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Separation and sugar composition of gelatinous sheath carbohydrates

produced by Microcystis

Yumiko AMEMIYA and Oki NAKAYAMA

Department of Environmental Engineering, Yamanashi Unuversity, Kofu, 400 Japan

Amemiva, Y. and Nakavama, O. 1989. Separation and sugar composition of gelatinous sheath
carbohydrates produced by Microcystis. Jpn. J. Phycol. 37: 255-262.

Sugar compositions of polysaccharides of the gelatinous sheath produced by colonies and single cells of
3 species of Microcystis were compared. Single cells of M. aeruginosa without gelatinous sheath were obtained
by changing the culture conditions. Single cells of M. wesenbergii and M. viridis were surrounded by a thin
layer of gelatinous sheath, and were unable to form colonies. Carbohydrates of the gelatinous sheath and
intracellular carbohydrates were separated by column chromatography on DEAE-Sephadex A-25. Polysac-
charides of the gelatinous sheath produced by colonies showed marked heterogeneity in their sugar residues,
while those of single cells were mainly composed of glucose. In the gelatinous sheath of colonies, xylose or
glucose was abundant in two strains of M. aeruginosa, while in M. wesenbergii glucose, galactose and xylose
were the main constituents and in M. viridis mannose was the characteristic major constituent. The

relative amounts of the various sugar constituents of gelatinous sheath carbohydrates differed markedly

among the three species of Microcystis cultured under the same conditions.

Key Index Words:

colontes—gelatinous  sheath—Microcystis aeruginosa—Microcystis  viridis—

Microcystis wesenbergii—single cells—sugar composition.

Microcystis, belonging to cyanobacteria,
often causes waterblooms in eutrophic lakes.
M. aeruginosa, M. wesenbergii and M. viridis are
found together in the same lakes, but the
dominant species varies depending on lakes,
seasons, and years (WATANABE ¢ al. 1986;
Takamura and WartaNaBe 1987).
spicuous feature of Microcystis is the gelatinous
sheath that surrounds cells. Drews and
WECKESSER (1982) called the structured exter-
nal layer ‘sheath’, and the undefined, unstruc-
tured zones ‘slime’.

A con-

It is difficult to separate
the sheath and the slime, although they can be
differentiated microscopically. In this paper,
slime and sheath are treated together as
‘gelatinous sheath’. Sarro (1985) showed
that the properties of the gelatinous sheath of
colonies of the three species of Microcystis and
the rate of cellular dispersion after chlorina-
tion differed from each other.

The gelatinous sheath of AMicrocystis was
found to be mainly composed of

heteropolysaccharides  containing  uronic

acids (AMEMIYA and Naxkavama 1986;
Nakacawa et al. 1987), and its intracellular
carbohydrates
glucose polymers (Hama and Hanpa 1982;
Nakacawa et al. 1987). However, details of
the differences in the gelatinous sheath of
these species remain obscure because it is
difficult - to sheath
without injuring cells.

We, therefore, examined the methods for
isolating the gelatinous sheath of the three
Microcystis  species  mentioned above
(AMEMIYA and Nakavama 1988).  Solubiliza-
tion of the gelatinous sheath was attempted at
that time by physical treatments such as heat,
shaking and sonication, and by chemical treat-
ment with a chelator or in alkaline solution.
Of the three Microcystis species, slime of AL
aeruginosa was solubilized most easily, follow-
ed by that of M. wesenbergu, although it was
partially solubilized, while that of M. wviridis
was only solubilized in an alkaline solution.
The sheath of M. wesenbergiz was almost totally

were composed mainly of

isolate the gelatinous
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insoluble by these procedures.

Based on the results of the solubilization ex-
periment, we conducted further detailed in-
vestigation on the sugar constituents of
polysaccharides from the gelatinous sheath
produced by Microcystis colonies, and com-
pared them with those of single cells which
were unable to form colonies, thereby we ex-
pected to reveal possible differences in the
characteristics of the gelatinous sheath be-
tween colonies and single cells of the same
strain. In the present paper, we report the
separation of carbohydrates from the
gelatinous sheath in addition to intracellular
carbohydrates using ion-exchange chroma-
tography, together with determination of
their sugar constituents.

Materials and Methods

Cultures and growth conditions

Microorganisms: Unialgal colonies of two
strains of M. aeruginosa and one strain of M.
wesenbergii were isolated from a waterbloom
in Lake Suwa in August 1980. M. wviridis
NIES-102 was obtained from the National In-
stitute for Environmental Studies. This
strain is axenic and composed of single cells
which lack the ability to form colonies.

Culture conditions: Algal cells were cultured
in B12 medium (SHIBUKAWA ¢t al. 1986) at
25°C and 1500 lux as standard conditions.

Isolation of single cells: Single cells were
isolated from two strains of M. aeruginosa No.
1 and No. 2 and one strain of M. wesenbergii,
all of which formed colonies. Details of the
isolation method used are described in the
Results.

Fractionation of carbohydrates from cell contents and
gelatinous sheath

Single cells were precipitated by centrifuga-
tion at 10,000 X g for 10 min, followed by two
washings with distilled water, and then
lyophilized. Colonies were collected by filtra-
tion with a Nuclepore filter (1.0 gm), washed
with water and lyophilized. Thirty
milligrams of dried cells were suspended in

0.05M Tris buffer (pH 8.0), sonicated at

90 W for 6min and then centrifuged at
1,500 X g. The precipitate was repeatedly
sonicated and centrifuged. The supernatant
was applied to a column (2.2 X 35 cm) packed
with DEAE-Sephadex A-25, and carbo-
hydrates were eluted with a gradient of
sodium chloride in Tris buffer.

Analytical methods

Total organic carbon of algal cells was
measured by an element analyzer (Perkin-
Elmer, Type 240). Total carbohydrates were
determined by the phenol-sulfuric acid
method, and uronic acid residues were deter-
mined by Dishe’s carbazole method modified
by GaLamBos (1967). Monosaccharides were
determined according to the method of
Nakacawa et al. (1987). After hydrolysis
with sulfuric acid, resulting individual
monosaccharides were converted to their
respective alditol acetate derivatives, and sub-
jected to gas chromatography on a Hitachi
chromatograph (Model 163) with a 2-m glass
column. For determination of glucose and
galactose, a column was packed with 3%
ECNSS-M and heated at 190°C; for other
neutral monosaccharides, a column packed
with 3% EGSS-X was used and heated at
200°C.

Results

Preparation of single cells and colonies

Single cells were prepared from colonies of
two strains of M. aeruginosa and a strain of M.
wesenbergii. For M. aeruginosa, single cells
are reported to grow faster than colonies
(GanF and ScHacHe 1983). Therefore,
temperature, light intensity and concentra-
tion of sodium nitrate were increased to ob-
tain faster growth. Furthermore, the concen-
tration of calcium and ferric ions was decreas-
ed and that of EDTA was increased, unless
gelatinous sheath was produced, or ex-
tracellularly released material became insolu-
ble gelatinous sheath. So, the colonies of M.
aeruginosa No. 1 were cultured at 64 (26)
sorts of combinations of culture conditions,
i.e. temperature (25 and 30°C), light intensity
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(1500 and 3000 lux), sodium nitrate (100
and 200 mg/l), calcium chloride (40 and
10 mg/l), ferric citrate (6 and 2 mg//) and ED-
TA (1 and 3 mg//). Single cells and paired
cells undergoing binary division grew with col-
onies under 29 conditions. The culture condi-
tions and the number of cultures in which
single cells appeared from colonies are shown
in Table 1. Single cells showed a tendency to
grow better at 30°C, 3000lux, 200 mg/!
sodium nitrate, and 10 mg// calcium chloride,
which are considered to be more favorable for
single cells than the standard conditions.
After repeated subculture on agar plates,
single cells were obtained without gelatinous
sheath. When cultured in the standard B12
medium under the standard conditions, they
still grew singly.

Since single cells lacking the ability to form
colonies became detached during culture of
colonies of M. aeruginosa No. 2, they were
isolated. There was no difference in the col-
onial form and size of a single cell between M.
aeruginosa No. 1 and M. aeruginosa No. 2.

Single cells of M. wesenbergii which lack the
ability to form colonies were also obtained
during colony culture. However, each of the
isolated single cells had a thin surrounding
layer of gelatinous sheath. Hence, no single
cells lacking gelatinous sheath could be
prepared, but single cells with thin gelatinous
sheath were treated as single cells of M.
wesenbergii because they lacked the ability to
form colonies.

The single cells obtained from M. wviridis
had gelatinous sheath similar to that of single
cells of M. wesenbergii. These single cells were

Table 1. Number of cultures in which single
cells appeared from colonies of M. aeruginosa No. 1in
each condition. Total number of cultures 29.

Condition* Number Condition Number

Temperature 25T 11 30C 18
Light intensity 1500 lux 6 3000 lux 23
Sodium nitrate 100 mg/l 11 200 mg/1 18
Cacium chloride 40 mg/l 12 10mg/t 17
Ferric citrate 6 mg/l 14 2mg/ll 15
EDTA 1 mg/l 14 3mg/l 15

* Standard culture conditions.

also classified as single cells because of their in-
ability to form colonies. Preparation of col-
onies from single cells was made by employ-
ing conditions reverse to those under which
single cells were prepared from colonies of M.
aeruginosa No. 1. Accordingly, single cells
of M. viridis were cultured under 2% X 32=144
conditions involving all combinations of the
six factors, i.e. temperature (25 and 15°C),
light intensity (1500 and 500 lux), sodium
nitrate (100 and 30 mg//), EDTA (1 and
0mg/l), calcium chloride (40, 120 and
360 mg//) and ferric citrate (3, 9 and
27 mg/l). Small granular colonies and slight-
ly larger rod-shaped colonies were formed
under 20 and 21 out of the 144 conditions,
respectively. Table 2 summarizes the condi-
tions under which the rod-shaped colonies
grew: the temperature was lowered from
25°C to 15°C, the concentration of sodium
nitrate was decreased from 100 mg// to
30 mg//, and the concentration of calcium
chloride was increased from 40mg// to
360 mg/! for preparation of colonies from

Table 2. Number of cultures in which rod-shaped colonies of M. viridis appeared in each condi-

tion. Total number of cultures 21.
Condition Number Condition Number Condition Number

Temperature 25C 4 15C 17
Light intensity 1500 lux 11 500 lux 10
Sodium nitrate 100 mg/1 7 30 mg/l 14
Calcium chloride 40 mg/l 3 120 mg/1 3 360 mg/l 15
Ferric citrate 3 mg/l 6 9 mg/l 11 27 mg/l 4
EDTA 1 mg/l 11 0 mg/l 10
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single cells. The single cells were, then,
cultured under the above conditions using 1-/
flasks. The results showed that, although
some colonies were formed, single cells grew
well.  We then substituted the natural
samples of M. viridis collected from the bloom
in Lake Suwa for colonies of this species.
These samples were used after partial
removal of the gelatinous sheath of M.
aeruginosa and M. wesenbergii by shaking and
sonication procedures (AMEMIYA et al. 1988).

Organic material and carbohydrates produced in
culture

Amounts of grown cells in cultures for 21
days, and their organic and carbohydrate car-
bon contents are summarized in Table 3.
Single cells grew better than colonies during
the culture for 21 days. This tendency was
especially evident in M. aeruginosa No. 2.
Similarly the production of carbohydrates
was higher in single cells of M. aeruginosa,
especially in those of M. aeruginosa No. 2.
Carbohydrate carbon content of cultured cells
ranged from 14% to 30% of organic carbon.

Separation of cellular carbohydrate
Separation of carbohydrates present within
the cell from those in the gelatinous sheath

was  performed  using  ion-exchange
chromatography. After the cells had been
sonicated and centrifuged, the supernatant
was applied to columns of CM-Sephadex A-
25 and DEAE-Sephadex A-25. Some of the
carbohydates were adsorbed by DEAE-
Sephadex A-25. Carbohydrates in single
cells were intracellular, while those in col-
onies comprised intracellular carbohydrates
and gelatinous sheath carbohydrates. The
carbohydrate fraction eluted in the same
volume upon chromatography of extracts
from both single cells and colonies was con-
sidered to be the intracellular carbohydrate
fraction, whereas the carbohydrate fraction
found only in colonies was regarded as that
from the gelatinous sheath.

Figure 1 shows carbohydrates of M.
aeruginosa No. 1 eluted with 0.05 M Tris buff-
er stepwise with increasing concentrations of
sodium chloride. Most carbohydrates of
single cells passed through without adsorp-
tion. Little was eluted with the buffer con-
taining sodium chloride at a concentration of
0.1M. In colonies, the fraction passing
through accounted for 45.2% of total car-
bohydrates, and the fraction eluted with
0.1 M sodium chloride amounted to 3.2%;
then, 19.5% of the carbohydrates were eluted

Table 3. Comparison of carbohydrate carbon content in organic carbon between single cells and
colonies of three Microcystis species after culture for 21 days.
Algal cells Organic carbon Car(l:);}lla);?‘rate (g:tr)gg}:;};iizft
mg/1 mg/l mg/l %
M. aeruginosa No. 1
single cells 60.1 24.1 7.3 30.3
colonies 43.0 17.1 2.4 14.0
M. aeruginosa No. 2
single cells 82.1 37.2 11.1 29.8
colonies 30.9 14.0 3.5 25.0
M. wesenbergii
single cells 85.0 33.9 7.0 20.6
colonies 74.1 29.6 8.2 27.7
M. viridis
single cells 55.3 22.2 4.9 22.1
colonies™® 35.5 15.3 4.9 32.0

* Natural colonies collected from a waterbloom in Lake Suwa in August 1986.
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single cells

Elution rate (%)

NaCl (M)

Fig. 1. Carbohydrates eluted stepwise in
increasing concentrations of sodium chloride by anion
exchange column chromatography (M. aeruginosa
No. 1).

with 0.3 M sodium chloride, and only 4.7%
of the carbohydrates were eluted at sodium
chloride concentrations higher than 0.3 M.
Accordingly, cellular carbohydrates were
found to be divisible into two fractions; in-
tracellular carbohydrates eluted without ad-
sorption to the resin and carbohydrates from
the gelatinous sheath eluted with a sodium
chloride concentration of at 0.3 M or higher.
Some carbohydrates of single cells and col-
onies, which were eluted with a sodium
chloride concentration of 0.1 M, were also
fractionated separately so that each of the two
appeared as a discrete fraction.

From the results shown in Fig. 1, the
method of carbohydrate separation was
modified. Figure 2 shows carbohydrate frac-
tions separated into three peaks by the modifi-
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H 250 500 750
Elution volume (ml)

Fig. 2. Separation of carbohydrates in col-
onies of M. aeruginosa No. 1 by anion exchange
column chromatography.

ed method. Fractions A, B and C were
eluted with the buffer lacking sodium
chloride, the buffer containing sodium

chloride at a concentration of 0.1 M, and the
buffer with a linear gradient from 0.1 to
0.8 M sodium chloride, respectively. Accord-
ingly, intracellular carbohydrates were con-
tained in fraction A, and carbohydrates of the
gelatinous sheath were found in fraction C.
Fractionation with DEAE-
Sephadex A-25

Carbohydrates obtained in each fraction of
the three species of Microcystis are shown in
Table 4. In single cells of M. aeruginosa No. 1
and No. 2, about 70% of total carbohydrates
were eluted in fraction A, 3-6% in fraction B,
and 2-5% in fraction C. Nearly 40 to 45 %
of carbohydrates present in colonies of M.
aeruginosa were eluted in fraction A, and
about 25% in fraction G, indicating that in-
tracellular carbohydrates and carbohydrates
of the gelatinous sheath were present in an ap-
proximate ratio of 1.5-1.9:1. In M.
wesenbergii and M. viridis, as observed from
the thin-layered gelatinous sheath, the percent-
age of carbohydrates of single cells eluted in
fraction C was similar to that of colonies. In-
tracellular carbohydrates and carbohydrates

of carbohydrates

Table 4. Separation of carbohydrates by
DEAE-Sephadex A-25 (%).
Fraction
Recovery
A B C

M. aeruginosa No. 1

single cells 71.3 3.3 4.7 79.3

colonies 45.2 3.2 24.2 72.6
M. aeruginosa No. 2

single cells 70.6 5.8 2.0 78.4

colonies 40.9 3.5 26.4 70.8
M. wesenbergii

single cells 36.5 1.0 34.3 71.8

colonies 32.3 9.4 37.5 79.2
M. viridis

single cells 37.5 16.4 20.3 74.2

colonies™® 48.7 9.2 26.0 83.9

* Natural colonies collected from a waterbloom in
Lake Suwa in August 1986.
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of the gelatinous sheath fraction of M.
wesenbergiy and M. viridis were present in
ratios of 1:1 and 1.8 : 1, respectively.
Table 5 shows the percentages of uronic
Single cells
of M. aeruginosa did not contain uronic acids
in fraction A, whereas single cells and col-
onies of other species contained uronic acids
between 1.6% and 4.0% in this fraction.
Uronic acids in fraction B increased from
3.5% to 7.4%, and those in fraction C show-
ed further increases in amounts ranging from
9.1% t0 22.7%. Gelatinous sheath fractions
contained most of the uronic acids. In frac-
tion C, the content of uronic acids in colonies
was higher than that in single cells; the con-
tent in colonies of M. wesenbergii was highest,
amounting to 22.7%. It was found that
neutral sugars accounted for most of the car-
bohydrates in

77.3%.

acid residues to carbohydrates.

each fraction, exceeding

Sugar composition of the three species

The compositions of neutral sugars in each
fraction of the three species of Microcystis are
shown in Figs. 3-6. Glucose, galactose, man-
nose, xylose, fucose, rhamnose, ribose, and
arabinose were present.
first

However, only the
six monosaccharides are presented

Table 5. Uronic acid content (%) in car-
bohydrates of each fraction.

Fraction
A B c

M. aeruginosa No. 1

single cells 0.0 7.1 9.1

colonies 4.0 6.6 12.3
M. aeruginosa No. 2

single cells 0.0 3.5 10.5

colonies 4.5 6.3 16.2
M. wesenbergii

single cells 1.6 6.5 14.2

colonies 4.0 7.4 22.7
M. wviridis

single cells 3.6 4.3 9.6

colonies™ 2.1 7.3 155

* Natural colonies collected from a waterbloom in
Lake Suwa in August 1986.
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Fig. 3. Sugar composition in three fractions

of M. aeruginosa No. 1.

graphically, and the last two monosaccharides
were not included because they accounted for
less than 2% of the total content. In M.
aeruginosa No. 1 (Fig. 3), the main constit-
uent of intracellular carbohydrate in fraction
A was glucose, which amounted to 82% and
652% in single cells and colonies, respectively.

a) colonies
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Fig. 4. Sugar composition in three fractions
of M. aeruginosa No. 2.
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Fig. 5. Sugar composition in three fractions
of M. wesenbergii.

Carbohydrates of the gelatinous sheath in
fraction C consisted of 39% xylose, 22%
glucose, 149 mannose, 11% galactose, 7%
rhamnose and 6% fucose, suggesting the
presence of heteropolysaccharides.  Car-
bohydrates of M. aeruginosa No. 2 showed
similar compositional patterns to those of M.
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of M. viridis.

Sugar composition in three fractions

aeruginosa No. 1. However, carbohydrates
of the gelatinous sheath were composed main-
ly of glucose often as much as 45% (Fig. 4).
The sugar composition of M. wesenbergii is
shown in Fig. 5. Intracellular carbohydrates
were composed mainly of glucose, accounting
for 73% and 64% in single cells and colonies,
respectively. The gelatinous sheath fraction
contained glucose (36%), galactose (26%)
and xylose (20%). In colonies, much galac-
tose was characteristically present not only in
the gelatinous sheath fraction but also in the
intracellular

glucose, the most significant constituent, also

fraction.  In single cells,
comprised more than half of the gelatinous
Figure 6 shows that the car-
bohydrates of single cells of M. wviridis con-

sisted of much larger proportions of glucose

sheath fraction.

than those of colonies in fractions B and C.
In single cells, glucose accounted for up to
79% of intracellular carbohydrates, and as
much as 66% and 62% of the other two frac-
tions, respectively,
tents except glucose were larger than those in
colonies. The gelatinous sheath of colonies

whereas the sugar con-

contained four kinds of residue, i.e. mannose,
glucose, galactose and xylose in decreasing
order. Mannose was also present in in-
tracellular carbohydrates in large amounts,
possibly being a characteristic feature of M.
viridis colonies.

The compositions of gelatinous
sheath carbohydrates of the three species of

sugar

Microcystis are shown comparatively in Fig.
7. Xylose or glucose was abundant in the
gelatinous sheath carbohydrates from the two

m-
ul

Monosaccharide (%)

N. seruginosa M. aeruginosa M. wesenbergii
No. 1 No. 2

H. viridis

Fig. 7. Sugar composition of gelatinous
sheath carbohydrates of three species of Microcystis.
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strains of M. aeruginosa, while in M. wesenbergii
glucose, galactose and xylose were abundant,
and in M. viridis mannose was the major con-
stituent except for glucose.

Discussion

Mutual transformation between colonies and single
cells

Colonies may clearly lose their gelatinous
sheath under certain culture conditions, and
in fact light intensity is known to affect the ap-
pearance of the gelatinous sheath. Although
colonies are present in nature, subculture dur-
ing colony preservation often results in the oc-
currence of single cells (KRUGER and ELoFF
1979). Ouvsen and Ganr (1986) indicated
that photosynthetic activity affected the syn-
thesis of proteins and carbohydrates. Under
conditions where synthesis of proteins is
higher than that of carbohydrates, the in-
crease in light intensity, water temperature
and nitrogen concentration might induce an
increase in cell growth. Therefore the forma-
tion of gelatinous sheath containing much
carbohydrates is assumed to be difficult.
Parker (1982) suggested that Microcystis
formed single cells in low concentrations of
cations, and that culture with addition of a
chelator could result in disappearance of the
gelatinous sheath. A decrease in the concen-
tration of calcium ion to one-quarter is con-
sidered to result in predominance of single
cells. In contrast, gelatinous sheath might be
produced under the reverse conditions.
When the calcium concentration was increas-
ed nine times that of the normal B12 medium,
colonies tended to grow. However, it seemed
to be more difficult to produce a shift from
single cells to colonies. Culture of colonies
without single cells may be obtained by
repeated isolation and subculture of several
colonies under the conditions mentioned
above.

Comparison of sugar composition of colonies and
single cells

When carbohydrates from the cells were
separated into three fractions using an anion-

exchanger, fractions A and C were found to
be different not only in uronic acid content
but also in sugar composition. In colonies,
glucose accounted for most of the intracellular
carbohydrates in fraction A, several monosac-
charides except glucose were increased in frac-
tions B and C, and the degree of heterogenei-
ty in the amounts of constituent sugars was in-
creased. With axenic M. aeruginosa K-3A,
Naxkacawa et al. (1987) reported that the con-
stituent sugar unit of intracellular car-
bohydrates was mostly glucose, while the car-
bohydrates of slime were composed of
heterogeneous sugar units. Our experimen-
tal findings after separation by anion-ex-
changer were in approximate agreement with
their results. In single cells forming no col-
onies, glucose was found in the majority of in-
tracellular carbohydrates, and more than
50% of carbohydrates were glucose even in
fractions B and C of cells with layered thin
gelatinous sheath.  The thin layered
gelatinous sheath of single cells contained less
heterogeneous polysaccharides, and the
uronic acid residues were fewer in the
gelatinous sheath of single cells than in the
gelatinous sheath of colonies. Glucose is con-
sidered to play a central role in carbohydrate
metabolism in single cells. The present
results suggest that single cells and colonies
may differ in their mode of carbohydrate syn-
thesis.

Although colonies with gelatinous sheath
produced less organic material and car-
bohydrates than did single cells, the existence
of apparently highly heterogeneous polysac-
charides might have significance in the
physiology of Microcystis.

Sugar composition of the gelatinous sheath of three
species

TAkAMURA et al. (1986) reported that rham-
nose and xylose were abundant among the
sugars present in the slime of axenic M.
aeruginosa K-3A, and that glucose or xylose
was abundant in the gelatinous sheath of
other cyanobacteria. In the present study,
xylose and glucose were shown to be the main
sugar constituents of the gelatinous sheath of
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M. aeruginosa No. 1 and No. 2, respectively.
In addition, the amounts of galactose and
mannose were higher in the gelatinous sheath
of M. wesenbergii and M. viridis, respectively.

M. wesenbergii and M. viridis can be identifi-
ed easily because their formation of colonies is
a relatively consistent feature. However, M.
aeruginosa shows various characteristics, and
has to be reclassified on the basis of cell size,
cellular arrangement, colony shape, staining
of the gelatinous sheath by alcian blue,
chemical properties and so on. WATANABE et
al. (1986) showed that M. aeruginosa can be fur-
ther divided into M. aeruginosa f. aeruginosa
and M. aeruginosa f. flos-aguae. In the case of
M. aeruginosa, the difference in carbohydrate
composition of gelatinous sheath between the
two strains might be due to the difference in
the level of forma. In the present study, the
sugar composition of gelatinous sheath dif-
fered among the three species of Microcystis
cultured under the same conditions. In
general, the properties of polysaccharides are
known to depend on the nature of their con-
stituent sugars, particularly the mode of their
arrangement, linkage configuration and posi-
tion. Itis suggested that these features of the
main polysaccharides of the gelatinous sheath
differ to a great extent among the three
species of Microcystis examined in the present
study.
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Notova, M. and Aruca, Y. 1989. The life history of Dudresnaya japonica OxaMURra (Cryptonemiales,

Rhodophyta) in culture. Jpn. J. Phycol. 37: 263-267.

The life history of a red alga Dudresnaya japonica OkaMURA collected at Bishamon, Miura Peninsula,
Kanagawa Prefecture, was studied in laboratory culture. The carpospores released from a natural mature
erect female gametophyte gave rise to compact crustose tetrasporophytes. The tetraspores were produced
from surface cell layer of the crustose frond by cruciate division. They germinated and grew up to crustose

fronds, which issued erect male and female gametophytes.

Both of the two species, D. minima and D.

Jjaponica, occurring in Japan have crustose tetrasporophytes in the life history.

Key Index Word:  Cryptonemiales—culture—Dudresnaya japonica—life history— Rhodophyta.

Two species of Dudresnaya (Cryptonemi-
ales, Rhodophyta) are known in Japan.
Dudresnaya japonica OkaAMURA is distributed
along the Pacific coast of southern Honshu
(Oxkamura 1936) and D. minima along the
coasts from Kyushu to Okushiri Island, Hok-
kaido (Oxamura 1936, Hasecawa 1949).
Both of the two species were endemic.

Among thirteen species hitherto known in
the genus Dudresnaya (RoBINs and KRAFT
1985, SEALEs and BALLANTINE 1986), four
species were reported to have isomorphic
tetrasporophyte and gametophyte, and one
species (D. minima) was recently repoted to
have heteromorphic gametophyte and tetra-
sporophyte in the life history in laboratory
culture; the crustose tetrasporophyte and
the erect gametophyte (Norova 1989).
UMEzaKI (1968) carried out laboratory culture
of D. japonica and showed only the early
development of carpospores without success
in completing its life history.

In this paper we report the life history of
D. japonica having heteromorphic tetra-
sporophyte and gametophyte in a similar way
to that of D. minima.

Material and Methods

Mature female gametophytes of D. japonica
(Fig. 1, A) were collected on April 14, 1986,
from a depth of 8 m, where Ecklonia cava and
Undaria pinnatifida were mainly observed, at
Bishamon, Miura Peninsula, Kanagawa
Prefecture. They were put in a bottle of 3/
with natural seawater, and immediatly
transported to the Aquaculture Center,
Aomori Prefecture, for culture.

Well-mature cystocarpic branches 3-5cm
long were cut off, washed five or six times
with brush in the sterilized seawater to take
off contaminants attached to the surface of
branches and finally set in Petri dishes with
strilized seawater added with 5 ppm GeO,
overnight. Next morning, released carpo-
spores were collected by drawing with a
glass capillary micropipet and were transfer-
red into a new vessel containing sterilized
seawater. Washing carpospores with steriliz-
ed seawater was repeated three or four times,
and the spores were set on slide glasses for
some hours in Petri dishes. Unialgal cultures
were thus established.

The cultures were maintained at 25°C
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under a photoperiod of 14L: 10D. During
the light period, light of 2000-4000 lux was
supplied from white fluorescent lamps.
Modified Grund medium (McLAcHLAN
1973) was used for the cultures and renewed
once a week.

Results

The size of the liberated carpospores
ranged from 11 to 18 #um (mean 14 pm)
in diameter (Fig. 1, B) about one half that
of D. minima.

In the early developmental stage from
carpospore the germling of diprotocellular
type was observed one day after germination
(Fig. 1, C). Three-day-old germlings were
monostromatic and prostrate with cells
spread around the original spore (Fig. 1, D).
Ten-day-old germlings spread more and
became compact disks with fine hair cells
appeared, but having one cell layer yet (Fig.
1, E). Sometimes, the filamentous cells
were issued from surface or margin cells of the
compact disk, and these filaments grew un-
attached. When attached to the substrate like
a slide glass, the filaments often became re-
prostrate monostromatic disks and grew to
compact disks (Fig. 1, F). However, the
filaments were not observed to be upright
fronds.

About fourty five days after carpospore ger-
mination, compact disks were formed. They
were composed of seven or nine cell layers,
but their margins were thin, composed of one
layer, and more spread (Fig. 1, G). The
discoidal fronds were 1-2 mm in diameter,

and they were not circular but like
Himenoclonium.

In about two months of culture, the
tetrasporangia were observed to lie scattered
in the surface layer of the compact disks. In
surface view, the tetrasporangia were 12-
15 #m in diameter and bigger than other sur-
face cells (Fig. 1, H).

Vertical section of the compact disk showed
that the tetrasporangia were situated at the
top of cell rows each of which were composed
of seven or eight sterile cells. The mature
tetrasporangia were globular in shape, 15-
19 pm in height and 14-17 gm in diameter,
showing cruciate division (Fig. 1, I).

Liberated tetraspores from the crustose
fronds were spherical, red in color, and 8-
9 ym in diameter (Fig. 1, J). The process of
tetraspore germination was basically the same
in their appearance as that of carpospore
germination.  One-day-old germlings of
tetraspores were diprotocellular type (Fig. 1,
K). Ten-day-old tetraspore germlings were
quite similar to carpospore germlings in that
they were monostromatic and prostrate in all
directions around the original spore and
became to form compact disks (Fig. 1, L).

After one and half a month in culture,
branched upright fronds developed from the
surface or marginal cells of the crustose com-
pact disks (Fig. 1, M). The upright fronds
grew up with alternate branches from the
axis. After four weeks from the development
of upright fronds, they reached about 1 cm in
height and the spermatangia were observed at
upper part of branches (Fig. 1, N & O).

In further three weeks, the fronds without

Fig. 1.

Peninsula, Kanagawa Prefecture, Japan, on April 14, 1986.

Dudresnaya japonica OkaMURA in culture. (A) A female gametophyte collected at Bishamon, Miura

(B) Carpospores released from a natural

gametophyte. (C) A carpospore germling of diprotocellular type after one day in culture. (D) A three-day-old
germling, monostoromatic with prostrate cells around the original spore. (E) A ten-day-old germling, discoidal
with fine hair cells. (F) Re-prostrate filamentous cells forming compact disk. (G) Fourty-five-day old germlings

with several layers of cells in the centeral part.

(H) Surface view of a mature tetrasporophyte, showing the

tetrasporangia. (I) Vertical section of a mature tetrasporophyte, showing the tetrasporangia at the top of sterile
cell row. (J) Tetraspores liberated from the crustose disk (tetrasporophyte). (K) A one-day-old tetraspore germ-

ling. (L) A ten-day-old tetraspore germling.

(M) Initial upright growths from a tetraspore germling. (N)

Branches of a mature male gametophyte with developed spermatangia. (O) Close up of parts of branches of a
mature male gametophyte. (P) Parts of branches of a female gametophyte with young procarp-like cells.
Scale bar; 10 cm in (A); 20 #m in (C), (H), (I), (K), (O); 50 #m in (B), (D), (J), (L.); 100 #m in (E)=(G), (M), (N),

(®)-
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spermatangia reached about 1.5mm long,
and young procarp-like cell rows were observ-
ed on axial filaments of the upright fronds
(Fig. 1, P). Even after three months more in
culture, upright fronds with fruiting organs
were not obtained.

Discussion

The early development of sporelings has
been reported in Dudresnaya sp. by ToBLER
(1903) and KiLrian (1914). Oxamura (1908)
reported the germlings of carpospore within
cystocarp in D. japonica, and UMEzaxk1 (1968)
reported the development of carpospore
germlings from early to later stages for one
year until the prostrate crustose disk phase
was reached in D. japonica. Norovya (1989)
reported the early stage of sporeling develop-
ment in D. minima. In the present paper the
early stages of tetraspore and carpospore
germlings of D. japonica were described.
From these reports, it may be said that in the
genus Dudresnaya the early stage of sporelings
is diprotocellular type and the sporelings
became prostrate crustose disks in more
developed stage. The tetrasporophyte of D.
Japonica is a branched Himenoclonium-like
crustose disk and its shape is quite similar to
that of D. minima (Norova 1989), Schim-
melmania  (CHIHARA  1972), Acrosymphyton
(CortEL-BREEMAN  1975), Farlowia molis
(DeCEw and WEest 1981) and Gloeophycus
(Notova 1983, 1984).

The branched filaments issued from a
tetrasporophytic crustose disk were often
observed in the present culture. They are
similar to the frond reported by UmEezaxki
(1986), but did not develop to upright
gametophytic fronds.

The tetrasporangial division pattern of
Dudresnaya japonica was completely cruciate
type and differed from irregularly cruciate
type of D. minima (NoTova 1989).

In the genus Dudresnaya, four species were
hitherto known to have isomorphic gameto-
phyte and tetrasporophyte; D. australis,
D. capricornica, D. crassa and D. verticillata.
Two species, D. japonica and D. minima

which were endemic in Japan, possess
the life history in which upright gametophytes
alternate with crustose heteromorphic
tetrasporophytes. =~ The present results
suggest the possibility that the remaining
seven species, in which only the gametophyte
is known up to the present, may have the
heteromorphic tetrasporophyte.
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Solieria pacifica (YAMADA) YosHIDA, comb. nov. (Rhodophyta, Solieriaceae) from

An alga known as Solieria robusta from Japan was shown to be different from that of Australia, especially
in basal morphology. A new combination, Solieria pacifica was proposed for the Japanese species, based on

Chrysymenia pacifica Y AMADA.

Key Index Words: Chrysymenia pacifica—Rhodophyta—Solieria pacifica—Solieria robusta—

Solieriaceae—taxonomy.

An alga of Solieriaceae from Japan was first
identified as Rhabdonia robusta J. AGARDH by
YEenpo (1914), based on the specimens from
southern part of Japan. This species was
later called Solieria robusta (GREVILLE) KyLIN
by Oxamura (1936). The same species was
also reported from Chinese coast (TsEnc
1983) and Korea (LEe and Kanc 1986).
Comparison of Japanese specimens with
those of Australia revealed certain differences
in external morphology. Therefore, it is con-
cluded that the alga in question is a different
taxon at specific level from the southern
hemisphere S. robusta (type locality: western
Australia).  Nomenclatural problem of
Japanese taxon is discussed in relation with
Chrysymenia pacifica YAMADA (1933).

Materials

Many specimens from several localities of
Chiba, Kanagawa, Wakayama, Hiroshima,
Fukuoka, and Kumamoto Prefectures in
southern parts of Japan, deposited in the her-
barium (SAP) of Faculty of Science, Hok-
kaido University, were used for observation.
A collection of S. robusta from Queenscliff, Vic-

* Dedicated to the memory of the late Dr. Munenao
Kuroar (1921-1988), Professor Emeritus of Hokkaido
University.

toria, Australia (Aug. 20, 1988, leg. T.
Yoshida, SAP 052979, 052980) was used for
comparison.  Herbarium specimens of
Womersley collection in the University of
Adelaide (now in AD) were also examined.

Observations

Morphology of Japanese specimens: One
or several thalli arise from a discoid or ir-
regular scutate basal disc (Fig. 1). Erect
thalli are up to 40cm high, and are at-
tenuating below into a short cylindrical stem,
gradually dilating above, cylindrical when
young, then becoming compressed above and
nearly flat, up to 15 mm wide in the broadest
part in older plants. The texture of the
thallus is soft fleshy when young and almost
cartilaginous in well grown plants. Thalli
are 2-3 times branched alternately, with the
bases of branchlets constricted. Apices of the
branches are acutely pointed. Thallus struc-
ture is multiaxial in construction typical of
this genus, with medulla composed by loosely
arranged elongate filaments and cortex with
inner large round cells and outer small cells.
Carpogonial branches are usually composed
of 3 cells, directing inwardly with trichogyne
turned to the surface. Mature cystocarps are
embedded in the medullary region and with a
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Fig. 1. Discoid holdfast of Japanese plant.

Fig. 2. Basal fibrous holdfast of Solieria robusta from Queenscliff, Australia.
Fig. 3. Holotype of Chrysymenia pacifica Y amapa, SAP 21250.

Fig. 4.

Cross section of Chrysymenia pacifica, showing zonate tetrasporangia. Scale bar 30 p#m.

distinct ostiole and are slightly raised on the  zonately.
surface of the branches. Each cystocarp has a
large central fusion cell. Tetrasporangia are
scattered over the thallus surface, dividing

Oxamura (1921) illustrated the
morphological features of the Japanese plant.

Morphology of Australian Solieria robusta:
The specimens at hand are young and im-
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mature individuals about 10cm high. A
holdfast consists of a group of fibrous
outgrowths issued from the basal part (Fig.
2). Erect thalli are usually terete, slightly
compressed, about 2 mm in diameter. A full
description of vegetative and reproductive
morphology was given by MiN THEIN and
WoMERSLEY (1976).

Discussion

Japanese specimens differ from Australian
material in morphology, especially in struc-
ture of basal parts in that no fibrous
outgrowth is present in Japanese material.
Erect part is much stout and larger in size and
becomes compressed. These differences are
sufficient to distinguish them at specific level.
OxaMura (1921) already expressed his doubt
about the identification made by YEnDO
(1914). Min THEIN and WoOMERSLEY (1976)
also pointed out that extra-australian records
must be reexamined carefully. Then
nomenclature of Japanese material becomes a
subject to discuss. In 1933, Yamapa describ-
ed Chrysymenia pacifica, based on a single
specimen (Fig. 3) collected at Oshima,
Wakayama Prefecture and sent to him by Dr.
Oxkapa. This is a tetrasporic individual.
Thallus structure is that of Solieria.
Tetrasporangia divide zonately (Fig. 4). Just
after the publication of the name, Okamura
(1934) mentioned that Chrysymenia pacifica
must be treated as a synonym of Solieria robusta
(auct. japon), according to the information
from Yamapa himself. Identity of Chr.
pacifica is thus clear. As shown above,
Japanese specimens attributed to S. robusta
are different from S. robusta of Australia.

New name is thus necessary for the Japanese
taxon. In this circumstance, specific epithet
“pacifica” is available for it, and the follow-
ing combination is proposed:
Solieria pacifica (YAMADA) YOSHIDA, comb.
nov.
Basionym: Chrysymenia pacifica YAMADA,
1933: 279, pl. 10.
Holotype: SAP 21250 (Aug. 6, 1928.
Oshima, Wakayama Prefecture)
Synonym: Rhabdonia robusta sensu YENDO,
1914, non J. AcarpH. Oka-
MURA, 1921: 102, pl. 174.
Solieria  robusta sensu Okxa-
MURA, 1936: 591, f. 277.
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Notes on Spirocladia loochooensis (YENDO) YosHIDA comb. nov. (Rhodomelaceae,

Examination of newly collected materials of Wrightiella loochooensis YENDO showed that this species is pro-
perly accomodated in the genus Spirocladia BOERGESEN, because it has no spinous adventitious branchlet.
Therefore, a new combination, Spirocladia loochooensis (YENDO) YOsHIDA, is proposed.

Key Index Words: Rhodomelaceae— Rhodophyta—Spirocladia loochooensis—taxonomy—Wrightiella

loochooensis.

Wrightiella loochooensis was described by YEN-
DO (1920) on a single specimen from an
unknown locality of Okinawa Prefecture
(Loochoo=Ryukyu), southern Japan. He
gave a brief description without a figure.
This species was rarely encountered since that
time (YAaMADA and TanNaka 1938, Secawa
and YosHIpa 1961). A recent collection of an
alga identifiable to this species afforded a
chance to consider generic attribution of this
taxon.

Materials

In addition to the holotype [Ryukyu
(Okinawa  Prefecture), = March 1914,
anonymous, ex herb. S. Narita, Yendo collec-
tion in TI, Fig. 1], following specimens
deposited in the herbarium (SAP) of Faculty
of Science, Hokkaido University were examin-
ed: Ryukyu, no data, anonymous (herb.
Okamura). Kimu-wan, Okinawa Prefec-
ture, February 3, 1989, anonymous (SAP
052366). Yonakuni Island, Okinawa Prefec-
ture, April 1935, leg. T. TanNaka (SAP
21173). Amakusa, Kumamoto Prefecture,
April 1933, leg. T. Tanaka (SAP 024213).
Tomioka, Kumamoto Prefecture, July I,
1957, leg. T. YosHipa (SAP 049889).

Observation

Tetrasporophytes only are available for
study, including the holotype. The holotype
specimen is 9.5 cm high without a basal part
(Fig. 1). Thalli collected recently are up to
about 10cm high, terete throughout, ir-
regulary branched. Basal parts are buried in
coral sand. Terete fronds branch several
times with wide angle, up to 1.5mm in
diameter. Erect axes are composed of a cen-
tral cell and 4 pericentral cells, thickly cor-
ticated below. On the upper part of the
thallus, many trichoblasts about 2 mm long
are issued spirally from the nodes.
Trichoblasts are uniseriate, sending off spiral-
ly uniseriate side branches from each cell of
the axial filament, except the basal cell, and
every cell of the trichoblast contains plastids.
These deciduous trichoblasts fall off from the
lower parts of the thallus, leaving basal cell.
Tetrasporangial stichidia (Fig. 2) are formed
by the transformation of an axial filament of
the trichoblast, so that uniseriate lateral
filaments are issued from the surface of
stichidia.  Tetrasporangia are produced
spirally in the stichidia, one in each segment.
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Fig. 1. The holotype specimen, TI. Fig. 2.

Discussion

In describing this species, YENDO (1920)
stated that “Affinis Wrightiella tumanowiczia
ScumIiTz,  sed spinaeformibus
destitutis eadem facile diagnoscitur (similar to

ramulis

W. tumanowiczia, but easily distinguished by
the absence of spinous branchlets)”, as a
distinction from the type species of the genus
Whrightiella.  Later,  BOERGEsEN  (1933)
established his new genus Spirocladia, with the
type and only species, S. barodensis, from
Okhamandal, in the State of Baroda, India,
basing on the difference in that his genus had
no spinous short branchlets of adventitious en-
dogenous origin on the branches. In com-
parison with Yendo’s species, it is clear that
his species is properly accomodated to
Spirocladia, not to Wrightiella. BOERGESEN
(1933) observed only male individual. As the
specimens at hand are all tetrasporic, identity
with Indian species is not certain for the mo-

ment. Therefore, I propose the following

Spirocladia loochooensis (YENDO) YOSHIDA.
A part of branch bearing stichidia.

Scale 200 .

combination:
Spirocladia loochooensis (YENDO) YOSHIDA,
comb. nov.

Basionym: Wrightiella loochooensis YENDO,
Bot. Mag. Tokyo 34: 8. 1920.

Holotype: Loochoo (Okinawa Prefecture),
March 1914, ex herb. Narita, TT (Fig. 1).

Another species of the genus Spirocladia, S.
minuta Nasr (1939), from the Red Sea is very
small (up to 3 mm high), and has decumbent
lower parts and poorly corticated branches.
These characters quite differ from our
material.

I wish to acknowledge Miss N. Ugsuar,
Tokyo Kyuei Co., for suggesting the problem
here considered.
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Saron, H., YamacucHi, Y., Wartanasg, K. and Aruca, Y. 1989. Light conditions and photosynthetic
productivity of ice algal assemblages in Lake Saroma, Hokkaido. Jpn. J. Phycol. 37: 274-278.

Photosynthetic productivity of ice algal assemblages was investigated in Lake Saroma on the Okhotsk
Sea coast of Hokkaido in early March of 1987 and 1988. Relative light intensity at the bottom of ice was
about 1.0% of incident solar radiation in 1987, whereas it was about 4.4% in 1988. In photosynthesis-light
curves, the photosynthetic rate was saturated at 27.5 #E m~2s~! in 1987, the saturated rate being 0.42 mgC
mgchl.a™! h™!, while it was not saturated even at 162 tE m~2 s™! in 1988, the maximum rate being
0.43 mgC mgchl.a™! h™!. The compensation light level of ice algae was 0.04-0.05% of the incident light
intensity. The daily production of ice algae in 1987 (14.3 mgC m~2day~!) was 6.2 times greater than that in
1988 (2.3 mgC m~%day~"). The specific growth rate (¢) of ice algae was 0.12 and 0.027 div. day~! in 1987
and 1988, respectively. The present study demonstrates that the growth of ice algae is strongly controlled

by light conditions at the bottom of ice in the ice-covered season.

Key Index Words:

Ice algae (ice algal assemblages) are present
in all areas where sea ice is a regular feature of
the environment (HorNER 1985). The role of
ice algae is doubtlessly important in such
ecosystems of ice-covered seas (McRoy et al.
1972, HorneRr 1977, DunBar 1979, PrLATT of
al. 1982, PaLmisaNo and SuLLivan 1983,
WATANABE 1988, SatoH and WATANABE
1988). In the previous paper (SATOH ¢t al.
1989), the present authors reported the
photosynthetic production of ice algae under
extremely low light conditions in Lake
Saroma, which is known as the southernmost
area of seasonal sea ice extension in the nor-
thern hemisphere, and suggested that their
contribution to primary production in the
lake was considerablely large. The obtained
values of primary production of ice algae were
comparable to those reported in the polar
regions (Bunt 1964, BURKHOLDER and
MANDELLI 1965, ALEXANDER 1979, SatoH
and WaTaNaBe 1986).

compensation point—growth rate—ice algae—Lake Saroma—photosynthesis.

In Lake Saroma, ice algae were found in
the bottom layer of ice core and grew most ex-
tensively between mid-February and early
March (Hosniar and Fukuchr 1981). The
light intensity at the bottom layer of ice was
very low (SATOH et al. 1989) because of light
extinction by ice and snow. Thus, it is impor-
tant to know the photosynthetic rate accurate-
ly at light regimes near the compensation
point for estimating primary production in
the ice-covered season.

In this paper, the authors describe the
under-ice light conditions with reference to
the photosynthetic nature of ice algae in Lake
Saroma. The results obtained in the ice-
covered season of 1988 are compared with
those in the preceding year (SATOH ef al.
1989).

Material and methods

Field studies were carried out on 7-9



Photosynthetic productivity of ice algal assemblages 275

March in both 1987 and 1988 at the same site
(44°10'N, 143°46E) in Lake Saroma, Hok-
kaido, which is a lagoon of seawater flowing
in through the two channels from the Sea of
Okhotsk. For collection of ice algal samples,
ice was cut in a mass of about 1 m? surface
with a chain saw. The colored part within a
few cm from the bottom of ice was scraped off
into filtered seawater, and maintained at
temperatures below 0°C for experiments.
Three ice cores were collected with a SIPRE
coring auger, and average concentrations of
chlorophyll @ within 4 cm from the bottom of
ice cores were used as an index of biomass of
ice algae. For this purpose, after the ice cores
were melted at room temperatures, the samples
were immediately filtered through glass fiber
filters (Whatman GF/C). Pigments of ice
algae retained on the filters were extracted
with 90% acetone. Chlorophyll a and
pheopigment concentrations were determined
by the fluorometric method of STRICKLAND
and Parsons (1972) modified by Aruca
(1979) with a Hitachi 650-40 fluorometer or a
Turner Designs 10-005R fluorometer.
Estimations of daily primary production of
ice algae were done with two different
methods; the in situ method and the
chlorophyll method based on photosynthesis-
light curve. All measurements of photosyn-
thetic activity of ice algae were made by the
stable 3C isotope method (SATOH et al. 1985).
To obtain the photosynthesis-light curves,
Na!®CO; (Prochem) was added to algal
samples in 100 m/ DO bottles with 9.9% of
the final atom percent of 3C. The samples
were exposed to different light intensities
from 0 to 162 E m~2 s~ ! by using a projector
lamp (Kondo 100V-150W) as the light
source. Light intensities were regulated with
neutral density filters (Toshiba TND-50, 20,
10, 5,1, 0.5, 0.2). Measurements of light in-
tensity (400-700 nm) were done with an LI-
188B quantum meter equipped with an LI-
190SB quantum sensor (LI-COR). After the
incubation for 3 hours, the samples were
filtered through glass fiber filters (Whatman
GF/C) precombusted at 450°C for 4 hours.
Isotope ratios of 2C and '3C in the samples

were determined by infrared absorption spec-
trometry with a JASCO !3C analyzer EX-
130. Calculation of photosynthetic activity
was made using the equation of Hama et al.
(1983). Daily production (mgC m~2 day™!)
was calculated on the basis of the daily
photosynthetic rate (mgC mgchl.a™! day™!)
multiplied by the chlorophyll a concentration
(mg m™?) of ice core, because the ice algal
samples were diluted with filtered lake water
for measurements of photosynthetic activity.

In situ primary production of ice algae was
also measured. The samples were incubated
at the layer immediately beneath the ice dur-
ing the period from noon to sunset on a clear
day. The obtained value was multiplied by a
factor of 2 to obtained the iz situ daily produc-
tion (mgC m~2 day~!). Incident and under-
ice photosynthetically active radiations
(PAR, 400-700 nm) were measured with an
LI-1000 integrating quantum meter equipped
with an LI-190SB quantum sensor on snow
cover and an LI-192SB underwater quantum
sensor.

Results and Discussion

Environmental conditions of the study area

Lake Saroma is iced over usually from
January to April. Comparing the en-
vironmental conditions in early March of
1987 with those in 1988, the thickness of ice in

Table 1. Environmental parameters, chloro-
phyll a, POC, chl.a/(chl.a+ pheopigments), and POC/
chl.a of ice algae in early March of 1987 and 1988.
The light conditions were measured at local noon.

1987 1988
Solar radiation (#E m~2s7") 1325 1395
Thickness of ice (cm) 38 19
Overlying snow (cm) 8 8
PAR beneath ice (#(E m~2s71) 14 62
Water temperature (°C) —1.4 —1.4
Salinity 32.4 31.6
Chl.a (mg m~2%) 5.68 1.68
POC (mgC m~?) 160.2 120.0
Chl.a/(chl.a+ pheopigments) 0.99 0.86
POC/chl.a 28.2 71.4
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1988 was as half that in 1987 and snow cover-
ing the ice attained 8 cm in both years (Table
1). Differences in water temperature and
salinity were very small between the two
years. The relative light levels at the bottom
of ice were 1.0% and 4.4% of the incident
solar radiation at around local noon on a clear
day in 1987 and 1988, respectively.
Although the level of solar radiation in the
ice-covered period of 1988 was almost the
same as that in 1987, the light intensity at the
bottom of ice was more than 4 times greater in
1988 than in 1987. In considering these
facts, it can be said that the under-ice light
conditions were controlled by the thickness of
ice and snow cover (WATANABE and SATOH
1987).

The standing stock of ice algae was concen-
trated within the bottom 4 cm layer of ice in
Lake Saroma (SAToH et al. 1989), the situa-
tion being quite similar to that in the Antarc-
tic ice algae (WATANABE and Saton 1987).
The standing stock of ice algae was 5.68 and
1.68 mg chl.a m~2 in 1987 and 1988, respec-
tively. The dominant species of ice algae
were pennate diatoms Niizschia spp. in both
years.

Photosynthesis-light curves

Photosynthesis-light curves of ice algae ob-
tained in 1987 and 1988 are shown in Fig. 1.
In the curve in 1987 the photosynthetic rate
was 0.42 mgC mgchl.a™! h™! at the saturated

o
=~
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w

o
N

o
=

Photosynthesis (mgC mgchla™ h™')

0 1 1 1
0 50 100 150

Light intensity (LE m™s~")

Fig. 1. Photosynthesis-light curves at 0°C of
ice algae obtained in 1987 (a) and 1988 (b). The
available values in oxygen were converted to those in
carbon in the curve of 1987 (Satoh et al. 1988).

point of about 27.5 yE m~2 s~!. Contrarily,
the photosyntheis-light curve in 1988 did not
show the light saturation. The maximum
photosynthetic rate was 0.43 mgC mgchl.a™!
h=! at 162 y)E m~2 s™!. The steep initial
slope and low saturating light intensity obtain-
ed in 1987 indicate the shade adaptation of ice
algae (PLATT et al. 1982, PaLMmisaNo and
SurLivan 1985, Saton and WaTaNAaBE 1986).
On the other hand, the gentle initial slope
with expected higher saturating light intensity
obtained in 1988 suggests that the ice algae in
that season had adapted to higher light inten-
sities. The variations in such parameters as
the saturated rate and the initial slope of
photosynthesis-light curves of ice algae might
be caused by the light conditions at the bot-
tom of ice.

The compensation light intensity of ice
algae both in 1987 and 1988 was about 0.5 #E
m~2s™ !, which corresponds to 0.04-0.05% of
the down-welling irradiance in early March
in the area.- The compensation point was
almost the same as those of ice algae obtained
in the Antarctic region (PaLmisaNo and
SuLLIvaN 1983, SaToH and WATANABE 1986).
The light intensity in the habitat of ice algae
was remarkablely low as compared with that
of phytoplankton obtained in the ice-free
waters of the Antarctic (JacQues 1983,
SaksHAUG and HoLm-HaNsen 1986). Thus,
it is concluded that photosynthetic production
of ice algae proceeds usually under extremely
low light conditions.

Daily production and growth rate of ice algae in
1987 and 1988

The standing stock of ice algae in 1987
(5.68 mgchl.a m~2) was 3.4 times greater
than that in 1988 (1.68 mgchl.am~2). The in
situ photosynthetic rate was 2.52 and
1.34 mgC mgchl.a™! day~! in 1987 and 1988,
respectively. Based on these values, the daily
production of ice algae was estimated to be
14.3 and 2.3 mgC m~2 day~! in 1987 and
1988, respectively. It was 6.2 times greater
in 1987 than in 1988.

The daily production was also estimated in-
directly by the chlorophyll method (IcHIMURA
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et al. 1962) and compared with that obtained
by in situ measurements. On the basis of the
diurnal change of incident light instensity,
relative light intensity at the bottom of ice,
photosynthesis-light curve and chlorophyll a
concentration of ice algae, the daily photosyn-
thetic rate is calculated as 1.82 mgC mgchl.a
! day~! in 1987 and 1.38 mgC mgchl.a™!
day~!in 1988 (Table 2). The daily photosyn-
thetic rates and production thus estimated
agreed well with those obtained by in situ
measurements (Table 2).

Based on the in situ daily production of ice
algae, the growth rates (¢) were calculated by
the following equation (Parsons and
Takanash1 1973):

C,+AC

Ca )

where G, is the initial algal biomass in carbon
calculated from the POC/Chl.a ratio, and AC
is the increase of algal biomass during time t
estimated directly by the photosynthetic pro-
duction. The calculated growth rates were
0.12 and 0.027 div. day~! in 1987 and 1988,
respectively. The growth rate in 1987 was
coincident well with those estimated for An-
tarctic ice algae in the spring seasons
(SuLLIVAN et al. 1985, SaToH and WATANABE
1986). The growth rate in 1988 was
remarkablely low as compared with that in
1987. The high POC/chl.a ratio and low
chl.a/(chl.a and pheopigments) ratio were the
main causes for low growth rate of ice algae in

y=%x log,

Table 2. Daily photosynthetic rate and pro-
dcution obtained by in situ measurements or
estimated from photosynthesis-light curves, and
grwoth rate calculated on the basis of in situ produc-
tion of ice algae in early March of 1987 and 1988.

1987 1988

In situ measurments:

Photosynthetic rate 2.52 1.34

(mgC mgchl.a™! day™!)

Production (mgC m~2 day~!) 14.3 2.3
Estimation from P-L curves:

Photosynthetic rate 1.82 1.38

(mgC mgchl.a™! day™!)

Production (mgC m~2 day™!) 10.3 2.3
Growth rate (div. day~?) 0.12 0.027

the season of 1988.

In conclusion, the photosynthetic nature
and growth rate of ice algae were strongly in-
fluenced by the light conditions at the bottom
of ice which were controlled by thickness of
ice and snow cover, if any, as well as by solar
radiation.
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Conceptacular development in Sargassum filicinum and autumnal

S. horneri (Phaeophyceae)
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Oxkupa, T. and SaToH, Y. 1989. Conceptacular development in Sargassum filicinum and autumnal S. horneri

(Phaeophyceae). Jpn. J. Phycol. 37: 279-283.

Conceptacular development was studied in Sargassum filicinum and autumnal S. horneri, and was com-
pared with that of S. horneri. The initial cell is divided unequally to produce the tongue cell and the lower
cell. Further longitudinal divisions of the lower cell follow, thus forming a lining for the depression. The
tongue cell, with no divisions in it, leaves the floor when there are eleven cells surrounding and is transfer-
red to the ostiole, where it forms a loose plug. The time of the tongue-cell’s dislodgement and its conditions
at the ostiole are almost the same as those reported for S. enerve (=S. fulvellum), though not for S. horneri.

Key Index Words:
Sargassum filicinum—tongue cell.

In his three reports, TaHARA (1940, 1941a,
b) described some different modes of concep-
tacular development in the sixteen fucaleans
found in Japanese waters. As Sargassum
Slicinum had been considered to be a rare
species until 1950s, this alga was not dealt
with by Tanara. Though Sawapa (1955,
1956) reported some characteristics of S.
Slicinum from much more material, concep-
tacular development was not included in his
papers. On the other hand, a strong
resemblance in appearance between S.
Slictnum and S. horner:, in addition to op-
posite or complex characters in sexuality, led
the present authors to investigate the concep-
tacular development.

The senior author (Okupa 1987) reported a
finding in the western Seto Inland Sea of a
population of S. horneri that became fertile late
in the fall instead of the spring—the established
time for this population of alga to be fertile.
With cylindrical vesicles, these autumnal
plants are presently identified with S. korner:.
Other than the vesicles, however, there are
still some features which are in need of ex-
amination before reaching a satisfactory iden-
tification. In this paper an attempt is made

autumnal Sargassum horneri—concep

hi, ], A, Inh
{of

t—Fucales—Phaeophyceae—

to compare these algae with S. horneri from a
viewpoint of conceptacular development.

Materials and Methods

Material of Sargassum filicinum was collected
at the mouth of Omura Bay, near Sasebo,
Nagasaki Pref., on May 8 and June 7, 1986.
Plants were abundant on both these days and
each sample turned out to be successful for
this study. Plants with small receptacles
were dominant on May 8, but only a few on
June 7 were found. Samples of autumnal S.
horneri were collected near the shores of
Yanai, Yamaguchi Pref., on October 15,
1986. Sterile plants were then dominant,
and 40-50% of the vegetation seemed to form
small receptacles.

An apical section 2-3 mm long of each
receptacle was cut from freshly collected thalli
and immersed in the fixing fluid (1 g chromic
acid, 1 m/ propionic acid, 90 m/ of seawater)
for about 24 hours. Microtome sections were
made from paraffin 6 #zm in thickness and
stained with Heidenhain’s iron haematox-
ylin.
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Results

1) 8. flicinum

The conceptacle originates from an initial
cell which is characteristically flask-shaped
and 1s located near the apical cell of a recep-
tacle (Fig. 1). The initial cell is divided by a
downwardly curving transverse wall, thus pro-
ducing two very dissimilar cells, namely, the
tongue cell and the lower cell (Fig. 2). No fur-
ther divisions occur in the tongue cell. In the
lower cell, however, longitudinal divisions
continue, and the cells derived from the lower
cell partially surround the tongue cell (Fig.
3). Though the tongue cell is firmly attached
to these surrounding cells in the early stages,

Figs. 1-7.
tongue cell and lower cell. 3. Longitudinal division of the lower cell. 4. Dislodgement of the tongue cell. 5-6.
Further development of the conceptacle. 6. Tongue cell as a loose plug in the ostiole. 7. Cross-section through
the base of a young conceptacle with cells radially arranged. Scale bar is 20 zm.

Conceptacular development in Sargassum filicinum.

it becomes detached first at its base and is
soon transferred to the ostiole (Fig. 4). A
mass of mucilage is secreted around the
tongue cell, thus leaving a gap between the
ostiole and the tongue cell (Fig. 6). In a
cross-section through the base of young con-
ceptacles, the conceptacular lining-cells, or
the cells derived from the longitudinal divi-
sions of the lower cell, are arranged radially
around the tongue cell (Fig. 7).
2) Autumnal S. horneri

The development of the conceptacle follows
the same process as S. filicicnum described
above. An initial cell is flask-shaped and is
located near the apical cell of a receptacle
(Fig. 8). The initial cell is divided by a

1. Initial cell. 2. Divided initial cell with



Conceptacular development in two Sargassum species 281

Figs. 8-14. Conceptacular development in autumnal Sargassum horneri. 8. Initial cell.

cell with tongue cell and lower cell.
cell. 12-13. Further development of the conceptacle.
with cells radially arranged. Scale bar is 20 #m.

downwardly curving transverse wall to pro-
duce two unequal cells, namely, the tongue
cell and the lower cell (Fig. 9). No further
divisions occur in the tongue cell. In the
lower cell, on the other hand, longitudinal
divisions continue, and there is no space be-
tween the tongue cell and the derived cells
from the lower cell in the early stages (Fig.
10). The tongue cell, however, becomes
detached first from the inner wall of the con-
ceptacle at its base and is shortly after transfer-
red to the ostiole (Fig. 11). A mass of
mucilage is secreted around the tongue cell,
thus forming a gap between the ostiole and
the tongue cell (Fig. 13). In a cross-section
through the base of young receptacles, the con-
ceptacular lining-cells, or the cells derived

10. Longitudinal division of the lower cell.
14. Cross-section through the base of a young conceptacle

9. Divided initial
11. Dislodgement of the tongue

from the longitudinal divisions of the basal
cell, are arranged radially around the tongue
cell (Fig. 14).

Discussion

The present concept of the conceptacular
development in the Fucales was first introduc-
ed by SiMons (1906) on Sargassum filipendula.
According to her designation, she showed
that an initial cell is unequally divided to pro-
duce a tongue cell and a lower cell, and that
the latter is responsible for the later develop-
ment of the conceptacle. NIENBURG (1913)
studied seven species in seven genera and
showed that the mode of the development
varies somewhat in these members. FEN-
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Figs. 15-17.
Sargassum horner:.

16. S. enerve.
sHOLT (1955) employed conceptacular develop-
ment as one of five characteristics to discuss
the Cystoseira-Cystophyllum complex. TAHARA
(1940, 1941a, b) examined sixteen species in
three genera around Japan, namely,
Cystophyllum  (Myagropsis), Sargassum, and
Coccophora. According to him, from a view-
point of the tongue-cell behavior, there are
some different paths even in Sargassum.
Among thirteen species of Sargassum dealt
with by him, S. horneri has attracted attention
because of its growing tongue cell.

Based on some characteristics previously
reported concerning S. filicinum (SAWADA
1955, 1956; Okupa 1977) and autumnal S.
horneri (Oxupa 1987; Honpa and Oxkupa
1989), the authors surmised that the concep-
tacular development in these algae would
follow the same progress as S. horneri.
However, as the results show, both algae
follow the same pattern as that reported by
TaHARA (1940) on S. enerve (=S. fulvellum).
The tongue cell of S. horneri enlarges, along
with the divisions of the lower cell, in the ear-
ly stages. According to TAHARA’s figure,
redrawn in Fig. 15, there is no space between
the enlarged tongue cell and the lower-cell
derivatives when they number thirteen. The
tongue cell becomes detached and transfers to
the ostiole some time in the conceptacular
development. In S. enerve (Fig. 16) and S.
hemiphyllum (Fig. 17), the tongue cell leaves
the base when the derivatives number about

S n” 4

Young conceptacles around the tongue-cell dislodgement (after Tahara 1940, 1941a). 15.
17. . hemiphyllum. Scale bar is 20 g#m.

ten or earlier. InS. filicinum and autumnal S.
horneri, the tongue cell has already been
dislodged when the derivatives number
eleven. As far as the number of the
derivative cells at the time of the tongue-cell’s
dislodgement is concerned, thirteen is still
early for S. horneri and eleven is late for S.
filicinum and autumnal S. horneri.  The
authors examined S. horneri from Tsuyazaki,
Fukuoka Pref., and found that the tongue cell
is firmly attached to the floor of the concep-
tacle when the derivatives number eleven.

In more advanced stages, the tongue cell of
both algae studied here secretes a mass of
mucilage around it, thus leaving a space be-
tween the ostiole and the tongue cell. This is
also true of S. enerve. In S. horneri, however,
the tongue cell forms a tight plug according to
Tauara (1940). This has been reconfirmed
by the present authors as well.

Concerning the tongue-cell behavior when
it leaves the floor and clogs the ostiole, the
results are quite unexpected because autum-
nal S. horneri follows a different path than that
of S. horneri. The authors will study this unex-
pected behavior further to find if there is a cer-
tain range in the cell number of the lower-cell
derivatives at the time of the tongue-cell’s
dislodgement.
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We report a life history of Callithamnion callophyllidicola Y AMADA from Korean water and discuss its tax-
onomic problems in species limit. The plants grow well in most coasts of Korea and all phases of
Polysiphonia-type of life history are usually collected at one sampling. Though dioecism is a general form of
the gametophytes, monoecious plants in culture produce dioecious gametophytes in next generation. Of
factors tested in culture, growth rate depends much on light period than on light intensity, and much on
light intensity than on temperature. All tetrasporelings are synchronously fertile under long-day condition
with high light intensity, but male gametophytes are first fertile under short-day or low light condition. In-
duction of tetrasporangia also depends much on light period. In morphology, C. callophyllidicola resembles
C. minutissima YAMADA and Aglaoth ense ITONO, and their taxonomic relationship should be
critically reassessed with thorough examination of their type specimens.

Key Index Words: ~Callithamnion callophyllidicola— Ceramiaceae—growth rate—life history—reproduc-

twe organs’ induction—taxonomy.

Modern concept of species needs the full in-
terpretation of life history of organisms
because they are quite variable, and some
species may vary by altering their pattern of
growth in response to environmental dif-
ferences (JoNes and LucHSINGER 1986).
Furthermore it is a life history which max-
imizes the potential for genetic recombination
and genetic diversity from the union of one
pair of gametes (SEARLEs 1980). Therefore
the developmental and environmental dif-
ferences at all stages of the life history should
be observed on a taxonomic view in field as
well as in laboratory.

Recent taxonomic studies of the red algal
genus Callithamnion have clearly demonstrated
that much of confusion in species delimitation
of the genus is due to failure in previous
works to recognize the diverse form range of
the taxa (Rueness and RueNess 1980). Fur-
thermore PRIGE et al. (1986) pointed out that
Callithamnion  and its allied genera,

Aglaothamnion, Pleonosporium and Seirospora,
should critically be reexamined about their
taxonomic status based on herbarium,
laboratory and field studies in the various loca-
tions concerned.

In Korea just three species of Callithamnion
have been described in flora (Boo 1985; LEE
and Kang 1986) and until now there has not
been any report on its experimental tax-
onomy. Callithamnion callophyllidicola Y AMADA
grows well in most coasts of Korea and is
subject to be collected year round, even
though its small size and delicateness. It was
first described by Yamapa for the plants
epiphytic on Callophyliis crispata OkAMURA and
C. japonica OKAMURA at Enoshima, Sagami
Province, Japan (Yamapa 1932). The long
specific epithet was derived from the generic
name of its host plants. Afterwards it has
been known at most coasts of Japan and
Korea, but is still restricted to the Japanese
and Korean coasts (YOsHIDA et al. 1985; LEE
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and KanG 1986). In this paper we report its
life history in the various laboratory condi-
tions and discuss taxonomic problems in
species delimitation.

Materials and Methods

Many field samplings were haphazardly car-
ried out at the intertidal zones of coasts of
Korea (Fig. 1). All plants collected were
stored in 4% formalin-seawater and
transported to the laboratory, where the
morphological features were observed as
thoroughly as possible.

" Cultures for life history were established
from excised apices from tetrasporophytes col-
lected at the intertidal zone of Dokdo, East
Sea of Korea, in September 1981. The other
cultivation techniques followed Boo and LEE
(1983). The experiments on growth rate and
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Fig. 1. Geographical distribution of Callitham-
nion callophyllidicola YamaDa along the coasts of
Korea. Arrow represents sampling site for culturing
plants.

induction of reproductive organs were carried
out with the plants collected at a small
tidepool in Sungsan, Chejudo, in August
1986. The isolates were maintained in IMR
1/2 medium (EppLY et al. 1967) under cool
white fluorescent lighting. The growth rate
was measured at varied light intensities,
photoperiods, and temperatures with the
tetrasporelings. The tetraspores were allow-
ed to settle on coverslips at the bottom of Petri
dishes for one day under 17*+1°C, 16:8
LD and 50 #mol m~2s~! and then transferred
into each experimental conditions on a
temperature-gradient table. The cell number
of the tetrasporelings was counted at the
seventh day after their settlement on
coverglasses for comparison of growth rate.
Eight tetraspores from two tetrasporangia
were used for induction of sexual reproduc-
tive organs and five carpospores for induction
of tetrasporangia. All reproductive organs
were checked out every three days, when
medium was exchanged to avoid nutrient
limitation.

Results

Prants IN FieLp:  Callithamnion callophyllid:-
cola grows well in the intertidal and subtidal
zones of most coasts of Korea (Fig. 1),
where the plants are epizoic on sponges
and Hydrozoa spp. or epiphytic on various
seaweeds including Callophyllis spp. They
are small, delicate and beautiful.

The plants were ca. 2 cm high and attached
to substrata with their digitate rhizoids. The
axial cells were formed from apical cells by
oblique division and were, in the middle por-
tion of plants, 70-90 gm broad and 200-
220 #m long, thus the L/B being 2-3:1.
The primary branches were derived alternate-
ly from every axial cells except lower ones.
The third to fourth branches were formed in
series similarly to the primary branches. All
branches were usually distichous and could
grow ultimately. The gland cells were not
observed in Korean plants.

The gametophytes were dioecious. The
spermatangia were formed on the adaxial por-
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tion of branches of male plants. The car-
pogonial branches were observed on the 5th
to 6th axial cells from apex and arranged in
zig-zag form in female plants. After fertiliza-
tion young gonimolobes were formed, which
became lobed cystocarps and 300-500 p#m
long when mature. The tetrasporophytes
were  isomorphic  with  gametophytes.
Tetrasporangia were formed on the adaxial
portion of branches. They were divided
tetrahedrally, and 40-55 ym X 60-70 #m in
size. Phenologically all phases of
Polysiphonia-type of life history were usually
collected at one sampling. In January, April
and August gametophytes and tetrasporo-
phytes were observed at Sungsan, Chejudo.
In February they were also collected at
Imwon, Hupo and Gampo, eastern coast of
Korea, and in April at Whanggumdo,
western coast of Korea. In September and
October, they occurred at Dokdo and
Ulreungdo.

Lire History IN CuLTURE: Germination
of tetraspores in culture resulted in the typical
bipolar or irregular growth within two to
three days after shedding on coverglasses. At
sixth to seventh day the tetrasporelings pro-
duced some primary branches, which were first
irregular but later regularly alternate.
Filamentous rhizoids became digitate at this
time. At fifteenth day spermatangia were
observed on the adaxial portion of branches of
male plants and at eighteenth day carpogonial
branches began to occur on the 5th to 6th ax-
ial cells from the apex of female plants. At
twenty-fourth day young cystocarps were

Table 2.
callophyllidicola. *

Table 1. Influence of photoperiod and light
intensity on growth rate of Callithamnion callo-
phllidicola. *

Photon flux density (#zmol m~2% s™!)

Photoperiod
(hr) 199 122 73
168 77.1£6.72 50.1+6.27 42.4%5.36
8:16  24.4+2.39 19.0+£2.39 12.1+1.39

* Growth rate is expressed as mean value of cell
yield with standard deviation. Fifteen to twenty
tetrasporelings were investigated under each
condition.

observed on the upper portion of female
plants. At 30th day carpospores were shed
from the mature cystocarps and began to
germinate bipolarly as tetraspores. After
two weeks the carposporelings became
tetrasporophytes which were isomorphic with
the gametophytes. Thus Korean plants of
Callithamnion callophyllidicola in culture com-
pleted the typical Polysiphonia-type of life
history during 44 days. Several successive life
history cycles of two isolates were achieved.
The cultured plants were basically same to
plants in field.

On the other hand, some monoecious
plants (below 1% of frequency) were observ-
ed. They were suspected to be derived from
male plants because most branches were
covered with spermatangia while just one to
three carpogonial branches were observed.
When isolated and cultured, they produced
mature cystocarps of which carpospores were
functional as those of dioecious plants. The
carposporelings grew mature tetrasporo-
phytes which produced tetraspores, and the

Influence of temperature and light intensity on growth rate of Callithamnion

Photon flux density (#mol m~2 s™1)

Temperature
) 260 132 83 43 23
27 dead dead dead 7.6x1.17 4.6+1.11
22 35.2+6.69 80.2+16.58 39.9+6.61 17.8+3.06 10.6+0.80
17 23.8+5.01 57.5+12.19 61.8+7.68 20.1+2.02 10.7+1.42
12 6.0+0.80 23.1+ 5.99 25.9+4.11 13.2%2.60 8.7%0.75

* Growth rate is expressed as mean value of cell yield with standard deviation. Fifteen to twenty
tetrasporelings were investigated under each condition.
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Time course on induction of sexual reproductive organs from tetraspores of Callitham-

Number of days from tetraspores

Photoperiod Light intensity
(hr) (#mol m™s) 12 15 18 21 24 28
16:8 199 — 4M4F*
122 — 4M1F 2F 4F
73 — 1M 4M2F 4F
8:16 199 — M 4M3F 4F
122 — — 2M M 3F
73 — — M M 1F 3F

* M, male plant with spermatangia; F, female plant with carpogonial branches.

Table 4. Time course on induction of tetrasporangia from carpospores of Callithamnion
callophyllidicola.
Photoperiod  Light intensity Number of days from carpospores
(hr) (#mol m™571) 11 14 17 20 23 27
16:8 199 — 5T* shedding
122 — 5T shedding
73 — 5T shedding
8:16 199 - — — — 2T 5T
122 — — — - 1T 5T
73 — — — — 1T 5T

* T, plant with tetrasporangia.

tetrasporelings grew to mature dioecious
gemetophytes. Thus the monoecious plants
became normal dioecious gametophytes.

GrowTH RATE ON VARIED LABORATORY
Conbprtions: Tetrasporelings which received
much light usually grew much fast (Table
1). However tetrasporelings under short-day
condition with high light intensity grew much
slowly than those under long-day condition
with low light intensity, even though the
former received 1692 g#mol m~2s~! per day
and the latter 1168 pmol m~2s~! per day.
On temperature gradiant table tetraspore-
lings showed various growth rate. They were
dead or grew slowly under high temperature
(27°C). It is interesting that their growth
rate at 22°C became maximum under
132 pgmol m~2s~!, while at 17 and 12°C it
became maximum under 83 #mol m~2s7!.
In all conditions tested, the thallus form was
most typical under 17°C and 83 #mol m~%s™!
(Table 2).

InpuctioN OF REPRODUCTIVE ORGANS:
The time course on induction of sexual
reproductive organs was very similar both
under long-day condition with low light in-
tensity and under short-day condition with
high light intensity even though the growth
rate was not. In long-day condition all
gametophytes became synchronously fertile
under 199 gmol m~2s~!, but male plants
became first fertile under 73 gpmol m~%s~!
(Table 3). Time course on induction of
tetrasporangia was same under three different
light intensities tested in long-day condition.
Carposporelings produced tetrasporangia at
the 14th day. In short-day condition, they
also produced tetrasporangia at nearly the
same time (Table 4).

Discussion

Callithamnion callophyllidicola was characteriz-
ed by its corymbose to dichotomous ramifica-
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tion, distichous branches, and gland cells com-
monly in tetrasporophytes (Yamapa 1932).
Its Japanese plants were investigated mor-
phologically by Secawa (1942, 1949) and
Kawasumma  (1960). In general, the
vegetative and reproductive features of
Korean plants were concordant with original
description and figure of Yamapa (1932).
The gland cells which were reported on
Japanese tetrasporophytes (Yamabpa 1932;
KawasHiMa 1960) were never observed in
Korean plants. Judging from YaAMADA’s
figure, we suppose that he would mistake
small protuberances on branches for gland cells.

C. callophyllidicola has a relatively rapid life
history in culture. Though dioecism is a
general form of gametophytes in Callitham-
nion, monoecism often occurs in field
(KnaGas 1969) and laboratory (WHiTTICK and
WEest 1979; Rueness and Rueness 1980).
Monoecious plants of C. bayley: HARVEY and
C. bipinnatum CrOUAN isolated from field pro-
duced monoecious gametophytes in next
generation in culture (WHITTICK and WEST
1979; Rueness and Rueness 1980). It is
interesting that our result contrasts with
monoecism of C. bayley: and C. bipinnatum. Ab-
normalities in expression of sex or phases of
life history have been reported to occur often
in field and cultured plants, Rhodophyta
(Knaces 1969; Rueness and RueNEss 1980).
Until now it is also very difficult to under-
stand how abnormalities in sex and phases of
life history might occur in field or cultured
plants of marine red algae.

The growth rate can be directly expressed
as the number of cells in a filament, since the
plants of Callithamnion basically consist of an
uniseriate filament and intercalary transverse
divisions are absent (Dixon 1973). Of fac-
tors tested in culture, growth rate of
tetrasporelings in our plants depends much
on light period than light intensity and much
on light intensity than on temperature. Thus
our data are in agreement with the findings of
Kain (1987), while contrast with those of Ep-
wARDS (1977, 1979) and WHrrtick (1981).

The induction time required for sporelings
to become fertile can be correlated with

growth rate and photosynthesis (WHITTICK
1981). All tetrasporelings are synchronously
fertile under long-day condition with high
light intensity. The less tetrasporelings
receive light, the more slowly the female
gametophytes are fertile. This result sug-
gests that induction of sexual reproductive
organs may be directly correlated with
photosynthesis and much energy is required
for the formation of female reproductive
organs. Induction of tetrasporangia also
depends much on light period because they
are produced at nearly the same time under
varied light intensities. In C. hooker:,
daylength has no effct on fertility (EDwARDS
1979), while Newfoundland materials require
long daylength (WHrTTICK 1981). Thus it is
also difficult for us to explain environmental
factors controlling induction of reproductive
organs. It is also interesting that induction
time is similar in conditions tested while
growth rate is not similar even though the
former may be directly correlated with the latter.

According to Yamapa (1944), C.
callophyllidicola  resembles C.  minutissima
Yamaba but can be easily distinguished by its
more slender frond, longer cells and ultimate
ramuli which do not taper conspicuously. As
Harris (1962) pointed out, the quantitative
characters noted by Yamapa (1944) are usual-
ly not stable taxonomically and are subject to
change in varied environments. Therefore
C. minutissima may be a same species with C.
callophyllidicola, but rejection of the species
should be possible after thorough examina-
tion of type specimens of two species. In addi-
tion DawsoN (1962) pointed that C.
minutissima seems to be closely related to C.
paschale BORGESEN, but the latter may be
distinguished in cortication of lower part of
frond and multifarious branch (Table 5).

On the other hand, C. callophyllidicola also
resembles Aglaothamnion oosumiense ITONO in
having uninucleus in axial cells and car-
pogonial branches being a zig-zag form
(SeEGawa 1949), of which characters establish-
ed the genus Aglaothamnion (FELDMANN-
Mazover 1940). Even so, BoDDECKE (1958)
and Harris (1962) rejected identity of
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Table 5. A comparison of some taxonomic characters among Callithamion callophyllidicola and its related species.
Characters C. paschale C. minutissima Aiﬁ";%:’::;:m C. callophyllidicola  C. callophyllidicola
Type locality Easter Island, Hayama, Tajiri, Enoshima, —

Chile Sagami Province, Oosumi Sagami Province,

Japan Peninsula, Japan
Japan
Thallus erect (2.5cm) erect (0.2-0.5cm) erect (2.5cm)  erect (0.2-0.8cm) erect (0.5—2cm)
Axis naked naked naked naked naked
Lower axial cell 1.5-2.5:1 L/B 70-100¢m in dia. 45gm in dia. 160¢m in dia. 70-90/tm X 200-2204m
1-1.5:1 L/B 2.5:1 L/B 1.5-2:1 L/B 2.4-2.8:1 L/B

Branching alternate dichotomous alternate to alternate to dichot- alternate to
pattern distichous in general pinnate omous-pinnate subdichotomous

multifarious distichous distichous distichous

in part
Lateral 4-5 order — 3 order 3 order 3—4 order
branch
Apex — obtuse blunt obtuse blunt
Gland cell absent absent absent present*® absent
Spermatangia seriate seriate seriate seriate seriate
Cystocarp nearly lobed lobed nearly lobed

spherical irregular spherical

subterminal

Tetrasporangia  45-55um in dia. 70pm X 45um 70#m X 27pym  70pm X 60pm 40-55¢m X 60-704m

solitary tetrahedral tetrahedral tetrahedral tetrahedral

sessile sessile sessile sessile sessile
References BORGESEN (1924) YAMADA (1944)  Itono (1971)  YAMADA (1932)  This paper

* We suppose that YAMADA (1932) would mistake small protuberances for gland cells.

Aglaothamnion

because

the

diagnostic

Section of Marine Botany, Department of

characters of the genus overlapped those
of Callithamnion. In recent PRICE et al. (1986)
also pointed out that Callithamnion and its
allied genera including Aglaothamnion should
critically be reexamined about their tax-
onomic status based on herbarium,
laboratory and field studies in the various loca-
tions concerned. However, if the genus
Aglaothamnion is considered as a legitimate
taxonomic category, C. callophyllidicola should
be recombined into Aglaothamnion callo-
phyllidicola. 'We will discuss the taxonomic
relationship  between  Callithamnion and
Aglaothamnion in a next chance.
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Iriki, Y., HoricucHi, T. and Masvo, E. 1989.

Mucilage from Collinsiella cava (YENDO) PRINTZ

(Chlorophyta) with special reference to its sugar components. Jpn. J. Phycol. 37: 291-294.

Mucilage of a green alga, Collinsiella cava (YENDO) PriNTZ (Collinsiellaceae, Chlorosphaerales) was in-
vestigated. Judging from the paper chromatogram, gas chromatogram and specific rotation, sugars in
hydrolyzate of the mucilage were L-arabinose, rhamnose and glucose in the ratio 77 : 11 : 1. The specific
rotation of the mucilage was [a]§= —11.75. The absorption maximum of the mucilage-iodine complex

was 504 nm.

Key index words:
plex—rhamnose.
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Table 1. Results of analysis of the whole
fronds (% on dry weight basis).
Ash Total N Pentosan ~ Methylpentosan
25.56 2.05 51.2 10.2
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Fig. 1.
hydrolyzate of the mucilage from Collinsiella cava.
Solvent: n-butanol-methanol-water (8:2:3 v/v).
Color reagent: alkaline silver nitrate. Glu, glucose;
Xyl, xylose; Ara, arabinose; Rhm, rhamnose; Col,
hydrolyzate of Collinstella cava.

Paper chromatogram of sugars in
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Fig. 2. Paper chromatographic identification
of sugars in hydrolyzate of the mucilage of Collinsiella
cava. 1: Control. 2: Alkaline silver nitrate
reagent. 3: Benzidine-trichloroacetic acid reagent.
4: Aniline-oxalic acid reagent. Solvent: n-butanol-
methanol-water (8 : 2 : 3 v/v). C, chocolate brown
in color; D, dark brown in color; Rhm, rhamnose;
Xyl, xylose; Ara, arabinose; Glu, glucose.
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Fig. 3. Gas chromatogram of trifluoro-
acetylated sugars in hydrolyzate of the mucilage
from  Collinsiella  cava. Condition for gas
chromatography: column 1.2% XE60 on
chromosorb W; temp. 120°C; N, flow speed
40 m//min; column size 1.7m (L)X3mm (I.D.);
Model Shimadzu GC-3BF. 1, rhamnose; 2,
arabinose; 3, glucose.
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Porphyra columbina MoNT. and Porphyra subtumens J. Ac. (Rhodophyceae). Jpn. J. Phycol. 37: 295-301.

Ascorbic acid in Porphyra columbina and P. sub s (Rhodophyceae) was determined by two indepen-
dent techniques: high performance liquid chromatography (HPLC) and titration with 2,6-dichlorophenolin-
dophenol. Variations in the levels of ascorbic acid in the two species were investigated during the period of
active growth. Values obtained on freshly harvested seaweed ranged from 402 to 186 mg 100 g~! dry
weight for P. columbina and from 274 to 187 mg 100 g~' dry weight for P. subtumens. After seven months
storage the ascorbic acid content of the dried seaweeds had decreased to less than 100 mg 100 g~' dry weight
in P. columbina and to less than 30 mg 100 g~' dry weight in P. subtumens. Nori sheets were made from P. col-
umbina and toasted without detectable loss of ascorbic acid.
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Key Index Words:  ascorbic acid—2, 6-dichloroph

[—New Zealand— HPLC—nori—Por-

phyra columbina—Porphyra subtumens—Rhodophyceae

Porphyra, a cosmopolitan genus, is eaten in
many parts of the world but is particularly
important in Japan and China where it is
popularly known as nori and zicai, respective-
ly. In these countries seven species are
grown commercially with P. yezoensis UEDA,
P. tenera KjeLLMAN and P. haitanensis T.].
CHANG ¢f ZHENG Baoru being the most impor-
tant (Mrura 1975, Tsenc 1981, Nisizawa et
al. 1987, TsENG and Fer 1987).

In New Zealand the two most widely
distributed species of Porphyra are P. columbina
MoNT., a winter annual, and P. subtumens J.
Ag., reported to be a summer annual (CHaP-
MAN 1969). However, our observations on
P. subtumens indicate it is found throughout
the year with a plentiful number of larger
plants in September and October while there
were only small plants present between
February and April (MELTON and BROWN un-
published observations). P. columbina grows
in the intertidal zone of rocky shores along

* Author to whom correspondence is to be addressed.

most of the New Zealand coastline whereas P.
subtumens is an epiphyte growing on Durvillaca
antarctica (CHamisso) Hariot and D. willana
LINDAUER in the upper sublittoral. P. colum-
bina, known as karengo, is eaten by the
Maori and is being considered for
aquaculture. Recent investigations on P. col-
umbina have been concerned with the struc-
ture of the porphyran (Brasch et al. 1981a,
1981b, 1984), cell culture (L1u and Gorpon
1987) and resistance to desiccation (BRowN
1987).

Analyses of several species of Porphyra in-
dicate that they contain significant amounts
of proteins, minerals and vitamins essential
for human nutrition (LEVRING ¢t al. 1969).
Vague claims as to the vitamin C content of
nori sheets such as that it contains more than
the juice of tangerines and lemons (Nopa and
Iwara 1978) and one and a half times the con-
tent of oranges (CHaPMAN and CHAPMAN
1980) have no accompanying analytical
evidence to support them. The analytical
evidence which does exist shows a large varia-
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tion in values: 10-831 mg 100 g~! for dried P.
tenera (Kanazawa 1963), 112.5 mg 100 g~ for
nori sheets (hoshi-nori) (Nisizawa et al
1987). Differences in ascorbic acid levels be-
tween genera of the Rhodophyceae have been
reported (LunbE and Lie 1938; Creac’n
1960; Munpa 1987). Seasonal variation has
been observed within species (LUNDE and LiE
1938; Munpa 1987) including Porphyra um-
bilicalis (L.) J. Ac. (LunpE and Lie 1938).
Furthermore vitamin C values decreased in
dried P. yezoensis (ARAKI ¢t al. 1982; Ocawa et
al. 1983) and in nori sheets (OoHusa 1984)
during storage.

The aim of the present study was to deter-
mine the ascorbic acid contents of two New
Zealand Porphyra species. Levels in dried
seaweeds immediately after collection and on
storage were determined. The effect of mak-
ing nori sheets on the ascorbic acid contents
was also investigated. Two independent
analytical procedures, HPLC and 2,6-
dichlorophenolindophenol titration, were used.

Material and Methods

Samples of Porphyra columbina were collected
at intervals from June to October 1986
(winter, spring) from Brighton (45°57’S,
170°20’E) and on three occasions from St
Clair (45°55’S, 170°29’E) near Dunedin,
New Zealand. The two locations are expos-
ed, coastal sites 14 km apart. The epiphyte,
Porphyra subtumens was collected only from the
Brighton site over the same period of time.
Plants were picked off Durvillaea antarctica and
D. willana while uncovered at low tide.
Whole plants were collected for both seaweeds
and were washed with seawater at the point of
collection to remove sand and other debris.

Freshly collected samples were dried at
30°C to a water content of approximately 8%
in a circulating air oven. Drying commenced
within 3 hr of collection. Dried samples
were stored under air in sealed plastic bags in
the dark at ca. 18 to 20°C. Samples (5 to
10 g) equivalent to 20 to 40 P. columbina plants
or at least 120 P. subtumens plants were ground
on the day of analysis in a Falling Number

mill (Type 3303, Huddinge, Sweden, zero set-
ting) to a fine powder.

Ascorbic acid (AA) was extracted from a
portion of the ground seaweed (0.3 to 2.0 g)
by shaking for three minutes with the
appropriate extracting solution (100 m/).
Preliminary work showed that increasing the
extraction time to 6 minutes or doing 2 suc-
cessive extractions did not increase the yield
of AA. The suspension was filtered through
glass wool and then through filter paper
(Whatman No. 4).

Ascorbic acid analyses were performed on
7m! aliquots using the titrimetric method
(AOAC 1984) with metaphosphoric-acetic
acid as the extracting solution and the 2,6-
dichlorophenolindophenol reagent diluted 1
in 5. Analyses were also performed following
the HPLC method of WiMaLasirl and WiLLs
(1983) with 3% citric acid as the extracting
solution. The HPLC system comprised a
Waters Associates 6000A pump, a U6K injec-
tor, a Lambda-Max Model 480 spec-
trophotometer (Waters Associates) set at
254nm, and a Shimadzu integrator
recorder. The column was a Waters NH, p¢
Bondapak. The flow rate was 2 m/ min™!.
The mobile phase was 70 : 30 acetonitrile to
water with 10.0 mM potassium dihydrogen
phosphate with the pH adjusted to 4.3 using
concentrated phosphoric acid. A standard
curve was constructed using five AA concen-
trations of 5 to 25 ¢! m/~!. Samples were
passed through a C;3 Sep-pak (Waters
Associates), which had been previously wash-
ed first with 4 m/ methanol and then with
10 m! distilled deionised water, before injec-
tion into the HPLC. Each sample (50 pl)
was injected four times.

Repeatability was assessed by repeating the
extraction and analysis of samples of Porphyra
from the same collection eight times on the
same day.

Recovery tests were performed by addition
of AA (2.5 ug m/~! and 5.0 g m/~!) to the
sample in the extracting solution and pro-
ceeding as before. The AA present was com-
pared with an identical sample which did not
have AA added to the extracting solution.
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Ascorbic acid determinations were carried
out on the sample immediately after drying at
30°C and at intervals varying from one to
several weeks. Water determinations were
also performed at the same time. These were
graphed against number of days of storage,
and the line of best fit drawn from the linear
regression. Water values used for any par-
ticular day were read off this graph.

Nori sheets “hoshi-nori” were made from
samples of P. columbina collected from War-
rington beach, north of Dunedin (45°43’S,
170°36’E), on 22 February 1987. The
seaweed was kept in seawater at 4°C until it
was processed. Nori sheets were prepared by
blending wet seaweed with HPLC grade
water at 5°C in a blender (Waring, New Hart-
ford, USA) for 30 seconds until small pieces
(5 mm across) were obtained. The suspen-
sion was immediately poured onto a wire
mesh mat covered with muslin gauze (sup-
ported by a wooden frame, 24 cm X 24 cm)
and spread out to form a sheet approximately
5 mm thick. Excess water was removed by
pushing the mat down with the fingertips.
The tray was placed in an oven with cir-
culating air at 30°C for three to five hours un-
tildry. The sheet of nori was toasted by mov-
ing it back and forth approximately 8 cm
above a Bunsen flame. It took approximate-
ly 15 seconds for the colour to change to
bright green which indicates the toasting is
complete (CHaPMAN and CuHapMmanN 1980).
The HPLC and water analyses were done on
the fresh wet P. columbina (weighing the sam-
ple immediately after spinning three revolu-
tions in a plastic salad drier), on the fresh
dried sample (30°C, four hours), on the
blender water, on the final nori product and
on the nori after toasting.

All AA values given in this paper are ex-
pressed as mg AA per 100 g dry weight. The
dry weight was obtained by drying the
samples for approximately 16 hours in
vacuum oven at 115°C until constant weight
was achieved. This is not to be confused with
the initial drying process for 6 to 36 hours at
30°C, after which the seaweed had a moisture
content of approximately 8%. No AA values

have been expressed in these latter terms.

Results and Discussion

During July and August, Porphyra columbina
from Brighton had higher AA levels than P.
columbina from St Clair (Table 1). The value
obtained for St Clair remained relatively con-
stant (~200mg AA 100g~! dry weight)
whereas at Brighton a peak value was observ-
ed in August (402 mg AA 100 g~!) and declin-
ed thereafter. Differences between the two
sites may be related to different environmen-
tal conditions although light, temperature
and salinity were similar. The growth period
did, however, appear to differ. The St Clair
plants were evidently earlier, were at a more
advanced stage of growth and were more
plentiful at any particular time up to and
including July. The maximum AA values in
plants from Brighton corresponded with the
time the seaweed was tender, relatively large,
and prior to yellowing. This would appear to
be the optimal time for collecting Porphyra
from this site to produce nori sheets. The

Table 1. Changes in ascorbic acid in Porphyra
columbina collected from the midlittoral of Brighton
and St Clair and in Porphyra subtumens from the sublit-
toral fringe of Brighton. All values are in mg AA
100 g~! dry weight. Standard deviations are given
in brackets.

Ascorbic acid

Sample date and site

HPLC Titration

P. columbina Brighton

25 July 1986 322 (15) 342 (3)

22 August 1986 376 (13) 402 (3)

19 September 1986 304 (10) 293 (5)

6 October 1986 253 ( 2) 249 (4)
P. columbina St Clair

9 June 1986 199 ( 6) 205 (1)

22 July 1986 186 (18) 207 (2)

7 August 1986 195 (10) 180 (2)
P. subtumens Brighton

14 July 1986 220 (13) 233 (2)

22 August 1986 187 (13) 196 (4)

19 September 1986 261 (14) 274 (5)

6 October 1986 263 (11) 251 (2)
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Fig. 1.

Effect of storage on ascorbic acid (AA) content of Porphyra columbina collected from St Clair on 22 July

1986. HPLC data ®. Titration with 2,6-dichlorophenolindophenol data A. Error bars indicate 1 standard

deviation.

high AA values at this stage correlate with
Liso and CALBRESE’s (1974) finding that AA
levels in red algae were significantly higher in
actively growing parts of the plant.

Porphyra  subtumens from Brighton had
noticeably lower AA levels than P. columbina
from the same site in the months of July and
August (Table 1). In contrast in September
and October values rose to be comparable to
P. columbina values. While CHAPMAN (1969)
considered P. subtumens to be a summer an-
nual, our own observations indicate rapid
growth during September and October, the
time of higher AA values.

Porphyra columbina collected from both St

400+

mg AA 100g -+
dried seaweed

Clair and Brighton sites, in July, showed a
marked decrease in AA levels during storage
of the dried samples (Figs. 1 and 2). Similar-
ly, AA levels in P. subtumens decreased on
storage (Fig. 3). Indeed, all dried samples of
P. columbina and P. subtumens, no matter when
collected, showed decreases in AA on storage
(FrIEDLANDER 1987). The rate of destruction
of AA is influenced inter alia by the
temperature, the presence of oxygen and the
water activity of food (TANNENBAUM et al.
1985).  Considerable losses of AA in
Japanese dried P. yezoensis and nori sheets
stored in air have previously been reported
(Arakl et al. 1982; Ocawa et al. 1983;

Fig. 2.

150 200 250

100
Number of days after collection

Effect of storage on ascorbic acid (AA) content of Porphyra columbina collected from Brighton on 25 July

1986. HPLC data ®. Titration with 2,6-dichlorophenolindophenol data A. Error bars indicate +1 standard

deviation.
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dried seaweed

) 50

Fig. 3.
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Effect of storage on ascorbic acid (AA) content of Porphyra subtumens collected from Brighton on 14 July

1986. HPLC data ®. Titration with 2,6-dichlorophenolindophenol data A. Error bars indicate *1 standard

deviation.

Oonusa 1984). The 3 groups of investigators
found loss of AA was directly related to the
water activity. In our investigation, after the
initial drying process at 30°C the seaweeds
reached a water content of 6-10%. On
storage the water content increased steadily to
approximately 10-13% after 150 days.
Ascorbic acid calculations were adjusted ac-
cordingly, however this increase in water con-
tent undoubtedly contributed to the decrease
in AA values observed during the storage
period.

The HPLC and titrimetric techniques pro-
duced comparable results (Table 1, Figs. 1, 2
and 3). The coeflicient of variation for both
methods was 3-5%, as determined by
repeatability trials. Recovery tests gave a
107% recovery for HPLC and 81% for titra-
tion. JENSEN (1963) showed the titrimetric
method for determining AA in brown
seaweeds produced unrealistically high values
unless phenolic compounds in the seaweed,
which interfere with the titration, are remov-
ed prior to analysis. In the present study the
effect of phenolics was not investigated.
Although the recovery was only 819% by the
titration method, it is possible that phenolic
compounds increased the AA values, thus for-
tuitously giving values comparable to those
obtained by HPLC.

The AA levels obtained in the present
study fall within the range of 10-831 mg 100 g~!

previously determined for Porphyra tenera
(Kanazawa 1963) and are higher than the
value of 112.5 mg 100 g~! reported for nori
sheets (hoshi-nori) made probably from Por-
phyra yezoensis (Nisizawa et al. 1987). Com-
parisons with values for P. umbilicalis (LUNDE
and Lie 1938) which are quoted per wet
weight without giving a water content, are
not possible since the water content of fresh
seaweed varies markedly depending on
whether the seaweed is shaken to remove ex-
cess water or blotted dry.

No significant change in AA levels was
noted on drying of the wet seaweed (30°C, 4
hours). Nor did nori sheet production or
subsequent toasting significantly alter AA
values (Table 2). Loss of AA might have been
expected during nori sheet production since
the Porphyra was blended with water, and AA
is water soluble. However, analysis of the
water initially drained from the nori sheets
showed that leaching of AA was not
detected. The volume of water used is impor-
tant with respect to AA losses (EHEART and
Gortrt 1965). The present study used 100 to
150 m! of water per 10 g wet Porphyra. The
authors were unable to find a reference to the
seaweed to water ratio used in nori making so
a comparison could not be made.

Ascorbic acid is generally considered to be
heat sensitive. The nori sheets were toasted
at what was assumed to be high temperature
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Table 2. Ascorbic acid levels during nori
sheet making using the same Porphyra columbina
sample on two different occasions. All values in mg
AA 100 g~! dry weight.

25 February 2 March

1987 1987
Wet seaweed 298a 2515
Freshly dried seaweed 31la —
Nori sheet 325a 2485
Water drained from nori sheet ND ND
Nori sheet toasted 329a 233b

Values are the mean of four HPLC injections.
ND=Not detected. Different letters (a, b) between
treatments represent significant differences (P<0.01).

for only 15 seconds. Hence, it is noteworthy
that no loss of AA was observed on toasting
the nori sheets (Table 2).

Therefore, nori sheets can contain as much
AA as the seaweed itself providing the
seaweed used is fresh, chopped in minimal
water, dried and toasted for a minimal length
of time and consumed relatively soon after
making.

HPLC analysis on Japanese nori
(“Westbrae Natural” brand sushi-nori) pur-
chased in Dunedin could detect no AA. This
was not surprising since the sample would
have been over twelve months old before
analysis, due to importing and storage. The
absence of AA is not unexpected as some
values reported by M1ura (1975) for Japanese
nori sheets are very low (2 mg 100 g™1).

It must be borne in mind that a sheet of
nori weighs ca. 3.0 g. Therefore the AA pres-
ent in one sheet of nori, even if the nori is
freshly prepared or stored in the absence of
oxygen, will only make a small contribution
to an individual’s AA nutritional require-
ments. However, if P. columbina was eaten
in larger quantities, either freshly harvested,
or in a recently dried form, or as freshly
made nori sheets, it would make an important
contribution to human AA requirements.

Conclusions

Claims of high levels of AA in dried Por-
phyra have been confirmed for P. columbina

and P. subtumens but the actual values are
dependent upon species, location, time of col-
lection and length of storage. The maximum
levels of AA in P. columbina occur during the
phase of vigorous growth when the seaweed is
tender and richly pigmented. This would ap-
pear to be the optimal time for harvesting.
Differences between collection dates were also
found in P. subtumens. During the period of
sampling P. columbina from the same site
generally had higher or similar AA values to
P. subtumens.

The method of storage has an important in-
fluence on conserving the ascorbic acid con-
tent of dried Porphyra. When stored under air
in plastic bags at ca. 18-20°C for 7 months all
dried samples of P. columbina and P. subtumens
showed marked decreases in AA levels.

Our method of processing P. columbina into
nori sheets and its subsequent toasting did not
affect the AA content. However, further in-
vestigations are required to find ways of main-
taining the high levels of AA in the nori sheets
during storage.

The HPLC and 2,6-dichlorophenolindo-
phenol titrimetric methods have been com-
monly used to determine AA contents of
foods. However, we believe this is the first
time they have both been used to measure AA
levels in the same seaweed samples. Com-
parable data were obtained by the two
analytical procedures, but this may have been
fortuitous.
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Masahiro Norova and Yusho Aruvca: Tissue culture from the explant

of Ecklonia cava KjeLLmax (Laminariales, Phaeophyta)
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There have been eight reports on tissue
culture of Laminariales, of which three were
concerned with development of callus (Saca
and Sakar 1983, PoLNe-FULLER et al. 1986,
Notova 1988) and five were concerned with
formation of sporophyte or aposporous
gametophytes from the callus (Saca e al
1978, Fries 1980, FANG ef al. 1983, YaN 1984,
Lee 1985).

Fries (1980) reproted on Laminaria digitata
and L. hyperborea, and LEE (1985) reported on
L. saccharina. They observed explants of
tissue to form callus which developed to
aposporous male and female gametophytes.
From these gametophytes were formed
sporophytes by fertilization. Saca et al.
(1978) reported in L. angustata that single cells
from callus-like structure formed new
sporophytes. FanG e al. (1983) and Yan
(1984) reported in L. japonica and Undaria pin-
natifida that the tissue pieces developed to
callus, and the callus cells differentiated and
developed to new young sporophytes.

In this paper we describe the tissue culture
of Ecklonia cava KjELLMAN in which explants
from the blade formed callus-like filamentous
cells and the filamentous cells developed to
sporophyte-like plantlets.

A sporophyte of Ecklonia cava was collected
in Nabeta Bay, Shimoda, Shizuoka Prefec-
ture, on July 21, 1988. The tissues were ex-
cised from the blade meristematic zone, stipe
and holdfast, and their surface was cleaned up
with paper towels. The sterilization pro-
cedures of explants for tissue cultures were
the same as described in a previous report
(Norova 1988).

The liquid and solid culture media were
prepared using artificial seawater “Jamarin

S” (Jamarin Laboratory) enriched with
PES. The culture media were solidified with
1.5% agar in 90X 15 mm Petri dishes. The
liquid medium was renewed at two-month
intervals. All cultures were incubated at
20°C in 12 : 12 h light-dark cycle and illumi-
nated by cool white fluorescent lamps at 500-
1000 lux.

The explants of tissue from blade
meristematic zone, stipe and holdfast were
cultured on the solid media for about one
month. Many callus-like filamentous cells
were developed from all these tissues; mostly
from medullary parts and little from the
undersurface of inner cortex cells. These
callus-like cells were unpigmented at the early
stage of development. Mass of filamentous
cells were gradually grown densely, and
round cells were observed sparsely among the
massive filaments.

The developmental process of callus-like
filamentous cells on agar plates observed in
the present experiment was basically the same
as that previously reported with explants from
the blade, stipe and holdfast of Ecklonia
stolonifera (Norova 1988). It was also similar
to the results of other reports on Laminaria
digitata, L. hyperborea (Fries 1980) and L. sac-
charina (LEE 1985).

The explants grown to the filamentous
callus-like tissues were transferred into the
liquid media.

Two months after transferred into the
liquid media, the growth was not observed in
the callus-like tissue from stipe and holdfast,
and color of the whole tissues became reduced.

The growth of filamentous callus-like tissue
was not so fast in the explant from the blade,
and color of the central part of the tissue
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Fig. 1.

(arrow) issued from the explant tissue.

Tissue culture from the blade explant of Ecklonia cava KjeLiman. (A) Filamentous callus-like cells
developed from the explant of blade in four months after transferred to the liquid culture medium. (B) Round cells

(C) Uniseriate cells developed from the detached round cells. (D)

Clustered cells. (E) Early stage of blade-like plantlet developed from detached round cells. (F) Blade-like plantlet
which was like net by irregular cell divisions. (G) More developed plantlet having partially one- or two-cell layers,
spreading like sporophyte. Scale bar: (A) 2 mm, (B)—(G) 200 m.

became brownish, while color of the cells in
the peripheral tissue became reduced. The
uniseriate round cells which developed from
the inner part of tissue were colored or
These uniseriate round cells
were partly detached easily when the culture
flask was shaken strongly.

After four months in culture, all the tissues
from stipe and holdfast explants were com-
pletely bleached and died, while in the tissues
from the blade explant the filamentous or
round cells were growing slowly and especial-

pigmented.

ly the round uniseriate cells grew well and
pigmented (Fig. 1, A-B).

After six months in culture, round
filaments (Fig. 1, C), cluster (Fig. 1, D) or
one- or two-layered blade-like tissues were
observed (Fig. 1, E-G) in the culture of
detached cells. In the early stage of blade-
like development the filamentous tissue was
narrow due to the repeating transverse cell
divisions (Fig. 1, E). After longitudinal or ir-
regular cell divisions occurred, the tissues
became irregular in shape comparable to the
early stage of sporophyte produced from
female gametophyte (Fig. 1, F & G). This,
however, developed to tissues of partially one-
or two-cell layers, spreading like sporophyte
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(Fig. 1, G). The rhizoidal cells were not
observed in each blade-like tissues even after
one month in culture.

Neither male nor female gametophyte cells
have been observed in the uniseriate tissues
developed from the callus-like cells as observed
by Fries (1980) and LEeE (1985).

Thus, in the present tissue culture of
Ecklonia cava, it was shown that the filamen-
tous callus-like cells from blade explants
developed directly to the new sporophytes.
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Genome differentiation in speciation of desmids (Chlorophyta). Jpn.

Genome differentiation in speciation of desmids is reviewed based on not only published but also un-
published information. The high chromosome numbers of desmids might be explained by the hypothesis
held by some cytologists that chromosomes of desmids, like those of the Zygnemataceae, are polycentric.
But recent studies on meiosis in some species of Pleurotaenium, Micrasterias, Closterium and Triploceras show
clear evidence for the conventional type of meiosis and monocentric chromosomes. Genetic studies of
mating type inheritance are consistent with the conventional type but not with the postreductional type of
meiosis. Spontaneous, or artificially induced, giant cells have been studied to show their diploidy in some
species of Cosmarium, Closterium, Staurastrum and Pleurotaenium. Mating systems (homothallism and
heterothallism) and normal sexual expression are maintained undisturbed through ploidy changes in these
desmids. Triploid zygospores in Cosmarium spp. are inviable because of irregular meiosis. However, those
in the Pleurotaenii llatum and the Closterium ehrenbergii species complex are viable, although slightly less
than the normal diploid zygospores. Studies on meiosis and F, viability in crosses within and between nor-
mal and giant-cell clones suggest that both the genomes of these two complexes are polyploid cytologically.
Chromosome counts and cell size analyses show that speciation in the CI. ehrenbergii complex appears to be
accompanied by polyploidization and chromosome rearrangements. Genetic studies on mating type genes
and some zygotic lethal factors indicate that homoeologous chromosome sets within the polyploid genome of
each mating group (biological species) of the Cl. ehrenbergii complex are differentiated to such an extent that
vegetative cells of these mating groups, including Group P of the highest level of polyploidy, appear to be
haploid genetically.
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tion.
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LT, REERICHKS AMIREEEBOMR LTV
FORBEVEICHEE LI (T 1982), AL T,
TR & - CRE I h L ‘8 OTWBER,
HERRI R ORI A O BFFE & AT L i MR EER
MRIVEBLhLFEOMEA, bRt e
BEROLEBROED L 5 e FBw £ 2 T >
WTOXKEHBA LI,

HEEROLGER

BEREHEOREHFROTIRE, —HBRBEOHB LS
Db H B, KREGGHRINBCLDLDTH S,
Sarma (1982, 1983) IZ & % & f14BeSHEEEO YA
BEVBEIR TV 5, —BICEERFEO LA/
TRFCHEH, S, ERREERYMD C LRE
THHT &hb, LROMBCI TR LET D
RBELEITA B EBbID, WEROBORREA
FEFCEHE - LA T, EBRCEELRD WO
BRI OLTLORAEEEILMOR T2 &b
5, BOEARCOWTRBED L Z AL B> T
AN

BB DV s\ BNLF Y £ Desmidium aptogonum 0
n=28 (ABHAYAVARDHARI and SarRMaA 1982), ARV 7 4
R Y A Spondylosium papillosum @ n=9 (BRANDHAM
1965a), ¥ ¥V I & Cosmarium formulosum & C. sub-
tumidum @ n=10 (Nizam 1974) TH 5, &b YEsk
BDOENBULF b Y 7 A Netrium digitus OMFPRFLD
n=#9592 (Kinc 1960) THhb, 7 v a9 F V%
Micrasterias americana JX O M. rotata Ti¥ n=200 LA koD
RSN T 5,5 DEERE n=20~200 T,
Ay FeR R LT REFENSVEEHNS
Vo BSOS TIR S N & v, BEEERR, 2
Y 7+ EMAT L ARECRAGED S EEY S B
LBRTVAH, BGEMAOF Ay~ V[E, s7ar=
y74H, eEIVNVRrH, A=b743FH, Y IF
7 B TR EER OV I EBE S (Sarva
1982, 1983), BEFBETHEMLNL 2 L ROFR—F
RECREGROBRLIAFHENAS I LEDONWT
GopwarD (1966) T Sarma (1982, 1983) (LRD X 5
KEZ T %, b, BEBERTIIhLOBRRR,
BEMLRTV5EHEME (polyploidy) R E#
(aneuploidy) Dftic, HEEBEEORELH HER S
(%) LT BZ EnDREEDOHHDOIIT L -
THEEE AN LS agmatoploidy Ak Z {5
LTwbdDEELT 5, Lol, Ral,

agmatoploidy DFEEM X & BET B b1 Tidlsw
B, Hahd s &5 KEEEoBMLIc LT L RS
HOMALTRIT B D LREOBBIC L > THERLLR
B BB BREEA BRI LTELLDEEL TV B,

BEREOHRGEBER /S, ?

BE, @BEALOEBEN T 1 EORABHETIL
72 1 {OBYFEE (kinetochore i3 centromere) 23 FFEE
L, JAFEH (localized centromeric type) &P TL>
Bo CHIKM LT, BEO—ERA 7Y (Luzula) 0
—BOBEH T 1 BAOREBACHREIEE LI RE
B EN > THET B LAFbRTE Y, HiE
XS BNE R (polycentric type), HEIL/HEE (diffuse
5% holocentric type) &FE(EI TV 5 (WHiTE 1973),
Lo LFEREER EXFIT 2008 L <, REBCHR
IhaZ EnB, DEREBIRMEEY TR HFHH
S o TREEP T AEET 5 - L OXRE
X o THli Shi-REBER VRICBET 5 2 & F0°
MBI Tk, RO agmatoploidy w4 A HTHEA
EEZBRT5, X, RERBRAEEY TR D,
DEEBREEDORBAB TCILE DA BHESH
THY, BHMCKE TR LT OREEL M
T 5 EF 5 BBEITTEED S (postreductional meiosis) %
TobonB -z EAMBbR T3 (Waite 1973),
Gopwarp (L19545E1C 7 4 3 N & Spirogyra DYLEMEN
SHEBYRE % B> L | L TLIK (Gopwarp 1954),
HwY I FR Zygnema RO'e ¥ A Y Mougeotia (PrasaD
and Gobwarp 1962, 1966) &N + > ¢ ¥ e BHET TIL
7o < B (Kine 1960, BranpHaM and GODWARD
1965b) HEDHLEAEEHIS/HEH L LS BHEG
R thi oL Y OBEE ICMRFIFEE R T LR
LT\ % (Gopwarp 1966), L T Spirogyra crassa (Gob-
warD 1961) R U* Cosmarium botrytis (BRanDHAM and
Gobwarp 1965b) DB Z % Tl & R LT\
o X0, ETHEMBORZBCH I 2V *x
Closterium ehrenbergii (BRANDHAM and GODWARD 1965¢) %
thed & LThie h ORDOBEE S0 1B EREDOK
DB ORELEIBE I hio b’ (Piekert-Heaps 1975),
ARLCBREGEEVBE IR DX Mougeotia sp.
(Becu-Hansen and Fowke 1972) & Spirogyra majuscula
(MugHAL and Gobwarp 1973) D 2 DA TH B, £
LTI D2l Th 1 HORBECEEOBIR A
p@RDHIIcZ Enb, HHRETERCELTHEH
RiEREGrESREE—BROMRENHFE THD LT
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% Gopwarp D Bf#EN, BETLIELADHh T3
(Sarma 1982, 1983, CoeseL and MENKEN 1986, HosHAw
and Mccourt 1988), Li>L, Bz v #M1 FY %
Pleurotaeni illat 1976),
Micrasterias mahabuleshwarensis ] UY M. thomasiana var.
notata (BLACKBURN and TyLER 1980, 1981), Cl. ehrenbergii
(Kasar and IcHiMura 1983), £ LTA =/ hF+Hv
Triploceras gracile (IcHIMURA and Kasa1 1989) % D g¥ 5
DEBSHOMBIC T CHBELRIERBFEFOL A
BBIBEIN T3, X, il 5REEREOH
TR, P LABBROBBOHIKETH T
e, RENHRERGREFYFOS OHEBEY L
FRUETHH LHRLT B,

(Line and TyLER

REROEEL

FBROBROFEBHEOEAENMOH T e C
EDDLBMTES L5, HEREOHEMIRHRH
DEFRFREMNS - L3S OBEIFHICRETH S,
Cosmarium turpinii (STARR 1958), 7 & #7 & %€ Staurastrum
denticulatum J O* St. dilatatum (BRANDHAM 1965b), Pleuro-
taentum mamillatum (Lin and TYLER 1976), Closterium sili-
qua (BRANDHAM 1965b) RO Cl. ehrenbergii (Kasar and
IcHIMURA 1987) DEFIE T EERTF ORFT K
TR, BUL Micrasterias spp. %O XL ER AR
T (KaLrio 1951), C. turpinii (BERLINER and WENC 1976)
X2 Cl. ehrenbergii (Kasar and IcHIMURA in press) % &R
MBS D L d - T, BFEOKREME L b EIRICK
EhBEXKMBREYEB B LMD D, Cosmarium,
Micrasterias ROY Staurastrum TIXFIROE XL E L
I SRR (radial symmetry) ORE LM 55, #
FafsReo S8 MinEE EoBikc ScBI L TiREAM
frEERMRsrrEEEETh s, C
(STARR 1958), C. botrytis (BRANDHAM 1965b), Pleurotaenium
mamillatum (Line and TYLER 1976) KU Closterium
ehrenbergii (Kasar and IcHiMura 1987) TiLRsEMAH D
5 (#ad), fofCEERELY L, EEMRY
1 ff5 (haploid) &35 & EXMML 2155 (diploid)
ThHhaHZ ENVFIMOLNR TS,

turpinii

ERGESRTOREIR

EREOBEENEATAI LI L > THE L35
it 4 fEthoBEEATFL, FHi 2 fEthEslT L
I LS RET B, LnL, REEGHEETES

NEIML, RFBCREZ ARBEDBLEE TH B
ESME->Tw5 L5 Thsb, MBI, BEBHHE
YOLGREBEOBBEAHIRE -, BREHG
TREBERBRESUNBEIND & A%\ (Stes-
BINs 1971, WHiTE 1978), StarRr (1958) DOBFFE L7-
Cosmarium turpinii O 3 fEAR " 4 fEEEERT, T L
T Branpuam (1965b) D C. botrytis D 3 {E ST 9
LIREFREDOH ZRFERIBLATELT, AEL
LEBSHUORENBEIh TV 5, Line and Tyier
(1974) XA+ — A + 5 Y 7 @ Victoria R Tasmania
DELLTHROKE IZCKANIAZNEULL
Pleurotaenium D H B HB O XEER &> T\, P.
ehrenbergii, P. mamillatum RO P. coronatum L RE I 5
R TH BRCESRTFIERIREZ b, &
ho 3RIRETHD & L, I Ling and TyLer
(1976) Xz h L DOEERTF X RF €, BEIAYE
BLIERYBRE L T\ D, P chrenbergii LRAITEIN
rRHRHI OB RT TILEICIET s 2 A1 2D
bh, ThbOR#it n=53 OFREFLEOC LM
B bicnte, XONSD P chrenbergii DREFEL P.
mamillatum & FE W o RFEROBEG T T 535
D2 iR EEN B b, P mamillatum O %A D
n=53 TH5Z LHHIBH L1z, P. chrenbegii DRI L D
U2 fEfEx AV 3 fEERU 4 S EESRTOR
BAMLITEETH Y, EELRFBENLBELNAT
Wh, 3fEREEA T Ti65~70 D 2 fifi H A fk,

8~120 | fliffath L VB DO Sl EELEBEbR DD
OABEIhBY, RFEEOLEFRL 2EHERR
FHBE L THEICTALBET, 1f5kE 2540
FEOAE ZD F, BENELA TV, 4 EHES
BT Ti106 0 2 i BEIrBEIh TR b, RBF
BhOAFERL 3 FEFEARTLABE CH -, &
M LT P. coronatum & RIE IR, E&E
BOPIE (Ling and TYLER 1974) 225 & P. ehrenbergii 5
Ho2fEHTHA S LHEIh TV, AL 1ED
P. coronatum FARNZIR K 16{HD P. ehrenbergii DR EE
ALISEESRL, LILLE1ED P coronatum & 2
D P. chrenbergii N EAREXHRL, 1EXL2E
DESRFEHRT 5o X, P. coronatum 3.2 fEHED
P. chrenbergii LMBADOKEIHNEULTHY, WELE
WMOEROEI Y LELBLEGTTIIUTV S, &2
ENEEBSEC L AT P coronatum D FREFIT
n=145 XBM4IOREGEELFHL, 2EHkho P
ehrengbergii DREAEE n=106 X hF40EREEN
BN EM D, BT P. coronatum (X P. ehrenbergii @ 2
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B THHEMETHORIIMEL DB LAHBL
tco P. coronatum R OESHRFORBEHNZUL P.
chrenbergii D 4 fEFRERRTOLhEABRIZLAL
M2k ThHb, F, BELEETHN P cor
onatum Rff L P. ehrengbergii O 2 fEEHEOBESRT T
BREBE S ARROREGSTBICENALGELEFD
DL DRELBEIRT W54, £HFEDOHS F,
BENBSNT VB, P. coronatum RFEDORZETHD
NICESRT T, ThTRHBHABE LTV
AT 2 liREFHRILBAEIRLZZ &b, P cor-
onatum DFBRMABZ I &b 2 0HERREG
DEETH ENEEIR T D, DL 57 P cor
onatum FifH B b EAMBANRR I, 25645608
bRTEkh, P coronatum D 1{EELIMEBDOT &,

P. chrenbergii D 1 {5{ARO 2 fEth & LEES LR
DERVSVORLZESRTIBLR, RF, HE
SAULBEIN T 5, Linc and TyLer (1976) 11 2 h
BA—RA 5 Y TED Pleurotaenium 133X TR—D4
W (P. mamillatum) EFER LT B, L LE 4
1Y, B UBHITEDIL P coronatum Rz Tht
BEEOWRE, BT F, RO F, HROFROEFERY
ARDUEL DD EELZ T B, (51, B4t Line
and TyLer (1976) DKk » k-  Pleurotaenium % P.
mamillatum &K EMES,) T8¥ P. ehrenbergii & P. cor-
onatum WOWTIY, A—AFFVTELaI—81 2
ED b OMTHREMC b R—M T &5 HBRE L
ORIBEI BRI TV 5, 0L 5 CHMAEEO
B M LB LOMBEEXWHET 5 LT, Pleun-
taenium (LIEECEREVCEBETH D, BAarEy
L DR A 1T - T\~ % Closterium ehrenbergii BEETDH
Pleurotaenium & R 3 FEHAEERTFOBE LT
B 2 fifREGrLBEIh, MichEVEFERT F
PELIhTEY, F, BEEOKE XL 1EEL 256G
DOFEOEC BT 5 = EAEHBR TV 5 (Kasar and

IcHiMURA 1987),

B8 L MERERES

BB OREFAL 2 v - VA TEENRBC D h T
£ Y X & (homothallism) & ZZHELE! (mating type) DR 7
5/7r - VREITESLREBIB~TREY XA
(heterothallism) D 2 5@ W ICKBITE 5, FEEDOREHK
AT hE CRAREBOML TV BHITIR, 5
fLictf - CEEOREHFR/ B Lic & v 5 Blikds
v RERY o 7D Closterium siliqua & Staurastrum den-

ticulata L HBORERERIThEhresY 5 7
ThHbh, ~Tw &Yy 70D Cosmarium turpinii, C.
botrytis, Pleurotaenium mamillatum R O¥ Cl. ehrengbergii DS
BHRTRT~Tr2Y , 7 THD CRIHTRCR
U)o X, Pleurotaenium & Closterium O 3 f& k& AT
»HAELS F, BFCEEnE Lic & 5 eBB I RER
U F, BEOKE ZOH5MND, it h ORBGBIE
ThTwsb0sELLhD, LL, £FLL F
BFECIERRE R b OCHBER A TS Y XATR
TEEILLEDBhIEhr -l &nb, BEE L~
FRAY L ITHY, 773ANE~A FADMhHD
REH A RT LD LERTE D,
BFREOXBEBOEEZI I hETR C
(Starr 1954, 1959), C. botrytis (BRANDHAM and GODWARD
1965a), Cl. moniliferum (LipPERT 1967), Cl. ehrenbergii (Lip-
PERT 1967, Hamapa et al. 1982, Hit} 1982, IcHIMURA
1983, IcHiMurA and Kasar 1984a, Kasalr and IcHIMURA
1987), Cl. peracerosum-strigosum-littorale $EEh (Wara-

turpinii

NaBE and IcHIMURA 1982) RU* Netrium digitus var.
lamellosum (BieBEL and REemp 1965) ED~T v £ Y
IR AVTHREATVS, ZhbOEEETIL,
fThofETh 1 EOHESRT L 2HEORFEGH
LB L, RUBBABOBEIR TV HEETIE
FoNRBICIRE O 1 EAGEE L, JEmigki%O
QR EED Z EHMBA TS (Kiesann 1891,
Starr 1954, LipperT 1967, BraNDHAM and GODWARD
1965b, Dusois-TyLskr 1972, Kasai and IcHIMURA
1983), LEROZEEEEZOWEICH T, HitLE
DBTELREOBD F, BHESRANLRTLBEER
EDOBes\ T, F, BEOREBEMISS AL~
ANBFELXR1THY, X, KERDOESTFTIXE
BoRics 2HoRFEGELHBE L, PROBEERT
TOHRT 7 AL 7A + ADF LB D 2 @ik 5
FEGLE LTHBLRAZ LOERIh TS, T
iz EROMBENTIRCE ST, HREEOMIR
ELRE (L FEE (mating type locus) ICFEFET 5 1 0
EF (KBTS 2 mt LRER~AF A m )it &
S TREIN, BEEEF—STHCBWTT7AE<
1 7 ADREEBREF /T 5100, TRBORK
21 2 EDORFEGIE L, BFG L KRR G TE
[ THE h# % (crossing over) 2R 2B A DOLE L
TR 2 HORFB/GENE LD LBREIA T3S
(StaRR 1954, BieBEL 1976, HaMADA et al. 1982), Bk D
HETEE S U T ERROREMBRERT OB E YR
RT 5D TH 5, Branouam and Gobpwarp
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(19652) AEBLTRBESMULAMT B L E X
Cosmarium botrytis DAREEBEOEREEL, Lo
Nicflhio % < OWERFALEHR LT3,

K % 1L Closterium ehrenbergii DATECEE (M%)
ROXE 85135 F, BEOEFRYHBRICH
LEOEART LY 2BOERMEORFBEHIHE
THZLERRRAL, TOBECHTREBEOTS &
bHBIS I <A F ADKERE R & LR EFF
1, REEEERAND L ALOEAMBITE S
25 TH b, TOMBROMBREMEBEELS &,
B0 2 T mttimi- D~T R BEEETHD LE
ABIRBTEMD, m™ Emt*t L TESETHB IR
T L E 21 (Kasar and IcHiMura 1987), X, me* 1
BhRDOT 5 AkE mtimi— ~T = 2{EED <1 > Ak
DIRE & » THL 3 EGEERTO F, BloRE
ALK 12D 2 &b, BT 5 S HRREMICILE
BETHAHS EEXBND CL ehrenbergii (#h7h) D
FEED 1 BEF m 2L > TREZIRS HlH me
* 1 EUER B~ > AOKEE, m v
ISERIL T 7 AOKEEERT) OTHAH S Lt
Lic, & CRER ~ 1 >+ ROFEMIEY BRRAE
L me~imt~ D+ EEEED 2 D~ 1 + AKEEH
L, 77 AR EXBEE TV, £ 0 3 fEHRESRTO F
BEEDOREM AR/, TORKE, FHRELIC<A >
AD F, BENEHRATHI ENOBELHC m 1k
m* TN LTEMETHY, LEOHRNIELWEE
5 #53RICZE - 1o (Kasal and IcHIMURA in press),

L b % DEEFECHIGR Y LFHERE
%3 5 fEHfk (bisexually reproducing polyploid) DY R
EEECH VLY RT E 4 (MuLLer 1925,
WESTERGAARD 1958, STEBBINS 1950, WHITE 1978), %
Bkl BEREEDELRFDO 7 Y ATHIRETS
Drosophila B & LTHIB R T 5B oM REREY R
TIREALDBHRLAA Y (Rumex) SOBEMEYH T
i, BRI X - TFRCARREORIEEFYET S &
WO RFIDfe b fERUL,A TR T B, Lo LE
HYBRIL LTHIBND S A 2 (Bombyx) X Melandrium
(rFvap~v7 o) FoEHTIYRER
PECENERT I LI L > THEARET D, & Ok
RAEHTEEBREC X > TH LD X 5 kD RE e
BHELAHETS Z LAV T, SRk X BEML
BE<HHEIhDZ Liel, BILDOBRTEHL OfEH
OB EZRM L TE, BTFHEY, ~ 5y, =27
W OEEEEDIEF LA EPHERERB (monoecious)
THHMEEIRBEET S L 5 FRL, o

A RIEAIC RS b 2 R TSR b X -
THEIh B LxWE-TB L5 TH B,

BEE LR LBECREAEN S~ S E K
DERGLELOR TR, FLALOBEIL 1 EHD
BT HERED T/ DA TSR E % U T 5 MERERIE C
% (Sovtis and Sovtis 1987 MB), 1T LA K DEEEE
BbR Lo BROEHELEL R DY (i),
MR HIET DA€ 5 Y, 7D DRF TR,
HERERER (dioecious) WG T B~FRmr 2 Y , 70D
DLl hH BTV B (STaRR and ZEikus 1987), X,
EEEM TEEEOEA CEEC I ESEEY TS 1
DHRENZ L LB#E LT, —SOERBTESEREY
2L THTREREEDZ LT > T BDTiRlcL A
EHFTLTVWS2HREXYRRETEL0TE S,
FritscH (1930) 134 V 7 =9 A8 $ # YV F TRV
=Y & Penium %O HEHITHREO BT BRE TR
B ESRTFIBEEIIBOHLT, =297 A1
4 Euastrum 7 v 3 VF Y 2 EOWEOEEIE
DHFZIL, ZhETEEROBRENRD BT HHbLLT
BEAERTIEBEIhTWRVWEE NEET A Z &
nh, ThbLORERIELORBTHELHELIE
H—HCHEAREE K-> D TRV EREL T
\~5%, CoeseL (1974, 1988a), CoeseL and TEIXEIRA
(1974), KU Francke and CoeseL (1985) i1, FF4H8
BTl S50 7 v — VISR TUARERER
YRAAIRER, -, CEOHBEHO—TRTIIELE
EFEREY R > BEERIEFETHLERL T3, £
LOMEERIMYER > BER L LTREEELE L T
BT Tikis\, LosL, D LEELRL B HR
7e\ A3, Gopwarp (1966) (% agmatoploidy IZ X % §:fa
BRORHEFOHBR L5 OB TR RIS
B EHBEHEBESTTEL TS, M LT,
ChECREE DAENTFA CHRBELEEL, %
KDBEX L TWHR bbb TEARTAERR
NI ERFT, ZhBORRETHARIIL
T3 EHETHDORD LEEIAE S X5 icBbh
5,

FSHERE Closterium moniliferum & Cl. ehrenbergii D FF M
fsiELEch h, MlankE X LBRERTO
YL/ A FORFIRENRLD Z L TOARFIZh S
ZEMD, BIELVBENELLICIDEELZLNRT
W5 (ROZicka 1977), #EERTHBBROWE (Lie-
PERT 1967, IcHIMURA and Kasar 1984b) RU' 7 1 ¥ %4
A DWFFE (Francke and CoeseL 1985, CoEseL and
MENKEN 1988, CoeseL 1988a, b, 1989) % WREREN T
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BTHDHZERRLTWS, L2 A, HEME C.
ehrenbergii PRI 1e & b 12LL EORELRE (EHF
W) NEET AT T (HF 1982, 1985,
IcuimMura 1985 2fR), THERE CL moniliferum RIZ H 38
KOREBNEET S & AR (1979) OTFHHAKE
THB LT\ 5, Sarma (1982, 1983) itk B & CL
moniliferum DR EEF I FRFC L DR D n=
70~180 T#H B, Cl ehrenbergii TIXRELBHIC X b Rie
H n=#100~250 TH 5 (), DT LiLFEHE
BRI SR (RUERBIL) %4> TR LB
DREPIFET DL EHRLTNBE LI THbD, £
LT, Cl chrenbergii D—IROAFB LR LR OM
DOIREBEL X DY CL moniliferum D—ROIELHE L D
H Lk 0 EFBELELLRB, HE, LEDOTA
YA ABFFETIE, A5 v FED CL ehrenbergii DA
B, XEECRBOBMHL LI LA T v FERD
KEED Cl moniliferum OEGREL OFHL 0EHFT
HBHEVCOIBERIBOLR TV, TDXHKC CL
moniliferum 136 Cl. ehrenbergii ~DE(LITEWFERIE
D VS FETHE LIS BOBGHIEE LTk D
ZOHEADERIEHTHA 5> LBbh B, K&k
WhdbE2 5 &, CL moniliferum D> ClL. ehrenbergii I
FI2s > TREBIEPEATWD EELTHI L2902
WISiBbhd, REGHOLEN LV CL
moniliferum WTH TR Y XA L ~TrEZY) XANBEE
Sh, REEEDE\- CL chrenbergii TE~Tr 2 Y X
LADBEGEENBEAETHE L) XADBEGBIRHT
Hr, TOHEEFY, FEECTIREHEMNO L 5 iR
fLic & » TREHAL MERERBRICRE X h 5 0 Tls
, BRIl L->Th~Tra ) XapifEFEIhTun
LI EHRLTN B,

~NT B REY 7D Cl ehrenbergii D7 7 AL <A F A
DN 1 BOBBETF m- TREINSBEHIT,
SARESRRSMCIBSEEY THLR TV 2 YRS
BOMREREL L BTV3, 55 oS
DT e &Y XATHREFLEEAHC-TWBD0TH
A5, fldkie ¥, Biak L7 X 51 Pleurotaenium
mamillatum WEETIL, BEREOEEEORLSFR
HETL~Tr 2 ) RANEFCHERE IR TED, &
EEEEOAXLIILOEEETY F, Kk} 5%
BEEROSENERIC 151 &b EhAmbhTuw3
PHTHbB,

BEEL OBBE O TR & A5 & ORI
BALT, 7 5 ¢ V&3 A Chlamydomonas reinhardtii Ti3.,
T o ELRIA S mttimti- D~F rELSHBD 2 EEDOE

BFAXER~ 1 F 2ADUERBETH 2 LombhT
\ 72 (EBersoLp 1967), BLIZ7s » CERBREBEO
FLBAE LT, mt IEFHREY, m GEBTO
HREAHELTVSC &h, MRERE L5 EHG%
PERLEVT The S f 2 OBEBEFEOFF AL LB Lig-
T &7z (GiLLHAM et al. 1974, MaTaGNE and MATHIEU
1983, Eves and CHianc 1984, TsuBo and MaTtsupa
1984, ¥AM 1982), % LT, Ch. reinhardtii Ti¥, ELBF
ook, %, BEARTURICET 2B« DRRER
Bx R Ictfs, Ak, S TERFEORE»D, X
BHEETFRE—DORET TR, mt RO me 1%
LD O ORERIET & HEREET & SRR
FEIOCERIATVWARLEEZLA TV S
(Goobenough and Ferris 1987), 7 5 1 FEF ATH
LA TV AREFHERYEHCRWTELD L,
HYFRECHTD mm X AHEREEBIILIL
KEETELLBbhb, (/7 IFEFALIAY
* = OREBMOEEHHE L TH5DLBRO—HKTH
%,)

AREOWELER LT

EVEREELBR B\ O OBIEET 55
&, &4 OEOHMEEROHECHENI 2 HET
I ErREy, EHLOBHCERYBAT 400
ExbhaBan8 W LELLRD, X, HEHNHE
DA TS EEHEWE TR, AGOBEOMTL Y
MROLWECRGCERMbR T h, Eo Lot
S THENELKERT BB L L5 TRUVBAER,
BRI THRBEROBEHNE LS BRI BE1 LR T
\% (StesBiNs 1950, Mavr 1963, Grant 1981, fEfH
1983), Zhicxf LTHAEY Tk, —BCEIEEN Y
AP RO LHREOEE EZE L LR TV
h, TOREECDOEBERT LS eELBHH
(evolutionary constraint) SRS {LICHE 5 TWEEER D
BECEEBHEY L LB T LE LIP3V, L
ROL S HPHERBRILBLEAEBLR TV oL,

WAEETIIT AL V7 3 A X Astrephomene
(Brooks 1966), Chlamydomonas (WiEsE 1974, WIESE and
Wiese 1977, 1978), 7 V) 7+t 2 F 4 = v & Cpyp-
thecodinium (BEam and Himes 1977, 1982, HiMmes and
Beam 1978), = — V' Y 3 Eudorina (GoLDSTEIN 1964),
= =19 A Gonium (STEIN 1958, 1965, StEIN and Mc-
CAULEY 1976, Nozaki 1989), 7 7 / 3 & Pandorina (COLE-
MAN 1977), H N 7Y F Volvulina (Careroor 1966) %
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DEERBOMEEOFIT, HAREEHKCL > TK
BN DEROEWENENEET HHETL, Fh
LOBDOHEHNZERIBH IR Tuiely, BLAAE
=97 Y O—FE Volvox carterir Ti¥, HFEANCFREE L 1=
BEEHETHLIBREOHEBNER,NBDLI, Lol
WEHISHLHHBRERSATWB L5 THS, 20
X 57 V. carteri D RBIETEL R (formae) L XA D
DERFLLTHEIRT V5 (Nozakt 1988), 44
FHREFEEOOTHEMTOBEEEL HRELDTH
55,

FRECI EROBESEHOWELR L 2Ry
ATEAPFREERE O R L - B T E RH R
HHENBEMEREENS VL S5Bbhs, LHL,

Cosmarium turpinii (STARR 1959), C. botrytis (BRANDHAM
and Gopwarp 1965a), Closterium ehrenbergii (L1PPERT
1967, IcHiMuRra 1981, IcHIMURA and Kasar 1982) K OX
Cl. moniliferum (LippERT 1967) D WD PIFETIL, 4
TR DR & v A —TREEN O BB TRD B 1
FTHRERIC OV TILE LA EFRER T oL,
IcHiMURA and WatanaBE (1974) (3815 CHERE CL
calosporum PRI, MRROK & I LHCXPITE 58
BOBGEIFET S - L e REERCESRTEXK
DEHOHELHEEST THEL T2, K
WATANABE (1978, 1979) (X, CL calosporum DBEFFIC
DCTHEBRARENITR L &b B VREER DS
Fraefdye, sE7EBCOBRT s LxiRIBLT

6501
ssof
€ 450}
X
= 350
O
- 4
w -
-l
250t
150}
i A ‘-; L A A 'S )
30 50 70 90 10
WIDTH ( pm )
Fig. 1. Variation ranges in cell size for seven closely related mating groups of the Closterium ehrenbergit species

complex. A, Group A from Japan and Australia; B, Group B from Japan and Taiwan; C, Group C from Japan;
H, Group H from Nepal; K, Group K from Japan and Australia; M, Group M from Japan and Nepal; P, Group P

from Japan, Denmark and U.S.A.
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%, X—7, Waranage and IcHiMURA (1978a, b, 1982)
L. CL peracerosum-strigosum-littorale EWEHED~T 7 £ Y
v 7 RGBT OWT, TR RREE S WA EERERE
THRISHRRNERNFETHZ L2 BEL T2,
43 Kasar and IcuiMura (1986) (3 CL ehrenbergii D3ZHL
B (EWxnE) ofT, SR b MRFERT D
WENEATED, e hELLORENE TV
A, B, H BOWEEROHKEMRXT> T\ %, LD
KERXROBY Thb, 3EHLIMEOKEZIFDOE
RO, Thi CTHESEEE/ EXIEREL N
A TRDTIHIE & BT 2 L@ EL, 3H
DOEHEHEC R D, X, RFNSTYT5A%
EBBHIMBOKRE I LBHBERC L > Tk & h &K
AMENBOEK LT, ARVUBE LIXEFHICHHT
BHEHL, MfROXE JIAR LBREOPREOELY R
L, BERBEEL LTV B &nh, BN O

WEAL VB AL, AR 3 B R
Bz ERTER,

REEE A, B, H BT XTEREOESIRT XM
L, REEERIC L - THETH2R Y ILEGRTF
Bohs Enb, Zhb 3 BIBCEGOERH &
EzbhT\5 (K 1982, 1985, IcHmMura 1985),
EEE C, K, M, P TR CFEBEOESGRTF LM
L, E@R3pLcanvaBEcEsRTOBRLR
BBELHB L, Vi e b OMBIRIEEYRT,
DI ENLIRBL 4L EROIHLAKGTHS L
Bbhb, ¥ KRBTROKEH S H DM, RERT —
R ESHTI D 7T HOMEBER L BN D
WTEBRT IV, BAXGEBOSEVEOER
R T 51D, &7 » — v —ELRE R
BB L CItPEED Z15°C, filix25°C, fihod &k
Kasal and IcHIMURA 1986 &[F U) TEEEL, 503k

160y K
I P
w ‘ -A
[+ o
M
2 140} Foe
< : B
S '
= -
o
H
w 120} -
o
w !
w
o o
O]
w 100t
(@]
80 2 — '
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L /W
Fig. 2. Variation ranges in cell shape for seven closely related mating groups of the Closterium ehrenbergit

species complex. A-P, see Fig. 1.
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Table 1. Morphological characters of seven closely related mating groups of the Closterium ehrenbergii species
complex.

Mating Width (#m) Length (u#m) L/W Curvature (°)

8fOUPS  Range Mean SD Range Mean SD Range Mean SD  Range Mean SD
A (47)* 38-60 50 4.2 216-310 250 21.6 4.5-6.5 5.0 0.4 112-156 137 8.4
B (44) 56-84 67 5.2 311-567 404 525 4.9-6.8 6.0 0.4 110-133 122 4.8
C(9) 52-55 54 1.0 303-350 323 13.6 5.8-6.4 6.0 0.2 111-137 121 8.0
H (38) 49-64 57 3.2 276-390 333 27.2 5.1-6.5 5.8 0.4 107-131 121 5.1
K (20) 60-80 73 54 317-420 363 26.6 4.4-5.5 5.0 0.3  129-157 145 7.6
M (17) 28-46 36 4.1 130-238 183  23.6 4.5-5.8 5.1 0.4 104-138 124 9.7
P (30)  75-109 93 7.7 381-650 513 624 4.4-6.4 5.5 0.5 104-148 126  10.1

* Number of clones measured.

20fifgicoT, MilEOIE, B, BERIOHRY
BHELXHAIL, ThFhoPHsEsL s = — v OfF
ELTRHVDZ EiT L, XXBE#E A, B, C, H, K, M
BRUPOFEMRAOK & I % HET 5 1o b Mg iR
EEXDOEROEEA Fig. 1 12, BrHET 501
MiaotE & & 20tk & BHME MY Fig. 2 TR T,

WA AACBIL T, ABIBEALA—-RA TV T,
BEEILAA L BE, CBIALX, HEXF -2, K
BIAEAEA—A+FS VT, MBAZAARLE R — 1,
PRHIAXK, Fv~—7, XECHHATHZ LxH 4~
¥ CIREZRLTV5H, X, CoeseL &L DIMAE
HEEIEEWLHPE (CoeseL 1988a, b, 1989,
CoeseL and MEenken 1988) AW EEROIE7 7 v
AD Cl. ehrenbergii DB DERD 53 5% WEFE CoeseL 1#
X W FFIER, PEALESI2 -y SEHAAT
BT ENBLMI»TER,

ARG LT isWHBER RS &, BERIZFERT
BN+ 5 (fBao/NXWVIEZ) M, A, C K,B,PD
6 FTMRRDOK & XAHEITH s h PR > Ty
B ENFig ILEFETED, X, ZORNLL LM
RADIE LRI DI IF—FCHIROKE XA L
TWBZELFERMBC ENTES, LrL, &HOD
MBEOHOHBIL Fig. 2% RA L IHI I SHEBETE
B, ABLPHOMBOFMIERICEAR, HIKEk
BEICILN > T\ b, ZOREE, PETIRIERDKA
WEES LRESBED R TVWH &, XABTILHE
FEOBEHEH T INBERERERYRIL S
*—2A + 3V 7ECEGFHCHROMEOERNIFF
CRERLDDONBEThTVWHILERLIBEEbNS,
(#FZ >\ Tt Kasar and IcHiMura 1986 ¥ BB X h
ol BB DWW TR EMPTHS,) AR LPH
DS CEOEROTBANAIHER/ IO T, 28

B« DOREHOMBOTOBHAITET 5 = L2 T
&5, ROBEMLOIKETHH, K< T (Mo
RILEOH L/IW AV/NEV) E<EBRLTV3, =
hicx LOMBRZKE L ABE IRV A E s S
LTuiel, CRHIMIRS (/W pR&EW), Thig
CEl LT eu, BEEEHBRZEIR LIc X 5 weEns
LTk b, BHEZZIUEETHRVA, PRV
OhBLARVLDOETY LERLRDBN D, U ED
X 51T CL ehrenbergii DITHFAELEERI Tz, Mg
DDV TIIMRROK E iz EHEAREZRIAD L
hicw, Livl, KESEBEEZEDLES L, RPN
B fit 5 L 6 BOXEMIVENCH IBE S
CEBCFEET B2 ENTED, BEDLDIEXR
HoNBEVEOTHE, BERERVERAR/MEL R
EICft LI B REHED 7 » — V¥ % Table 1 IZ7" T,

EREOREBHEER

—icAAD A E X LHEOKE IRV DNA &L
FOM#BENS bh, EiZEMiaLy Ti20.920 B R
HBHLR TS (CAvALIER-SMITH 1985), T DT &I
BALT i hyFelnfistths LxEL LRIV
Z&Mb, S Fig. 1 TR UMD/ S IeMEBEA B
A EIPHOIEIC DNA BmL T340 EEX
bhb, fEEBIc OV TIARIT n=100~106, B
BiL n=97~104, H¥ X n=105~127, P&
n=181~246 TH5 I ENARBLN T B0 (Kasar
and IcHIMURA 1984, RFEXK), fhOIEFFCOVTik
¥R IR T, flRDOKAE I ->T DNA
ENREBTHA5 A B HDOIHNFR U v~
DOREEHTH B DI REFOKE ENRILH DT
»AHr5EBbhB, Lirl, EBCIZIhD 3FOR
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Table 2. Viability and mating type of F| progeny in crosses within Japanese populations of Group A.
Cross Individuals Percent l\/{ati:g No. of pairs
Plus X minus isolated survival (+y:p_) (+-) (+4) (=)

M-16-4a X M-16-4b 418 94.0 191 : 202 183 1 2

X R-11-16 250 96.4 121:120 116 1 0

X R-13-20 128 93.0 57 : 62 54 0 1

80-1-2 XM-16-4b 212 84.0 89:89 82 0 0

GN-4-29 X 44 84.1 17:20 16 0 0

J5-48-19 % 320 94.7 153 : 150 144 0 0

X R-13-20 146 94.5 67:71 65 0 0

R-11-4 X M-16-4b 444 91.0 208 : 196 183 3 2

R-13-131X 422 97.4 202 : 209 195 2 4

X 80-1-1 102 94.1 49: 47 45 0 0

x R-13-20 76 88.2 35:32 30 0 0

Subtotal 2562 93.2 1189 : 1198 1113 7 9

M-16-4a X ]J6-73-4 102 70.6 34:38 23 1 0

R-11-4 X 72 75.0 25:29 20 0 1

J6-73-3 X M-16-4b 76 60.5 21:25 12 1 1

X 80-1-1 24 54.2 5:8 2 0 0

XR-11-16 164 64.6 53:53 33 0 1

Subtotal 438 66.4 138 : 153 90 2 3

M-16-4a X J5-48-2 238 67.7 77 :83 51 1 1

80-1-2X 32 68.8 14:8 7 1 0

J5-48-19 x 108 50.9 19: 36 13 0 0

R-13-131X 100 56.0 30:26 12 0 0

Subtotal 478 61.3 140 : 153 83 2 1

Total 3478 85.4 1467 : 1504 1285 11 13

BEIMALIEFCIHTH B DI, REOR~AD
Efi CERMCIR TR EDERTH B,
A, B, H O 3L HET5 L PRI L I RBE

Table 3. Viability and mating type ratio of F,
progeny in crosses involving clones with or without a
genetic factor causing lethality and mating type aber-
ration.

Plus Minus  \f16-4b R-13-20  J5-46-12
M-16-4a 94.0 93.0 67.7
191:200 57:62  77:83 (12)*
R-13-131 97.4 88.2 56.0
202:207 35:32  30:26 (4)*
J5-48-19 94.7 94.5 50.9
153:150 67:71 19:36

G=5.34,P<0.025

* Number of selfing minus F; clones.
G, value in the G-test (likelifood ratio test) for
goodness of fit; P, probability.

MAEML T3, PHOBGKEL ThEToR4D
FAETIBFEMAKITIZ LA ENHRRLATE D,
FERERTHPROREHHMIERE 35~ 15°COFHI
Hb, A, B, HEN20~30°CTHBHDEBEIICRT
> T\ b, BILD Coeser (1989) D& L5 &, 1t
7 7 v ATEIPHOBHEIE R KB OBMEET
CXoTHELLERVVKBICOERTSZ LIRS
hTwb, 2oz ik, ZoHisic A, B, HB¥S0 X
HIHFATIERCERT BABGOXEBENFEL T
feWicdTHA S & Bbh b, PSR GDIHH
BB BfiT52 &, s ORERINTFA TE
BT 2R8I Tidis B A & i Ee e E
EEHET, TOREFROLE ML, KAHLEC
B Fe AL BRI B A LI KO LIS B o &5
HOBEPHY NI TELD TRV ERATEL
T\ b, £ LCPHIIREEEL e h Bic b EAk
NEFThTWich, BEIECKT 2 REaENELE
TREHBERTFEF - T HEEANESER TS
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LieEm D, PRILEBNBEOH LW SEETHS
ZENHEIRTW5,

ACEE A, B, H ORHIRE T b h S RT
DEBEHHTIE, REGORFEELICHRET, 1
ROt fligefath & bie b SR OSMPEAIBEEI R
% (Kasar and IcHiMura 1984), L2sL, RELEFAPID
3REGESRT GiR) OBESHE TR 1 Hig
BHEYERVCTIZ LA EN 2 lRESTHS (Kasar and
IcHIMURA 1987), & D & 5 ICBFEIACHL TH MG fFAS
R Eh, BROFEERGEOBRBSUNEETHS
ZEMBEZBE, A B, H O 3BoXEMLME
HFHOCIERGTHA LR TH LN TES, T
THEPHIIBLICERDER KL S Z Litie B,
& ANKREEEFOES TR T 5 8E
TORBEMTA#T5E, A, B, H, P, D48 L LBE
FRTIL L fEREEX SR BRVERAREB SR
T3 (M - &HKRFER) . Closterium ehrenbergii D5
RECHEL, CL moniliferum SED/NBIOEEEMI DB T
b BB A b - e fbic X » THEfkL, £
BERTHIR Lo ahc @t el Bb
nd, Lorl, ER0 XS ICBREFHZERELD, EH
ELicy 7 sRDOHbIE NI VEATE Y, PEXY D
&1 REB O FEMIC IR B B TR ET
1L EFhTuWikWEEZBRS,

N THEBORESERFD I A Y+ OMGIEH
DEGFEIZOWT, EHLORBRE U REfiEo
Z8P, EMMLOERE LU TiEW O b 5 etk
BEoT by, BEEMRFEMCRANSC LBEERL
AETRTRELEbhS, L L, GSEHTLHARLE
B S IER TR W BB S WTHEHR
REfn S R TESEMOREEN, N ieA
AL O EH (duplication), R (delation), WL (in-
version) UIL¥REE (translocation) ST X » THEE AW
FLLILLE U TR &Y, BRI EED LR
BoOMBOEROBREDETLrLHERIA TV
(SteBBINS 1950, 1971), BEEHOTERORMEL 1 2
TE T DESRT»OORFEGOLERL, WEL
LFDOBBAUDOEE XDES & 1 &t ofF >4
) ADBILETHKE LT B, Table 2 H~2H»h
¥ CRBLLEBARNOE~D /7 v — VOEAFEDOXK
BB E4RTFHLD F, BEOAFERERT, L
BIEORE TS K LA EDEFRA/RLTE D,
Chbo 7 e —vOHRAREFIZIER UBEY LT
WhEEZLNRD, FED 5 ATIEHS5~75%, TB
D4 TIEHI50~70% £ Tc b AEFERMET LT

b, BETILT 5 A8k J6-73-3 RO A + Akk J6-73-4
PEFERDETERL LT3 EBbh oy, BS
feni b ¥4 J6-73-3 X J6-73-4 OREREENLE LR T
el ZHEH L TTERO 4 Ti<1 > A J5-48-
2 WEFRETOBEEERY > T\ 5 2 £ Table
3 HBLBEMLTHB, D J5-48-2 ¥ OBER T
F, B@#EOEFROETLET T XEMOHEE-%
REORFCAHEY 52 TWBZ Enb, XERE
EF ¥ EUREGOBECMENDELLH B DT
U LHEIR D,

Eh VY IC

BREOMENBEEEOFICI, HEE, HFbE
MeoFE LWGEE R AEARESEE #bic L -
TThiERERBELR LT IgnEELZTVLBA
BT H\ D, —H CTHERCIRESHH, S\ B
MECZ ERLFINL L <Mbh T e, EEARET
W B THEGHLYHEMXES 2 LATELHERC
EoT, ERAENBERtIESEY BT E%
hEEREUBEELEMEEREIRTELLLE
%2 b b, Stessins and HiLL (1980) i2 & % & # & EH
DRELIL > TEDIELOB - BETETh, *
DEBAEL LT E I LifithC 2 rilith L DEFRFC
I 5T, ZRENCKDRICETD & 5Tl - e EESS
BAEDCESERTHAI EELLhD, bLEOIL
ThiE, BEOSL OFFEENBRVCKEBY EEFL XS
2, BEERE e Eb | BRESKINEL
B LA NBRECHELLTELCLBbhS, WEEN
F ORI BISICEINT 5 fodbicit, BRICH AR
FrURTALELND D, £ OBETILEEETEIC
Lo ToRFOBEHMARMOESHT AR T5, &
HAEREIC X b WEETIXEART  (parthenospore)
L BLBEE AT (azygospore) &M BT A MY
MR+ 5, chid, ZOEHFT LS CIEFHSESS
Bk 5 2 @BORBTFOMERENEEIAICLD
Thb, DL 5 HAMBIYR & AEATFEEL M
RS HIET A CTICERLTVB I EnbE
25 &, BEEO#IC RS THEERLEE B X
HLTERZLRBATHA S, X, HEEOELR
FREFEMCAE L RECH 2 BT, B
EAMFEE Lic & XoH LU BRECEIh BRI, K
KO ET, 08B, FORCHEIE LIcH LWz
FoEAROERBHYEL LV BELREXRL
T, BEERHIFSCEmL, YR, PiVEPL
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D L EENER OBENE L, EHoEEREFEN
LD < 8 — X T DAY ORELBIC L - T
KESHBINB LEZ LR FHREOBENS L,
WREERDO S IR LT ORELHT DS X L ERR TR
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Erratum (Addendum) §] 1E GEm)

The following note has been erroneously missed from HITHEE 35D 235 HTTILD note MFR - TR%E
page 235 of this volume. Please insert the following LTLEWE LI, BFECLTETEWCLET, AR
below the Japanese abstract on page 235 in No. 3 of this ~ DFIXEFOTFTIIBA L TL K E s,
volume.

Note added in proof:

Cormaci and Furnari (Jpn. J. Phycol. 37: 27, 1989)
recently transferred Antithamnion simulans to Scagelia.
Above, we synonymize it with S. pylaisaei.
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