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Some properties of partially purified protease inhibitors
from a red alga, Porphyra yezoensis

Tsuneo WATANABE* and Kazuto WATANABE**

*Laboratory of Biochemistry and Physiology, National Institute of Environment,
Tsukuba, Ibaraki, 305 Japan
**Institute of Environmental Science, University of Tsukuba,
Niihari, Ibaraki, 305 Japan

WATANABE, T. and WaTanaBg, K. 1980. Some properties of partially purified protease
inhibitors from a red alga, Porphyra yezoensis. Jap. J. Phycol. 29: 1-5.

A plasmin inhibitor fraction was obtained from a marine red alga, Porphyra yezoensis.
It was in partially purified by gel filtration on Sephadex G-100 and by ion exchange chro-
matography on DEAE-Sephacel at pH 7.4. The inhibitors fractionated on gel filtration were
eluted in the region of M.W. 5000-40000, which inhibit competitively the plasmin catalyzed

hydrosis of H-D-Valyl-L-leucyl-L-lysine-p-nitroanilide (S-2251). These inhibitors seemed to
be of protein property. They were also effective toward trypsin. Thus, it was found that
proteinlike protease inhibitors occur also on a marine red alga, Porphyra yezoensis.

Key Index Words: Plesmin inhibitor; Porphyra yezoensis; proteinlike protecse

inhibitor ; red clge; Rhodophyta.

Proteinlike protease inhibitors are widely
distributed in the plant kingdom (BIRK 1976).
In cotrast to higher plants, protease inhibi-
tors of algae have never been studied in
detail except a few red algae (WATANABE
1979, 1980). In view of this fact, we in-
vestigated precisely the protease inhibitors
from marine red algae, Grateloupia livida
and Grateloupia elliptica, and found that
some of its properties are characteristic of
the red algae (WATANABE 1980).

Then we investigated the biochemical
properties of plasmin inhibitor of another
red alga, Porphyra yezoensis, to compare
the results with those from the former red
algae. The reason for choosing P. yezoensis
is based mainly on the fact we have recently
used this alga as the experimental material
for the investigation of specific immunother-
apy for cancer. This paper discribes the
separation procedure of the pharmacologi-
cally active fraction of P. yezoensis, and
these compounds to have a proteinaceous
nature.

Materials and Methods

Algal material; The frond of Porphyra
yezoensis were obtained from culture grounds
Harima and Akashi, Hydgo prefecture, in
January 1980. After dried in air, the fronds
were used for extraction of plasmin inhi-
bitors.

Chemicals; Plasmin, H-D-Valyl-Leucyl-L-
lysine-p-nitroanilide (S-2251), and N-Benzoyl-
L-phenyalanyl-L-valyl-L-arginine-p-nitroanili-
de (S-2160) are the products of the Kabi di-
agnostica. Trypsin is the product of the
Sigma Chemical Company. Coomassie Bril-
liant Blue G-250 (CBB G-250) was obtained
from Bio-rad Laboratories. All other chemi-
cals were purchesed from Nakarai Chemi-
cals Ltd.

Extraction of protease inhibitors; Algal
fronds (1 Kg) were ground with 2 liters of
cold distilled water in a Polytron homoge-
nizer. Homogenate was filtered through
five layers of gauze. The residue was
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treated again in the same way as above
and the extracts were combined to centri-
fuge at 10000X g for 30 min. To the superna-
tant was added solid ammonium sulfate to
a 65% saturation and the precipitate formed
was collected by centrifugation at 12000X g
for 30 min and dissolved in 25m/ of 0.0l M
Tris-HCl buffer at pH 7.4. The solution
was subject to gel filtration on Sephadex
G-100, following by ion exchange chroma-
tography on DEAE-Sephacel at pH 7.4.

Protein assay; Protein assay is based on
the observation that the absorbance ma-
ximum is changed from 465nm to 595 nm
when the inhibitor was bound to the CBB
G-250 occurs. Protein contents were de-
termined by the methods of Bradford (1976),
to obtain the plasmin specific inhibitory
activity, using lyophilized preparation of
bovine plasma gammaglobulin as standard.

Enzyme assay; Inhibitory activity for
plasmin was assayed spectrophotometrically
by measuring the degree of splitting the
substrate S-2251 because the rate of p-
nitroaniline formation thereby increased
linearly with increasing concentrations of
plasmin. Assays were performed in 10 mm
quartz of 1.0m/ capacity. The cuvettes
were placed at 37°C in a thermostatted
compartment of a Shimazu model UV-200S
double beam spectrophotometer and the
reaction was recorded automatically. In a
small test tube, 0.15m/ of 0.8C.U./ml
plasmin solution, 0.15m/ of 0.1M Tris-HCI
buffer, pH 7.4 and 0.9m!/ of sample were
placed and preincubated for 60 min at 37°C.
The reaction was started by addition of
0.8 m! of the preincubation mixture to 0.2 m!/
of 3.5mM substrate in a assay micro-cuvette
(Preheated to 37°C). Increase in the ab-
sorbance at 405 nm was recorded for about
5min. As a blank test, the activity of
plasmin without inhibitor was measured
under the same assay condition. Trypsin
activity was measured using S-2160 as
substrate.

Results

An extract from Porphyra yezoensis
prepared as described above was frac-
tionated on a Sephadex G-100 column
equilibrated with a 0.05M Tris-HCl buffer,

0.5

IT I N VWV n
0.4

0.3]

280nm

0.2

0.1

|,

05

20 30 40 50 60
Fraction No. (10ml/Fraction)
Fig. 1. Gel filtration on Sephadex G-100 of

ammonium sulfate fraction from red alga,
Porphyra yezoensis.

Table 1. Effect of the fractions on plasmin
activity.

Residual Inhibitory
Protein activity activity
Fractions content of plasmin for plasmin

pg/ml % %
Bl 60 60 40
P-III 33 73 27
P-1V 12 63 37
P-V 3 42 58
P-VI 3 60 40
P-VII 5 60 40

Table 2. Thermostability of plasmin inhibitor
fractions.

Absorbance at Inhibitory

Fractions 450 nm/min activity
%
Inhibitor II .089 37
Inhibitor II at 95°C, 5min .128 5
Inhibitor V .076 4
Inhibitor V at 95°C, 5min .062 54

None .136 —
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Fig. 2. Chromatography of gel-filtrated inhibitor-V on a DEAE-Sephacel column (1.0x
30cm) equilibrated 0.05 M Tris-HCI buffer, pH 7.4 and eluted with a linear NaCl gradient,
represented by the solid line (—). The column was charged with 50 yg of the prepara-

tion.

Table 3. Plasmin-inhibitory activities of Peak-
I and II from DEAE-Sephacel ion exchange
chromatography of Inhibitor II from P. yezoensis.

Absorbance at Inhibitory
Fractions 405 nm/min activity
%
Peak-I .056 47
Peak-II .104 2
None .106 —

Table 4. Thermostability of Peak-I from DEAE-
Sephacel ion exchange column chromatography.

Absorbance at Inhibitory
Fraction 405 nm/min activity
%
Plasmin+ Peak-I .060 41
(Inhibitor V origin)
+Peak-I heated at 95°C
for 5min .057 44

None .103 —

pH 7.4. The result was shown in Fig. 1.
Peaks II and VII eluted in the fractions of
relatively low molecular weights showed a
clear inhibitory activity for plasmin. They
were found in the regions of molecular
weights estimated to be 30000-40000 and

5000-10000, respectively.

The inhibitors eluted as a symmetrical
peak in repeating gel filtration on Sephadex
G-100 column.

Table 1 shows the effect of fractions from
gel filtration on the activity of plasmin.
The fraction covered by peak V which was
eluted in a fairly lower molecular weight
region were called Inhibitor-V. It showed
a higher plasmin-inhibitory activity, but
it was stable on heating at 95°C for 5 min.

It seemed to be a thermostable inhibitor.
The fractions covered by peak II were
called Inhibitor-II. It was almost completely
inactivated by heating at 95°C for 5min,
suggesting that the inhibitor may be pro-
teinlike nature (Table 2).

Then, Inhibitor-II fraction was applied to
a 1.0x 30 cm column of DEAE-Sephacel equi-
librated with 0.05 M Tris-HCI buffer, pH 7.4,
and eluted by linear gradient elution with
buffers containg 0-0.5M NaCL

Two peaks clearly separated were ob-
tained, as shown in Fig. 2. Peak-I showed
inhibitory activity for plasmin, while Peak-
1l eluted thereafter showed practically no
inhibitory activity for plasmin (Table 3).
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The peak-I also effective toward trypsin.
It was, however, digestied by pepsin at 56°C
although the data were not shown here.
The peak-I derived from Inhibitor-V on the
similar gel filtration showed remarkable
stability to a high temperature (Table 4).

Discussion

Recently, the works on pharmaceutically
active substances in marine algae have been
increased. For examle, ZELENSKI and
WORTHEN (1974) reported that they sepa-
rated a compound possessing both anti-
inflammatory and anti-curare activities from
a crude fraction of FEisenia bicyclis and
found that it is a laminaran-like polymer.

Furthermore, there are also some reports
that extracts of the brown algae, in parti-
cular, showed larvicidal (CONOVER 1966),
antiviral (BERTI 1962) and antibacterial
(CONOVER 1964, SIEBURTH 1964, 1965) acti-
vities.

In this work, we also found the presence
of protein-like substances showing plasmin-
inhibitory activity in the extract from
Porphyra yezoensis, a red alga commonly
used as food in Japan. Purity of these
inhibitors was not high, but most of them
showed protein property upon the Bradford’s
staining reaction. Some of them were
unstable to heat while others, in particular,
Peak I from DEAE-Sephacel ion-exchange
chromatography of Peak V obtained from
gel filtration of a crude extract was very
stable to heat. Since the mother fraction
Peak V was eluted in a fairly lower mole-
cular weight region, the heat-stable inhibitor
may be of a small protein or a polypeptide.
Further investigations of the chemical pro-
perties and the physiological functions of
these inhibitors are in progress.
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Aspects of the morphology, ultrastructure and distribution of the
two species of Yamadaea SEGAWA (Rhodophyta, Corallinaceae)
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GARrBARY, D.]., JoHansEN, H. W. and ScaceL, R.F. 1981. Aspects of the morphology,
ultrastructure and distribution of the two species of Yamadaea Secawa (Rhodophyta, Coralli-
naceae). Jap. J. Phycol. 29: 7-13.

Examination of the morphology and ultrastructure (with the scanning electron micro-
scope) of Yamadaea melobesioides Segawa and Y. americana DAwsoN et STEELE provides
additional criteria for distinguishing them. Differences include colour, frond size, shape
and density, number of intergenicula per frond, and the size and position of conceptacle
ostioles. In Y. americana epithallial cells are larger and have less pronounced cell walls.
Trichocytes are reported for the first time in Yamadaea, although they were found only in
Y. melobesioides. The distributions of the two species are revised, with Y. melobesioides
known only from Japan and Y. americana known only in North America from the Queen

Charlotte Islands, British Columbia to Monterey, California.

Key Index Words: Algal distribution ; Corallinaceae ; scanning electron microscopy ;

Yamadaea.

In the Corallinaceae (Rhodophyta), Yama-
daea is unusual in appearance. A thallus
is comprised of an extensive epilithic
crustose base from which arise erect, arti-
culated fronds (Segawa, 1955). However,
unlike other articulated coralline algae, the
fronds are limited to one or sometimes two
intergenicula and attain a maximum height
of about 2 mm (SEGAWA, 1955; DAWSON and
STEELE, 1964). Anatomically and reproducti-
vely, the fronds of Yamadaea are similar to
those of Corallina (SEGAWA, 1955 ; JOHANSEN,
1969).

Yamadaea is presently known only from
the north Pacific. Originally described from
Japan, the type species, Y. melobesioides
SEGAWA (1955), was later reported from
California (HOLLENBERG and ABBOTT, 1966).
A second species, Y. americana DAWSON et
STEELE (1964), was first described from the
San Juan Islands, Washington, but now this
species is known as far north as the Queen

Charlotte Islands (HAWKES et al., 1978).
Other than papers in which the two species
are described, references in the literature
are limited to range extensions. The pre-
sent study was initiated to consider in
detail the morphology of these species and
to re-examine the application of the name
Y. melobesioides to coralline algae in the
eastern Pacific. This work is part of a
larger study in which surface structures
(as seen with the scanning electron micro-
scope-SEM) provide additional characteristics
for specific and generic delimitation in the
Corallinaceae (see GARBARY, 1978 ; GARBARY
and SCAGEL, 1979 ; GARBARY and VELTKAMP,
1980; and GARBARY and JOHANSEN, 1980
and in prep. for other contributions).

Materials and Methods

Specimens of Yamadaea americana ex-
amined were from the following herbaria:
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University of British Columbia (UBC);
Univeristy of California, Berkeley (UC);
Allan Hancock Foundation Herbarium, Los
Angeles (AHFA); and the G.M. Smith
Herbarium, Monterey, California (GMS).
Material of Y. melobesioides was collected
by H.W.]J. and Dr. T. MASAKI, and fragments
of these plants are deposited in UBC. Few
specimens of Yamadaea have been collected,
hence this report is based on three collec-
tions of Y. melobesioides and 10 of VY.
americand.

Scanning electron microscopy was carried
out as follows: fragments of herbarium
specimens were rinsed in tap water, air
dried, mounted on stubs with a silver con-
ducting paint and coated with gold. Speci-
mens were examined in a Cambridge
Stereoscan Mark 2A at 20kv. During spe-
cimen preparation the cell protoplasts
disintegrate, leaving only the calcite cell
walls and cellular debris (see also GARBARY,
1978, and GARBARY and VELTKAMP, 1980).

Results and Discussion

Our observations support the proposal of

DAWsON and STEELE (1964) that Yamadaea
americana is distinct from Y. melobesioides
and provide additional characteristics that

strengthen this distinction (see Table 1).

DAWSON and STEELE (1964) noted that the
erect fronds of Y. americana were 2-3
times as tall as in Y. melobesioides.
HOLLENBERG and ABBOTT (1966) and
ABBOTT and HOLLENBERG (1976) inferred
that size could not distinguish these taxa
because supposed material of Y. melobesioides
was similar in size to Y. americana. We have
examined several collections of Yamadaea
from the Queen Charlotte Islands to Mon-
terey, California. Based on the criteria pro-
posed by DAWSON and STEELE (1964), all
North American plants can be accommodated
in Y. americana. Our observations, however,
extend the range of several morphological
characteristics. Thus, in the type descrip-
tion of Y. americana, intergenicular diameter
was given as up to 610-650 pm. Our studies
show greater variation, with measurements
of 590-1020 yum in mature plants. This
contrasts with the range of 290-600 ym for
Y. melobesioides. Despite the overlap in

Tablz 1. A comparison of some morphological features of Yamedaea melobesioides and

Y. americana.

Species

Characteristics

Y. melobesioides

Y. americana

Number and arrangement of fronds abundant and tightly clustered

few and usually scattered

Thallus colour dull purple-pink rose-pink
Number of intergenicula/frond 1 1-2
Frond height 450-650 pm 1000-2000 pm
Frond diameter 350-550 #m 700-1000 zm
Frond shape obovate clavate

Ostiole position
Diameter of ostioles
Trichocytes
Surface structure

Size of concavities (+s.d.)
Cell wall thickness (+s.d.)
% of thallus in concavities

strictly apical
30-40 pm
common to absent

walls and concavities well
developed

6.0+0.9 gm
1.8+0.7 pm
40-55%

apical to eccentric
60-80 pm
absent

walls and concavities
poorly developed

12.1+£1.3 pm
1.4+0.4 ym
69-75%




measurements, all populations easily fit into
one size category or the other.

Several aspects of gross morphology
either not commented upon or not emphasized
in earlier studies readily distinguish the two
species. (1) Yamadaea melobesioides is dull
purple-pink or vinaceous to almost grey,
whereas Y. americana is generally rose-pink
in colour. (2) The fronds of Y. melobesioides
are more densely aggregated than in Y.
americana, where usually no more than 2-3
are found in close proximity (compare Figs.
1, 3 with Fig.7). (3) The height: diameter
ratio of mature fronds of Y. melobesioides
is approximately 1.25, whereas in Y. ameri-
cana it is 1.5-1.9, resulting in frond outlines
that are obovate for Y. mzlobesioides and
more clavate for Y. americana. (4) In Y.
melobesioides the conceptacle ostioles are
smaller; 30-40 ym in diameter versus 55-
80 ymin Y. americana. DAWSON and STEELE
(1964) refer to even larger ostioles 125-130
pm in diameter for Y. americana, but we
have not found any this size. An additional
ostiole character distinguishing the two
species is the usually slightly eccentric
ostiole of Y. americana (they are strictly
apical in Y. melobesioides) ( Figs. 9-10).
DAWSON and STEELE (1964) did not notice
this although they commented that the con-
ceptacles in all reproductive types are often
rostrate or beaked.

The surfaces of intergenicula and basal
crusts as observed with the SEM provide
features that clearly distinguish the two
species of Yamadaea. The surfaces of Y.
melobesioides are similar to those in many
other members of the Corallinoideae. Thus
there are well-developed concavities in the
sites previously occupied by epithallial cells
(these disintegrate during specimen prepara-
tion) and relatively prominent cell walls
(Figs. 2, 4-6) separating the epithallial con-
cavities. On the other hand, lateral walls
of epithallial cells in Y. americana are
little developed, and the basal pit-connections
(their remains, the plugs being destroyed
during tissue preparation) are more promi-
nent when viewed by SEM (Figs. 11-12).

Morphology and distribution of Yamadaea 9

The concavities and walls of Y. melobe-
sioides are round to slightly irregular whereas
those of Y. americana are more angular
and polygonal (compare Figs. 2, 5-6 with
Figs. 8, 11). In the type description of Y.
americana, DAWSON and STEELE (1964)
referred to a “faintly tessellate” surface,
and this is reflected in the ultrastructural
views. The surfaces of Y. americana are
very different from other members of the
Corallinaceae examined to date, and, with
the SEM, it should be possible to identify
crusts of Y. americana which are devoid of
erect or fertile branches. Within each
species there are no differences in surface
morphology between the prostrate and
erect parts of the thallus.

In addition to the general appearance of
the plant surfaces, several aspects of
surface morphology can be expressed in
numerical terms. GARBARY (1978) measured
three features and showed that they were
useful in characterizing species: diameter
of epithallial concavities, thickness of cell
walls, and the proportion of thallus surface
taken up with concavities. These characte-
ristics also provide criteria for distinguishing
Yamadaea americana and Y. melobesioides.
Thus Y. americana has greater concavity
diameters, slightly thinner cell walls, and
a higher proportion of the surface is
comprised of concavities (see Table 1 for
results of measurements). The differences
between these taxa are very pronounced
with the values for Y. americana for con-
cavity diameter and the proportion of the
surface taken up with concavities at or
near the extremes of recorded values in
the Corallinaceae (GARBARY, 1978).

In this study, trichocytes are reported
from Yamadaea for the first time. Tricho-
cytes are present in one of the two collec-
tions of Y. melobesioides examined with
the SEM, where they appeared as small
concavities raised above the thallus surface
(Figs. 4, 6). In this collection the tricho-
cytes are common in both the erect and

" basal parts. 'Despite the sporadic occurrence

of the trichocytes, this feature might pro-
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Figs. 1-6. Yemadcea melobesioides. Figs. 2-6 are from the SEM. 1. Light micrograph
of plants with clustered fronds (scale: 2mm). 2. General view of crust surface (scale:
10 pm). 3. Apex of intergenicula with central ostioles (scale: 20, m). 4. General view
of surface on erect branch with scattered trichocytes (scale: 35 pm). 5. Detail of surface
on non-fertile frond (scale: 10 ym). 6. Detail of trichocytes and surrounding cells (scale:
10 pzm).
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Figs. 7-12. Yamadaea americanc. Figs. 8-12 are from the SEM. 7. Light micrograph
of plants with scattered fronds (scale: 2mm). 8. General view of crust surface with ac-
cumulated debris (scale: 60 zm). 9. Whole intergeniculum with eccentric ostiole (scale:
150 #m). 10. Apex of fertile intergeniculum with detail of cells around ostiole (scale: 150
rm). 11. General view of cells on surface of frond (scale: 10 #m). 12. Detail of frond
surface with outlines of pit connections (scale: 5 pm).

11
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vide an additional characteristic distinguish-
ing the two species of Yamadaea, since
trichocytes were not found in any of the
six collections of Y. americana examined
with the SEM. What is important is the
potential ability of the species to produce
trichocytes rather than their presence or
absence in a particular plant. The tricho-
cytes of Y. melobesioides are similar to
those of Corallina officinalis L. both in
morphology and occurrence, and in the
latter species trichocytes are present or
absent in plants from different collections
from the same site (GARBARY and JOHANSEN,
unpublished data).
~ The reported distributions of the species
of Yamadaea are as follows: Y. americana
was known from Washington to northern
British Columbia, whereas Y. melobesioides
was recorded from Japan (the type
locality) and California. Our examinations
of collections supposed Y. melobesioides
from California reveal that they are
similar to Y. americana, both in terms
of gross morphology and the ultrastructure
of plant surfaces. That the material from
California originally determined as Y. me-
lobesioides should, in fact, be Y. americana
is not surprising, since the descriptions of
these plants (HOLLENBERG and ABBOTT,
1966 ; ABBOTT and HOLLENBERG, 1976) are
much closer to Y. americana than to the
Japanese species, in terms of frond size and
frond distribution on the crust. Thus all
material of Yamadaea from the eastern
Pacific can bz ascribed to Y. americana for
which the known distribution is extended
from northern Washington to the Monterey
Peninsula. This solves the previous biogeo-
graphic problem of explaining why VY.
melobesioides should be present at the
extremes of the distribution range with the
second species having an intermediate range.
Further floristic studies of the intervening
regions (Alaska, the Aleutian and Kurile
Islands) would be of interest in determining
the geographic limits of the two taxa, and
whether or not ‘they are completely allo-
patric. At present, the occurrence of Y.

melobesioides in North America can be
discounted, but since both species are rela-
tively rare and inconspicuous, the possibility
that Y. melobesioides occurs in North Ame-
rica cannot be discarded.

Of the 12 genera currently placed in the
subfamily Corallinoideae (JOHANSEN, 1976),
nine have been examined with the SEM
(all genera except Alatocladia, Margi-
nosporum and Serraticardia) (GARBARY,
unpublished data). Two main types of
surface structure differentiate JANIA and
Haliptilon from the remaining genera. The
two surface morphologies were designated
the Corallina-type and the Jania-type, and
the taxonomic implications are dealt with
separately (GARBARY and JOHANSEN, 1980,
and in prep.). Within plants showing the
Corallina-type surface, there is little morpho-
logical diversification that can be used to
characterize particular genera. It is there-
fore of interest that the two species of
Yamadaea portray more variation than exists
among six other genera of the subfamily
Corallinoideae with a Corallina-type surface.
This morphological divergence within
Yamadaea and the apparent uniformity
within much of the Corallinoideae supports
the contention of JOHANSEN (1969) that
Yamadaea is primitive in the subfamily.
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Taxonomy and life history of Rhodophysema odonthaliae
sp. nov. (Rhodophyta)!
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Masupa, M. and OHTa, M. 198l. Taxonomy and life history of Rhodophysema odontha-
liae sp. nov. (Rhodophyta). Jap. J. Phycol. 29: 15-21.

A new species of Rhodophysema, R. odonthalice Masupa et M. OHTA, sp. nov. was
described on the basis of material collected at Erimo, Hokkaido in Japan and its life history
was examined in laboratory culture. The alga is distinguished from all the known species
of Rhodophysema by having the discontinuous perithallus developed only near the sori and
by the frequent occurrence of tetrasporangia from the hypothallus cells. The tetraspores
derived from field-collected material germinated to repeat the parental tetrasporangial phase
and sexual reproductive structures were not observed.

Key Index Words: crustose red alga; life history; Rhodophysema; Rhodophyta;

taxonomy.

During an investigation of crustose red
algae on the coasts of Hokkaido in Japan,
a number of small crustose plants growing
on Odonthalia corymbifera were collected.
The plants were tentatively identified as
Rhodophysema on account of having distinct
sori composed of tetrasporangia and pa-
raphyses, and the hypothallus cells lacking
rhizoids. However, the morphological fea-
tures did not correspond with the circum-
scriptions of the known species of Rho-
dophysema. We conducted laboratory culture
experiments in order to obtain information
on the variability of the morphological
features and on the life history. As a
result, the alga is recognized as a new
species and described as Rhodophysema
odonthaliae on the basis of material collected
at Erimo, Hokkaido.

1) This work was supported by grants for
Scientific Research from the Ministry of Educa-
tion of Japan (Nos. 254229 and 448018).

2) Present address: Central Laboratory, Marine
Ecology Research Institute, Iwawada, Onjuku-
machi, Chiba-Pref., 300 Japan.

Materials and Methods

The materials examined were collected at
the following three localities along the
Pacific coast of Hokkaido in Japan from
1975 to 1979; Akkeshi (VI-25 1979, M.
MAsupA and T. OGumA); Hiroo (VII-22,
1975, 1. YAMADA and M. OHTA); Erimo
(VII-25, 1975, M. KuroGi, T. YOsSHIDA, I
YAMADA, M. MASUDA and M. OHTA, includ-
ing culture material, VIII-3, 1977, M. OHTA).

Most of the materials were preserved in
10% formalin in seawater and used for
microscopic observations. A portion of
them was dried on herbarium sheets.

Isolated tetraspores were placed in
unialgal culture and maintained using
methods described in another paper (MASUDA
and OHTA, in press). The cultures were
placed first at 15°C, 16: 8 (light-dark cycle)
and two weeks later a half of them was
transferred to 10°C, 16: 8.

Voucher specimens examined are deposited
in the Herbarium of Faculty of Science,
Hokkaido University, Sapporo (SAP 032145-
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032150).

Observations and Discussion

Description
Rhodophysema odonthaliae
MasuDpA et M. OHTA, sp. nov.
Piantae epiphyticae, crustosae, noncal-
careae, irregulariter vel fere circulares,
500-2500 ym in diametro, 40-65 ym crassae
in partibus fertilibus (cum paraphysibus), in

colore atrorubrae, pagina inferna omni ad:

substratum arcte affixae, sine rhizoideis
(Fig. 1, E-H); thallus e strato basali mono-
stromatico hypothallo constituenti (Fig. 1,
A-D) et filamentis erectis brevibus perithallo
constituentibus compositus (Fig. 1, E-H);
perithallus solum prope soros evolutus;
cellulae hypothalli 5.0-10.0 #m in longitudine
et 3.8-5.0 ym in diametro in sectione; fila-
menta erecta simplicia, cohaerentia et ex
1-3 cellulis compositia (Fig. 1, E-H); cellulae
filamentorum erectorum 3.8-7.5 ym in longi-
tudine et 4.5-7.5 ym in diametro in sectione ;
conjunctiones laterales inter series cellularum
hypothalli contiguorum frequenter adsunt
(Fig.1,C-D); tetrasporangia in soro distincto
effecta et paraphysibus intructa (Fig. 1, G, H) ;
sori plures in quoque thallo effecti, forma et
loco irregularibus ; tetrasporangia terminales
in filamentis erectis (Fig. 1, H) vel e cellulis
hypothalli effectae (Fig. 1, G), late ellipsoideae
ad fere globosae, 35.0-47.5 ym in longitudine
et 30.0-40.0 ym in diametro; tetrasporae
globulares, 22.5-275ym in diametro (Fig.
2, A); paraphyses in colore cellulis vegeta-
tivis pallidiores, 27.5-45.0 ym in longitudine
et 5.0-7.5 ym in diametro, falcatae, e 4-8
cellulis compositae (Fig. 1, G-H); cellulae
paraphysium breves et 4.5-7.5 um in longi-
tudine ; plantae gametangiferae ignotae.

Holotypus : Specimen tetrasporangiferum
(SAP 032145)

Plants epiphytic, crustose, noncalcareous,
irregularly or almost circular, 500-2500 xzm
in diameter, 40-65 ym thick in fertile areas
(including paraphyses), dark red in color,
closely attached to substrate by whole lower
surface, without rhizoids (Fig. 1, E-H):

thallus composed of a monostromatic basal
layer constituting hypothallus (Fig. 1, A-D)
and short erect filaments constituting per-
ithallus (Fig. 1, E-H); perithallus developed
only near sori; cells of hypothallus 5.0-10.0
p¢m in length and 3.8-5.0 #m in diameter in
section; erect filaments simple, cohering
and composed of 1-3 cells (Fig. 1, E-H);
cells of erect filaments 3.8-7.5 ym in length
and 4.5-7.5 ym in diameter ; lateral fusions
between adjacent hypothallus cell-rows fre-
quently present (Fig. 1, C-D) ; tetrasporangia
developed in a distinct sorus provided with
paraphyses (Fig. 1, G-H); several sori
developed on each thallus, irregular in shape
and position; tetrasporangia terminal on
erect filaments (Fig. 1, H) or issued from
hypothallus cells (Fig. 1, G), broadly ellipsoid
to almost globular, 35.0-47.5 yum in length
and 30.0-40.0 ym in diameter; tetraspores
globular, 22.5-27.5 ym in diameter (Fig. 2,
A); paraphyses paler in color than vegeta-
tive cells, 27.5-45.0 um in length and 5.0-
7.5 pm in diameter, falcate, composed of 4-8
cells (Fig. 1, G, H); cells of paraphyses
short, 4.5-75pm in length; gametangial
plants unknown.

Holotype: Tetrasporangial specimen col-
lected at Erimo, Hidaka Prov. Hokkaido in
Japan on July 25, 1975 (SAP 032145).

Japanese name : Hime-fuchitoribeni (nom.
nov.)

Life history

Isolated tetraspores germinated and grew
into encrusting discs (Fig. 1, B; 2, B-D).
This process is similar to that reported
previously for Rhodophysema  georgii
(FLETCHER 1975, MASUDA and OHTA 1975)
and R. elegans (GANESAN and WEST 1975,
SouTH and WHITTICK 1976, FLETCHER 1977).
The discs reached 120-180 um in diameter
after two weeks. Some plants combined
to form a single crust (Fig. 2, E), but no
pit-connection between the cells of two the
discs was observed. Two-week-old cultures
were divided into two groups; one was
shifted to 10°C, 16: 8 and the other was
maintained at 15°C, 16 : 8. The discs shifted
to 10°C, 16: 8 grew more slowly.
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Fig. 1. Rhodophysema odonthalice. A, C and E-H, field-collected plants (type collection) ;
B and D, cultured plants grown at 15°C, 16: 8. A-B. Early developmental stages of hy-
pothallus (B, three-day-old germling). C-D. Marginal portion of hypothallus in surface
view, showing lateral fusions between cells of adjacent cell-rows (D, two-month-old plant).

E-H. Tangential sections of fertile plants:
the sorus; G-H, sorus portion.

One month after culture initiation the
largest disc measured 700 gm in diameter
at 15°C, 16: 8. Some discs reached repro-
ductive maturity and formed a tetra-
sporangial sorus at this time. The sorus
covered the entire surface of the disc
(Fig. 2, F). This type of sorus was not
observed in field-collected materials. The
discs forming this type of sorus are 170-
440 ym in diameter and smaller than imma-
ture discs. In section, these fertile plants had
4-6 celled erect filaments. Enlarged cells,
which occur also in cultured plants of Rhodo-
physema georgii (FLETCHER 1975, MASUDA
unpublished), were not observed. The plants
attached loosely to the substrate and with
the slightest mechanical disturbance they
became free from the substrate. In this

respect, they resemble the ‘sphere’ form of -

the Californian Rhodophysema elegans re-
ported by GANESAN and WEST (1975). Many

E, marginal portion; F, vegetative portion near

other discs grown at both the culture condi-
tions did not form any reproductive structures
at this stage. Two months after culture
initiation all the plants grown at both the
conditions bore tetrasporangial sori (Fig. 2,
G-]). The fertile plants measured 550-
1125 ym in diameter. The numter and
size of the sori varied in different indivi-
duals; a large single sorus covering almost
the entire surface of the disc except at the
margin (Fig. 2, G) or small two to several
sori (Fig. 2, H) were observed. The latter
soral type like that of field-collected plants
predominated. The production of a discon-
tinuous perithallus was observed in plants
with plural sori. The size of vegetative
cells and number of erect filament cells of
these fertile plants are similar to those of
the parental plants. However, the tetra-
sporangium shape was slightly elongated
(Fig. 3) and sometimes the paraphyses were
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100 um

(A |

Fig. 2. Tetraspore and its development at 15°C, 16: 8. A. Tetraspore. B-E. Young
tetraspore germlings: B, one-day old; C, three-day old; D, seven-day old ; E, fourteen-day
old, note two germlings coalescing. F. One-month-old crust forming a tetrasporangial
sorus covering the entire surface of the thallus (p, paraphysis). G-H. Two-month-old
fertile crusts forming tetrasporangial sori (s). I. Portion of a two-month-old plant, show-
ing a tetrasporangial sorus (s) and tetraspores (t). J. Tangential section through the
tetrasporangial sorus, showing a mature tetrasporangium (ts) and paraphysis (p).

Scale in A applies also to B-D and J; scale in H applies also to G.



longer and up to 10 cells (68.8 pm in length).
Liberated tetraspores were 21.3-27.5 pm in
diameter, germinated and formed discs
similar to the parental plants producing
tetrasporangial sori within two months in
both the conditions.

Taxonomic remarks

At present six species are ascribed to the
genus Rhodophysema: R. georgii BATTERS
(1900), R. elegans (CROUAN et CROUAN ex
J. AG.) DixoN (1964), R. minus HOLLENBERG
et ABBOTT (1965), R. africana JOHN et
LAWSON (1974), R. feldmannii CABIOCH
(1975), and R. nagaii MASuDA (1978). Rho-
dophysema odonthaliae is added to this list
in our present paper. The possible taxono-
mic relationships among the species are
discussed below.

The species of Rhodophysema are simply
organized in thallus structure. Each
thallus consists of a monostromatic hy-
pothallus composed of radiating filaments
closely adhered to each other and a polystro-
matic perithallus composed of tightly packed
erect filaments, which are arranged at right
angles to the hypothallus filaments except
those of R. minus and R. feldmannii. The
latter two species lack a distinct perithallus
(HOLLENBERG and ABBOTT 1965, CABIOCH
1975). R. georgii is unique among the
species in the formation of globular thalli.
This species had various forms of thalli,
globular to crustose (BATTERS 1900, KYLIN
1907, ROSENVINGE 1917). The globular thalli
are formed by enlargement of erect fila-
ment cells or sometimes hypothallus cells
and repeated occurrence of cellular fusion
between adjacent erect filament cell-rows
(ROSENVINGE 1917, MASUDA unpublished).
This seems to represent a reduced multiaxial
construction of the wupright thallus
(FLETCHER 1975). However, the crustose
thalli of R. georgii is similar to those of R.
elegans. Thus, as to the thallus structure
three distinct grades can be recognized in
this genus. From the ontogenetic point of
view, R. minus and R. feldmannii with the
monostromatic thalli may be the simplest.
R. georgii may represent the most’complex
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condition. R. elegans, R. africana and R.
nagaii may be intermediate representatives.
R. odonthalige is characterized by having
the discontinuous perithallus developed only
near the sori. This species may be simpler
than the R. elegans group as to the thallus
structure.

All the species possess definite tetraspo-
rangial sori composed of numerous tetraspo-
rangia and paraphyses. In addition, sperma-
tangial plants have been reported for R.
georgii (MASUDA and OHTA 1975) and for
R. elegans (ROSENVINGE 1910, TAYLOR 1957,
MaAsupa 1978, MASUDA and OHTA, in press),
although no female gametangial plants have
been detected. Tetrasporangial pedicels and
paraphyses have important taxonomic
significance. R. africana, R. feldmannii
and R. nagaii are characterized by having
long tetrasporangial pedicels and long pa-
raphyses (JOHN and LAWsoON 1974, CABIOCH
1975, MASUDA 1978). R. minus has also
somewhat longer pedicels than the other
species which have one celled pedicels or
are devoid of them (HOLLENBERG and
ABBOTT 1965). R. odonthaliae is characte-
rized by the frequent occurrence of sessile
tetrasporangia from the hypothallus cells.
This may represent the simplest condition.

Furthermore, tetrasporangium shape and
dimension, and cell length of paraphyses
are taxonomically important. R. minus and
R. feldmannii, which are distinguished from
each other by the paraphysis length, can
be also distinguished by the tetrasporangium
shape and dimension. The former has
ellipsoid sporangia measuring 15-20 gm
in length and 14-16m in diameter
(HOLLENBERG and ABBOTT 1965) and the
latter has subspherical sporangia measuring
20-30 ym in diameter (CABIOCH 1975). R.
africana and R. nagaii are similar to each
other in paraphysis length (JOHN and
LawsoN 1974, MasupA 1978). However,
the former’s paraphyses are 12-20 celled,
whereas the latter’s ones are 5-8 celled.
This suggests that the cell length of pa-
raphyses of R. africana (not given by JOHN
and LAWSON) is shorter than that of R.
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Fig. 3. Scatter diagram showing variations of tetrasporangium dimensions for R. odontha-
lize. Rectangle I showing the range of tetrasporangium dimension for the British R.
elegans reported by FLETCHER (1977) ; II showing that for the Japanese R. elegans given
by Masupa and OHTA (in press) ; Il showing that for R. minus given by HOLLENBERG
and ABBoTT (1965) ; IV showing that for the Erimo isolate of R. elegans reported by

Masupa and OuTA (in press).

nagaii. R. odonthaliae possesses globular
to broadly ellipsoid tetrasporangia. The
length/diameter ratio is 1.0-1.5, measuring
35.0-475pym in length and 30.0-40.0
pm in diameter, by which also it can
be distinguished from related species, R.
elegans and R. minus (Fig. 3). Furthermore,
dimensions of thalli and of vegetative cells
have some taxonomic significance.

The following synoptical key is given for
the seven species of Rhodophysema, accord-
ing to the criteria mentioned above.

1. Plants forming monostromatic thalli

1. Plants forming di- to polystromatic
thalli ........... i i 3.
2. Paraphyses short (4-5 celled)........
.......................... R. minus

2. Paraphyses long (14-20 celled)
...................... R. feldmannii

3. Perithallus developed discontinuously
near SOfi.............. R. odonthaliae

3. Perithallus developed continuously
toward growing margins .......... 4.

4. ‘Thalli crustose, without inflated cells

4. Thalli crustose to globular, with
inflated cells.............. R. georgii
5. Tetrasporangial pedicels short (one
celled) or lacking........ R. elegans
5. Tetrasporangial pedicels long (2-14
celled) ...oovvviniiiinnna, 6.
6. Paraphyses 5-8 celled, tetrasporangial
pedicels 2-6 celled........ R. nagaii
6. Paraphyses 12-20 celled, tetrasporangial
pedicels 5-14 celled...... R. africana
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Cytological studies on Sirogonium (Chlorophyceae) 1.
Mitosis in S. sticticum and S. melanosporum.

Akira HARADA
Seiyu Senior High School, Chizuke, Yeo-City Oscke, 581 Jepen

Harapa, A. 1981. Cytological studies on Sirogonuim (Chlorophyceae) 1. Mitosis in S.
sticticum and S. melenosporum. Jap. J. Phycol. 29: 23-29.

Cell division and chromosomes behavior in two specics of Sirogonium, S. sticticum and
S. melcnosporum, were studied, with special emphasis on, the behaviour of the nucleolar
organizing chromosomes, the composition of the nucleolus, and the parallel separation of
chromosomes embedded in the nucleolar substance at anaphase, and during cytokinesis.
The chromosome numbers of S. sticticum and S. melanosporum were 52 and 8 respectively.

Key Index Words: Chlorophyceae; cytology; mitosis; N.O. chromosome; Siro-

gonium.

The mitosis and chromosomes in some
species of Sirogonium were observed by
WAER (1966), HosHow and WAER (1967),
and WELLS (1969). However, there are as
yet no reports on meiosis. In a series of
papers, cytological studies on Sirogonium
will be presented with special attention
paid to the chromosomal behaviour in both
mitosis and meiosis. In this paper, mitosis
in two spicies of Sirogonium, S. sticticum
(J.E. SMiTH) KUTZING and S. melanosporum
(RANDHAWA) TRANSEAU, is discribed.

Materials and methods

The vegetative filaments of S. sticticum
used in this investigation were first collected
from a rice field in Ikaruga, Nara Prefecture,
in December 1970. In April of the next
year, fertile filaments were obtained from
the same rice field. Both vegetative and
fertile filaments of S. melanosporum were
collected from a rice field in lkebe, Nara
Prefecture, in August 1975.

Collection of specimens of the two species
was continued at frequent intervals. Most
of each collection was fixed for karyological
investigation, and the rest were kept in

culture in the laboratory.

The materials were fixed in 1: 3 acetic
and ethyl alcohol and were preserved in
the same solution. Many dividing cells
were obtained in materials fixed at sunset.
For staining, the aceto-iron-haematoxyrin-
chloral method (Wittmann, 1965) was
employed. The materials were pretreated
with 1 N HCI and 4% iron-alum-45% acetic
acid for a clear distinction in staining
between the chromosomes and the nucleolar
substance.

Both pre- and post-treatment as well as
staining procedure, were carried out on
glass slide. After staining cells were heated,
if necessary, to facilitate clear observation
of the nuclei. Cells were treated with 45%
acetic acid to reduce overstaining of the
nucleolar substance, and squashed on the
glass slide.

Observations

Sirogonium sticticum

Interphase: The interphase nucleus was
elliptic to spherical in shape and usually
had one, or rarely two, nucleoli which
appeared as bright spheres in living cells
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(Fig. 1). Two deeply stained, curved
thread-like structures were observed in the
nucleolus (Fig. 5). Approaching prophase,
many chromatins were seen scattered in
the karyoplasm.

Prophase: At the beginning of prophase,
the nucleus was bounded with a well-
defined membrane. It was slightly enlarged,
and many short chromatic threads (chromo-
nemata) with bead-like chromatins were
seen in the karyoplasm around the nucleolus
(Fig. 6).

In the nucleolus, the compact thread-like
structures, which were called the nucleolar
organizer tracks by Godward (1950), were
visible as two densely stained and curved
strings connecting with a chromatic thread
in the karyoplasm (Figs. 7, 8).

As prophase proceeded, chromatins con-
densed to become short rod-like chromosomes
with lightly stained portions in the contral
area (Fig. 9), and a spindle was formed
(Fig. 10).

Fifty-two chromosomes were counted at
this stage (Figs. 13, 14). Two of these
were nucleolar organizing chromosomes,
(N-O-chromosomes: Godward, 1950) con-
necting with each organizer track embedded
in the nucleolus.

At the end of prophase, the nucleolus lost
its sharp outline was transformed into a
deeply stained mass, called as nucleolar
substance by Geitler (1935). All the chro-
mosomes were completely embedded inside
the nucleolar substance. The nuclear mem-
brane disappeared during later prophase.

Metaphase : At this stage, 52 chromosomes
were recognized. The smallest chromosomes
measured 0.5 zm in length, while the largest
was 1.0 zm in length. They were arranged
regularly and embedded inside the nucleolar
substance. When the spindle developed
fully, the nucleolar substance became a
deeply stained, disk-shaped mass at the
equatorial plate of the nucleus (Fig. 10).

Anaphase: The nucleolar substance di-
vided into two parallel disk-shaped daughter
plates, and all the chromosomes also se-
parated transversely at early anaphase

(Fig. 11).

Each disk-shaped plate (daughter nucleolar
substance) included a set of chro-
matids. The arrangement of the chromatids
in each plate was symmetric with in the
other in polar view in strongly squashed
preparation (Fig. 12). Fifty-two chromo
somes were also confirmed at this stage.
The two disk-shaped daughter plates con-
taining the chromatids began to separate
and move toward the opposite poles.

Telophase: At the beginning of telophase,
the chromatids fragmented into small pieces,
and their shapes were gradually obscured.
The nucleolar substance was reformed in
the nucleus as a darkly stained amorphous
mass.

Cytokinesis: At the beginning of prophase,
a remarkable granular particles (Fig. 2,
arrow) could be seen along the cell wall
at the middle portion of a cell. These
particles arranged themselves into a circle
and developed gradually into a cell plate
(Fig. 3). After telophase, when the new
nuclei and nucleoli were formed, the chlo-
roplasts and cytoplasm were divided by the
cell plate which had developed centripetally
(Fig. 4).

Sirogonium melanosporum

Interphase: The interphase nuclei usually
had one nucleolus, or rarely two. In the
nucleolus, organizer tracks were clearly
observed, and small deeply stained
globules were seen at the end of these
tracks (Fig. 15). When two nucleoli existed
in a nucleus, each of the two had one such
globule (Fig. 16). Many chromatins appeared
in the karyoplasm as observed in S. sticticum.

Prophase: In early prophase, bead-like
chromonemata were seen in the karyoplasm.
These chromonemata began to condense
into chromosomes. In the nucleolus,
one or two organizer tracks connect-
ing to the chromonemata were observed.
At later prophase, the nucleolus was trans-
formed into nucleolar substance (Fig. 17),
and all the chromosomes moved into the
substance as occurred in S. sticticum.

Metapnase: Eight chromosomes were
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Figs. 1-4. Cell division in living material of S. sticticum. (scale 10 pm) 1. Interphase:
a nuclesus with a prominent nucleolus. 2. Metaphase: a granular ring (which arrow). 3.
Late telophase: division of chloroplasts by cell plate (white arrow). 4. Two daughter cells.

Figs. 5-8. Nuclear division of S. sticticum. (Scale 10 pm) 5. Early prophass: two
organizer tracks in the nucleolus and thread-like chromonemata in karyoplasm. 6. Pro-
phase: chromonemata with bead-like chromatins. 7. Prophass: two organizer tracks
(arrows) and chromatic threads connected with the tracks (white arrows). 8. Diagram
of Fig. 7.
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Figs. 9-14. Nuclear division of S. sticticum. (Scale 10 pm) 9. Late prophasz: chromo-
somes inside the nucleolar substance. 10 Metaphase: chromosomes (¢) embedded inside
the nucleolar substance (n.s.) at equatorial plate. 11. Early anaphase: parallel separation
of chromatids (a). 12. Anaphase; chromatids embedded inside the nucleolar substance
in ‘polar view, at the same stage as Fig. 1l in strongly squashed preparation. 13. Late
prophase. 14. Diagram of Fig. 13 showing 52 chromosomes.
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15. Interphase: two
16. Interphase: nucleus
17. Mid prophase: two N.O. chromosomes
18. Later prophase: eight chromosomes.
20. Anaphase: a satellite

21. Telophase: chromatins in each chromatid.

Figs. 15-23. Nuclear division of S. melanosporum. (Scale 10 pm)
organizer tracks in the nucleolus and two globules (arrow).
with two nucleoli and globules (arrow).
(c) attached to the nucleolar substance (n.s.).
19. Early anaphase: ladder-shape chromosomes and satellite (s).
of N.O. chromosome divided into two.
22. Telophase. 23. Later telophase: two daughter nuclei.

27
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counted. Among these chromosomes, two
were N.O. chromosomes with satellites,
measuring 6.0 pm in length. The others
were of the same form and measured 3.0 #um
inlength. Eight chromosomes were arranged
on the equatorial plate in the nucleolar
substance (Fig. 18).

Anaphase: Two daughter chromatids
were first connected with each other by
chromatic threads in a ladder shape (Fig.
19). The satellite part of the N.O. chromo-
somes separated later than the other parts
(Fig. 20). As a result, two satellites were
observed as horn-like projections behind
the groups of daughter chromosomes
which were embedded in the nucleolar
substance in strongly squashed preparation
(Fig. 21).

Telophase: The outline of the chromatids
became obscure and the old nucleolar
substance gradually disappeared (Fig. 22).
In the new nucleoli, densely stained masses
were observed (Fig. 23).

Cytokinesis: The cell plate developed
from the granular ring and finally divided
the cell, as observed in S. sticticum.

Discussion

Mitosis in two species of Sirogonium, S.
sticticum and S. melanosporum, was similar
with regard to chromosomal behaviour.
The mitotic process of Sirogonium also
exhibited close similarity to that of Spirogyra
(GEITLER 1930, DORAISWAMI 1946, GODWARD
1950, 1953, 1954, HARADA 1972).

Concerning the origin of chromosomes in
Spirogyra, DORAISWAMI (1946) reviewed
older literatures which advanced the follow-
ing three patterns: 1) all the chromosomes
take their origin from the nucleolus; 2) the
chromosomes are derived partly from the
nucleolus and partly from the outer nucleus;
and 3) all the chromosomes are derived
solely from the outer nucleus. The present

studies on mitosis in Sirogonium revealed - -
that N.O. chromosomes were derived -

partly from the organizer tracks in the
nucleolus and partly from the karyoplasm

(the outer nucleus of DORAISWAMI 1964),
while all other ordinary chromosomes were
formed in the karyoplasm.

S. sticticum was found to have 52 chromo-
somes, two of these being N. O. chromosomes.
S. melanosporum had 8 chromosomes, of
which two were N.O. chromosomes also.
HosHOw and WAER (1969) reported that S.
melanosporum had six chromosomes, of
which two were N.O. chromosomes. The
chromosome number of S. melanosporum
observed in this study was different from
that reported by HosHOW and WAER.
However, the number of N. O. chromosomes
and the behaviour of chromosomes at
anaphase agreed with their observations.

In these interphase and prophase nucleoli
of the two species investigated, deeply
stained curved structures, which cor-
responded to the organizer track in Spirogyra
(GopwARD, 1950), were observed. These
internal structures of the nucleoli were
especially prominent in S. melanosporum

The globules (Figs. 15, 16), which were
closely associated with the organizer tracks
in interphase nuclei of S. melanosporum,
were considered to be the satellites
of N.O. chromosomes. These globules
could not be observed clearly in S. sticticum
because of the small size of the chromo-
somes.

The presence of N.O. chromosomes,
observed by HosHOw and WAER (1969) and
WELLS (1969) in Sirogonium, was confirmed
in the two species of Sirogonium used here.

GODWARD (1966) described the banding
structures in the chromosomes of Spirogyra
subechinata, and WELLS (1969) described
them in some species of Sirogonium. At
the beginning of prophase, chromonemata
of S. melanosporum showed definite serial
bead-like chromatins (Fig. 17). As the
serial chromatins shortened, definite banding
patterns were formed in the chromosomes.
In S. sticticum, however, such banding pat-

-terns could not be clearly observed, and

small rod-shaped chromosomes had only one
discontinuous portion in the middle (Fig. 6).

~ These chromatic patterns of chromosomes



disappeared in metaphase and in chromo-
somes homogeneously stained.

The nucleolar substance of Spirogyra
was mentioned by GEITLER (1935), DORA-
ISWAMI (1964), and GODWARD (1950). A
similar material was also observed by WAER
(1966) in S. melanosporum and by WELL
(1969) in ten strains of Sirogonium. The
special features of the nucleolar substance,
enclosing all the chromosomes during
mitosis, were also observed clearly in the
two species.

At anaphase, the beginning of separation
into sister chromatids occurred, each chro-
mosome showing a ladder-shape which was
composed of daughter chromatids connected
by many chromatic threads. The ladder-
shape chromosomes were observed in the
mitosis of Spirogyra crassa by GEITLER
(1930) and GODWARD (1954, 1966).

GODWARD (1954, 1966) pointed out
the presence of the polycentric chromo-
somes in some species of Spirogyra. WAER
(1966) and WELLS (1969) also found that
the chromosomes of Sirogonium lacked of
localized centromeres. This chromosomal
feature was shown by the characteristic
parallel separation of chromatids, which
might suggest the presence of polycentric-
chromosomes during metaphase to anaphase
in the two species investigated in the present
study.
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SanNo, 0., IKEMORI, M. and Arasaxi, S. 1981. Distribution and ecology of Acetebuleria
calyculus along the coast of Noto Peninsula. Jap. J. Phycol. 29: 31-38.

It was suspected by several workers that the distribution of Acetabularia celyculus in
Japan sea was rather restricted because the alga found only at a few places along the
coast of Toyama Bay. The wide distribution of this alga was, however, ascertained the
sea bottom near or in the community of Halophila ovalis by SCUBA. The specimens were
collected at a number of places on both sides of Noto Peninsula. The places where the
flourishing growth of the alga was found were mostly on. On the other hand, the growth
of this alga was not found at the sundy bottom covered thickly with another sea glass
Zostera marina or Z. caespitosa. On the basis of the vegetation pattern and the envi-
ronmental conditions of the shore, three types of the algal communities could be recognized.

When the water temperature of the sea bottom had reached at 22°C in June, the early
development of the young plant was observed on the surface of dead bivalve, gastropoda,
and echinus, and so on. The plant became matured within 4~5 weeks after the appearance.

The formation of cyst in the cap was observed from July to October.

Key Index Words: Acetabularia calyculus ; community ; cyst-formation ; distribution ;

growth ; sea bottom.

Osamu Sano, Kanagawa Aquarium, Higashi-mikagemachi, Kanazawa, 920 Japan;
Masahiko Ikemori, Noto Marine Laboratory, University of Kanazewe, Uchiure,
Ishikawa, 927-05 Japan; Seibin Arasaki, 3-33-5 Tokumaru, Itabeshi, Tokyo,

175 Japan.
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Fig. 1. Map showing the stations investigated

by SCUBA and the distribution of Acetebularic
calyculus along the coast of Noto Peninsula. 1,
Abuya; 2, Kazanashi; 3, Minazuki; 4, Noto-ukai;
5, Koiji; 6, Tsukumo-bay; 7, Iwaki; 8, Ukawa;
9, Negi; 10, Juda-ga-shima; 11, Katuozaki; 12,
Nozaki; 13, Suso-byobu; 14, Wakula; 15, Osugi-
zaki; 16, Kannonzaki; 17, D6-mi; 18, Abu-ga-
shima.
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Fig. 2. A map showing the position and the
depth of water along the shore at Nozaki.,
@ positions investigated by SCUBA.
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Fig. 3. Schematic diagram showing develop-
mental stages of Acetabularia calyculus.
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Fig. 4. The diagram shows the profile of the
cross-section through three typical communities
of Acetabularia calyculus along the coast of Noto
Peninsula.
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Fig. 5. Soil composition of the sea bottoms where Acetabularia calyculus or Zostera
marina do grow. St. 7Z, Soil composition of the station 7 where the sea bottom was
covered with Zostera marina; St. 1A, St. 7A, St. 12A and St. 13A, Soil composition of
the sea bottom at the type A community of Acetabularia calyculus; St. 12B, Soil composi-
tion of the sea bottom at the type B community of Acetabularia calyculus; St. 16C, Soil
composition of the sea bottom at the type C community of Acetabuleria calyculus.
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BEBOBH, TichbRBEOBMA BRI DN
B X - THERI Lo T W ILE CTRET DD EE LD
hz, ’

ZDX5E, &V HYOEFCEEBRY L
HBBHOHER, Lok 5 mBERETHER SR
BZHIBILTIE, RAEMLR T, UL, ¥

5 (1952) ¥, WBECHERT 5 REEMOEE L K&
ZOWT, TEEFSETE, BAOEBRBETERTCE
BB DS DI, RO BB OB ERER L
T, HEHRT NS »TH B EBbhoT .-
corflif e L ULABESISEHE L TV CHE 4~ LTS
BoffirSH+2 5854 BEHAHA LT, SHER
LA A SEORME A4S 5 2 L2ERE
Ko TWBBEDOHMRE G, TLT, BRTIT, BR
C Zostera marina (7€) EhtkExbE, TDkE
CAEBTAERENS LY, BEEIEE LML
51 EABNRTW B,
APEMAIC KT S 54 7BEL, BIROBHEMST
CRFET S AROEBERM T, TOEHORAL
EHLE (55%) % 2.83mm Ll ko AR AERL
OB MED, 7~ HeEHERT /%R
B30HBETH otco ChIZHLEA FA, 214 7C
Tit, 2.83mm Ll EodhXBEESLThBLOERIE
20% Rtk LA, MT/NEEBROHHES U LR S
BHBHEWSERNED LRI, TDL S R R
DE|E LA BHOBEFERL T30 LHEEIH
50T, ML TIRSHITAELHT 20
LIAT, THhETIR, wY=HFYEE LTHRE
SRTVWBBHTOEBER Y = OFLEBOR
HOBBIC oW TORLWEAERERIRA L e L
ML, THIRARY $ =+ RSB « %A
Reftdsc Lizk<mbhTsy (M 1936,
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Table 1. Variation of developmental stages of Acetabularia calyculus and that of their

growing density at Nozaki in 28 Jul. 1978.

Stage of growth

Depth Base Vegetative Reproductive Total
(m) (N) Young Whorl Cap Cyst Liberated
0.5 3 1 11 6 5 23
1 12 3 11 34 19 7 74
4 88 63 265 834 257 74 1493
Total 66 277 879 282 86 1590
Percentage 4.2 17.4 55.3 17.7 5.4)

Table 2. Variation of developmental stages of Acetabularia calyculus and that of their

growing density at Nozaki in 11 Aug. 1979.

Stage of growth

Depth Base Vegetative Reproductive Total
(m) (N) Young Whorl Cap Cyst Liberated
0.5 0
1 6 71 21 11 1 104
2 8 151 9 11 2 10 183
3 8 29 241 145 18 18 451
4 9 20 - 38 31 9 10 108
Total 271 309 198 29 39 846
Percentage (32.0 36.5 23.4 3.4 4.6)

K® 1951, Ak 1961), ¥7- Acetabularia } &
T o Dasycladales OAFIRAFIX, A FBH, +v
FEH, BIBRAE “CaCO; Lavr +YviD
BEAK” WHENICEALT Gomontia IROBIME &
D, BICEIhBRINCE By I L TEAFICS
CEIMEIh T3 (FiF 1966), = hbozk
EETHE, BELERIUcOEEERDBEN S
RALR T bDLizRic> BB THBDLTE
FTITR
BT 54 FHE L4AR  BREEITTRCR
T (Fig. 2), &£FHOEREOERKHEI RV =4y
DEBEE L EBEKE S ERBE ORI M5
%, 19787 A28H L B4 19794 8 ALIAK, KiE
0.5m DITHFEEAKE 1m ThHb214 TARIV
KE 4m ThB &4 7BREOWTHELK. &4 7

BIZBI LTI, 1979fFICKE 4m DEMIZKE 2m,
KE 3m EOoWTHHAEETLoe THhHORKR
% Table 1 £ 218% LD TRLI
1978 n A iRz, Tablel TR LR BML, &
v =40 400 cm? B h OAEFTEERL, KFE0.5m
OIT|AE T, BEREE3MET, &Y =Fyofi
B3tk e, KiE 1m o0& 41 7ATIEL BFE
HBI2B AT TH oTce —F, KE 4m D21
7BCIL, BEEBISETHD, 1,493 E 5
BOTEHCEFTEEYR LTS .
hEEECELTRES L, KiE 0.5m Tk, Young
stage DHZAED bRk ofoht & K IE T Young
stage 7> 5 Liberated stage % CIEAERERED
BHrE bR, K, HEFKEDORWIBEE
. BEEoOHBEATIIkE RERIBDSRT, 3R
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#EL T, Cap stage NELL %L, 240553
%w i, ®\WT, Cyst stage #317.7%, Whorl
stage (117.4% T b, Liberated stage 115.4%,
Young stage i34.2% Th ot 2% b, Cap stage
L Cyst stage % X% Liberated stage &\>-o7ci
Btk & RBE DTN EDT8. 4% % 5D, D178
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BT EERRLT
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Fig. 6. Seasonal changes in the growth stage of Acetabularia calyculus, and the water
temperature of sea surface or sea bottom at various stations along the coast of Noto Pe-

ninsula.
bularia calyculus,
zima Island (from 1968 to 1975).
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Nortova, M. and YaBu, H. 1980. Platythamnion yezoense INaGaki (Rhodophyta Cera-

miales,) in culture. Jap. J. Phycol. 29: 39-46.

The spores released from the tetrasporangial and cystocarpic plants of Platythamnion
yezoense INAGAKI collected at Tachimachimisaki in Hakodate, Hokkaido were cultured under

various temperatures (5-25°C) and light intensities (500-8000 lux).

The germlings of both

tetra- and carpospores grew best at 15°C and 500 lux, and they attained maturity fast at
20°C and 1000 lux. About 2% of the spore germlings grew into abnormal plants bearing
tetrasporangia and spermatium or tetrasporangia, spermatia and carpogonial branches. The
plant bearing both tetrasporangia and spermatangial clusters was always derived from
carpospore, while the plant bearing tetrasporangia, spermatia and carpogonial branches
was always derived from tetraspore. The chromosome number was given as n=ca 30 and
2n=ca 60. The chromosome count showed that the gametophyte was haploid and the

tetrasporophyte was diploid.

Key Index Words:
yezoense.

Ceramiales; culture;

cytology; life history; Platythamnion

Masahiro Notoya and Hiroshi Yabu, Faculty of Fisheries, Hokkaido University,

Hakodate, 041 Japan.

a v ¥4 % Platythamnion yezoense INAGAKI X
INaGakt (1935) iz & b LS B BENF% AT
FRL L, MBra v rviaB L THREIhCHE
HThb, FoO INacaxkr (1950) (xfakt (1923)
BBz Antithamnion plumula OxaMura (F1% =
yu#&) & LTHABRRRBCERIh W5 EH
REv syl LTHELCIDEA—ETHEHT L
D, ZOFEZEYEEL, Platythamnion O
B E =2y ¥ r 2 AVBC EERE L,

EErzona Y FrROBEY RS B TES R
FLEBRTFOEEET > T icb T A, A—flic
VAR FHE L R TEE, WO TRE L RO AR E %
HT3EHEORFGHNREbRI, ThboREADIR
FRERELEBHCE ULBTEAVTXRHEERY b
RA&, “SEKHEMRELXB/HILNTEL X B
FoRFHFCOWTRRE L BEORECRIFTHE
% AN,

FENC R Uic = ¥ 4 313219794 5 A 23 HIC B fE
TR CHRAE LSy fa T LS 2 h X h 18
hThb, hbomkiziiNOILAKESBICHE HF
WRFOKEETiotce BIBLIFILI 7 ER

y M TR BT CEERKRICE LAR, ZofRFE
HEEE VR LACE, BTFE2R51 V77 A LRMES
WEEFER B Lo, 53 & L Tik modified GRUND
medium (McLACHLAN 1973) % A\ 7,

ERIVCHR

1. BFRFEacRETRELBEOKE.
AERICITSHEERS Model SHR-100 #{FR L
<EE4 5°C, 10°C, 15°C, 20°C, 25°C, BE%
500 lux, 1000 lux, 2000 lux, 4000 lux, 8000 lux. J/3
A 1205R0 B0, 120GRIRE I & LT 8 BRI Lo

maaT s RRFORE JIL L bIC 16~23 4 TH
50 FOFEHET ST 18.6 ¢ BRI T3 19.5 ¢
TRBTFIESATF L Y LHEFAE . WRFLEIC
B ORE XTI, FOBRBTHROBEFRL
<% (Fig. 3, E),

ST & BT oRFM4L 8000 lux DEBET
BT OBRETHHERMAMBEK 2 ~3 B TR TIERL
#2o X 5°C OERTIZWThoRE T EEEMKE
SBRIEBETLERIIRAH 6 p LithERT, £
BEIER IR o1,
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Fig. 1. Growth in culture of tetraspore germlings of Platythamnion yezoense INAGAKI

at various temperatures and light intensities.
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Fig. 2. Growth in culture of carpospore germlings of Platythamnion yezoense INAGAKI

at various temperatures and light intensities.
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E ) K

Fig. 3. Platythamnion yezoense INAGAKI in culture. A-I. Various stages of tetraspore

germlings: A-C. Liberated tetraspore.
Tetraspore germling in 7 day culture.

Part of the branch bzaring spsrmatangial sori in male plant.
in 20 day culture, showing the formation of carpogonial branch.
plant in 35 day culture. J-M. Various stages of carpospore germlings:
pospore. K. Carpospore germling in 2 day culture. L. More advanced stage.
Scale in Fig. A applies also to Figs. B-F & [-M and to

tetrasporophyte in 30 day culture.
Fig. H is in scale in Fig. G.

JEE 10°C~25°C, W4 500 lux~4000 lux Tk 1%
Lichu 7R kot Rftda Figs. 1-2 1WRF, 20
iz Rohsimn<, [ UERE & RBE b la 73
k& Rl REHFTERE A F L, 1 15°C,
IREE 500 lux THESHE LB A it b EN X &, Kk
BHtA%: 8 M BiciifdRi: 20mm T L7, L L
% 20°C, MREE 1000 lux CHEHE Lo &icie bR <R
L, REAEPHA R EEEAE 2 B8N, MEMEA L 4 280
Va5 1A 3 f‘lﬁcﬂﬁiﬁ*ﬂ'} BT,

Fig. 3 (e 20°C, W 2000 lux Th:% L7iciE

WRBAOEFTBRAR LD TH S, S0k

D. Tetraspore germling in 2 day culture. E.
F. Part of the male plant in 20 day culture. G.

H. Part of the female plant
I. Cystocarp of female
J. Liberated car-
M. Mature

Ttk (Fig. 4) & LTHRBEFREZFHEI DI —
FETHE L eyl faeh 1 U b o, PEalaT-F3

iz

& & Dz RA— Az ras a7 L o ﬁn?:;'!’,‘ 4
B0 ENBbN T, EHOEETIRRIETI i b
CBlbh, TS KTREAVE U, BTk T 2EA

RO St BEHORERIFZLTH

oto

2. BERD B &t lin T oREEE & 2SS .
[l — (I RS T-9E & U T 3% 2k U s thos BId b
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o aff

Fig. 4. Abnormal thalli of Platythamnion yezoense INAGAKI bearing two or three kinds of
reproductive organs in culture. A & B. Parts of the thallus bearing tetrasporangia (tsp)
and spermatangial clusters (sp) in 30 days culture of carpospore. C. Part of the thallus
bearing tetrasporangia (tsp), carpogonial branch (cp) and spermatangial clusters (sp) in
30 days culture of tetraspore. D. Part of the thallus of the same plant shown in Fig. C,
40 days culture; showing the formation of gonimoblast (g) and mature tetrasporangia
(tsp). Scale in Fig. A. also applies to Figs. C-D.
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WA o — VICB LARE, FhERMORR 2T
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3. MifmcrnhEi .

B LT SRl Ttk Mo B, ot
IZZN LD LR ST O R A FiiE, 7
= (1:3) O THEEL, Y49 b~vOlf
(WrTTMANN 1965) THefn 7=,

il %« Mol Ttk & Fikfko (Fig. 5, D &
F) /NED T Z DI oMl & i /285055 5
i RO FBUZNG TR DMl Tikd0~60, ki
B kD #il T1228~30, PUS TRtk DTl
2430, HHuT-FHMAOHINTIE39—50TH - 1=,
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P T BN G B 2L« B etk & Eykoo s
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WD D DN ER AN TH - 7ehd, Btk
WA DI RTINS S N TE I ot 7
D7ceh T & TIRIEF Ie B U & 5 P4yl F2EPI 8%
DT DONTHNR B,

PN FRENICRG 2 B0 UTIE L BT 4 7
Far Akt kEL (Fig. 5, A) b, =
ORIz #530 (Fig. 5, A) R kfn @ bhte, &
L 73 Z4ep o B i -4 o M B BRI D TR iR
%% (Fig. 5, B)o 2B o EAE Shtoniu
Fh bR bhvgu, MiE sEST 2
nEN faFEO R EAOFECE 2 B,
PR TN B D HZNT T 30 (Fig. 5,

Fig. 5. Nuclear divisions in Platythamnion yezoense INaAGAKI. A. Late prophase of the
first nuclear division in tetrasporangium. B. Metaphase of the first nuclear division in
tetrasporangium. C. Metaphase of the second nuclear division in tetrasporangium. D. Me-

taphase in the somatic cell of male plant.

E. Various stages of the nuclear division in the

cell of antheridial cluster. F. Metaphase in the somatic cell of female plant. Scale in

Fig. A applies to Figs. B-F.
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Table 1. Abnormal thalli with two or three kinds of reproductive organs hitherto

reported in the subfamily Antithamnieae.

Species Investigator Sex distinction Source
Antithamnion defectum LEE & WEsT 1980 2+ 3 Culture
A, pygmaeum WEesT & Norris 1966 P+ 3 Culture
A. spirographidis Drew 1955 +3 Culture
A. tenuissimum Hauck 1878 D+2;:P+3 Nature
OLLIVIER 1929 P+2;H+3 Nature
FELDMANN-MAZOYER 1940 B+ 2 Nature
FELDMANN 1942 H+3 Nature
SUNDENE 1964 P+ 3 Culture
L’Harpy-HaLos 1968 D+2+3 Nature
Rueness & Rueness 1973 P+3 Culture
Platythamnion sp. WEesT & Norris 1966 P+ 3 Culture
P. polyspora IToNo 1977 P+ 2 Nature
P, yezoense Notova & YaBu (present study) P+2+8; P+3 Culture
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Fig. 6. Life cycle in the culture of Platythamnion yezoense INAGAKI, collected at Tachi-
machi-misaki in Hakodate, Hokkaido on May 23, 1979,



C) opeatkr Ri-,

U OETEMIATH R OBE DB © HEVEth DS
BATIXHAPOIESCBLRS DD TR R
RPN S B DR EMHEITFIET B fod otk BTA BeDs
HHZLRETHS (Fig. 5, E), Lh LESE4
L E Rtcldihs h ORETFH CRICKIS0D Yo fh 4 57
BT,

% %

FL#E 1 AR 72 Y74 % T # (Antithamnieae
HOMMERSAND 1963) Cita v ¥4 %BL 7 5 v #'
FERTRA—# b TR L AR T2 E TS
th, BRI O O R Shtc o & 2 SEic B
(Table 1) #EEh TV 5,

BADVEETSERE Lica Y ¥y 2 OB TIRE
BHROEMCRERE LTS MTFELETFREYET
5k, Mo TEREMBEOEEBRETYETHHKED2
BEOGIE LRI, ThOERELBEOEL DK
H IRl TR T I L TSR T LIS 2 3
LI T B ENTEL,

FERCTE UICRBEG TR FEL G TEY S
THEIDLT TS B4E U, MO TFTE L MR H:
LDOZEDLETEBRE X ETH BT LTS
2, ZoBRFBOREEA TSR TFIFEOL T
DRTFELMHEDETEBRT L T ok kot &
hODEBEOKERERIEL, RA0M B0 =a Y
FH+rDEFRYRTT S L Fig. 6 o &ieh,
APGETE U 2BHEOREHIBRACTE Uicdb o
TR REGLBEHCET 2 BEREYETHHTH
ot Z LD, BEETOCETS2 Y FHROnT
AV EDL S BB E T EFRLXTROINE
5 IZ DTS HRBD THEI R RE L THE,I DS T
ETH5,

HRRERIPIE CRM B TRED b RE G TIIL B
RRSBETHZ LN TEd ol UL LIEEHET
i n=#30, 2n=#60 ORELEEIAEBLI, X, @
SRFEATIRED Tbhb Ex B, 2V ¥
F BRI DY TILBIE ¥ Cic Antithamnion plumula
T n=23, 2n=46 (MAGNE 1964), A. spirographi-
dis T n=32-34 (Rao 1960), A. tenuissimum T
n=#y32, 2n=#j64 (RueNeEss & RUENEss 1973)
DREEBIRESNTE ), BRa0SmBlayy
Y3 DR EAEBUT Antithamnion spirographidis &
A. tenuissimum DD LFELI L1,
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Yosuipa, T. 1981. Note on Antithamnion sparsum Tokipa (Rhodophyta, Ceramiaceae).

Jap. J. Phycol. 29: 47-50.

Observation on the morphology of specimens referable to Antithamnion sparsum or A.
defectum KyLIN from several locations around Hokkaido and Kyushu shows that there is
no essential difference at specific level among them. Therefore, A. sparsum TokIpA is
here placed as a synonym under A. defectum KYLIN.

Key Index Words: Antithamnion ; A. defectum ; A. sparsum ; Ceramiaceae ; morpho-

logy ; Rhodophyta.

Tadao Yoshida, Department of Botany, Faculty of Science, Hokkaido University,

Saepporo, 060 Jepan.

F XA b a Y H¥ 3 Antithamnion sparsum
TokiDa (1932) (kA D&MD BRI X i b Rt
HECTERR S, oz EHos LTS
PEE R LS BB EY L OETT 2 ) HHE
D A. defectum KYLIN LI TW5BA, FhibFEL
CEVWHlaR b2 bR TERERE LTV 5, DK
s ofrdtiEEo = <# (IwamoTo 1960) & Z#
(Tokipa and Masaki 1959) 2 LR EhTE D,
F b ABEMATE O 4 (SAP 023263, 022781)
ZE NIRRT SET S,

EFI OB Y s BEA L EEREORE, #
&, EES ICAXREMNONEHRNTHE T2, *
AP IYHFFRORSBICETS VD Eiddel,
finfE A« e REOFE LA LT, PR RELh
%o BE « ERTIIAKIE 5-10m 0 bz Arh bEEHR
RS EO AT L TR D, 9 ATICEELL
EA TN TFEOTML FED bhi,

fii}5 Inacaki (1950) =B OHAY A de-
fectum wMT, 7o) A~TERYHAYFEG AL
51 THE L, EALREREFRFCRSVTE AIC
Hef AR B, Eio, BAFRARII VT RMOMH
it HELE: (BAK 135 1980), = = Tit Tokipa
(1932), Inacaki (1950) miEuhs, FZOBErHk
A E R R T~ e R B]ET 5,

1) FHFRIEEREPRRAY R (RRERAR
i, REE&E254229) KL AWEDO-HTHS

# 2

Fig. 1 R+ X5, EHoHEoBzEivcs
ETBHEORNZ EARSE Y LEBEETHE, L
L&D Fific s iAo fMias S ERERED
¥ (Fig. 1 &) 24T52L35%,

Tl O K EE 7Y ) vEAT L5~ b Tl
FETB &, BN OERT 100 pm A ABTHEESR SR
o &, sy 100 pm LI T, R4 IREFRHGE
DEFAML (Fig. 1) (2 53 um Th -1, FHIA
DREXPERLREIDHIBELTENINS L5 /@
R R BRI 51,

PR TFHEE W E 2 BV RSP, 53-T2x77-
99 pm TH o7z,

HERE (kS B3 VLB RLIG D bR C I8 A, R T2
(spermatangial cluster) (3 D% 1 i AfaZ @
B EELEUT, S2hofviBEmE o lE0D
DL, F2Moh bEElicETob0L A5 B
(Fig. 2)o WFRIZLTHEFAE LS T LT i
%o

AL 52 5 FE O Rl 1 ~ 2K ofli & b
o oERZEE L, ThEe o Tw- 54k
L hkiy,

Tokipa (1932) it % @ #E 4 23 Antithamnion
defectum KYLIN I8 DTV E&HFBD T D, Ly
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Table 1. Comparison of species of defectum group in Antithamnion
defectum pygmaeum setaceum sparsum
KyLin 1925 GARDNER 1927 GARDNER 1927 Tokipa 1932
Frond 2-4 cm 4-7mm 6-12 mm 2-4cm
slightly branched sparsely branched sparingly branched
Branchlet opposite opposite . pairs opposite
(pleuridie) pectinate on upper side secund ramuli 5-8 subulate ultimate pectinate on upper side

Ultimate ramuli

Gland cell

Cells in the main
axis

Tetrasporangia

round tips
on ultimate ramuli

50-80 ym thick, 2-5 times
as long as broad

pedicellate

sparse, at apices of the
ultimate ramuli

50-70 pm diam., 2-3 times
as long as broad, slightly
swollen at the node

terminal or lateral sessile
45-54 X 75-80 pm

ramuli on upper side

conical cell, acute one
celled hair

apical or subapical cells of
the ramuli

80-100 gm diam.

on one celled pedicels
55-65 % 80-90 zm

tips tapering but not so
sharp

ultimate ramuli
45-90-(150) gm in diam.
2-5.5 times as long as

broad

pedicellate, sometimes
sessile 37.5-57x60-78 um

87
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Fig. 2. Antithamnion defectum KyLIN. A part of male plant from Nagasaki Pref., June 1977.

LERIMRRA R\ &V 3 ST KyLiIN OFMEIR LB R
TS THEE LT XM bayHvx A spar-
sum %58 L7-o GARDNER (1927) o A. setaceum
L A, pygmaeum %E»HT, FHhOFBKHETS
o4 B hEcrERIA T %, TO
EEAEYHTH L TablelD L 5itics, ZDFEMD
405 X 5ic, defectum group DX XFIT 54
B & LTS RTFESER»ERD, BEORMKIR
S>TWBNE 5 H, EHEfifoXE E, ficths
DHBEMEIRECIERBTF LR T WS, Ll
WoLLasToN (1971) 23/ UTWB X5, MO
F TR H WL ER»IRA CEETLHEOBEAMRDH

b, Tokipa O (1932, fig. 2) b0 2DHED,

BORE LI VBV PROEMALDEHE S h

bEFLRMC L > T—EBLTWinWETH D, T
JaDKE X1z o\T ToKIDA (FERE 150 pm 12T
BEERBELTVEY, ZhIFABADLS T
ZEEZOBIZE LTt 100 pm %#x 5 3 DlxbT
P 1EFEORTH o, BEELRIDLIF RS =
v R p A, defectum Y hEREICAEZ LW S
LWL 5 ThHB, HEFETEOKEIR DO\ T
KYLIN {Z@RT v iewith & d, WoLLASTON iIZ &
i A, defectum TEX 80 pum O 5% T3,
WoLLasToN (1971) 37 x ¥ A KFEROM B
WL T A. setaceum r A. pygmaeum ¥ A.
defectum LFEL LTEBITHC LIXTERWELT
BREADOERF W LT\W5, AFEOBESIZOWTD,
FEHIRO K E SR TRES XS LT VL,
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P LT ARILUITF L 0L E R B DT, A
sparsum % A. defectum DRZLELTHINET
BHEEZ D,

CORR, MBZLLTERA bavryxk, 7o)
NTERYHYFOWH DB LD, Antitham-
nion JBOFIZE LT7 2 Y 2B AR TW
% (B 1956) T, F XA LT RYFHFRE RS
DHRBFYTHS 5,
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Makoto YOsSHIZAKI: Marine algae of the Cape Muroto, Kochi Pref.

MEH bR FEHCEE B FA=2hH %, —2idlE
DRBRT, fLrHOEFIHCcHs (Fig. 1), BHE
WRAOME, EH, M/ Bl Edh bidSROWER
HOBELD B, hixt LEFIFA itk (1933),
KRB (1970) @ X B WFA R REH D BT E e\,
TR LOBER X B L BRI HIT2BOEEL M
DR THBD, EHZI979E3 A, 8 AR LCI0HD3
Blizbtch, EFIRCHERELXTRV, BEZ TR
125 OB HRETHZLNTEL, hborhic
M EED THRKOD B LOVRLEHETh TV 5,
4%, ZOWROBEENL Y —BE LIRS
EEHFL, S OMOEREFEDHENE Lict,
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Evag, e by Sk XOBBKEYSEEL, Tl
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TWT, T SKBEEOBNGENEE Licb D
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Cape Muroto
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EFIRA RERHHE  ©=— gy E S SHER
MBI ESH 1km o [ELEELSE] 0BT b —H
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Fig. 1. Maps showing Shikoku (left) and the Cape Muroto (right: 1/25000)
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Fig. 2.

=PI AR OHE C & & & < HILHY 30° 1 L fEiv
TWwbe XL HIOTF oIy, #rEE»
L TKENEH L, AacBlEdse
v,7£n,ﬂvﬁﬁn:7,wy5%$k£,mﬁ
RN AEB T AL YT 5 2 L0 TE %,
BRI CEEST % = & o ke E il ki mds,
RRWT EEVTHY, EOTHIY
GANTHZ Vs FHEUX T, Z2 b2 RE, HY

5 AR FATIES; FTiEaIY, § K& TF

7.3 &=

R

ETVy FFEAn=F, FeAvaT, Fuany
W, RAT &, R =
YL OV L, £ b5 wanFE,
Ny SED W {2,

TR, er4 T Z,

Edh 3o, R
IHEFE ~NYFY, V224D
16, v3/,2=01%E,
{1 VY vEY,

hTTHER, T IS,

YFH I 772N UT § D,
Ry URAFHE, VIVFEY, YU IHY, HAYE,
48w, sy 7282V,

ST NNK, NG Fros

bz i 1 A ) W PR
2V, YI=EEY, RPOET, ZRFVEY, 4V
Z 2N gty w2 A b,
RAT I Uy BEHS LY, =
THG S HZHT, CITHHT,
CAT VIV, ~NATVIY, d=2
BT 7Y, AT, RVAFI S

P TABD 5 A DN, BT

Fy DAAVA=7F, Z7%Hh=7F, ~) F)H=
2y B ety

AREYRE, LY I, AHTF

2 Vs BFARBT, HFeS2) ;. TGy R

A costal landscape of the_Cape Muroto.

2N A Dy bR B KR 2, T
2Ly 2728w TZ2N, =7 ), 48 MEAE RS,
=R, RN WY b2 Yy Z b
Ho 29 Vo BXA2XF )Yy L2301,
vy, AAJY, ¥4 3,
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ZHHL 3, A4 Y, A
E2N, A B2 2FH, TV FH, a ARSI S S
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QFIN, BT LNF, AT I N
FRIMECHEEREE L Sbhs, ARy — X v
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SREBEFTTAHAVY, 93574, eoFid
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A/ IR i
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AAREEFSFESAFEFAKTAS 5 A

#1808 (3A31AR)

9:

10 :

10:

10 :

10:

11:

11:

11

11:

12 :

13

13:

13 :

13 :

14 :

14:

14 :

20 KEERE B & — ®
i # (FRinER)
130 (1) HEO®) ¥ T a7 T —%4 v ¥ & —D5fE LR
O PEDELHE « JETFINS « THpBASE R « TRRAERT* - RRURRRAE
CENLAER, MK - BERE, PFRLK - £, PSR - THEREE Y 2 -)
145 (2) #L#Ey v == Mn?* &% Ca?* - ATPase LDWnT
AMET - RILHZE - OMIGER GURZEK - )
00 (3) MAHDHAKILE Ca*-ATPase IKDWT
HHERET - OMHERT - MIGER GREZEX - &%)
15 (4) HZPE Trachelomonas D4 EEFMITIF
EEER (LK - BARE)
30 (5) ZAHPE Volvulina steinii PLAYFAIR (Chlorophyta, Volvocales) ic-ow—<
BN (BISHAEK)
45 (6) ZHPE Volvulina sp. DAMHEFE L HEIEERLCONWT
O =F - MAMHT (HRNIRHE €~ %~ - )
00 (7) {BYF=E#E Prorocentrum OEFHNIELEE
OHEE - = (FImK - £4)
15 (8) FREMEEN Gymnodinium *65% D BIMEEEIC D WT
OFELFE - K M- BRIGHE (HREK - KE)
130 (9) VA HNRIROIEIRE O EEEHR
B (BB &3beR)
45 (10) FOEY 4 Y Y Aulacosira ambigua b A. italica DFHIEEICOWT
OBRERT - /Mk 5L GRIREK - )
00-13 : 00 Bt
E #H (FROE)
100 (11)  #gEEHEIE Thalassiosira O 2 Hiid
B GRIEXKH)
15 (12) PPk 7 4 ¥ Navicula pereglina f. minor O4IEZENIRET
EBRGAR* « OSFRATH - BEE* « HRBEES (Rghhk, “HERAZE LY £-)
30 (13)  Surirella B4 4 Y v DIHESMRE
ORHE—F* « Mk AL (MEERIMEMEK, *HRSEA - )
45 (14) Cyclotella temperei PER. et HERIB. DZERM b I 7o gt & OFRERICONWT
ORHME. - /MK 5L CGREEK - H:4)
00 (15) A4 +7¥B2HEDLH
OBERBIEA - FRWIBIE - EREXES (LK - KE)
15 (16) fIEE~ 7%, 4 IREPFHA 3 GifF) OmHITFH
HEER (k- = - #E)
30 (17)  a#7) ) OEMNEER L BEERK L OXHER
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HHER (REX - KE)
14: 45 (18) Parasporangia %##§> Callithamnion sp. DHIEEICDONT
O&F F - -HNEE - AILUEZ - R GEITHRAR)
15:00 (19) AKEZ V7 b EF XRORBRCET 37 Y v ) VEERIKCDONT
OB — - MRl (FikAk - &4)
15:15 (20) % 2% ® Dunaliella ® Mg - ERETCOHEE
OHEHEF - TRFR - BHER GHREILEX)
15:30 (21) JRRHEE Chroococcidiopsis DIEREZMIC X 2 TBEEHILEH)
OREFHTT - AT (GHREX - B - &)
15:45 (22) 19724ELIg DR AN iIc 3510 2 Peridinium DEHMIEE
WHRRR . (FER)IRAER)
16: 00 (23) BEERFIEIC 1) 2 BRI ONT « HRER CIHEMBBE OHIRER I W
2E R (hKE)
16:15 (24) HAEAH Y v == OMBEWHH
O IEEEAER* « FAMZER** - H. W. Johansen (*jbK - K, **LEKEELEI L - D),
LY - )

16 : 30-17 : 20 - BREEE -
Further investigation of Gigartina subgenus Mastocar pus.
o I A. West,* M. Masuda** and M. D. Guiry¥**
A Y7 xA=TK- i, *EK - B - Y, PR <K 77 =7 - R

8 £ (17:30-18 : 30)

B 8 & (FE3¥ppias 18:30-20:30)
%208 (4A1R8)

# # (FRIDEB)

9:00 (25) KERFEHEIC 1) 2 2t S ERERHREOLE
OHEHF JX - BATH (WFEKA-H - &)

9:15 (26) EEEGEBBEE, LALMEHER (BEMNE) B 3 eHitimER o RE
Ol T - HEBP X (WK - B - 458

9:30 (27) ®mBE - ZFINIDRK B 5 HEEH%
ORI/ - BEFP K (WK - E - &)

9:45 (28) [REEREEO/NBHICHbIF Y HOEE
OFHIZTF - KA (KEX - 2 - #¥%)

10: 00 (29) FEMGIC 1) 3 LIBEEED G & L EEEE
OFRKIL 8% « gRILIE S « KL - PARERR**
CCBBRX - HE, *Ei5T)

10:15 (30)  REHRRE-LIEERSEOD ARERISHE
OFKIL  f* « ZRILEES* « KL - AR AR
BB - BE, R

10: 30 (31)  Olisthodiscus luteus DRFHEIC RITTBEERTFORE
O ¥ - hiTERE - X (3% - PUIEH
(<3t A - £ - KEE, HEAE
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10

11:

11:

11:

11:

12:

13:

13:

13 :

13

14:

14:

14 :

14 :

15:

15:

15:

15

16 :

: 45 (32)

00 (33)

15 (34)

30 (35)

Olisthodiscus luteus DL BEHICH b 3 circadian rhythm
OAIBHE - 0 18 - HUEZE (ErAEH)
Y€ VEREOEES L UREGRCRIET THORE
O HREMLE - HEEB AKX - )
moRET4 VY
HMEAET (FERAEH)
KR (BBR) O EEiugms
OB 1B* - IABETH - FRATF (R, PR - £4)

45 (36) @ NIl (BRR) O TH#EE

00-13 : 00

00 (37)

15 (38)

30 (39)

: 45 (40)

00 (41)

15 (42)

30 (43)

45 (44)

00 (45)

15 (46)

30 (47)

45 (48)

00 (49)

ORMAZ BH* - BHIL* « LIRBA* « IMABT - BRF - FRAT
CRBIRTH K « 28, HREHEK)

Bi#A

E R (FRo®)

L€ FeEo l BOLEFELCONT
OKRBuA* - BEILFR* (KKK, **BERRK - H)
*Y T HY BT 2RBRDOFEF
ODirce Mithico YANO YAMAOKA « HJIHEATF « SE= (KBEK - 3% - &%)
$33& Ulvella lens CROUAN 7V €% (Hi#h) IKonT
OREBAIELL* - FHikRE —*+* - EBEEABR* (YLK « KB, *LEETRERERS v &
=)
T A Y 51D Porphyra occidentalis SETCHELL et HUS ¢ HADF [ v 24
“P. occidentalis® D H.H;
BASRM - oKk B ek -2 - 1Eh)
KLHEY 79 5 3 DHEFEEE &
HIE B GREA - H - &)
KA AR 7y VEO 1 FE
BAES (BiRK - 2 - B
V) Ty (g7 O~<=vEF) OFBRIcOWwT
OHFHEA - FHATF (dbk - # - HE4H)
NT AERBL S F V) BO—FE Chnoospora minima (HERING) PAPENFUSS (¥ €/ J H) ©
BRI EIER
FYFT 7 bR (BB - £8)
Litosiphon © 1 5ER (4 Y e¥ = HifF) COnwT
OJIIFFILsE - BARFW Lk - # - )
ERBOTECH b 2T 7IKDNT
BT ORK - & - KE)
Pleurotaenium tignum HINODE (Desmidiaceae) DHGEICEE T 3=, =DHIR
NEBE* - OYTRBE (MEEWAER, *AEKX - H - )
IAERLPESR S Eremosphaera DE BARY @ 2 HiIcDwWn—T
FERE (REX - H - #HY)
V¥ 3 F e BB T OBREERICOWT
O FRIEESE=% - |IREEIE (K « 7 - =, *FHA - BB - &)



BFEEEF2REAFEFTASHERES

(1) OFE:DiEH* - FDMA* « RFRBAZES « A
FEA* - BEREE  BEokY > FOFT -4 >
EE Y — DS &AL PaER

HEOBHD M FHAENE (Te7T7—¥f ve
E4—) ConTORERDPAEL, BPEFEDOL v
EX—CDnTik, <A FHEYDET CH#MCHE
RT3, 4 veef—DEENREARTRHTH S,

7eFT—¥4 ve X -, EEEHRUESLH
KCEE%, ¥ ThORERFOBHCENLDHET
Y, TOCHRPWERELFET oL CHEERINT
wb, HEDLIX, WBECHEENCEEHUEDHOER
2R A&, @i 7 4 HF7 Grateloupia livida, & v~
7 ) Grateloupia elliptica 75X v4 e &
—%BvHL, T74=742u~=}t+777 4 —CH
B, 2OEbEEERRE L, SEEEHED
BERHECEBEH RT3 ok, KEEED
AEEAMEEAVC L REEADOT, RAZ, B
NTWBEERY ) Y Porphyra yezoensis, §33%
t b 7Y, Monostroma nitidum BKU%, % & «Cif
H[RE A ATIKLIE~ = X F = Schizymenia dubyi %
HRICRUCHHBRLER, et 77231y, )
7V A v RY, BEROBEGEGOMEMENREEL
Trn3ZtZRVHLADTCHET 3,
CGEMASE, 5K - BERE, YELK- &

R R« THEEH Y 2 -)

(2) AHBF - RINEX - ORIGHEHR : TRy~ I
£ Mn* g% Ca?*-ATPase (22T

filg (1977) RBEciLEy v T =RORKECHR
icyfiT % Ca?*-ATPase L OWTHiE L2, 4H
EELR, COBEErAA avc XL, 35k
ML L T2 DR ERI L, BbhA#ERICOW
TRICFETH, ThbOERS bz OBFFZ, Mn
YEROFHEE LCERTHR/HEADOTH D C LAt
Mo TIRFET S,

1) DEAE-®Av—RFU 77T v 72Xk AW
T, BETH200 FriifbTsc ik,

2) T OBFEME, EVTZIAT I FF A Disc
ESk@C2 R0y FERL, £V Fig, ATP-
ase JEHEE —BL 7,

3) ATP ciEHRWCERL .

4) ZERpH k#99.6 TH o ko

5) 777y 272G200D5158BCkY, HF
Br105CH o %,

6) 100mM o Ca** HETFT, BEREANEHELR
L Ca?* icxf3 % Km{fiiz, & 20mM <5 - %,

) BMILBEREOBFESFO Mo S5 % A
ELtT?, BEAMILINICH T Y 2D
b o Mn* SEBELHEML 2,

8) EDTA CHIMLEL THEIEIABEOTEY
fbic s XiEF Ca?, Mn?* 0% Rz, Ca?t+Mn2+>
Mn2*>Ca?* DIETH - 7z, CGRm A - &£=9)

RIK{t & Ca?*-ATPase (=T

»7  BEEARNEEOAKE (229 2BR) B8
ik, Ca** %R~ RRMCTRINLBRET 5 5
BHEET L LELLNBDT, AKILAER $ D Crico-
sphaera roscoffensis var. haptonemofera U HE%
HICAIKILBE R e 5 . Ochrosphaera verrucosa D%5
Bk 2HiIc ot Ca2*—ATPase DELELZRIT Lo
Z DR, ROREBEGED 2R BoTHET 3,
1. AK{tEER b oHicid Ca**-ATPase D ik
2 BOcH, AKIEEERE > L ERK TR DT HORE
HLrEDbNED - %,

2. AKILEER b oM» b, BAEBEEHI20 4 i
kL, zolEEHRH LA, WEHEPH I .0
HETH o 7o QFILBERIX20%7 ) v —L FIE
TTELLRELEI A, (8) 9ImM Ca* FTRKIE
HER Lo Mg?, La®* 13 Ca?t ic X 3i8H:/k% 81
Elio WATP KL TRVWFEERY R Lo (6)F
ya~<4 vy, DCCD TifAE% 503, +I 7y
VLB Th EEIEE A2 o &, B)p-CMB RUx %
7 ) vBTHEIW,

3. [EkEAHCa2*-ATPase 3 FHFEL, TOEEE DO
BRABEE L e LEEOBEE L B IE—B L o

GREEEK - &£4)

(4) In@EFX : BFE Trachelomonas D5ES
51

Trachelomonas % Euglena FLIOMIARE & # L
s, To@lDEb Y Icgk, <~ v Y
&4 (lorica) #BMIT 2T L2 ZTDORELE L T
w3, & DHMEREZ, EHRENBERG (1833) Ic X » THg
BENTLOE, HR&HAD 200 22 2 3EAEE X
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NTV3EH, ZONEREL LTRBROBEDHHH
wWHONTER, L LARD, 20OBROBEELXEES
B ko TRIET B L A5 & h, PRINGSHEIM
(1955) ® CSINGH (1956) & {3t clonal culture %\,
BOWEES L UEIBEC O TOREEZ T o ko &
& 1C, 14 LEEDALE(1975) 1%, RO EE %2 TEM
v, %7 ROSOWSKI(1975) i&, % D%
SEM #flvwTH%L %,

W&, BAARZHH O Trachelomonas % BipEtss
L, 2OROBEEL X UMIIMEIC DT, AEEM
$its LU SEM 2L C &k, SEIR, THh
BN AETOMRBICODWTHEEL 2,

(#RLK - BARSE)

(5) HisAFE : &g Volvulina sp.(Chlorophy-
ta, Volvocales) (2D T

Volvulina [B1% 1915 4Eic PLAYFAIR ([T X b 0 #§
XN 7 Volvocales K83 % BtEBIDkA#ET, 16(8
DEEIEAD vV v XM 1 @3> gelatinous
sheath KAETNTE VW EREHME LTS, KB
CRBRAEE CRUEORENRE TN T B R, ARHE
DHDIET IFHMABEREL AV,

HERZHENE, EFOKHEIYERLE Volvu-
lina sp. DOYHE - MEHELETH - HHER T EREGT C
HMCBIET 5 T LA TE K, Hitthic ik Modified M3
-medium (¥4 - nig, 1979) 1 t¥ic TSWP medium
(CAREFOOT, 1966) %\, H¥EBEHR, BEN
20°C, FREE#9 4000lux-14 h light-10h dark ©® - %,
BRERGLUT D~3) omd¢hh, c oM I
V. steinii PLAYFAIR & V. pringsheimii STARR
L ORI EE T 3, 1) vegetative phase i ¥
W, &Mk 118D pyrenoid 35 Rosowski pEic
LoTHRCEIHRLTERAVEAYE DS, 2) IX
fElaid B H Sl 2 B AT 5, 3) At AT
RFEEEMETH Y, EETFDOBER smooth ©H 3,

(BHEZRBAER)

(6) OWIT =P -EARBIT:X#E Volvurina
steinii PLAYFAIR OZMEAETE & &5FHICDOWT

A Volvurina J& (Volvox &) Kok T
Q977 MR EREETC DT OBE R FTA - &
A, EfAEs v —vaBohd, FlEEficownc
FEECEA» ok,

HELR, 0%k, FRREMMWOAEHE O #* + 5
b, BRIBEC X > TREShA V. steinii %, —Hf

HEHEHAWCs v —vERETA- L L TS, HEM
Ay e—viBohioT, HHEEHEOBRLCOWT
HHCER T hok. T4, AlELHEEHRET 5
HIGBIC DN T EBREfTA o ko THHLDEERE,
KOBEC L > THLA R LEWEEZEDET, V.
steinii DEFERICOWTHHET 3,
(HENBERE X~ & — - &)

(7) OEMESE - 8= : Prorocentrum ¥i&
DILRHAEEIC OV T

TRYEE M Prorocentrum X Rl % BT 5 £ &
HEEEE LCELHEONTwS, AT D 5 b
P. micans, P. triestinum, P. minimum, ¥ X U* P.
cassbicum DEF LV <N CTOIHE - BB O LEPIES
FhocdbDThb,

Prorocentrum BORAREERRD Xk 5HB%2 %
hiTnd, 1. KER@ 2BOBIcHEDR, Thich
S>TEFROERENEET 3, 2. EREOH R ic
FERENScH>TEHT LV 4 FEET 3, 3.
Tiic & o TE ¥ h 5 Rl RABIERTSR S b # 5 IC
PO BRI - 7o o—n, TAVKE, BolHC
i 4,

PlED & % 5 fIHEESE O ARMEFIZ »FhofEic
BFATHFALTHEH, lxolicz w210
EABRCHEN S, A2 EROKEEER P. mic
ans TR EHRE P IR PET BH,
TR/PMIDBREEICHFET 5, —7, P. triestinum,
P. cassticum DREZIE O 2 CRIZ I E—B24 b $912
BDFYa v X v RT 2P 5B, P. triestinum O L
J A FRBATZF7 a4 Figftho 3SEcHE~D RN,
P. cassbicum DYV 4 FOBBCREELT v 7
VHREEEL, TDEbLY ETATEY F—F VRKiC
EFIL T3, P. triestinum 3 XU P.micans O =
APERERBCEFI LT3, Xbic P micans T
FItavy P ToORRAEERELRD,

(WK - £9)

(8) OFBBFH - KEFHM - BiRAHE : FEBEEE
Gymnodinium ’65%] DIBHFREGE DWW T

19654 C FRlE R AHS 5 et L A A ¥FE3E Gymno-
dinium '65%) (FiE: Bk, SFEHT L) %
NH-15 £ Cchi3 | 2 OB MEEEY, B ETF
FHBCL>THE Lk, thicihd, FREED
NEIZ=Z=BOHR (theca) & —FliciEA 2/ K X -
TEbhW Tk, BT % 5 3ERABOHH,

P. minimum



YRS DEKER DNA 2 8 bstatkic X T 5
DoNTnZH, CRrRbhAhok, ZOBE LY
BG X5 cBHomaxEd Y, TORMEICIK b2y
FY7, AT, BYERDBEZEURBESSIEL
TWic, FREGHEMNED 2 ) 10ERER I, W
WBDF 724 FREEOT 2 7 CHRIATVA,
VA FRDHEL & D RO (stalk) CERREK &
HEEL TR, 2ORIEREDF 724 FHRGA
THEL LRSI C L3 Ad ot BCERY
BEAHEC i faRbtk (lipid body) KRERKE & 43 M (exo-
cytotic vesicle) B b5, Wil (trichocyst)
Bhoi,

P ED#ER%E G. fuscum (DODGE %, 1959), G.
neglectum (MIGNOT, 1970), G. simplex (DODGE, 19
74), G. breve(STEIDINGER %, 1978) 0ig4nksE&Hr
JEpl L e LT 5, (BEREAK - KEE)

(9) REEMEK : U h A HERIRVHR L O BEHGERE

B : HEZ TR E TIc Y B A IRBIER O REEIRIC
DRTEBNBRELET, 2OBETERELTEL,
BREER (KR 80cm) DORSHEIRCIRRSESI DL,
EROB A RBER RT L EL LN AHERBR I
7co

SEE, HRBORESME, BIUEOBERYA 2
L THE O, BHERTOh TV %iERT
3T, VA ADHECRLNh ZHERICOwTD
BRERFR< 5,

ik RARHIAETR =R » b 8 &, £R0.5cm
(EEFEHSET 7 74 LRAEENEL) #H10emED
BlE%, FAE—ATATE FEARIVLEND_E
BExfiv, X ot FZBEAEENR L EEA
EARR 2 VERL CTBIZ L o

FER : MRS —Eh b A B K E 0. 5em OIERER
TiE, KKK % & —HoME L HERIROR 25 % &2
DEI v, BECIMEIRORERZRTLELDL
haERHEOREN R ON, hoMigc gL <&
FHOCERARBIHBEL, 7va 72 ORIERER
o3 bDbH 3B, piLdEcoh, HKIEEE -
T 2R EOMBTBES N, #HKkL, ZOMM» L
MRS OB AR Eh, ZRkT 5. €5 Lk
EEcEEEc~E ) o FT, AT —|fEPL I}
2V P TERBEINL, URE LR

59

(10) OFFREETF - Bh:pLEHFI VY
Aulacosira ambigua ¢ A. italica DRSS
[ deliN g

WE O, RAEROET A Y Y Melosira B 5
%, CRAWFORD(1975) 24 2oD /A — 7P T 72 d
DD 12, HILEEMOIC L > TRk TR T 3 7
=T O TONFENH LT A>T 3, L
L, SIMONSEN(1979) i, ¢ D X 5 % M. granulata
(EHR.)RALFS %f8F LT3 71— 75, BEEOIL
BECcsnT, TOBEDE4 7HEHTH D M. nummau-
loides(DILLW.) C. A. Ag. : 3HBAMCERZ C &
b, M. granu'ata ¥% Aulacosira BICB L%
Twvb,

AElk, ¢ Aulacosira D5 H, A. amlbigua
(GRUN.)SIM. B kT8 A. italica (EHR.)SIM. © 2
OYBHEICE BBHRCOWTHET 5, fiEi,
FRBEICHAIR A2 i —tniE (sulcus) % o b CHED
Foh3EETH LN, FHRCE-TREL M ita-
tica (EHR.) KUETZ. 3 L<{ & M. ambigua (GRUN.)
O. MUELL. ¢ LCREEI N Tk, FAxBHEBELON
TR, BELRBREDLZHAEN27FirbLAR
HLTsod, ERA2BEIRINTAVDIOLE
bhd, CGREZEK - &:4)

(11) BHEM: BEER Thalassiosira O 2 FHiE

19514510 A IR B A% M SRS ciRE s h
18Rk, BEREBEXSRHETH > ., SEM Kk
D 2 DORECHER DI > ko RERKE, 2XKOE
RER L EROFEREERD Y, BRETRICH 170
FREERED D, & bICGRERC b EEREERHET
3, 2AROBRERDZ TR, HEEEFNRARIC
Hi>TAY CATRE, K& & 9I0~170um,

19794 8 ATEBRMGER CiREI N 1R, EE6-
10pm DO/NBD d DT, [@EE EM 2B+ 5%, BER
CH 3 6~10KOFEEROENFERCTHY, Thb
B/MHBED 25— F oA HICHEEL MRV EE b
2 T3, MR, REGCFETLTERCKECH
U, ¥HbITFELT2EROEEEZREOHEICEL T
3, HULEHEER1ED 2, chizBEEdbedTF
a—=TRTH B,

2L L EABERRESR I CwA VY, o
AVEERED DT, HEL LTHALK. COFHM
&, SHKDTEES 1035 (19804E12AFFT) KREL
7zo
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(RHEX ABF)

(12) ENRBLE* - OFRATF* - EEE* ARBSE™
: F4k 4 4 B Navicula pereglina f. minord%
ko H )

Navicula pereglina f. minor [35:%] SCHMIDT (18
76) AL, ©b KOLBE(1927) 2¥iaid e L Cit
BLTnD, MEOREREH» 3 LHEIAE L CER
LTk, TERF—»3PHEDS 3 (VAN LA-
NDINGHAM 1975) ,

—F  OftEIX Navicula kefvingensis EHR. Na
vicula pereglina var. kefvingensis (EHR.) CLEVE
DY) =hrTHHEE N B Y (SCHMIDT 1876),
X b it Navicula pereglina f. minor KOLBE (337K
BOY) =0rT5HEEDH S MILLS 1934),

HHRIRBER)C 1979 4£ 5 AlIc 2 MBIk 7 4 &
ONBE RIS TT, MRBXEHL, 74 BR22
~44pm, 2 4 311 7. 0~10, Opm. BEZRBRIE Fh STt
RTRB IR AT S, 10um RBic R E8~11 (10
pm THIE), SFEHRE 5~122 (5um THIE), HRE
B2 B 3 5 AU 10um fIc§930 (2. 5pm CHIE)
TH B, IR RT, POBRRCECERE
e BFEMRER CH 5. c OEGBRICH 3BEER
BRER-D (LR, H*HERAEwV )

(13) ORFW—B* - I\#faL** : Surirella Bs4 Y
o DG ERFRIRES

BREER Surirella BORKEMLBETH . X
ZCEE LIk SEM 2 AL T oG BE T
prldc, coEBERMFA»LEET S HEY
ERLTHEL Tk, 20ER, BREEBOAE -
EX BX} criteria ¢ LTEETHEC LH¥HLA
tholko AT LD criteria ZELH) A T S
robusta t % DEFEIC O THEENIRG2TA -
TeAEREHE L\,

S. robusta var. splendia OBREEITRDO HTERL
EHELERTI CLBHLI L Aok DT, HWILDS
ElLT308RELBbhik, 1) REEEORIRK
ZEREEL, 8, BEEORHEL, B, 2) %
ZEBOREIR R, BEEOIRM, 3) RELE
BOMERKL, ¥, RBEOMAICREEEE D
o, UFHOMERMEL, HBOMAckHEE
2BH3,

S. robusta {. lata OB RBROMEIRLLTHEL
LFDODDTH 3, S. robusta var. okamurae OB

FROBEGRLEELEET 2 0THY, hok
EYERT 5L, COEMI S robusta & FHIDOFR
FlcBT2bneBbhz, K, S robusta var.
splendida f. punctata 33 X U8 S. robusta var. splen-
dida {. constricta & [EE XN T & D IEREE, S. sp-
lendide DFEFEE LTRSS OR#EL L EL bW D,
CEERETERL, SRR - £

(14) OEM¥E - I 3L : Cyclotella temperei
PER. et HERIB. OZTERH 5 & 1-:5%HE & 0F%EA
FRizoWT

AFiciz—R, Cyclotella comta L FBhbih %7,
ZHhLdyRoTxY, FECEL THRE LE-HEIO
SEMBRLNE, ZODEELE, ThbODE
BOWRZHAMCT 3 2», BHEC K 2HMEMELD
Hi % fToCEko 2DOMRETHE, thbix, 48%
ceXicEh w3, C. comta, C. affinis, C. af-
finis var. paucipunctata(comb, nov.), C, temperei,
C. pantanelliana ODWFhhCHETEHDTHY,
¥, thbik, ThEZhBIBEONER L LTHRYHK
SREPOTHBLEDN S,

BICREMICEEES Bbh 30, FILERARR
PEEER 2 b8/ C. temperei TH 23, C. temperei
1R T D spine DRANX alveolus DFEFES i LO-
WE(1975) B3 @Rx L% C. comta 1 —7c@+3 %
DTH B, HREONFERMICH bh 3/MLOBAA
R & cribrum Z2HER LT 3/NFLOTEE LB ic
HEATHO G, LPEI LD IDDFL TCRAIT
LriHCTEho BLOXA 71X, HEMIKE R
L B/NFLA bEE D cribrum & FRSBiIC AN DR G
DHIBEABEETIHD, F20E4 7, BEA
E 25D/l bEE S cribrum & RSRICA/NORK
Mo VEHOREET b0, F3DEL 7F, hR
BRABoLeKEAROAEETS b O Tho
o BLDEA T L C.comta, 520D %4 7 LC. af-
finis, 3 DX 4 7 & C. affinis var. paucipuncta-
ta L OBELZFBBEREELWZCEhb. C. tem-
perei ZTNLDYEHROFRL LTOBEY b2
DTRAEVHEELDN B, CGRFREK - &)

(15) OHEBHIEH - FIRWIE - EBEAR: 1 b2
YR 2EOER

FTVAMYIH LY P4 b7 BEETERST
FedDCEAECD>TEBXROoN 55, RKEEF
TV4 PV CREMS LML CHTT, ¥k, TV



FUA4 P74y CchlaeiisoBfHicRAoh 3, 22Tl
B2 ENERC > ChE, RBKsXETRELE
BORE L EFERCOnTHE L 2o

ERGEE L bmoETREC L B 126EH M ©
fioZe %, wFhd LleEA2ERL, 10°C~25°C, 500
lux~800Clux CRREA L, IFICBR &R, KA+ 344
i 15°C, 20°C, 400Clux, 8000lux < 6~8 JERI-CL:IEE
TS C LYok, ¥, MRERKINRICDA
o THR, BBLAME, £k “Polysipho-
nia type” %Rl 7o (deK - KEE)

(16) HEEX : THBAY HE, ¥4 S RT P54
3 (%) omsBRFE

YA B Ahnfeltia (X% 7 VE) @musyk
FRERATH o7, RECE>TAYFA =7
4 A. plicata ¥4 I A. concinna -Ci&fko 1 4
FFEAEBRE SN, L LA, MEOmUSETF
KRoWBER Y4 IBODELFEICIR Y C B A
3, XKMED XV 4 & = 7y oW EFHREEITR
OERICRIRICHRT U laTFEL 1 BBR T30
et L (FARNHAM & FLETCHER 1976, CHEN 1977),
FA4 I DxREERCHEMICTFIRICHETS 2
~ 4 BSERICEE - 2 TFERR R T 5 Ma-
GRUDER 1977),

BAEDOYL IBDS5H, »VYHi A paradoza
FAIRVGRELEL OB I HH4 3 A sp. D3
Bonmsglavks fiaFogsr 080 ¢HE T
5, Tivb SEONSREFAIZ & b R DK T,
TR BEOEHICEE L 2 %<7 v THICH
EpcEsEL BRI h, TERCHBETS, %
DEEANY HAT4~THE, ¥4 IT2~3H@, +¥¥
4 IT3~4HTH B, ThdOUyIITFHEHER
DAY FAZ =7 L BHCE-, $hi~TT
EBRLAVATAEDOHA 30N EbEABZLD
T, BLAF %Y/ ) Gymnogongrus flabelliformis
(MASUDA et al. 1979) o2 hicHLIL TV 3,

dex - 2 - 4E)

A7) EEBEL: AHF/ VOEREELBETRE
& DREHEE

O BEHRRICX, 4575/ ) (Grateloupia
filicina) DZEREFER L E 2 bh s akrEELT
b, EER, EREBREELT, AaoBEkRLR
BERKL ORREERETA DT, TOMRLH
&35,
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19804 4 HeBFHRBcRE L hT ) ) B
B LB EROUNIT ¥ VRSB L ko #1H
RERT CTCHILA T3 X 5 ORI A RS RE
T, IbkigEECl H A% AR ORI 1 £ lmm
Bk A D, EXEARREhIED, 25 A%cRE
THEEE D OT8~10mm IKEL 20D 18Kk
XD 6~8EKBRHL 2, 2D, #lecm OETEYL
ML OV LN EF7 5 X CBSER LA L
5, 1A1AT4A~6cm icEL, B - BEnpbrd
bNBLS5CKR 7o 2T T, M- HER P~ AR
ERE, BERW) LREKG) L 2ALASRCAR
THE L 7co HIEABRIBEROWR, RETFORKH
Bhbh, ThbORTF#2HER L < HFEk
CEEX ¢k,

COEBRTEEOARE, WolsETFrblik W
DEBkIC, G oMyt G oRBkicA Y, Gx
Wi kU GXG b RHaFH» bk G oM 4y
Fikic, WXW 3 XU WxG 2 bW omyyfasik
thotke Thbb, COWHERT, HEOEIZHEE
DRHAKESR Sh 2 BHEEEZRL 2o

(BIgK - KEE)

(18) o&F # - EHAHE - LUE= - FEEEE :
Parasporangia % i%> Callithamnion sp. O 45%
BIZDWT,

i o RALEERE X ERNO ST, X URET
RTEE DK 3~Tm DT, 197948 AL 11 Ak
parasporangia #¥§D Callithamnion sp. %48 L 7z,
T D5 HIEFRTCERE L s b paraspores %
B & TR EPERT, TOEERYBRELADT,
ZDEERICOWTHE L,

Parasporangia (3§ DFEHERIIC ) 100 A% CcoOM
L LTk &N %, % % parasporangia #§FDikicik
DECH AR TFERBRE S h e, 11 A
22 B iCHity X ¥ 4 paraspores (X EE 34.4um (£2.8
pm)C, Kifl 15~18°C,12 : 12 0 HE&HClE % &
J 7co paraspores (X 2 » A#%D 1 ATACE REA L
e IR FEEZR FOWA L & o ko WD HITFHEIL66,7
x48.0um -©, PSHIEFEERE 38.8um(+1.8xm) T
B o fco WPIETFH b ORIEHICIE 3 A /i ic BEHED
HEFESEAER Eh, 5 AhACRRIETENGE
Nico REFIZER 3L 1pm (£6. 1ym) T, Th bE R
FHI 2 » Ayl FELRORE R o ko TH
LU RaTFEIC X BicH bk & 5 A parasporan-
gia ORI AD bk b o ko HEEC XS EFIHEEE
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LUSMTEY FRCE DD OB EE I N .
(B HRAKER)

(19) OHEHI— - BIRF : RKEZY T FEFR
DRERRICHFB IV Y SEERICOVT

AEOALIBWT, bhb h ik, #3000y 27
ZF, 17 BREESEE (EARRERE) L cikkeE
D7) 7+ eF R (EFE) A, HEK 1CO; EE
B K U RIS OR; 1CO, BIEEB 2T\, 1C H
EEME TR MR, KEROTMFIc UCrELLT
3-kz24&7 Y &) vEE (PGA) Ick bz hiEE e &
bICEDEIGRBECH DT 24, —FH7) &) VB
D ES DIERMA UC DL h CHRALRB T E
REREE L.

ZoohElE, cOBRTHEECERSBEDLNE S
V) vEORBEEETHOACTEENT, ¥¥%
DERICBES T 2% L Bbh3EHE PGAKRRT7 72—
¥) ORHEEI . DR, E:M(pH5) & T
71 Y ¥ERI (pH 8 fHE) ICIEEREBD b, 2D5 D
BeEZ, BEERBHTIC Lk DERE &b E
HERRRT 25, BIBOBRERRCEE L ALk,
ASHE L DRI OWTEET 2,

(HBK - H:4)

(20) OFFHMET - BEXTE - EAEXK : HZED
Dunaliella ) Mg- ZRTTCO4EE

D. tertiolecta » F18 X W3 Hk43, &5 (0. 5M LI F)
ERREE R CHBMEREEO T L, Ui b
HHEDHER A Z - v%RT, NaCl % LiCl EETFic
BEIZLBEEERE > A, ¥ 7%, 0.5M NaCl
%EF ¢ Na-Li ofl& hecit, 0.3M NaCl-0. 2M
LiCl #oik, EHCEET 2, Lil, ok &M
FINFEES v 7 v ORE b U 3 L #I3 2,

L zoH, MgCl HETF ik LiCl & X< Rkt
RBOAZ—vERTR, MgSO, BETFTTRAMAD X
RERTBL, %%, SENRLT 7 YOBKRD
5. Thbb, HEHMOEES X X% 3544 v—KIlEA
RBEFHE—FULREN O 3 ORI Tk c o
WTRREBEALELLRLATAV, ZRKDNWTT
Ta—F%Lko FEFILER)

(21) OREHTT - EBAT = : ;A5 Chroococci-
diopsis DIEBWEMFIZ & 3BT

AR RICHE T 5 M0 BB R : L34 7
23 32 Cyanidium caldariun BEILN TV 338,

Zh e X {EPILTw 3 Chroococcidiopsis thermalis

(Protococcus sulphurarius) HEL LTV 5, 1H

F b E O - THEMIFREA b, LiERRIRR
BED M-8 k4% Cyanidium J§ Tk % {, Chroococci-
diopsis BCHIBTRETHA5 L RE L (HAEH
YL ks, 19804F), 420 M-8 phoR#ES
BREEEECRITTRECOWTDONS, e L
TRIROEHTE » 35°C T 1 BRGNS L 7 Mla
ZHwic, (1) LAl ; JeMEE 1,500 v 7 2, SEiSHE
#, @LG, #ha ; XEH, 0.5%7 FvHRmssH,
(8)DG #mfa ; BEET, 0.5% 7 F v gliinisih, %ok
%, LG, DGfalas Llc R TE CEE L o
MIEOKE S BFAEHECRELLHR AV, AEE
KClksmewmw7z4ra, 74a>F=y, auF) 4
FD5H, 7433 T=vOEBLCERRED b R,
Lilaclgd£<, Rt LG fhic, DG Mg
BAonl, HEROERL k. B ES HET 5 L,
Liapacis TRk b P 7, mlansEn
bh, LGlEcrERACENRED N3 &R
%<, DGlgCciRFiROEN +EHL, ERHLE
LT, RBCEEN BEBRDICOVT DR
BTh 5, GREELA - B - &)

(22) WEEB= : L2 LI DEEETKitIc s 3
Peridinium DEEiHEE

1952 fEEICHEELRT KMl CK & = L % Peridinium
polonicum %, HIE% KT HEIEENNE (HASHIMOTO
et al. 1968) ¢ LTk HIbhTw 3, KERE KO
Peridinium JBico> %, REDFRKiICEHT 25k
Wi & HIBS 2 BT, 1972~1980 4E I F§ © T
MiHES 1 ~ 2 BE OB CHE L ko Peridiiium
DR EEY R T, FERRERSCL VT
7zo

® P. inconspicuum+ P. elpatiewskyi [t 724
BOEERIRL TRTDED 6 ~10 AicHE Lo 28
CRELZDIE "T3+775 776 « TTETH o Fro B
BN T3 4E D 980 fHlfy/m! TH o oo WEEIL 64 4F
THEBTESA CIRREE LT MR LTH D,
»EYLUFI»DEFCHREL T DD EEDNS,
®@ P. penardii fo. 13’774 4 HicH» TR DHE
PR Lo FIED 11 ALK E 11~ 4 AcHE
T3X5chY, 3~4ACKMINT 3, BEBER
78 £E0> 2300 K/ ml TH o o )IGTHIAER (1977)
DFEFICEL 3L, BI~TIEOLF L Peridinium
RERLATHELTwAWDT, AEREERECE T



HELLDDLEDbNB, @ P polonicum I3 T2
10 AcPBOHBEZ MR L 25, % h g ieEc
Ehd oo (FHZ)NIRKER)

(23) MER : HBISI-H T3 EFEREDHT - &
ERUHERYEEOFBERIC>WT

FRBEEK - FERER OIS, AKE, BWE, AEE
DIFEFEB DN PEREICOVWTTHE Lk, DR,
ZOHEPTERREYRET IR EAER L L<E
R U BEMHE L X ot~ LEBMECHES
BECKELEAINB L WS HERICEELL, CTD
T Lk 10ERIP Db TR HEDTWET~/ I b
V¥, v VEY IEOERREONT L HIRET 2 xE
HADO—2s LTHEHLT W b DTH 325, BMHIH
RO/PNE A HEECR X b I CE %, Th
RERWICIXILHER 2 &9 A HEFIS Lk ihE T &
33DLEX 3, HEEICOWTEALS, Z0mMER
RoLshThs,

1. W7V TEHERCET 3 BERFE Oy
DR EE LTEAHEGRICH S BErpodfRoz
), BESOYEEE LY v T HEOK X &L EIR
¥, ik k ODBIREE—CERTETH B, 2. &
WY %8R IEL B LN A 3 X 5 IKES)
T3e, aT=E0YANYIT Yoy IV Y=
UIbLALESKYRT=E=) . UF VT <ESY
Ivayl=R=T<Eo) U F LV RHTEDEK
h2tEbh3, 3 aT<zONGRERET 3 0
FAa Bt ORECHIHNEEECEE T 5, 4 M
HOLEBEEC L 2BHEITEE TR AV,

(MK E)

(2¢4) OIEEBBEXER* FAA3EZ**-H.W. Johansen*+*
: BRERESY > T E0HBNS T

REOIWRICEE T 2HEY v T 205 fii 1 2 B
(1902 4) LIE, E:LT785DY R+ EKEST
& Hhh LU ICH LN TR, 2T TTHhETDOX
HR150 B4 b DA b FI50 ILhE KD TFH~B L3k
€, ENINABEERLPEESEOHABTCO VTR
HLZRER 1083 EoMBEmomEHb»IcT 3
HaHRKZDT, HEZREY L0 TEZEL A
Bt BTHEHY vIET7 u 7O EEATIIAM
hEBOKTERECIBI9ERHL, 17+ RS
RIRTHRbNM%,

REACED»BFADOR A &—Y 7R TCE Y e
LAVFID2RB2HEOHRTH oo XEI ENEE
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EYCEFL, BHE» bEESCES T2
TeiChDo T DRRICIAEEFHABHICHEIN T 3 A
BRI EL 2 icBEE L <ARBRUELED v e
RIYENEFNFRELY Y TEBOSERNIHED
FTRAEE S NI EDMARFIFED Y Ny am i
LHEERIBDOHEIEH A DOKIE 10 m OFfIc y EFL
TV L REDLNMDBROY & X R A - i %
ATERHH L. (HbK - KEE, LB ABEENK
<M, FEEY 5y oK - Kl

K2 vl

Further investigations of Gigartina subgenus
Mastocarpus: OJohn A. West,* Michio Masu-
da** and Michael D. Guiry*+*

K32 ¥, V®A K/ VEE® Gigartina subgenus
Mastocarpus (2 ¥ 2 Y £} Gigartinaceae) DH:FEEER
oW TORA SRS RE 10 ERfTAb h T
¥Twn3,

Petrocelis DU AT G. papillatal G. jardinii
(G. agardhii) OHECL e HRER DR B CER
T3z e WEST (1972) Kk > CTHE I3 E T,
M ETFEREREATD - oo MR BT HEPERT B
E—IBICHEEE L e RCBER AR L, B & hic R
FREHARKET (8:16LD) ciusaF% A, K3
37tk Petrocelis tkictEET 3,

Alaska 7 & Mexico ICZE 3 iifin H187% G. papi-
llata D% O isolates DIEFHERRT 2 DD HFEkE
KBHIET B C BB LIIC K o oo IEHAHHES
FA 7 ricina <, HIEDHEELT % T A& 5 strains
DEET B, 2ORBFRERA LCEREBKRT S
MR B IC R T 5, 51 &&E < RS Fific it
F%fTh 5 o isolates DY 60 %A ACLETH, 40 %438
MEHGIR TR 5 o AR OHBIERE X5 OMEHE
TRk kb, EWERRT G. papillata OB
isolates [t Z D& THRLELAIAETIX 7%  (POLANSHEK
and WEST, 1975, 1977), |3/5 4 -2 ® non-compatible
groups {3 b b,

G. jardinii KB\~ CRAYEFOHE 5 » G.
papillata k9 B\ (75 %) 5, % DHEICITHIEY
BRERIbhEV, 74 —A F2blBik G. jardi-
nii DIEREDRRDP HIEE L AL BEOE TR i
AHECH B A%, Petrocelis DYMSHAT 2 HbIRAE L ZBL
B EXE LAV, L LA, Akt TAh
5 G. jardinii DRWITF% Petrocelis ICREE AL 7 7
PIRICRES 2 2%, ERERCRRIIETFEEES L
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i,

KFEED G. stellata b Bl ALK % =T
Petrocelis cruenta DPRITFIE G. stellata DEL{BHL
KEET 2, LaL, G stellata D% { O isolates [
EWEEHEZTA v, 2 OHBEFEERIHOILFETE
A%, THERLT, OB TRETO isola-
tes LTS T 4 5 (WEST, POLANSHEK and
GUIRY, 1978; WEST and GUIRY, unpublished),
CHEN, EDELSTEIN and MCLACHLAN (1974), RUE-
NESS (1978), &% DIoN and DELEPINE (1979) & %
HELOTHIZ F2HELTw 3,

VAR V-4 8 YG.ochotensis- pacifica(MA-
SUDA and UCHIDA, 1976 ; MASUDA and KUROGI,
1981 ; MASUDA, OHNO and WEST, unpublished) %&
U4 #7 Tv G. mamillosa (MASUDA, OHNO and
KUROGI, unpublished) o isolates ¥ {EEpLETE I AHE
HFEDTNSETTA S o Ak TEREkEREOREE
By ETHTH 5,

B, CHEN and CRAIGIE(1980) ¢ GUIRY (1980)
R G. stellata D&~ DFLEBRFEICIT 3 carragee-
nan %HJ & L7, CHEN, EDELSTEIN and MCLA-
CLLAN (1974) IC X »C, fWEAMERAS & LCH
BX N7 strain QMR O lambda carrageenan
%, Bk kappa carrageenan % H:pK3 2 (CHEN
and CRAIGIE, 1980), GUIRY (1980) fthod “fmfiis:
J strains” CEBRABHZZHEL T35, b L, B
{2 kappa carrageenan %, ZHE{E{A lambda
carrageenan %A RT3 € L3, EICEEMICERL
b Dh o, RETFHROBREEHNCTEAbIS
tnS T BFEDLLL 250 KBRARBKENISHE & K
DEFBRETIARMRD ), 4%, BICHERDL
BThd,

G. papillata(Pacific North America), G. stellata
(Europe), G. ochotensis-pacifica(Japan) KU G. sp.
(Chile) McxEERAfTADN, HUTOMEEcRE
[EJ4ERE 254 U 7 : Chile x California, France X Japan,
Portugal x Japan, Alaska x Japan, J%{X California
xJapan, #940 OFFEBD 5 b 11 REEAEET,
EFENDD 5 RITF 2B L. £TORIEKRIT R
T, ORI Petrocelis DENELFLTH o iz
California x Japan D& ClXfEx DEERAEB LI
1) BREFRFEIFELAE, 2) Petrocelis tkORE
BEET, BFERESRLIEV, 3) Petrocelis
8:16LD, 10 ¥ 7zi% 15°C D& CHTHBRETA -
e, WSRIFRFEIEL A,

Chile x California ®ZzEg (JAW 2243 B) ¢ Petro-
celis 7 b OUAHAFHERICRE L €, RERKE
¥R T 5L CHECHATV S,

SNBSS 250 nm & 320 nm IC B B EHBD
B8 “Gelb-stoff” 23, =2—u y 1k AZD isolates X
VT b DR LIERIRICIK X h 3 23, Pacific
North American isolates Tlx & bLA v, 4% T D
B L EROHE L T B L TBRLCfTE
e\,

A ® VEB%E (Mastocarpaceae) ICAK X 4¢3
T e, HERTFLARRHYECHEBEI LT3
(KM, 1976), L LAaADb, SHOFMATIES DL
BHTbd, FHEBIEMLERLECEWTER, +%
w 7 V) £} Phyllophoraceae D\ & OnD R & HigiE%
RLTw3, 4§ Besa ZA¥/) VfjeAFV /7)Y
HoMZHEEC L > TEBINTE k. ThiREK
Bk OBEREROPERE RTC & L EERSRY
TH57HTH5,

* Department of Botany, University of California,

Berkeley, U. S. A.
#* Department of Botany, Faculty of Science, Ho-
kkaido University.
¥k Portsmouth Polytechnic, Marine Laboratory,
England

(25) OREEFH - BMAWT & : KIREHI=H T 35H

HEEICH S HEERBRENTE

KERHE - AR T ORE X b s (1976) ic X b 5
NI AR DA % R T o

AR OsEG I S L EE & T bh
5, —3.5m XYIFE KRR BBk
Yy, w2V RENT N, ERMEELEARRE
ENhA . BEEECI Stephanodiscus carconensis (i)
BELT 22, —3L5m AbLRRAERESL, B
KERHEMLE LD 3,

=3lm > biEE SR EEICIEIE=F 5 4 4
RILERNEHL, HttEgiRTs. EEor
Cyclotella striata (#j + 1), Melosira sulcata (¥#5)
BEET B35, BKED AP 10~20 % EHTZ, —
29.7Tm »bihk 2 KEDBICXERMEBELE & R
RENT, ~v VI %EMT 5 C & 3—RmikEE
TEBERT 5, HEECHBELEENR Cycoltella striata
(# - 15) 20 Stephanodiscus carconensis (i) 125
D, BAKED 30 BRICECHIMT 5, —28.5m 2 i
KEZRBAIAMEYLEBCRTHY, ~er



B EHIEE T IC AR T 3 RILEAERY 3, BT
RHPKTE 30 %D 13, KEAE L CikKkiEAR 30 %REH
5, BKER —2Tm OFHEN b R LTRA Y
EHLAL 23,

—25m b ¥ 5 EHEBRPE O R K L8
T, ABORICERT 3 AILERENT 5, BTl
Cyclotella striata (#f - 15) #3, K\~C Melosira sul-
cata (#ff) ELTEE & B, (WA - # - £9)

(26) OEERIAT] - BEEFTE - HBABBELS SH-M
FHERBESHLE 253 mifitmeRnoHE
|
MEMERRE Y v 2 —OfE THEOBICRR I h

T AR DRI R T8 o 7o SEEMIAIE, HREESE

HE» DARIRVICH 2km AY CAKE CHICHE

B3 5. SUOR, HRMEEREOE B

HESCEERS» b, K& KRD 3 DOOEEEHICKSY

N,

1. —8.45~—5.75m : kKD Epithemia g,
Eunotia |§, Cymbella Bk LB 5L, HHEEOH
HixH bh e,

2. —5.75~+42.1m: {EREEARHE LB®, Lk
BT e, "Cr Xk 3ERAERFT It
KIKDBAER b, Bk Em L HIcEST 3,
HEERBREOEERICKE SR, Tbic4D0HEIK
MO BARETH oo HIb, a) Nitzschia glanulata
() DB SIC X Y RHST bh 3 EH, b) Nitzschia
glanulata R L, i o T Cyclotella stylorum
(#8), Melosira sulcata (¥§) 2HEN+ % WEE, o
Nitzschia granulata 3% bicig> L, Cocconeis scu-
tellum (#§ - R) % ERBHOCH B 5 5 T, d)
Nitzschia granulata 3BUREIM L, Terpsino¢ ame-
ricana (1R) 2@ EMCHET 2HE, TH 3,

3. +2.1~+5.0m : HEBXEL L, BUKKIE

AR T 5 B
BlEICRTHEREICOWT, YROERMBEOHE
2% 5, (FFR -8 - )

(27) OPBABAEE - BEFE KRS - ZRNNIOBkI

b\ EREY

BEE - ZRINDBCs R I AEa T4y
A (13.0~3.5m), B LUFED LBOEHEY v 1
(79~+4 cm) LD TEEMT 2T - %o

a T Y v I ATREEN A B 5T Nitzschia gra-

nulata, N. cocconeiformis(#fg), Cocconeis scutellum
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#E-1R) TH3B, 13.0m DEHT £ 8000~7500 4
BiEHEIN T D, chREHEIMOER LARESE
EL R Td Y, BEEBEE T b MK EEREA 50 % LI
LeBELET 2. Lal, kEEOBE I KR
20~30% HEBILL, MIOFEEZRLTnD, Ok
RERXEIT10m ¥ °Filo

Tm OIS, WHEDORBYTH 5 6400 £ %
RTT AR Y KIUKERED 5, € TRkAERERE
t A MBS, Thalassiosira J§, Coscinodiscus J&
ALHKETZ v 7 + vBEHBE LAY 3, COE#K
X4 5000 ERTE CHREF DB TELELLEL bh
THY, BFEILCONTH, 5.5m X b _LCrkikiEE
BRI LRABERABRET 2 X5k %,

BV v 7k, RTEO 79 em LIS RIS RKE
TH Y, &c Cymbella |§, Pinnularia B ¥
BAKEERELET 3, COV Y TIATHREFREC LR,
#7 2000 £ER{j®> 59~54 cm DIy CHIAKMEREAZ K T
T eC, PRERHOPMHERERL T S,

(HFEX-H - %)

(28) OXMET - REAK : LEREBD/NEHI
#ohl-FY EHOEE

EEREEO/NEt 2 75T (AlEH, BiE) s
WwT, 197943 A 19811 AR, Y =0
EBETHE Lo A, PMRIDO ZECH 3B,
B i, 1979 £ 4 ADURIBHIE 2584 T v BBET
TH 5,

A : 1) FAEWREFIC, BEXERINL, 2)
HICHE T 2 EHmCH - FE, Closterium cynthia,
Penium margaritaceum %ETH 5%, 3) E»bFIEIC
M CHEY 2 EHAIKC D - 8, Hyalotheca dissi-
liens, Cosmarium quadratum, Closterium rostratum
%=, ‘ﬁ? i< Hyalotheca dissiliens 32 B CHERL%o
4) 197947 Ak, FEH- R e B L,
chid 7T AOEDKRIC k> CTHH LA d D L Ebh
%o

BigH: 1) 36 DT ) 2EAMR I ko 2) HiC
K3 3 EHR@c d - ik, Closterium cynihia, Net-
rium digitus var. lamellosum %&C% 3%, 3) ZHic
BT 2 EERED - i EE,
sectum, Closterium closterioides var. intermedium
ETHB, 4) Kty RTE LD 197944 Aic
1%, Gonatozygon brebissonii % 10 FEs3 % FHHEL,
TS5 ACRECHLL 0E B Mboke. £D5

+ Cosmarium tinctum, Mesotaenium endlicherianum

Euastrum binale var.
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B, BHEERELL S oo OIiH DHELALED

5% Hyalotheca dissiliens, Closterium striolatum

2%, 1980 EEFELI, BLArRbhiAok.
(EEK - 2 - )

(29)  OFKILME* - FRILTGSR*  KILEEFR - JAREAR*
BB B TEREOS E TRRK

FERGRRFNEE N R 0 oD - D K3 & AR DR HIE D
RFORER, TEEEEON & B L OBARICD
WTRE Lco

1. BEc X 3 R o MEmiagia T 2. 3x 104
cells/g BETHY, BFfic kY, == 7lf(12.2x10%),
Bxh—1 v (6.4x10Y) % ¥RiE#ERO - Ec 1T
T3,

2. epilithic AMEEICERT 3 LEhDs7vu7 4
AERICOWTH S LFE L 2ug/e BETH Y, BF
B WHEED 3\ R B OB LEE © 10~20 £ 12
BTHE0RBD bk,

3. FEOruuz 4 AgEE LN NOSN 20
#8E8k r=0.68 T» %5 PO,-P & 0¥EEHIEX r=0.34
THoto Fic NOF-N & Zirh o> BAEEHIEK & O
B8 r=0.63 TH o 7o

4. —FtgErhoseu 7 4 AGREBLEEKEL
ENEBIRED b r=0.62, ¥71E&KR L NO;
-N ¢ BEAEN r=0.51,

5. epilithic A BEEIHD AL #% Gloeothece, Apha-
nothece, Tolypothriz, Nostoc i D b ABETH B T
bbb, ThHDOEEC X N- BEEOA R R
®EhiS 5 L ERfIC, FEMRICE ) 3 LEEEOSRIC
&, KOG&RERECNLEFEOSHOHRER & LT
Bz redc, —RMICERzhoisEc k3 N-1§
DEFECBEL T, hoBE OMCdIRESFEL
B2 Tn3T L REETE B,

CKEIRK - BFE, *ERHIDT)

(30)  OBKILME* - FRILTFsE* - KINEEF - MR
| EEELEEROLBIHE

FANRIEFIEE I A D 58 b HE L 22 B D T,
ZONERE SUCAEERREL LT, chbi#HnR
Ex bR HEHICBET 2 ERBHSEc D TRET L
7o

1. RERRPED Monodus ¥ X U8 Koliella ClX ¥4
REERER 18~22°C ©H Y AIREED Scenedesmus,
Chlorella % ¥ i L T,

2. FEREERECE XT3, HokghoR

BEESOBEBIcOWTX, ZIPFED Scenedesmus T
BxDOEHIRD b b, FBED Koliella Tliiz e
AMEZDERBDLIE,

3. FEBEOREOEECHT sRERER, St
chococcus, Bumilleria ¢t 17°C #&g<d b Klebsor-
midium Tk 2~2TCEBECHoko TD
BECAIEED Scenedesmus 1T\,

4. BRI X UAHED Klebsormidium DH:EIC
DNnTHh3BE, 20°C DFE, BEHREOHEDE S A
18« DR E S O ERICHE LT, HlasHoBEER
RHEDOHE X b dE o %o

5. FEHMREEH X UZHED Klebsormidium ¥ XU
FEMREED Pinnularia DEREIC K XITTHBHY Xa
L2onTHhBE, wTFhoH& b 20°C Tl 24 R
823, %7 10°C 0FEZ 12 REEHOIE 5 BREK
BIRAED o o CERK - BFE, BT

(81) OFFR* - RIFEE** - BaDE - FDEE
Olisthodiscus luteus DHFEI=RITTIBBRFD
7

O. luteus ZAEDH % HF, HREHCRETS
KT 77 v vedd, MiEcHT 2REERTFOR
#% CATTOLICO et al. (1976), THOMAS (1978, 1979,
1980) LARFELTWEHR, L X3 v HETER
EOERMLCOWTRZEADDTE AV, ¥k, H
EREDKRIC DV TORER R HREDHRIC ZDE T 24T
ZE2LEBLAV, 22T, FxBZAEERIET
HEL T O. luteus %> T, Vv, BF HWETE
¥ VEEOENRME, »XU, BE BE ES,
pH OHFER~DEEC O Tl e, FRITATH
HE A, EEOCTARo%k. UTF, EAERCON
Tid~3,

WHEgtE, T vE=v o bR, MAEEEICE
Bhhokdt, EBED T vye=valE (1mM)
BATCHERBET LAb ok tREETREC L
THb, 737 BEFHINAD ko HETEM,
Zn, Fe, Cu, Co, Mo, B®D 5 %, Fe #8<E R+ 3
CTeRbdhoke Thbb, 0~20uM DHIFHCHEGH
B2 Fe BEICHFIL 2o Co, Mo % » 3 BEDHH
TRE RS b ¥ X I v By 38 0~10ng/!
DOEIFT, D ¥ & 3 VEEDFECH b bTRFED
HIBRRFE &b, BETHDC L ibhoiko

CBRALK « £2 - KEE, **EIr A\ ERT)



(32) OXMBIBSE - HDI5 - BDEF : Olisthodis-
cus luteus DEEEFHI—# 5N 3 circadian rhy-
thm

HEWER REEH, 774 FE%S0 X5kl
EWRT BLEDO VDY S “WERE 0L A
W CREEH T 5 L RXHLIT w5, Olisthodis-
cus (77 4+ FEM) 3, COHAREEH*TACE
B EBCEBEREB BT 3,

WEREIC & > CREEHR REE OB HED
Riffia & L@ s EEAERHTH 2, c & cell
cycle L DEHREFARDL DL, FxOPERECEH
BE 12-12 D RSB % 2 Tk o T & 2o

PR, BEEBIERIEC XS L SbhTEL,
EREZR TP FEHIECEET 5L, LRI
MESBARTZI X 0 b 2R, ¥ TR G
Z1k Y S EEEBC 3 c e iy, ExED
CEEESHLHET 2 UHHOFERTR S Wi, FH
HEO%, KAKEEOT T O. luteus % B5# | 72455,
LA RDHERETTH O. lutens X FIFIEHFE L F
BROVEES2TA S C L BDH > ko

o> T, SWEENY b Gonyaulax CHHCHE
%L % circadian rhythm & @i, O. luteus CIE
Y H p ¢4 { circadian rhythm i k€% HBHE
EERTEDITwELEX D, COC L, EEE
B2 D BB A ERREET T4 c L ik 1 DDA
¥5%x%. (EIar 2\ 3EHT)

(33) OHER#MI- - BE#HE : RYE/ VERGBDAE
BELURBRICREITTHORE

7 VEREOERE JUREGRCRET FHOZE
2D LD, ERF IUEBHEAS CE<L ) 2
WCERETo ko ENERTR, 10FRRHAE 10
Klux) - 14B5RREH, 15°C T LA ¥ €/ ViIcHE
B35 BHa o 1 H3REOTHESEA, HAMKE T
BE - -EF -t - K- kARAFRSELHAEL,
MTHOD DL H#i L, BFEAEG 198049 A 28
HetLleF 7923 V2 XEAR(TH) &
ULZEHR ETH) cll A4H45 11 A TET,
ENER & FRDRAIERT-> THE L 4.

SREROERK TR, EROERFEERXTHES
27 b DXV ETHDO S DDOHHEED > o HEGHE
B, EEED 2D CRTHEEL b DDHREL,
Chl. 2 BH i ) CREXRDD bNAD ok, TR,
TH*54 72 b 00 HBERED © Chl. a & &
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BEI - kD TH D, EffEd Y OERZEHETH
DIDEYTFHEEL D DDHRED - e ts, B
BIETHO b DDHRED - o BIERGOERET
X, THEZEZ 23D LE THD b DL OECERSE:
BOERRD oNAD - kD5, ZOMDETRENE
BOHO L EERBROERSED bk, THIZ/ Y
EREOERES XUEMED 2 Y 0BERECEILES52 3
23, Chl. a BH7c h ORAREHICIELESEL A
T EBEEE NI, GKK - HEi)

(B4) MEAXT: HNOHETA VY

TNRREROBEEFRTFICH2EFMLOBETL,
IR R CHEEHCECESREN Bkm A )il T
%, BHRBCRBREREOFHKESBEILAED Y, HN
KOEHITRAEREECDA > THR TR 5,

1972 48, 2A)Ilic 1 3 BESHCOWTOFHET
i, BEROBDSERUEOETHE b A, 1975
EOFECREFED & X LAER I TS (EL,
FEH : RERAZPIE4%, No.8, p.20-25, 1976),

EHIX 1979410 A, L)l cRELLY v 7 ric
DnTHET 4 Y v OBEY TR, BEM AU
BEABAA (St.2) X EF1HA (St.1), TS5 H
4 (St.3, St.4, St.5, St. 6, St.7) TH - ko B LHEZ
St. 1, St. 2, St.3, St. 7 D 4 #{lis5 (% Achnanthes conver-
gens, St.4 | A. subhundosonis, St.5 | Cymbella
ventricosa, St.6 |3 C. sinuata ¢y, HBEEIIE
BEER S - co KFEETCHEE L LBEHIL 6 H 11
718 |® 52 & 17 £%F, 55 60taxa TH bh, St.2 TiX
3taxa WA b, FEHE XUCEBRICHT 5 41U
BARAKC L 3REBRED b AP oo L LEH
EHAChE > TRECKREALBEKREZ 0N, %
haiEd X< Biro 28 Cocconeis placentula var.
lineata ¥ L8 Cymbella sp. IC2>\n»CHIABICE
ekER, FiER LRI, BHEZITRCEHR L,

GeERAEDD

(35) OEBIE* - IMBETH - FRATFF - KR
(EER) ofERERE

ZHEBREA M T L, BUHcHERIIcERT 3
KRN OAERER 1979412 AL 198048 A 5
B¥fih o ko KR, ki, pH, DO, COD, BOD,
BREE X UMEOBEER b MR ICHAT T4 > 2o
1 EE AT 10 #ha, X9, BH19#A, 5
2[@IE EADE 12 #i8, XH 13, E 25 HimOH
Exfrmofko
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FEHcowTr, ARy XUHEROEEFR, ~
v 7 OEItesR, TEEE, BEE, GRSkl
¥ ¥ e eEBREEHL, SHRE T 5,

10 ADEE%RETEOED L 5TH D, HERI/D
TVHIERZ R, vy 7 OEPEBE P OMARS
v, {BEE, ¥7 v P CDBRERT, HFE
BHEBHINE WET, SRERBIEIRE WA, M
Vi, PROBIEREAYIRo TS,

BEEL LCEL 2% LTWw5 DX Navicula heu-
fleri ¢ Homoeothriz janthina T3 5, Bi&X°®
BBLAEFICEL, BERESAF»LEEH LT
THTBE, TDOERILLHEHL T 3ETC Navi-
cula symmetrica, Chantransia sp. HBZ{EEA»D

%, (LR, HURTHA - £9)

(36) OiRttfrEH* - BABARS* - KIRBA* - K
BT - BEIEY - FRAT : X)I| BBR) o
THE
LBERTOTE G LM TS 2 KNOFK g% 19 #

HCIB0EBAL 10 ACTHE L. BIFRI8AT

I% 0.6~26 #f/1ml, 10 At C.5~56 ¢ HARD M

MELTRLRNEETH 25, FahEss, L

HHMTH A eEET S L HBEDPEL VWL D,

B S AEDRRA AR R ERETH L, ch
&, ERICE LD BERDO LHRFFENIOKEETH
%, JETGEMTE (Ceratoneis arcus v. vaucheriae,
Coccone's placentula, Cymbella turgidula v. nip po-
nica, Nitzschia dissipata) (% Heii)_ g o8 59 %
Y, &G 5 (Gomphonema parvulum, Navi-
cula symmetrica, Nitzshia palead) ZARIF[E L2 T
P CBE SIIC A B,

BTEH S CREERR R TR EH L, %
N DR THBHIREERZRT DI~y 7 DEY
a8 THIRE, SRERBOS BN EEEZRTY
DICHRE, HEREER, V7 v CEERD 5,

CA @EHWT, T HEOMEE2tAROREES
FHEL, ¥, H7EH LM TROBERES b L
ER-D CRRRTTRED, LK)

(87) OXEEUA* - BLEtH*™: kEI FRB o —
BOALFRRIZOWT

LEER T LB ECRR L L € Fug 0 —
OGS % EAREIC X > TR, Bre Tk
DEE DT > 7o HiRL I b 1T 5°C DIEIRE T I B
[, 14 RREIREEA (FEBE 3500~4000 lux) CfF & - %o

A% KORNMANN (1954) ##41L% Ulothriz
Sflexuosa LREMICIE X SELIL T34, HESR
LOWTRETOEAHER b, EEROMKRE
4% b o O EMEEBR L, Thcko
THFEE L VT L LEAEIREL & % LEET
BRREN, ThoPESLTEGTFRETES, Bl
FRE—DHA» bRHE N2 D ES L7HESL
FERBEECA . BATRHEAERE LToyst &
Ay, °FT cyst KX 4HEE D o LM OWEEM
JARBREN D, T OFEEMIRRRHE 372 2 UHiE
Rick 3, ABEEDOEETE - BB TFRHEARE
R LCHESTLRLRERT S,

Befa kB Mlh oSl c 8 8, FEMick
RE N 2:EEM mEFebwThd 8@Tho i,
EBTFOHEAICK > TTE 5 cyst iIci3 16 fH Ofefatk
BHhbNico ¥ 7 cyst NICTERR & h 5 ERIE1X 8
Bed - %k,

TOT L HoAHEZ n=8 DRfk% b oMk &
2n=16 @ cyst ¢ DR CHRDOTR BB DI Tn
2T lBbhoks

FAKKREL, *HERK - 2)

(88) ©ODirce Mithico YaANo YaMAOKA - FI[#kA
FSHRBRZ : AV AV 3EHEORS

BEBED R Y 2 4 OE XL (stak) ¥V v~
Y vk 250 ml Ik AT, 25°C, 4000 lux FEE T C,
AR E LICEB L2500 3L, A9 BREEC L
T2 5y AR L 250 3, © Oikd Tk i ks
Miiller DM IZ T += Y viffK) B3 L IERR
MNCH YRR T 2 L 5k B, Gilkaisi e R
REETCB LN 7 AREBL T LREsT 2 &, %A
DHEMDBICHEFETINC A I BREBSC R 5, 78
FIOREWDOE, B ERET 5 L FHED EH <
ZYFEFEDEE 5, BREEL 14 AR RFicE
Db 7 HEEGH (250~500 lux) FoHEL, 20
%, B (2000~4000 lux) ¥ & FB#EWMIE X &k
MEh, EbHTH-FAFAtERELNE,

TNLDRERED LICLT, HeE (XL
FIF) 2%, M YBREROBH L RBECc DX 51k
G, Thokfilld 2hconCERLEHN L A4
REHET 5, (RBRK - ## - 1)



(39) OBEEHIEMR* - FiEM = - FEEAM*: £
3 Ulvella lens CrRoOUAN 7OEE (F) (=
W

JLIHERRO TV CEHEERR R TV € oftiE
RCBROBENEELT B, CORMLT 7 €D
NEXBEZHCT B L LBRE2~8mm Ot H Tk
L LTHATEZC L LML HBHCE > T»
5, T THRIUZFRRAT7 vV v @ittt ey 2 —o0
HWEEHWCERES, RALE (BEF BB RUE
DEERFT- 7o

FEOHEEFIR4~6pm OKEXT, 4KD<y
EL1EOREAR2HAL, EDEXEYRT, COBEE
FRAEHESCREL THBCEEL, 5~6 HRE
F—TEMID % % CRET 585, ZDH%idikg sy
REBRMIE 5 5, RT3 & Edrifsy o EEMN
BEETFEBCRY, chrh b IhEEFIBY
BROW LR 2, 27, BA¥EORETR2~3HH
CERARE RT3 C L2, BHORECRIELA
BERARKE ABRAREROMIIE Y RT C L X
Nrko

P EofER Nielsen (1977) o —5 1L, Ul
vella lens CROUAN 7Y €% (FifF) LHBA L 7,
%, HBEF 1000~8000 lux, 20°C THE, R#BEE D o
Feo (KIEKR-KEE, *biiEriiSaERE vy £-)

(40) BARZRY . 0FBKE: 72 Y 51 D Porphyra
occidentalis Setchell et Hus ¢ H&ED+{ o4
4 “P. occidentalis” DIt

P. occidenta’is S. et H.(in HUs 1900) iz 7 A U 7
D KFeER D Monterey Hi 5@ Carmel Bay 7> & &5
&Nhic Diploderma BBDO—FET, HAXTHEBE
L Tw3%, HOLLENBERG and ABBOTT (1956) (%,
Hus (1900) #E U< Monterey #ihin» b8 & L &
Diploderma HiJR®D “P. variegata” %, Wi\ Otk
TH 52, KIELLMAN(1889) o D:ploderma wvarie-
gata L 3& 5, P. occidentalis DWTHB & Lk,
FEcik KAWABATA (1936) 2334 5 NAGAI
(1941) 25 55785 & P. occidentalis (¥4 v 24) %
WELTW 3, EDEALFIKDOWTTH %, BA(1978,
1979) ¥ KAWABATA, NAGAI 3 P. occidentalis L
FIELZDDLEL b O LiFERRECHFEL, B
7T THL RO D 3 HEERKROBECTH I L
bhicL, ZDOBEN, HRENIREEAEL .o

&30 (3WE4E (1980) 8 Aic HUSs #3“P. variegata®
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L L, HOLLENBERG and ABBOTT (196€) 25 P. occi-
dentalis DlftL LM% Monterey TEHREL, 2O
REMIBIZ # 7w, HUS @ P. occidentalis, “P. va-
riegata® DFCEL ¢ B L, ¥ A BZ®D “P. occidenta-
Lis” & WL kbR, OB %o ith o Hus ©
P. occidentalis ¢ “P. variegata® HBE L CHEETH
5%, BAD “P. occidentalis” OR(x HUs o P.
occidentalis L L I Tw 323, FAEE LT i
BT A ) AOHBICOWTOREE - FRFSBHETDH
%, (Gl R K -t7)

(41) HiFs: TRV FHS I 0EEREEHE

MWy IV AVvEF—2v¥THcik7%/ V&,
Pseudoscinaia, Gloiophloea, =« 7% V@&, Whi-
deyella, Chaetangium, # 5 HIBEVFH I IBD
SEAHLN TV D,

VFHT B omS TR, REtEERE L5
RLABERCOWTRT CICEMAREHHD D (SVE-
DELIUS 1952, WEBER VAN BGCSSE 1921, ITONO
1979), L L, MedEGESFECH ERBRCET
LEER AV, BERAXBEDOY FHI 1kdeic,
ERERAETEARE & RBAERE, molRFRECO»T
DHEMLHE L e DOTHET 5, MRk, BT
BERRBOLBEEL K. S5 3 Mk, ERIK
1A 55 2 M R 2 Reto BB ORRIZER
BRECRE, BHEOZhE 3 HOMLOHERTSH
FA4BOBTHBEEERL, SHEHRKELS RS
LARICEBD THNACE . SRREPICERSRX
WRHT 2 LEbhs, BiADEECH-, &gk
IR, SSTHINRE E ZhiciEET 2 R EOML
BEVWCEELT—2KEARGHEL D %, IOy
FaFERRERCET, T Res#E,. Thb R
{x SVEDELIUS, WEBER VAN BCsSSE, ITONO & 0#
BiER e KB, HEENERE OREX SVEDE-
LIUS 26T 5 X 5K H I I BDENICELT 3,
Lo LR E OBER Lk 8B © 5 B Chae-
tanglum L HI HIBO 2 BEBRMMDOBICLS,

GRIK - B - £4)

(42) BB :-TFHASHSEIY/ VEO—FE

BREOERGEH, WY, Ba—RAa T, Bkils o
Boar L, Ok, EE 2 5~3mm, 5%, 3~5cm, 3~
SEIXKICHE L, oS, HANIEILE L,
B . KR0S L RItBlaE » oMb, K
TR 2 ~ 4 EoffaRkoriiaiasr ok b, ik
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ARABHD D b % B el B UC Rl & SR IC (T B %K
MR e A HRLY, SRR TR & EE T 5o
BREGIRRAAERT, FEAVCETEERCHES
%, MEHERIR. HEMERRBTO 5 BEOBRERHA T/ &
, HREMMICHET 5o HHEBTO 5 Bicikiao 5
PEIEE, TNOFKEVE L AFE—ERCRVWTRL
h, HEMEEURT O 5 BHElG EEREoLmE T Th
<, ERORICMREHH O b BEE T 5, BRKE
3 EMtA LR Y, ATl RcHRLT2~5M
Lk B, EBREOE—MEN O RRE L & MR
T 5, THERERBAEE 23 L3, b B0
—ilE AL U, ERREIED 5 bERRCERD
0, ERR, BT, EREE-AEREESL, R
ELABIAOTEMITMG LR L, LA
AT, FOLSMMEE 2 EREEMEARETOS L
Kb, DOSRIEHOLMICHIELT, BETICEEL,
H3Y, WIREE AT IR AREHEEEL, ®
Sic LEORILEAT 5, (SHRK - 2 - B

(43) OFMABAL* - FEAF: v/ I/ HIETS
2 VER) OFBICPWT

V) TV OERBLEAYZERRECET, %
DOEBEBRS L,

WREENAEBREZL B, SEALERLAEDIBERE
BER\v. HOMEKES D s DBED T + v T &
LA AETYHENS, T D5 bEBEEES TR
HEO 15 & EED 2F0FER LD S5 1A ¥
e, FicC OO LcBEoBRENE T
2B b, EED2HOFEZRELCEMELA

BRI R ORI & 2 30 WEOBOMELN bR

mABRIC R B (RREECTEY BT 5,

BT EBRECK » TROESRBIcELN S, 7
v BT BZBREOHKEH b 2 FE offilac 3 5,
BRI CERRICE, BT 5 & RILIAHUT
ERIC A %, MolEFERARCELN, &&ic1E
FolT 5,

F & LTkBEROHEELITBD Metamorphe, Dip-
terosiphonia, Herpopteros & i L, ZDVwTFhe R
bR NG, FRLITRECLEFRETS,

ek - B - 1)

(44) YL F5-74 bR : DL EBFLSFFY
B —¥E Chnoospora minima (HERING) PAPEN-

Fuss (AvE/ Y H) OWiEREERE
NV AEDWHBELTF VY B D —F Chnoospora

minima (HERING) PAPENFUSS DK bIREL %
ke XUERC X > TRAEEE T, Bk X
UREBBROTER2TTA - o

WG X OFTECHECRELRL, KEM
a1 oK EA2EREE 1OV 4 FEET 2,
WL ERT 1 ¥ 3 2 BOEBMAEE Z OWNBIOH
BB L » oA 5. HEHEEMICHES sEEE:
FESRE I REMICTER I, Hem OBREES~CE
KERSELE S Lok b, EROERRR#HL
FEMOEEBIC LD DTH D, L LEDOERYIL,
At Chnoospora minima  [Ei5E SN 528, ZAEED
B v VEOMMDOBDOEN L X —FKT 5,
coC e bEBER Y VACHTBEEBC LA
RUTH B,

AT A KB EBNOBE, OEABIBELET, &
DEEY ST BT CRERZELTEEL, &
QDD X EHHTOK & R fikic ¥ ) —BRiciy
%75,

HE#IC X L b, ABIZEBETHIC X Bk
YT L BBL I E oo (BLEEK - &H)

(45) O FiEsh - BARSRY : Litosiphon O 1| FHEE
B (AVEeHFE: HiF) oW T

Litosiphon J& (18, VA4 % a2V <hB) KBEEHT
i L. yezoense (27, %) HEEIh TV B,
Al Ic B\ TikicE (Phaeophycean hair) %K
ToETca7 /e iHLoAICEAIEEREL,
2 OWELNER 2T, $ABETORELT-
TEXDEFEREHLMC Lk,

W IERETONA LICEEL, BX 8mm, &
£0.4mm ICET 3R MERCROTE L 0 3%
HT2RBE2ET 2. iz 1 ~ 25| 0REMmig e E
OREENBEMRIE» LAY, FHCELHIET 5. B
BTy s LEEMEE RERCEE LB TFERROR
HCEREN D,

BFERROBEET X W B E T 2R, WEF
REsE TSR RECR:EL, B - GOWEHT
THSHTBORTFEEZRT 5, c oOBERKEIZER
FUTCBETORENEERHL, b2 OBk
ELEHTBOEFELZERT 5, &R REOETHE
ICHRT 2 HET b AR ARR 2R CHERIE & &
b, FhBEIKE R ok, BROWE L EECBLE
TR 2hDOBEICE W TERESR bk,

ZR#4L Litosiphon J§DrhCix L. groenlandicus IC
Bb XL, ROREIALC WL DOHhDENES



b oA, EEERYDbETELDLEE A T
L. groenlandicus C[FET 2 DONB2MLEL D, A
KEEA Y ey e U n, bk - B - )

(46) EBIRHER : BERBOBBIZHA SIS YEY S
[Z2WT

EFRBANTH 2EBBHOTET, 4>V 7T
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BEBCEECHLNEA Y7 L RE DO,
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A —F*2F 2ElC)gF B Eremosthaera (¥, BAER
Tictitfir b SEitichTe Y, BRicE E. viri-
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