2,000 Yen for non member, Vol. 11 (1963)-Vol. 20 (1972). Price 2,000 Yen for
member, 2,500 Yen for non member. (incl. postage, surface mail)

3. A Memorial Issue Honouring the late Professor Yukio YAMADA (Supplement to Volume
25, the Bulletin of Japanese Society of Phycology). 1977, xxviii+418 pages. This issue includes 50
articles (26 in English, 24 in Japanese with English summary) on phycology, with photographies
and list of publications of the late Professor Yukio YAMADA. Price, 6,000 Yen. (incl. postage, sur-
face mail)

4. Contributions to the Systematics of the Benthic Marine Algae of the North Pacific. Edited
by I. A. ABBOTT and M. KUROGI. 1972, xiv4280 pages, 6 plates. Twenty papers followed by
discussions are included, which were presented in the U.S.-Japan Seminar on the North Pacific
benthic marine algae, held in Sapporo, Japan, August 13-16, 1971. Price 4,000 Yen. (incl. postage,
surface mail)

5. Recent Studies on the Cultivation of Lamminaria in Hokkaido (in Japanese). 1977, 65
pages. Four papers followed by discussions are included, which were presented in a symposium
on Laminaria, sponsored by the Society, held in Sapporo, September 1974. Price 700 Yen. (incl.
postage, surface mail)

BAS5412A 58 M Al FERRTE F B B &£
RMSSEI2ZA10R & FT060 HBAHALXILI04£E8TH
T EAFREREDFEHEA
AL,

© 1980 Japanese Society of Phycology Boomw X * E B M i
HeErrsh R 3 £H 7 T 342

2 & R
X o®om o8 ® 7O B X & B ¥ &

T 060 HHAMAXIHIOLRTESTAH
tEEAFEFREDFEHEA

Printed by BUNYEIDO PR 3
rinted by O PRINTING CO. 5 = o 16142

FHROBRBO—BIXBEMNEHRBHDE WERRATE) X5,



F28% 45 BMS554£12/510A8

8 x

EE—R - MATF AEFR -RF W: FI7RYE/ VDT F=

FET L F o AT DU T eeerreeneenseeteahe et et ettt e bkt et eh e ettt nh et bb e ettt e anbeennrenntaan (#37) 205
EEEERR - TECHE: WESRBEY 3/ 2 < B2 DB L FHH oerererrerereenrnieennenne (3E37) 211
BORE - MEE 15 BEEESED 7 007 40 a:blf e ($37) 219
NigEiEs - BARRE . BAHE, 88 Delamarea attenuata (KJELLMAN) ROSENVINGE

(=2 7% E  BTHR) DILFEFEEYBIES - veovvermeeereeerene s (3£37) 225
FE % UEEE: + 3 rFoR (GER OMRFEMIIE 1 ARNETH 233
HEREE - BK B AEI Y ET T2V E (TR IDOU Torrrrrrerremresnsseinssse s seese s 241
i B BIBEEF R U/ U BT DU T corerrerrerrenenee it 249
BEIE: 7 4 RAEGOBETEEGEBE—RCERE, MRS L

VRIS 0D B AIHE ZE T DU s T vvereeeerenseemnensenteen et e s 255
HO®
BEE—H . SEREIMESRAE A LS ceererrree e 201
HEBE - HAAF: 20 ) OREAMCEETRD T 12OV T e, 218
BRIEF : FALAEMEPI T DBGERIFIE - voovererrrerremrrerriie s 264
EBEAR - BEARE: KN THchR A BEDOEEESELIT R LT cooverrrreemeemneennenin 266
S a R eereeeeeeesteesresteestesstestesstesieeueentonteihtatete et et e bbbt e bt et e en st e bt e bt anstentbaenrennren 224, 232
BE A BEED ettt ettt ne et 268





