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Glutamate dehydrogenase of a green alga, Bryopsis maxima

Kazutosi Nisizawa, Hiroshi ANzAI and Yuji OKUGAWA

Nisizawa, K., H. Axzal and Y. Okucawa 1978. Glutamate dehydrogenase of a green
alga, Bryvopsis maxima. Jap. J. Phycol. 26: 145-150.

Glutamate dehydrogenase (GDH) (EC 1.4.1.3) was obtained from a marine green
alga, Bryopsis maxima as an ammonium sulfate-salting out preparation, and the MicHAELIS
constants for substrates and co-enzyme were determined. Effect of some chemicals on
its activity was also investigated, and it was found that the GDH activity was inhibited
by PCMB as in higher plants, but was not affected in contrast to the NAD (H)-dependent

GDH of some higher plants.

Kazutosi Nisizewa, Hiroshi Anzai and Yuji Okugawa, Department of Fisheries,
College of Agriculture and Veterinary Medicine, Nihon University, Shimouma, Seta-

gaya-ku, Tokvo, 154 Jepen.

In contrast to a current view that the
assimilation of ammonia in higher plants is
brought about by glutamate synthetase (EC
6.3.1.2) (O’NEIL and Joy, 1973) coupled with
another Chloroplast-enzyme, glutamate syn-
thase (EC 2.6.1.53) (LEA and MIFLIN, L974:
ARrRIMR and KuMAzAwA, 1977), it has gen-
erally been berieved so far that ammonia
is incorporated first into keto-acid maninly
into a-ketoglutarate, being catalyzed by
glutamate dehydrogenase (GDH) (EC 1.4.1.3),
to form glutamate. The GDH, therefore,
has received many investigations in higher
plants (e.g. BULEN, 1956; Jovy, 1969, 1971;
PAHLICH and Jovy, 1971 ; LEA and THURMAN,
1972; MIFLIN, 1974; BARASH et al. 1973,
1974). In unicelluar algae also, some interes-
ting results have been obtained (e. g. SMITH
et al.,, 1961; BASSHAM et al., 1964 ; KRETO-
VICH et al., 1970; DHARMAWARDENE et al.,
1973 ; HAYSTEAD et al., 1973), while there
are only few reports in multicellular algae
such as in Ulva lactuca (JacoBl, 1957) and
Porphyra yezoensis (SATO et al., 1975). In
addition, both the NAD and NADP served
as the electron acceptor with the Ulva GDH
(Jacosi, 1957) while that of Porphyra uti-

The work was supported by Grant in Aid for
Scientific Research of the Project No. 148014
from the Ministry of Education of Japan.

lized NADP only (SATO et al., 1975).

For this reason, we investigated the enzy-
matic properties of GDH of another green
alga, Bryopsis maxima, to compare the
results with those from the former marine
algae. The reason for choosing Bryopsis
maxima based mainly on the fact that we
have recently used this alga as the experi-
mental material for the investigation of
nitrite reductase* and ribulose 1.5-diphos-
phate carboxylase (YAMADA et al., 1978).

Materials and Methods

Algal material: Bryopsis maxima was col-
lected at the coast of Inubo Cape, Choshi,
Chiba Prefecture, in March, July and Sep-
tember, 1977. Fresh fronds were quickly
brought back to laboratory in an ice box
and cleaned for a short time by removing
from macroscopic contaminants in running
tap water. They were used for extraction
of enzyme either immediately after collection
or after having been stored at —40°C.

Chemicals: NADP(H) and NAD(H) are the
products of the Sigma Chemical Company.
All other chemicals were purchesed from
Wako Pure Chemical Industries, Ltd.

Extraction of enzyme: Fresh or defrosted

* Umpublished observation.
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algal fronds (60g) were pestled by hands
in an ice-cooled mortar for 10 min using
0.056 M Tris-HC! buffer, pH7.5 (30 mi), as
extraction medium. The minced frond mass
was squeezed by hands through four layers
of gauze. The residue was treated again
in the same way as above and the extracts
were combined.

Ammonium sulfate fractionation: To the
extract obtained above, was added solid
ammonium sulfate to a 25% saturation, and
the precipitate formed was removed by
centrifugation at 10000 xXg for 30 min. Solid
ammonium sulfate was further added to a
75% saturation. The precipitate formed
was collected by centrifugation at 10000 x g
for 50 min and dissolved in 10 m/ of 0.2M
Tris-HCI buffer, pH 8.0, to dialyze against
two changes of nearly hundred-fold volume
of the same buffer for 24 hr each. The
dialyzed solution was then diluted to 20 m/
and used as GDH solution for experiments.
When frozen fronds were used as the star-
ting materials, a greenish viscous substance
often deposited after the dialysis and it was
removed by centrifugation before dilution.

Enzyme assay: Two kinds of standard
reaction mixtures were prepared. The one
(a) is for the reaction of glutamate syn-
thesis, and it consisted of 0.2m/ of 0.2 M
a-ketoglutarate, 0.2 m/ of 0.4 M ammonium
sulfate, 0.5 m/ of 1.13%x10*M NADPH (or
14x10*M NADH), 2.0m! of 0.25M Tris-
HCI buffer, pH7.65, and 0.1 m/ of enzyme
solution. Another (b) is for the reverse
reaction, and it consisted of 0.2 m! of 0.4 M
L-glutamate, 0.5m/ of 1.13X10"*M NADP
{or 1.4x107*M NAD), 2.0m/ of 0.25M Tris-
HC! buffer, pH8.43, and 0.1 m/ of enzyme
solution. These standard mixtures were
used through this work if not otherwise
stated.

The reaction mixture was placed in a
cuvette of 1cm path in a Shimadzu Model
UV-200S double-beam spectrophotometer
and changes in absorbance at 340 nm were
measured at room temperature within the
first 10 min of incubation.

For some incubation mixtures, protein

contents were determined by the methods
of LOWRY et al. (1951) to obtain the specific
activities (SA) of GDH, using crystalline
bovine serum albumin as standard. SA was
expressed by the formula, Absorbance X1/t
X 1/pXD, where t is incubation time (min-
utes), p is mg protein per m!/ of incubation
mixture, and D is the dilution rate of am-
monium sulfate-fractioned enzyme solution.

Results

Co-enzyme specificity: Two kinds of stan-
dard mixtures containing NAD or NADH
were incubated at 31°C for 10 min, but non
of the absorbance changes were observed
in contrast to the NADP or NADPH-contain-
ing standard mixtures, even when the reac-
tion time was prolonged twice. Therefore,
the enzyme extract seemed to contain practi-
cally no NAD(H)-dependent GDH activity.

Optimum pH: The optimum pH of GDH
was estimated in both (a) and (b) reactions
at 315°+05°C, respectively. Incubation
periods were 5min and 10 min for (a) and
(b) reactions, respectively. As shown in
Fig. 1, the pH optimum of the GDH for
glutamate formation is lower by approxi-
mately 1 than that for its reverse reaction.

Time course Of the reaction: The time

0-3001

~0-2951

Absorbance( 340 nm
© o o
N N ~N
@ (o] w0
o o o

0.2757

02701

74 176 78 80 82 84 86
pH
Fig. 1. pH-Activity-Curves of (a) (—@—)
and (b) (—(QO—) reactions. Reaction time of
(a) : 5min and (b): 10 min. Reaction temp.:
31.5°+0.5°C.
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Fig. 2. Time course of (a) (—@—) and (b)
(—(Q—) reactions. pH of (a) reaction: 7.61
and (b) reaction: 8.39. Reaction temp.: 31.4°+
0.4°C.

00

course of both (a) and (b) reactions was
observed at 314°+04°C, and the results
are shown in Fig. 2. Under these condi-
tions, the (a) reaction proceeded almost
linearly for the first 3 minutes but followed
by a rapid slowing down thereafter while
the (b) reaction proceeded almost linearly
for at least 6 minutes.

Thermostability : A GDH solution was first

13 50°C
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2 255°C
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Reaction time (min.)

Fig. 3. Thermostability of (a) reaction. En-
zyme solutions were heated for 10 min at tem-
peratures indicated. pH 7.65+0.02 and reaction
temp. : 25.5°+0.5°C.

heated at various temperatures for 10 min,
then incubated at 25.5°+0.5°C under the
standard conditions and the activities of in-
dividual reaction mixtures in the (a) reaction
were measured. The results are shown in Fig.
3. The GDH was almost completely inactivat-
ed by heating at 50°C for 10 min, and the
enzyme seemed fairly sensitive for tempera-
ture. The similar fact was also found during
the storage of fresh fronds in a deep freezer
(—40°C). The specific activity, 10.13, for
the fresh fronds harvested on July. 19 has
decreased to 4.5 after an about one and half

107

-1000  -500 0 500 1000 1500
% )

Fig. 4. LINEwWEAVER-BURK plots of a-
ketoglutarate in (a) reaction.
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Fig. 5. LINEWEAVER-BURk plots of ammonia
in (a) reaction.
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Fig. 6. LiNEwEAVER-BUurRk plots of NADPH
in (a) reaction.
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Fig. 7. LiNewEAVER-BURK plots of NADP in
(b) reaction.

month-storage.

Michaelis constants for subsirates and co-
enzymes: The initial reaction velocities for
substrate and co-enzyme each in (a) and (b)
reactions were determined, and their LINE-
WEAVER-BURK plots were obtained. The
results are shown in Figs. 4 to 8 for a-
ketoglutarate, ammonia, NADPH, NADP, and
glutamate, respectively. The MICHAELIS

2% -150 -75 Q0 75

80

60

<

40

207

150 225 300
X Om

Fig. 8. LiNEwEAVER-BURK plots of L-gluta-
mate in (b) reaction.

Table 1. Km and Vmax values
of each substrate.
(a)Reaction,pH 7.65
Substrate Km Vmax
(x10'3M) (Absorbance)
1.3750 0.260

ol-Ketoglutarate

Ammonia 23.810 0.225
NADPH 0.1423 0.034
(b)Reaction,pH 8.43
Substrate Km Vmax
(x1073M) (Absorbance)

L-Glutamate 5.1981 0.033
NADP 0.0396 0.034

constants calculated from the plots are
shown in Table 1 together with their Vmax
values.

It is clear in the Table 1, MICHAELIS
constants for co-enzymes (NADPH and
NADP) are similarly small and the value
for NADP is smallest of the two, while the
value for ammonia is very large and it is
approximately 600 times as large as that
for NADP.

Effect of some chemicals: The activity of
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GDH was remarkably inhibited by p-chloro-
mercuribenzoate (PCMB) and its 3.23x10°7
M concentration suppressed nearly 949 of
(a) reaction in the standard mixture upon
incubation at 33°C for 5min. In contrast,
EDTA at 107° to 1072M concentrations
showed no inhibition in the standard mixture
upon incubation at 25°C for 5min. Similarly,
some metal ions such as Ca%", Mg?** and
Zn?* did not effect this enzyme activity
under the same conditions at a concentra-
tion of at least 10*M upon incubation at
26°C for 5 min.

Discussion

As expected, the MICHAELIS constant of
Bryopsis GDH for ammonia was also found
to be largest among the reactants in the
reactions catalyzed by this enzyme as with
the GDH'’s of other sources. Although the
Km value of this green alga for ammonia
was about twice higher than that of Por-
phyra GDH (SATO et al., 1975), these Km
values of the algal GDH’s were far smaller
than those of higher plants already having
been reported (BULEN, 1956; PAHLICH and
Joy, 1971). However, Bryopsis GDH was
found to be inhibited with PCMB at a low
concentration as with those of mitochondria
as well as chloroplasts of bean hypocotyls
suggesting its being a SH-enzyme.

The affinity of Bryopsis GDH for NADP
was much higher than that for NADPH
while that for glutamate was much lower
than that for a-ketoglutarate. This was the
similar trend for the Porphyra GDH.

It was found that not only most GDH’s of
higher plants (Joy, 1969 ; GIVAN et al., 1970;
PAHLICH and Jovy, 1971 ; LEA and THURMAN,
1972; WALLANCE, 1973) but the GDH of
Ulva lactuca (JacoBi, 1957) can utilize both
NAD(H) and NADP(H) as co-enzyme. In
contrast, the GDH of corn leaves (BULEN,
1956) did not utilize NADP(H) as co-enzyme
vrhile Porphyra GDH (SATO et al., 1975) and
the present GDH extracted from Bryopsis
maxima utilized only NADP(H) as co-
enzyme. These results may suggest that

NAD(H)- and NADP(H)- dependent GDH
activities are caused by different enzymes.

According to the study of KRETOVICH et
al. (1970), NADP(H)-dependent GDH activity
of Chlorella pyrnoidosa was enhanced by
growing on ammonia medium while the
activity decreased on nitrate medium, but
NAD(H)-dependent GDH activity in the same
source received no effect upon this change
of N-source. This might also support the
above assumption.
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The function of siphonein in a siphonous green alga

Dichotomosiphon tuberosus
Akemi KAGEYAMA and Yasutsugu YOKOHAMA

KaGEyaMma, A. and Y. Yokonama 1978. The function of siphonein in a siphonous green
alga Dichotomosiphon tuberosus. Jap. J. Phycol. 26: 151-155.

Although the function of siphonaxanthin had been determined, that of its ester
siphonein had not been done owing to that the siphonous green algae with siphonein we
had ever collected had also contained siphonaxanthin without exception. In this study
the function of siphonein could be determined with Dichotomosiphon tuberosus which
contained siphonein without containing siphonaxanthin.

The in vivo absorption spectrum of this alga has a characteristic peak at about 540
nm, which indicates that the absorption peak of siphonein is located at about 540 nm in
vivo. The 540 nm peak alsp occurs in the excitation spectrum for the in vivo chlorophyll
a fluorescence at room temperature, indicating that siphonein can efficiently transfer its
excitation energy to chlorophyll a of pigment system II. Siphonein is, therefore, regarded
as an efficient photosynthetic pigment specifically capturing green light. The function
of this pigment is considered to be fundamentally the same as that of siphonaxanthin,
a green light-absorbing pigment which is important for deep-water green algae living
under green illumination in coastal deep waters.

Akemi Kagzyama and Yasutsugu Yokohama, Shimoda Marine Research Center, The

University of Tsukuba, Shimoda, Shizuoka-ken, 415 Japan.

In our previous papers it was reported
that siphonaxanthin was regarded as an
efficient photosynthetic pigment which was
important for the deep-water green algae
growing under green illumination in coastal
deep waters because this pigment had a
characteristic absorption peak at about 540
nm in the green part in vivo and efficiently
transferred its excitation energy to chloro-
phyll a (YOKOHAMA et al. 1977, KAGEYAMA
et al. 1977, KAGEYAMA & YOKOHAMA 1977).

KLEINIG (1969) reported that most of
siphonous green algae contained siphonein,
the ester of siphonaxanthin besides siphona-
xanthin. Although the function of siphona-
xanthin could be determined with deep-
water green algae containing siphonaxanthin
without containing siphonein, we had not
been able to determine that of siphonein

Contributions from the Shimoda Marine Re-

search Center, No. 335.

owing to that all the algae with sipphonein
ever collected had also contained siphona-
xanthin without exception. Recently we
could collect the exceptional alga Dichoto-
mosiphon tuberosus which had been reported
by KLEINIG (1969) to contain siphonein
without containing siphonaxanthin. The in
vivo absorption spectrum and the excitation
spectrum for in vive chlorophyll a fiuores-
cence of this alga were determined in this
study. The results we obtained will indicate
the function of siphonein in this paper.

Materials and Methods

Dichotomosiphon tuberosus was collected
form a puddle of freshwater at Okinawa
Island in the southernmost part of Japan.
Ulva amamiensis used for control experi-
ments was collected from a depth of 5m
on the coast of Amami Island in the vicinity
of Okinawa. Monostroma nitidum and
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Codium latum used for the same purpose
were from higher intertidal zone and lower
intertidal zone on the coast of Shimoda in
central Japan, respectively.

The thalli (ca. 1g fresh weight) were
ground with a small volume of cold methanol
in a glass homogenizer. Homogenates were
filtered through a glassfiber filter, and the
extraction was repeated several times until
the residue became colorless. The combined
methanol extract (10-15 ml) was mixed with
a nearly equal volume of diethylether in a
separating funnel. The pigments were
transferred to the ether layer by shaking
with a 109 NaCl solution, the ether layer
was dried up under reduced pressure, and
the residue was redissolved in a small
volume of ether.

The pigments were separated at room
temperature by cellulose thin-layer chroma-
tography. The mixture of n-hexane, die-
thylether and n-propanol (50:50:0.5, v/v/v)
was used as the developing solvent. All
analysis procedures for pigments were car-
ried out under dim light or in the dark
below 2°C unless otherwise indicated.

Absorption spectra of the intact thalli of
the algae were determined with a Shimadzu
UV-200 Spectrophotometer. The opal glass
method of SHIBATA et al. (1954) was used for
the spectroscopy. Fluorescence spectra and
fluorescence excitation spectra were deter-
mined with a Shimadzu RF-502 Spectro-
fluorophotometer at the Ocean Research Insti-
tute, University of Tokyo, by courtesy of
Prof. Y. Fujita. Thallus of Monostroma
nitidum or Ulva amamiensis was held be-
tween a pair of lucite plastic frames and
placed in a foursided transparent cell (10X
1040 mm) so as to face the excitation beam
at an angle of 45°. In the case of the fila-
mentous alga Dichotomosiphon tuberosus a
few filaments of it were placed in the cell.
The cell was filled with sea water to avoid
drying of the thallus. To prevent photosyn-
thetic electron transfer, 3-(3, 4-dichloro-
phenyl)-1, Il-dimethylurea (DCMU, 107*M)
was added. Measurements were carried out
at room temperature (about 20°C).

Results

The chromatograms of pigments from the
four chlorophycean algae are shown in Fig.
1. As is seen, siphonein which is contained
by Codiwm latum can be detected in Dichoto-
mosiphon tuberosus, while siphonaxanthin
contained by Codium latum and Ulva ama-
miensis can not be detected in this alga.

S B E g

Fig. 1. Cellulose thin-layer chromatograms
of pigments from Monostroma nitidum'", Ulva
amamiensis®, Codium latum™ and Dichotomosi-
phon tuberosus'”. The developing solvent: n-
hexane, diethylether and n-propanol (50:50:0.5,
v/v/v). Car.=carotene(s); L. lutein; C. a=
chlorophyll @; Sn.=siphonein; C. b=chlorophyll
b; N.=neoxanthin ; Sx.=siphonaxanthin. Vio-
laxanthin is detected with the other developing
solvent (n-hexane: methyl ethyl ketone=4: 1)
in M. nitidum, U. amamiensis and D. tuberosus
although the fraction of this carotenoid is not
distinguishable from that of chlorophyll @ on

the chromatograms shown in this figure.



Kageyama, A. and Yokohama, Y.: Function of siphonein 153

ABSORBANCE
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Fig. 2. In vivo absorption spectra of Monostroma nitidum lacking siphona-
xanthin and siphonein, Ulva amamiensis containing siphonaxanthin without
containing siphonein and Dichotomosiphon tuberosus containing siphonein with-

out cotaining siphonaxanthin.

The lack of siphonaxanthin in D. tuberosus
was further confirmed with a quantitative
analysis. Fig. 2 shows the in vivo absorp-
tion spectra of D. tuberosus, U. amamiensis
and M. nitidum. As can be seen, the char-
acteristic peak around 540 nm occurs not
only in the spectrum of U. amamiensis con-
taining siphonaxanthin but also in that of
D. tuberosus containing siphonein without
containing siphonaxanthin. These results
indicate that the in wvivo absorption maxi-
mum of siphonein is located at about 540 nm
as well as is that of siphonaxanthin because
any pigment other than siphonein detectable
in D. tuberosus can not be responsible for
the 540 nm peak in its in vive absorption
spectrum. The carotenoids other than
siphonein detectable in this alga were caro-
tenes, lutein, violaxanthin and neoxanthin
which are not regarded to be responsible
for the 540 nm peak since all of them are
abundantly contained by Monostroma nitidum
which lacks the 540 nm peak in its in vivo
absorption spectrum.

Fluorescence spectra of M. nitidum and
D. tuberosus are shown in Fig. 3. The

tuberosus

M. nitidum

FLUORESCENCE INTENSITY

650 700 750
WAVELENGTH (nm)

Fig. 3. Fluorescence spectra (half-band-
width, 5nm) at room temperature (about
20°C) of the thalli of Monostroma nitidum
and Dichotomosiphon tuberosus.

emission peak was observed at about 685 nm
in both algae. The location of the emission
peak is similar to those reported for other
green algae (GOEDHEER 1964, KAGEYAMA et
al., 1977). It is shown in Fig. 4 that the
excitation spectrum for the 685 nm emission
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Ulva amamiensis

Dichotomosjphon
tuberosus

FLUORESCENCE INTENSITY AT 685 NM

Monostroma nitidum

1 1 1

400 450 500 550 600
WAVELENGTH (nm)

Fig. 4. Excitation spectra of 685 nm fluores-
cence of the thalli of Monostroma nitidum, Ulva
amamiensis and Dichotomosiphon tuberosus mesu-
red at room temperature. Fluorescence inten-
sity at 685 nm (half-bandwidth, 7nm) per inci-
dent energy was recorded against wavelength
of excitation light. Half-bandwidth for the
excitation, 5nm.

of D. tuberosus has again a characteristic
peak at around 540 nm, which the spectrum
of M. nitidum lacks. The 540 nm peak in
the excitation spectrum indicates that sipho-
nein in D. tuberosus can efficiently transfer
its excitation energy to chlorophyll a.

Discussion

The existence of the 540 nm peak in both
the in vivo absorption spectrum and the 685
nm fluorescence excitation spectrum of D.
tuberosus indicates that the function of
siphonein may be the same as that of
siphonaxanthin, specifically absorbing green
light and efficiently transferring its excita-
tion energy to chlorophyll a. These pig-
ments may function as components of pig-
ment system II since fluorescence is known
to be emitted from chlorophyll a of pigment
system Il at room temperature (MURATA
et al., 1966). Although siphonaxanthin is
regarded as the photosynthetic pigment

important for deep-water green algae living
under green illumination in coastal deep
waters (YOKOHAMA et al. 1977, KAGEYAMA
et al. 1977, KAGEYAMA & YOKOHAMA 1977),
siphonein does not seem to be important for
D. tuberosus living at a sunny site. However,
this pigment is also contained by most si-
phonous green algae besides siphonaxanthin
(KLEINIG 1969). As many species of them
are growing in deep waters, siphonein is
regarded as an important pigment for them
as well as is siphonaxanthin. In some lakes
D. tuberosus is growing at a depth of 40
feet or more (PRESCOTT 1969 p. 113). This
alga may be able to grow in such a deep
water owing to siphonein specifically captur-
ing green light dominant in the illumination
of its habitat.
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Effects of high concentration stress of trace metals on their
biodeposition modes in Ulva reticulata FORSKAL

P. M. SIVALINGAM

SivaLINGAM, P.M. 1978. Effects of high concentration stress of trace metals on their
biodeposition modes in Ulva reticulata ForskaL. Jap. J. Phycol. 26: 157-160.

Studies on the algal biodeposition of seven kinds of trace metals, viz. Cd, Cr, Co,
Pb, Zn, Mn and Ni, at five different concentractions of 50, 100, 200, 300 and 500 ppm
over a period of 48 hours indicated that the bioconcentration factor for the 50 and 500
ppm concentrations at 48 hours were 36.1 and 21.2 times for Cd, 18.1 and 11 times for
Cr, 136.3 and 23 times for Co, 124.1 and 24 times for Pb, 48.2 and 4.4 times for Zn, 144.2
and 35.3 times for Mn and 146.4 and 10 times for Ni, respectively. Time course studies
too indicated different patterns of biodeposition for each metal reflecting the possible

different physiological and biochemical interactions of these trace metals in Ulva reticulata
ForskAL.

P. M. Sivelingam, School of Biological Sciences, Universiti Seins Malaysia, Pulau

Pinang, Melaysie.

Introduction

Studies by SIVALINGAM et al. (1978) have
indicated the potentiality in the utilization
of Ulva reticulata Forskal, which is the
most abundant species found at least in
Penang waters, as an animal and human
feed and a soil conditioner. Based on this,
the author has initiated a study to delve the
possible pollution effects of trace metals on
this alga when it will be exploited with time
being ultimately exposed to the present
rapid rate of industrial expansion. This
study was first focussed on unravelling the
effects and modes of biodeposition of seven
sorts of trace metals within a short period
of incubation at high concentration stresses,
in order to examine a long term biodeposi-
tion of these trace metals at very low con-
centration stress in the natural medium and
their possible biological discharge after ex-
posure of the algae.

Based on the biodeposited trace metals
in the thallus under different concentration
stresses the bioconcentration factor at 48
hour was then calculated. This factor was
obtained by dividing the amount of biocon-

centrated trace metals in the thallus after
48 hour incubation at the various concentra-
tions by the amount of trace metal con-
centration in each corresponding culture
medium.

Methods and Materials

Experimental thalli were harvested from
the shores of the Marine Depot, Penang
between September 1977 and January 1978,
and these were brought to the laboratory
to be culled off completely of epiphytes and
other contaminants. Prior to experimenta-
tion the cleaned algal fronds were condi-
tioned in filtered seawater at 26°C under a
12-hour actinic light-dark period of 13,500
lux culture for a day. These conditioned
thalli were then exposed to the various
trace metals, i.e., Cd, Cr, Co, Pb, Zn, Mn
and Ni, at increasing concentrations of 50,
100, 200, 300 and 500 ppm in 1/ Elenmeyer
flasks and cultured under similar conditions.
After 3, 6, 12, 24 and 48 hour exposure to
these metals portions of them were picked,
exhaustively washed with clean filtered
seawater, then with fresh water and finally
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they were dried at 104°C overnight in an
air oven prior to storage in a dessicator.

Given amounts of the dried fronds were
subjected to predigestion overnight in a
solution of nitric-perchloric acid mixture
(2:1) in kjeldhal flasks before heat digestion
on an electrothermal heater until very little
white fumes appeared. The digests were
then diluted and made up to 100 ml in volu-
metric flasks before analysis for the trace
metal contents using a Varian Techtron
(AA120) Atomic Absorption Spectrophoto-
meter.

BIODEPOSITED CONC(x 10 3 ppm)
S

Results

Fig. 1 shows the biodeposition patterns
of various trace metals by Ulva reticulata
Forskal over a period of 48 hours. In the
case of Cd for the 50 ppm stress experiment
not much of a conspicuous change is ob-
served except for a sudden jump at the 12th
hour followed by a regulating maintenance
mechanism in the biodeposited concentra-
tion thereafter. The 100, 200 and 300 ppm
stress experiments convey similar tenden-
cies except for that the sudden jump in
biodeposition occurs as early as the 6th hour
and that after the 24th hour the 100 and 200

Note: o—o 50 ppm.

Fig. 1.

o---0 100 ppm.
o----0 200ppm.
o----0 300 ppm.
o----0 500ppm.

INCUBATION TIME (HRS)

Biodeposition of the various trace metals under different concentrations

of culture by the alga Ulva reticulata FORsKAL.
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stress lots appeared to perform some regula-
ting discharge mechanism. The case would
be identical for the 500 ppm streSs experi-
ment, in which a slight drop in concentra-
tion in the 6th hour of incubation.

Cr bioconcentration on the other hand
showed gradual increment in most cases as
compared to Cd. Further the biodeposited
concentration was almost half that of Cd.

In relation, Co demonstrated a totally dif-
ferent picture. Excluding the 200 and 300
ppm stress experiments all the others mani-
fested a sudden spike at the 6th hour incuba-
tion culture period followed consequently by
a drop at the 12th hour and a renewing
sharp increase by the 24th hour with some
regulating mechanism thereafter. An ex-
ceptional case in this experiment is that in
the 500 ppm concentration there appears to
be no regulating mechanism after the 12th
hour of incubation.

Among the three kinds of trace metals
mentioned hitherto Pb at lower concentra-
tion stresses of 50 and 100 ppm demon-
strated gradual increase at all times. For
the 200, 300 and 500 ppm stress experi-
ments there appears to be a parabolic in-
crease between the 3rd and 12th hour in-
cubation followed by a discharge regulating
mechanism thereafter.

Zn was the reverse in its biodeposition
patterns as compared to the rest. The 50
ppm stress experiment demonstrated the
highest bioconcentrated level and the levels
decreased in parallel with the concentration
stress.

Similarly Mn showed a specific pattern of
its own. The 50, 200, 300 and 500 ppm
stresses demonstrated gradual increments
in their biodeposition at all hours while the
pattern of 100 ppm stress experiment com-
peted with that of the 500 ppm counterpart
except for some different regulating mecha-
nisms after the 24th hour.

The trace metal Ni also reflects an in-
teresting phenomena. The 100 ppm stress
experiment bioaccumulates to the highest
extent and followed by the 50, 200, 300 and
500 ppm stresses, respectively. Again here

Table 1. Bioconcentration factor of the
various trace metals taken up by Ulva reticulata
ForskaL at different concentration stresses after
48 hour incubation.

fan - Bioconcentration factor
Concentration

(ppm) cd cr Co Pb In Mn Ni

50 36.1 18.1 136.3 124, 144, 146.4

100 19.5 12.1  82.5  32. 112. 75.2

1
)
200 16.3 5.9 32.5 24.3 24, 72 25.8
5
0

300 25. 14.6

2
500 21.

Bouow oo~
P NI

0.5 10.5 27.5  30.
2

11.0 23.0 24. 35. 10.0

too the algal frond appeared to be having a
resisting biodeposition mechanism at high
concentrations as with Zn incorporation.

Table 1 indicates the bioconcentration
factors of various trace metals in Ulva
reticulata FORSKAL after 48 hour incubation
under different concentration stresses. It is
noticeable that for the trace metals of Co,
Zn, Mn and Ni there is a systematic de-
crease in the bioconcentration factor with
higher concentrations, i.e., 50>100>200>
300>500 ppm, whereas for the trace metals
of Cd, Cr and Pb there is a slight increase
in the 300 ppm concentration stress as com-
pared to that of the 200 and 500 ppm ones.
However, on the whole, the lower concen-
tration stress exposures obviously showed
higher concentration factors.

Discussion

It is obvious that for each trace metal
there seems to be some sort of a different
physiological/biochemical mechanism on
their actions of biodeposition in the marine
alga, Ulva reticulata FORSKAL. This appears
to be true for most tropical marine algae
(at present under investigation). The modes
of biodeposition for the trace metals Cd and
Cr appears to be similar except for the great
difference in bioconcentrated amounts even
under similar exposure to stress.

In the case of Co, unlike other trace
metals, there appears to be an initial spiked
intake followed by discharge and later an
increased absorption culminating in a regula-
ting mechanism. This, indirectly reflects a
possible membrane type of enzymatic regula-
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tion in the biodeposition of the trace metal.

Pb, on the other hand, at lower concen-
trations follows the normal trend of biode-
position but exhibits a totally different pat-
tern at higher concentration exposures. At
the initial hours of exposure there is rapid
bioconcentration followed by discharge regu-
lating mechanisms on longer hours of ex-
posure.

Unlike other trace metals, Zn showed the
reverse mode of biodeposition. At the 50
ppm concentration it manifested the largest
amount of bioconcentration followed by the
other concentrations in their highest order,
throwing light into a definite rejecting
mechanism to this trace metal.

Mn demonstrates similar patterns as those
of Cd and Cr except for the fact that at
the 100 ppm concentration it competed with
the rate of bioconcentration of the 500 ppm
stress experiment until the 24th hour seem-
ing to trigger a different sort of a pattern.

As for Ni, it followed a similar mode of
biodeposition as that of Zn except that the
rate of bioconcentration for the 50 and 100
ppm stresses were reversed.

From the foregoing and the bioconcentra-
tion factors of the seven metals it appears
that Ulva reticulata FORSKAL processes a

definite mechanism to regulate all the exa-
mined trace metals in a pattern of their
own depending on the individual trace metal
itself. It is also evident that at lower con-
centrations the bioconcentration factors for
all examined trace metals are highest than
those exposed to higher concentration
stresses. Hence, it can be concluded that
the bioconcentration factor at lower con-
centrations follow the category in a nature
of Ni>Mn>Co>Pb>Zn>Cd>Cr.

Acknowledgement

The author wishes to express his gratitude
to the School of Biological Sciences, Uni-
versiti Sains Malaysia for the aid provided
and to Miss Hajar Abdul Rani for typing
this manuscript.

References

SivaLiNnGaM, P.M., T. WaTanaBE, N. FuseTani,
WuaN THonGg ONN and K. Nisizawa. Bio-
chemical evaluation of the Malaysian sea
lettuce, Ulva reticulata ForskaL, as a poten-
tial food source, animal feed and soil con-
ditioner (under preparation for submission
to Bot. Marina).

P.M. >\ >HL: Ulva reticulata DEPRBHRICHTIEREHBSEAETEOREICOWT

7 A+ D—F Ulva reticulata O3 thk% Cd, Cr, Do, Pb, Zn, Mn, Ni o 7fi0&ETHED 50, 100, 200,
300, 500 ppm DZEWC TN LN 3, 6, 12, 24, B L, LD X HEATMYRATHRMEI LD 0% A1,
BEIAETREECEEROATRARLEL 50, BREOEKCKIZHANLIVECEETEMIAE L,
B LUOFHEOEBI SO TORBTHROWM IR EITTA, ThERORIRIC L > TRIcS 2 &bvbh -1,



Jap J. Phycol. 26: 161-164. 1978

Algal succession patterns on the rocky shores of
Batu Ferringhi in Penang Island

P. M. SIVALINGAM

StvaLiNngaMm, P.M. 1978. Algal succession patterns on the rocky shores of Batu Ferringhi
in Penang Island. Jap. J. Bot. 26: 161-164.

Observations at 3 fixed stations, viz. stations 1, 2 and 3, over a period of two years
on the rocky shores of Batu Ferringhi, Penang Island, indicated the colonizational
successions of 9, 8 and 6 species of algae at each station, respectively. Three algal
species, viz. Jania sp., Sargassum qrevillei and Struvea delicatula, demonstrated identical
colonizational successions, i.e., high during the early and late months of the year,
whilst thin/none during the middle months of the year. Though the Chlorophyta
Valoniopsis pachynema was found in all the three stations the pattern of colonizational
succession at only stations 1 and 3 were identical and similar to the above mentioned
species, whilst station 2 manifested a pyramidal type of density distribution with maxi-
mum density between the months of July-September and dropping low in the early and
late months of the year.

P.M. Sivalingam, School of Biological Sciences, Universiti Sains Malaysia, Pulau

Pinang, Malaysia.

Introduction

Recent studies by SIvALINGAM (1976,
1977a, b & c¢) on various aspects of tropical
algae in Penang Island have unravelled many
unknown facts on the phycology of the
marine environment of this island. Due to
the various intriguing factors of the algal
forms in this region the author has initiated
a study on the colonizational successions of
algae at Batu Ferringhi, where most of the
algal species are confined within a narrow
span of rocky shore conformation.

The main purpose of this research is to
present qualitative information on algal
colonizational successions over a 24 month
period (January 1976—December 1977) in-
directly focussing upon the possibilities of
providing shelters to increase the standing
stock of fishery resources in depauperate
aeas through the introduction of artificial
substrates which may be future grazing
grounds. On top of this, the investigation
might also throw some insight into the
seasonal trends of the algal components.

Materials and Methods

The rocky shores of Batu Ferringhi with
the three established investigation stations
are as indicated in Plate 1. All three sta-
tions are ca. 18.3 meters apart, with station
3 being most exposed to wave action fol-
lowed by stations 2 and 1.

Prior to experimentation 16.24cm square
investigation plots at stations 1, 2 and 3
located near the intermediate tidal zone,
were scrapped off completely from algal
forms and its colonizational successions
were followed regularly each month over a
period of two years. In this experimenta-
tion, 15.24 cm square plots were employed
after taking into consideration the nar-
rowness in depth distribution, scantiness and
miniaturization of algal forms in the waters
of this island.

The density of colonization was estimated
visually and classified into 5 categories, i. e.,
(1) large amount; (3) fairly large amount;
(4) little amount and (5) trace. Based on
these evaluations the colonizational succes-
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Plate 1. Rocky shores of Batu Ferringhi showing the locality
of the three stations of investigation.

sion patterns of the three stations were
observed.

Results

Fig. 1. shows the algal successions in the
three stations. In station 1, 9 algal species
established themselves with Jania sp.,
Sargassum grevillet and Valoniopsis pachy-
nema having a closely related colonizing
pattern. Colonization of these species take
place between the months of January—
February and the later part of the year.
The algal species Acanthophora orientalis
establishes itself between the months of
April—May, Gracilaria sp. 1 and 2 during
September, Hypnea sp., 1 during October,
Padina tenuis during August and Struvea
delicatula in January. Populationwise Jania
sp., Sargassum grevillet and Valoniopsis
pachynema seem to be the dominant species.

In station 2 only eight algal species were
identified, out of which Sargassum grevillei,
Cladophora fascicularis and Struvea deli-
catula showed similar colonizational succes-
sion patterns as that of station 1. However,

Jania sp., Sargassum grevillet and Clado-
phora fascicularis were the predominant
algal species. Unlike station 1, instead of
Hypnea sp. 1, Hypnea sp. 2 was found with
irregular trace existence during the months,
February, March and September. Further,
the algal species Dictyota bartayresii was
predominant in September like Gracilaria
sp. in station 1. The peculiarity of station
2 is that the Chlorophyta Valoniaopsis
pachynema showed a different colonization
succession- pattern as compared to stations
1 and 3. It demonstrated maximum coloni-
zation between the months of July—Septem-
ber and decreased in density during the
months of July—September and decreased
in density during the early and late months
of the year.

Station 3, as expected due to direct ex-
posure to adverse wave action, harboured
only 6 algal species out of which Jania sp.,
Sargassum grevillet, Struvea delicatula and
Valonivopsis pachynema colonized in similar
patterns to that of stations 1 and 2. Though
Hypnea sp. 2 and Cladophora fascicularis
were also found in this station they only
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colonized specifically during the months
of September and December, respectively,
unlike station 2.

Discussion

It is obvious from the results that the
colonizational succession patterns of algae
in the marine environment of Penang Island
is greatly influenced by the two monsoon
seasons existent in this region, i.e. the
North East Monsoon (East Coast of Penin-
sular Malaysia) and the South West Mon-
soon (West Coast of Peninsular Malaysia)
which prevail between the months of Octo-
ber till early May and May till September,
respectively. This suggests that during the
heavy rainstorms of the South West Mon-
soon season due to the variation in nu-
merous coastal environmental factors the
density of algal colonization is scanty while
high and successional during the dry seasons
of January till April/May and during the
North East Monsoon season between the
months of October and May.

Results at all three stations indicate ex-
plicitly that the algal species of jania sp.,
Padina tenuis, Sargassum grevillei, Clado-
phora fascicularis, Struvea delicatula and
Valoniopsis pachynema have two seasonal
colonization in a year and this seems to
occur during the dry season in this particular
region. The same too applies to the other
algal species though some are monoseasonal
while others bi-and triseasonal. Further, the
variation in algal diversity from station 1
to 3 suggest that prevailing currents and

wave action play a vital role in governing
such colonizing factors notwithstanding the
fact that these stations are not situated
very far apart from each other.

Based on the results obtained the author
is of the opinion that with careful artificial
substrate introduction, i.e., tyre reefs and
spectally designed concrete would probably
be possible to facilitate breeding grounds
for marine fishery seedlings objectively to
augment the depleting marine fishery re-
sources of Malaysia through the present
understanding of algal colonizational suc-
cessions.
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On Litosiphon yezoenris YAMADA et NAKAMURA
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This paper deals with the geographical distribution, phenology and morphology of
Litosiphon yezoense. This plant is distributed from Muroran to Nosappu on the Pacific
coast of Hokkaido affected by the cold Oyashio Current. It grows on the old blade of
Laminaria spp. and Arthrothamnus bifidus from February to early June. Most of the
erect fllaments produce unilocular sporangia throughout the growing period. Plurilocular
sporangia, which have not been previously known in this species, are sometimes found
throughout the growing period on different filaments from those with unilocular sporangia

or on the same filaments.

Miyaji, K, Department of Biology, Faculty of Science, Toho University, Funabashi,

274 Japan.

The genus Litosiphon was established by
HARVEY (1841) based on two species, L.
pusillus (CARM. ex Hook.) HARVEY and L.
laminariae (LYNGB.) HARVEY. Since then,
seven species have been added to the genus
(BATTERS 1902; LEVRING 1937; YAMADA
1944; ROSENVINGE & LunD 1947; LuND
1959). All the species except for Litosiphon
yezoense are distributed on the coasts of
the North Atlantic and Arctic Oceans. L.
yezoense has been reported from Muroran
and Akkeshi in Hokkaido in the western
part of the North Pacific Ocean by YAMADA
(1944) and YaMADA & TANAKA (1944).
YAMADA (1944) described the occurrence of
unilocular sporangia in L. yezoense, but
there has been no description of the for-
mation of plurilocular sporangia in this
alga. In this paper, the occurrence of
plurilocular sporangia is reported and details
of the geographical distribution, phenology
and morphology of this alga are described.

Matreials

The specimens used in this study were
collected during 1969-1977 by various

This work was partly supported by a grant
No. 754143 from the Ministry of Education
of Japan to Dr. M. Kurogi.

workers including the author at the follow-
ing localities : Muroran (17 April 1975, K.
Mivajr; 19 February 1976, Y. SAkAI; 10
March 1977, K. M1YA]JI) ; Aburakoma, Hidaka
(27 May 1975, T. YOSHIDA & M. MAsSUDA);
Hiroo, Tokachi (29, 30 March and 26 May
1975, M. KuroGI & M. OoTA); Kushiro (23
May 1970, M. KuroGl & K. NAGATA);
Akkeshi (25 April 1972, K. M1vaj1); Hama-
naka, Kushiro (15 April 1972, M. KUROGI &
K. Mivajr; 22, 23 March 1973, K. Mivaj);
Ochiishi, Nemuro (12 May 1969, M. KUROGI) ;
Nosappu, Nemuro (18 May 1969, M. KUROGI).
The plants were fixed and preserved in
10% formalin in sea water. Voucher speci-
mens and slides from these collections are
preserved in the Herbarium of the Faculty
of Science, Hokkaido University (SAP). In
addition, the author also referred to the
specimens deposited in the Herbarium:
Muroran (6 May 1943, Y. NAKAMURA, SAP
025334-025336) and Erimo, Hidaka (7 June
1944, Y. YAMADA SAP 025348).

Results

Distribution and phenology: Litosiphon
yezoense has been collected by various
workers from Muroran to Nosappu on the
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Pacific coast of Hokkaido from Laminaria
angustata, L. angustata var. longissima, L.
coriacea and Arthrothamnus bifidus and
grows densely to cover the soral portion of
the old blade of the regenerated host plants.
Rarely, the plant is found on the sterile
portion of the old blade. After June or
July, this alga disappears with the decay of
the old blade of the host plant, and it does
not reappear until the next spring. Fertile
plants of this species are few in the early
season of growth but abundant in the late
season.

Morphology : Vegetative structure: The
plants are filamentous, densely tufted on
the host and light to dark brown in color.
The filaments arise from uniseriate creeping
filaments, being unbranched, -cylindrical,
solid, up to 3cm high and 140 gm (rarely
190 gm) in diameter at the broadest part
and composed of up to 10 or more multi-
seriate cells in surface view. In the basal
part the filaments are narrow and 1-3 cell
wide (Figs. 1, 2), gradually becoming broader
and more multiseriate upward. The fila-
ments are broadest in the middle part and
again become attenuated toward the apex.
The apical part is uniseriate and 10-20 #m
wide in young filments (Fig. 4) with cell
seriation in surface view in the middle part
of 5-7 or less. When the plant becomes
old, the attenuated apex is lost.  The apical
part of old filaments becomes nearly the
same in the diameter as the middle part
(Fig. 7). The diameters in the basal,
middle and apical parts of some young fila-
ments are shown together with their lengths
and cell seriations in Table 1. As the
length and cell seriation increase, the dia-

Table 1.

meter of the filaments becomes larger.

The cells in surface view are irregularly
quadrate to polygonal in shape and 10-50
#mx10-30 ym in size throughout the whole
length. The size generally varies according
to the age or the part of the filament (Figs.
1-10). Cells of the lower uni-diseriate part
of the filaments (Figs. 2, 3) are larger than
in other parts. Sometimes, cells of the
middle part of young filament, become very
small through repeated divisions. In old
filaments, cells are comparatively large and
frequently protruded to give the surface of
the filament an uneven appearance (Figs.
15, 16). The chloroplasts are small and
discoid and number a few to 10 or more
in each cell according to the size of cell
(Figs. 2-6). In the uniseriate apical cells,
the chloroplasts are in contact with each
other to give a parietal plate like appear-
ance (Fig. 4). )

In cross section the filaments show' a
parenchymatous structure (Figs. 11-18)
with no special differentiation between outer
cells and inner ones in size and shape (Fig.
16) except for the occasional occurrence of
small cells in the outer layer (Fig. 15).

Hairs were not found on the material

examined.

Uniseriate rhizoidal filaments are pro-
duced from the lower cells of erect fila-
ments, irregularly branched, 5-13 um in
diameter and include a few discoidal chloro-
plasts in each cell (Fig. 1). They are able
to issue new erect filaments. These
filaments and the creeping filaments are
frequently indistinguishable from each other
later. Both filaments creep within the
empty sori of the host plant or rarely on

Diameters of basal, middle and apical parts of young erect

filaments with different lengths and cell seriations in surface view.

Length of Cell seriation

Diameter (pm)

filament(mm) in middle part

basal part middle part

apical part

.7-2.5 1
.7-8.0 1
.0-12.0 2-
.5-15.0 3
.0-10.0 5

WL - o

10-18 12-25 8-15
15-25 25-40 10-20
18-28 28-60 10-20
23-38 40-75 15-25
30-40 70-75 lost
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15,16 50um

1141718 50um

Figs. 1-8. Litosiphon yezoense. 1. Basal part of thallus showing creeping filament and basal part
of erect filament issuing rhizoidal filaments. 2-4. Basal (2), lower (3) and apical (4) parts of
multiseriate filament. 5-6. Unilocular sporangia in 1-2-seriate (5) and multiseriate (6) filaments,
empty ones with zoospore liberation pore also seen in 6. 7. Apical part of old multiseriate fila-
ment with unilocular sporangia. 8-9. Plurilocular sporangia in apical (8) and middle (9) parts of
multiseriate filments. 10. Unilocular and plurilocular sporangia in the same filament.

Figs. 11-18. Litosiphon yezoense, shwing cross section of erect filaments. 11-14. Various stages
in development. 15. Occasional differentiation into large inner cells and small outer cells. 16. Uni-
locular sporangia. 17-18. Plurilocular sporangia.
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the surface of the sterile part of the host,
but do not penetrate into the cortical layer.

Reproductive structures: Unilocular and
plurilocular sporangia are formed on different
erect filaments or on the same filaments
(Fig. 10) throughout the growing period.
The filaments with plurilocular sporangia,
however, are few and generally smaller
than those with unilocular sporangia. The
former filaments measure 15-60(-100) ym in
diameter and 1-5mm in height, while the
latter filaments are 30-140(-190) #m in diam-
eter and 1-30mm in height. Both the
sporangia are formed from the transfor-
mation of surface vegetative cells of erect
multiseriate and sometimes uniseriate fila-
ments (Figs. 5-10), but not from inner cells
(Figs. 15-18).

Unilocular sporangia are scattered all over
the erect filament except for the lower part.
They protrude a little and measure 20-37
pmx20-34 ym in surface view. The spo-
rangia formed in the uniseriate filament are
few in number and intercalary or occasion-
ally terminal. The liberation pore for zoo-
spores is circular (Figs. 6, 7).

Plurilocular sporangia also occur all over
the erect filament except for the lower
part. They are 10-20 #mXx9-17.5um in
surface view. Their size seems small com-
pared with that of the unilocular sporangia
and their borders are frequently difficult to
determine because of the close arrangement.
They frequently form an expanding or
seriate sorus sometimes mixed with sterile
cells (Figs. 8-10).

Discussion

This species is similar to L. filiformis
(REINKE) BATTERS* in the absence of hairs
(REINKE 1892 ; PRINTZ 1926 ; ROSENVINGE &
Lunp 1947 ; LunDp 1959) as mentioned by
YaMmaDpA (1944). However, L. filiformis

* The genus of this species has been recently
returned to original genus, Pogotrichum from
Litosiphon by PEDERSEN (1978). He differentiate
Pogotrichum from Litssiphon by formation pro-
cess of plurilocular sporangis and absence of
hair.

differs from L. yezoense in the occurrence
of a distinct basal disc composed of adher-
ent creeping filaments on which plurilocular
sporangia are formed in addition to occurr-
ing on the erect filaments (KUCKUCK 1917;
HAMEL 1937; ROSENVINGE & LUND 1947;
LuUND 1959 ; JAASUND 1965).

The unilocular sporangia of this species
were described by YAMADA (1944), but the
plurilocular sporangia are newly reported in
this paper. The plurilocular sporangia ap-
pear throughout the same growing period
as the unilocular sporangia, but the former
are very few and the latter abundant. As
to the occurrence of plurilocular and uni-
locular sporangia in other species of Litosi-
phon, L. filiformis growing from late winter
to spring in the Europe forms plurilocular
sporangia abundantly, but rarely unilocular
ones (KUucKuck 1917 ; PRINTZ 1926 ; NEWTON
1931; ROSENVINGE & LUND 1947; LunD
1959). In L. pusillus, with a growing peroid
from spring to autumn, plurilocular sporan-
gia are abundant in the early part of the
growing season, while unilocular sporangia
are abundant in the latter part of the grow-
ing season (SAUVAGEAU 1929 ; KyLIN 1933;
HAaMEL 1937 ; ROSENVINGE & LuUND 1947).

This alga was collected only on the old
blade, especially on the soral portion, of re-
generated perennial Laminaria and Arthro-
thamnus. It was not found on the new
blade of 2 or 3- year old plants. There
seems to be a connection between the
growth of this alga and its host. Accord-
ing to HASEGAWA (1962), L. angustata begins
to form sori from November in first year
plants and form August in second year
plants. KAwASHIMA (1972) reported also
that L. angustata var. longissima begins to
form sori from November in first year
plants. According to both authors, both
kinds of Laminaria begin to form a new
blade at the distal end of the stipe from
November and retain the old blade with its
sori until April or May of the following
year. According to our observations, nearly
the same growth and maturation patterns
are seen in the other hosts, L. coriacea and



Arthrothamnus. From these observations it
appears that Litosiphon yezoense occurs in
the latter half of the existence of the old
soriferous blade of second and third year
host plants. The host specificity of Litosi-
phon has been also variously discussed for
L. pusillus, L. laminariae, L. filiformis by
LEVRING (1937), JAASUND (1957), SAUVAGEAU
(1929), PriNTZ (1926), HAMEL (1937) and
ROSENVINGE & LUND (1947).

Since this alga has not been found in the
field from summer to winter, it is necessary
to elucidate the habitat of this alga during
its period of absence on the host plants.
This may be resolved by field observation
and culturing study.

As to the distribution of the species of
Litosiphon, it is noteworthy that one species,
L. yezoense, is reported from only Hokkaido
on the west coast of the North Pacific and
the other species are distributed on the
coast of the Atlantic and Arctic Oceans.
The distribution of Litosiphon yezoense or
other species of Litosiphon on the western
coast of the Pacific north of Hokkaido can
be expected by field investigations during
the spring.

I wish to express may sincere thanks to
Prof. M. KUROGI, the Department of Botany,
Faculty of Science, Hokkaido University for
his invaluable advice and his critical read-
ing of the manuscript. Sincere thanks are
due to Miss S. LINDSTROM, Hokkaido Uni-
versity for English correction of the manu-
script. I am also grateful to Dr. Y. SAKAI,
Dr. T. YosHipA, Dr. M. MAsupa, Mr. K.
NAGATA, and Mr. M. OotA for offering
their collecting materials.
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Semiorbis hemicyclus (EHR.) PATR. Q&S (CcDOWT

MR BL-BE R

On the fine structure of the pennate diatom
Semiorbis hemicyclus (Ehr.) Patr.

Hiromu KoBayvas! and Tamotsu NAGUMO

KoBayvasi, H. and T. Nacumo 1978. On the fine structure of pennate diatom Semiorbis
hemicyclus (Ehr.) Patr. Jap. J. Phycol. 26: 171-175.

Kolbe’s light-microscopical observation by which the raphe structure on the valves
Amphicampa hemicyclus was found, was clearly confirmed by the present investigation
using scanning electron microscopy. Both valves of a Semiorbis hemicyclus cell had two
short raphe branches at each pole. The outer fissures are at the ends lying from the
ventral side to the dorsal corners along the terminal valve edges, but these are valva-
raphe and not run to the mantle side at the valve center, while in the internal view
the inner fissures are lie restricted to the ventral side, and the apices of the fissures are
somewhat elavolated than the ends in the valve center. Genus Semiorbis must be re-
garded as belonging to the Eunotiales.

Hiromu Kobayasi, Department of Bioloby, Tokyo Gakugei University, Koganei-shi,
Tokyo, 184 Japan; Nagumo Tamotsu, Department of Biology, Nippon Dental Uni-

versity, Fujimi, Chiyoda-ku, Tokyo, 102 Japan.

Semiorbis hemicyclus (3 EHRENBERG (1854) 1=

;qf,Smwmﬁoém&Lfﬁﬁﬁéht%@fv

HH0, O Bl LIc=0 A5,

RaLrs (in PrRITCHARD, 1861) 2t - T Eunotia
BB iht-h, GrRunow (1881 pl. 35) KX~
Pseudoeunotia BB It LT &, FDOHK, B
BONEENES L, #E% (raphe) ORENEER L
h3 X5l oth’, KarsTEN (1928) (X Lic\ws
L ¥ L T Araphideae (& #tZ4 ) -Fragilariaceae
(Fer4vvE) o Amphicampa BT B U .

HusTeDT (1930) 4 Z D& 2 #FF# TV 5, 2O
BRECHAY H D Z L & ER LIDIL PROSCHKINA-
Lawrexko (1953, after KoLBe 1956) & KoLBE
(1956) TH 5. KoLBE I3 Hyrax TILBITENE L
TiR>TR2EVDT, X ) {ECEIFTROEHAF%H
S THRY LA EXELTWB., LsLighinh, 20

AL IGR AR No. 848017 (2 L 5 HFFED—P
TH5.

BRI Tl ~<5 & 5B EH ) OlER ok,
EREKBETHUXHERTHC XL T L, TOT
%, T Bt » T, 7o PATRICK (in PaTRICK
& REIMER 1966) (¥, “FEAT%  DBFFEEIL raphe
RHCE-STWgwy, L KOLBE ME LW e h
=—/, F#7H (Eunotiales) CWET 5L D& Ric&ic
Fhilisbigwn” LR LA L, ek, A7y 14V v
#} (Fragilariaceae) IZiE®» T\ 5, 7ciks, 7oy Am-
phicampa [ 5451, Semiorbis B BIFE Lichii,
o> PaTrick (1966) IR TV 5,

FELI, FEREBLEE, RERE, BEBFE,
FIOBEREy FEBE X O B 2 By, X¥EHE
BEFCCEERETHEMBREYT-EIAh, K
BOBRICHA RS LOBMOFELHEET O LN T
i,

+7£4>%, monotypic-genus THh 5 Semiorbis B &
S. hemicyclus (34 = v < % 4 v 7 B (Eunotiales)
CETRELOTHHIENE-EF D LELDT, D
FMC o LTHE Ly,
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wE & FE
FEHEMEFEERODORENT, BN EESHED
HRBRE NS, <4 72X,y P HVEET CHE
BERHEL, REACORAREHIELE, 14V
A%, 2 EEER CSC-103 V£ HEXT» TE
W7, B JSM-U3, CSM-501 * i\, IEE
E, FhFh 25KV, 30KV TfF-1,

RRLEER

otk ek Q EMAMCEm L, IR E R
BITEFFTH B, Figs. la, b iRT LR, 2
WD ¥ AR CEBMC D, FOI®D, KEBTI,
O THECRESAHBRRC L Y EoTW5 X5
Rz 3h, Fig. 3 @Rt X o, EEEH SEM)
Ti¥, BEIITFHETHD, £k, MOKEIRLDOWT
13, HusTepT (1932) 133#E 20-40 #m, 3%ig 3.5-
4 pm, PATRICK (1966) %(3(¥RA UfETH 5% 20-
40 pm, B8 3-5pom HHE XT3, EELHIEE
LR Cik, S5 16.5-60 pm, #%iF 4-5.5 ym o
REACH - 1o AROEGETIVREDOHENKEL,
L AERBVEVZ B,

L&ETEH LRl 2 FEACHAE LLESIL,
WMCHMMLIcE A TR 10 pm 1EIZ 10-12 K5 5%
A, ZOAER (poroid) X b7 B &MIIRETILL
Bz encicn,

RaLFs (in PRITCHARD 1861) >\ T\ 3 AR
Tegeigic b 4 o, Ji Figs. 3-6, 8, 11-14 & {5
h3k5E, BRRCEEL, BRORECE X MR
(external costae) #{EL T\ 2 Z LIXALLTH B,
= DR O MLt RIC 7 - TR Y LT\ 5 (Figs.
4,5,8,14) »%, ZORMIBEL DANCH D, 1Hh
W4z sidiowoT, EEOBE I EOMHEY On
Lo eNnLTInLVWb0LBbhb, £BEERTS
AR EFIO@EEG (Fig. 7) Lhhd, SLTHA
TRE»BHH, —EHEMFICSHEELH -7 (Figs.
8-11), SA&nT 10 um (FIC40~45(EE 2 A - &M TE
%

RLRIEE 725 0L§E4  (raphe) DHETH DM,
WAITEECHLEL, F0/8#E Figs. 4-6 R
BhD L ORBROARIT - TRDD I ENTE,
2 CROBHANEROTW S,

¥1-, FAZA#EE Figs. 7, 11 R3S ERoR
BT L - CHRE, »iehBCHTFRALLTRELAS,
ZD L5, NABIIEMCTH D, SFARIBR~E

BHILTWDZ b, MBIBEMDCECT, |
A BRI~ HOETHDEDEEZ RS, Tl
ik, RAAET Y ->TIE, »ich ISREELTWS
(Figs. 8,11), L L, %D ¥ ARIOHZE; (raphe
branch) DO#EKEDORKEIE . (Figs. 7, 11), D
B X U= R ARl Lok & sumEmie o At
2% 4> Eunotia J§TiL, B0 1 HOMICERAEE
(labiate process) i1 {HfFELET 5, HusTEDT (1926)
L h%REL (mucilage pore) & XU, ZhA
Lo FOBMRCDIRSH D Z % Eunotia L Ac-
tinellaROKH E LT3, Lal, COBEETIXIZ
DE>EBERILELLOBMT S AbhirsTe,
COHEBIIEES D REY L, BT o0&
5T, BLOIE AFFTOED L5k By (£
(Figs. 12-14), LA L, Synedra (HasLe 1973) 1
RBo5hs Xk 57 apical pore field & Xi¥h 5L
Roh?, b CBRnc RRACT.S SHFI2AR 5
NEDHRTHD, = DPMLOFIIKBEY D 51T -
Twa Xk >cBhhs (Figs. 5, 13, 14),
COBEEIL EdRT 5 X 5ic, Eunotia REE, i
M FEOH, SV EIC TR DI L o &
Ried, FREMEERESN IV L, BRcERSE
Ao b, BEmcERCEYH LCgE o
Lig ¥, Eunotia LiZZFE L rihdichicf#Er o
Tod, o tE BT Eunotia B I LD &\ 5 b
Wit X S Bioh B, Semiorbis BDFEILERD,
7D % % Eunotiales @B TDHHI D I WTHAHS,
7535, KOLBE (1956) Ik EDIFHANTLET D &
BLTW2, ThiBbhaigr b oEEALRED
htc (Figs. la, 2, 5, 14), LovL, SO X 57k
12, FOBRTLROLABEV I TR, Fi,
BOWAETYS, BRMOEEL DO THEEMRNE
BHhi\Z Enb, ThIZBERLWROEHIC X »
THELLLDEELDLRS, .
Bowe, EEEBEOFEACOWTERDEEY 2
TF&E e BAHR RS NEEE T RS L LT
5.,
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Fig. la, b. Light microscopy of S. hemicyclus. Valve view of large and small valves. Fig. 2.
Drawing of Fig. la showing transapical costae, striae and valvaraphe. Fig. 3. External view of
whole frustule. Fig. 4-6. External view of valve pole, transapical costae with outer wing-like pro-
jection and spines, and outer fissure of the raphe. Interruptions of the transapical costae are
clearly seen in Fig. 5. Fig. 7. Inside view of valve pole, transapical striae and inner fissure of the
raphe.
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Fig. 8. Inside view of the one pole of the same specimen with Fig. 10 showing terminal nodule
and marginal, apical row of pores. Fig. 9. Median part of the same specimen showing double rows
of puncta. Fig. 10. Inside view of whole valve of the same specimen. Fig. 11. Inside view of the
other pole of the same specimen showing inner raphe fissure. Fig. 12. External view of uncleaned

colony. Fig. 13. Both poles of the same colony showing frustules joined by material extruded from
the valve poles.
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An analysis of tetraspore development in Dictyopteris divaricata IV
Effects of the wave length on the rhizoid formation

Takeo OHMORI and Eriko SUEMURA

Oumorl, T. and E. SUEMURA 1978. An analysis of tetraspore development in Dictyopteris
divaricata 1V. Effects of the wave length on the rhizoid formation. Jap. J. Phycol. 26:

177-180.

Tetraspores of Dictyopteris divaricata were unilaterally illuminated with monochro-
matic light of various wave lengths between 350 and 750 nm. In wave lengths of 350~
530 nm the rhizoidal outgrowth was formed away from the light source. On the contrary,
it was oriented at random between 580 and 750 nm, just as germlings in darkness. The
rhizoidal outgrowth came to be oriented more definitely away from the light source in
the shorter wave lengths than the longer ones, between 350 and 530 nm. Ultraviolet
light (350 nm) was the most effective of various monochromatic lights.

Takeo Ohmori, Eriko Suemura, Sanyo Gakuen Junior College, Hirai, Okayama, 703

Japan.

= V¥~ ADOWGITFORFRET, RKBOMEH

FUIEDOBE S B HAIC X » THE BT &R EED
TREL T3, EBEO—A, KFEAITDRALL =
S~ KX T, RROEBICIEZ B LI RNA
LEABE A ENDZ EXMETH D, Kir B
HOMEEREDTNBITTHDZ L& L, K
WRTE, =/~ XDOEBOMBHAERET DL
M, EDXSBEROXTHE1EWALMCTEEDN
T, BFeTH 7+ 12— 2B LTBORBEELY
—FnHBH L TR, DR, 530nm LLFoHE
BEROWKI X > TRIBOMEHAARESh B L
BT I-1DT, FDOEEYHRET S,

mHE L HE

ARG RN, 197745 A30Ak X 06 B
BREALUREFHEICETREI = V¥~
X (Dictyopteris divaricata) Tih 5, HREH, —it,
S RTEEERTCKRE Ui, B8, B8 KLiH
LAcKE Y v — VviREGBEZE L, #2HEERCKE S
hic mApfaFe Edl, RTFOEFECIT FEEKEY
Tml FOANLER 60mm O/~ 4 — L BFHE
Ui, My v —vi—=FHDOETH LOMBEEYEL,
fBOFHET R CEKTHCBAK, TheFEE7 4
AF RO MFBEOFART, b 60W

Table 1. Wave length illuminated to spores.

Wave length Color Filter number Infonsity

(nm) (ergs-cm =-sec’!)
350 Ultraviolet UV-DIC + UV-DIC 0.66

460 Violet KL-46 +VY-42 9.29
490 Blue KL-49 +VY- 49 8.84

530 Green KL-53 +V0-5] 28.75
580 Yellow KL-58 +V0-57 37.59
660 Red KL-66 +VR-64 221.12
750 Far-red | K1=75 +VR-69 | 119.40

DEVIATVEREBH Lz, BELBEIRICHE
DRI 2000 lux THh -1, BEESEFRBIEZIRBO
HHEHEEBRE L, AVWkTFik7 s 12 —3EZED
ERETH7 + M2 —T, BohBKOHET Table 1
R X 512 350 nm @ FESE S 750 nm. DF
KA EFTOTEE TH -1, EBIZEE 19.5~
26.5°C DREEF TITbhis,

s 3

B & h Al BT B3 Bama1E, 2085/ ¢ ST
JAFO—cEREYET 5, ERIRS W BB,
T eXh—F SRS LB e, bl
THY, COERBIREI VEI,IBLIICEELT
Vo TERIRIC 72 5, B2~ 3RRIEBT 5 &, &
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—S BB KT H L TEACHREIhTRFi2#
e bhs, vt L RIBREOMREE
FWEEh5, BE 5001lux oREXEY—FHbRHL
AL 98.2% Db o, 50lux oFEN Tk
90.2% D DHHIEE R RBEFB L T ic,
10lux V53§ ABRXEEYTAHE T BFRIT
95.0% ThHbh, FD5HD 85.4% DHD, A-T
 BXD FHi &k Ko il AR % B LT
(Table 2),

Table 2. Orientation of the rhizoidal out-
growth to the unilateral white light. The
light source was in the west.

Intensity Percent of rhizoidal outgrowth
Jux |emgscnPset’| West  North East  South

500 | 7186.25 05 05 982 09

50 71863 1.6 49 902 33

10 143.73 24 37 854 85

faFic 350 nm DTSN E—Fh LBRE LIHE,
FE7 4 12— DB BRHNE I DICHHEILED T
&2~ 7= (Table 1) bbb, 80.3% DT
MREZRL, EEREREHBE LT i, HROMH
HARYBEE LTS, 80.4% ©b oM HEH
L TR R 2R LT\ i (Fig. 1a, Table 3),

Table 3. Orientation of the rhizoidal out-
growth to the unilateral monochromatic light.
The light source was in the west.

Percent of rhizoidal outgrowth

Wm:en rllel')‘ o West  North  East South Ggwm
350 05 42 894 58 189
460 00 270 655 75 174
490 05 190 585 220 195
530 39 236 599 126 182
580 287 230 259 224 174
660 246 246 262 246 187
750 265 232 270 232 185

ZOFRIIAGKETELhIBREIEFE—HK LTS,
laFr 460nm DREXE —FHhr D BELi- B4,
80.0% PRFHRRELCEREZELL, FD5b,
FFiex LT Rl (R % fiH Lcd 0 65.5%
Th -, HEBETITRNAKOHIUETH BRI H
bbb, KFEeH L TR iR R A Licb o

- T, ZORPHERE S RTFERRCS L
THRIFEADHRACFEREBE LT, ZDBEA,
IR Bh > TRIBEZ LT 5 b DI1ze Zbhith-
7o 490nm DFAIEE L 530 nm DFENE R BS
LicB ey, et LR e R 2 TR Lic
PDIX, ThZh 58.5%, 59.9% LZDEI&FIHESL
fe-7e (Fig. 1b), 350, 460 35 178 490 nm OEE
OXTIHF @D > TRBEE L b DXL $%
WHIE & A YR BRIg D - fedt, 530 nm T 3.9% D
B DOANKFIC FID - TRIB R B L,

KT 580 nm DF|EN & WA L B4, 80.8%
DORFIEFL, ERCRBLHH LA, MEHRE
22 BENTH -7 (Table 3), Z hurfaTaRE4
BCEELLSS KRBT LR UEETH B, 660
nm OFEIEER XV 750 nm OFERNEE BE Lis
ELEROMEHEIT £ BEHTH - (Fig. 1c,
d), oz kb, 580nm X hEVEEDKE, K
BOWBRALORBIT O DI b b bl a8
bhrots, IR BB RE Bz 530
mm X WEWEROXTHY, TOEENEVEL
DRI KEINZ ENHE LI -,

% =

Hurp 1920 (% Fucus DIV I EIEH D 55,
BOWEOKE —Fn LIRS LicksSR, 4000~5600A
OEFEDEEY, BEXEIOFREEAHEXLAL
IO BERUEROMBRRDBZ EHHREL T3,
FhIDEVWEEDETIIZDRRITA DRI, £
D%, WHITAKER 1941 % Fucus JIz 8\ T, A% D
Bkl & RET 5 OB RN LETH Y, KB
ERFCEWAEREhBC E2HELTW5, &
ERICXY, TIC/VHRBLTWA=Y ¥ ~XD
EARTFEE AT, RBREOHBEL TZ DR
FLERRET B DH R HDOFERIL Fucus JPOHE
T WBZ ERBLM T, T, 350 nm
DIFEHK 25 530 nm DFENE ¥ To HETIE,
AT &I LRI ARB 2R T 5, Hic,
350 nm TIXIEERE DS 18D T {EVs (0.66 ergs-cm™2-
sec™) CihhbbT, 80.4% ORFHKECH LK
KoM ERBEYHBRLT\5, —7F, 580nm DA
I, 660 nm DFENI X 750 nm DEFHI KRR
HLABERI, XBEREENE,: bbb
59, REOMEH AL BEHMTH 7, 101ux
SV 5 IERIIC 55\ Bfa)E (143.73 ergs-cm™2-sec™d)
PG LBECLREROMEFARBRESh T
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d

Fig. 1. Effects of the unilateral illumination with various monochromatic lights on the rhizoidal
orientation of tetraspores in cultures for 48 hours. The light source was in the upper part of

figures. (a) ultraviolet (350 nm) (b) blue (490 nm)

DT, 660nm OPiE (221.12ergs-cm~2-sec”?) T
BORIFERINOBEN T DI E T b DO Tl
feweEx bhbd, KA IL= ¥~ XD
FORBIBCIXZ B L7z RNA k5 X OEAED
HERADIETH D, JMRO M A2 E LT uw
HEFELTWD, EbiL, SEOKMRCL-T, |
WO RE3 5 ik 350~530 nm DR D
¥THh, 03 bIEEDECITEINNA RS BRED
ThoT, WEHNEL LD LA, TORRITER
2P LT & EDRFI ST T,
WHITAKER (1941) 1 Fucus Jlic 5\u\~C, —Fnb
BHMEEMTH L, BN Dl e TH—F >
VYOIREMAL, HAVIBES B o, IRk
et U TR e B E 5 EFHMLTW5b, =

(¢) red (660nm) (d) far-red (750 nm) (x60)

T ARXOWEBFTHID L AP =X 2T LT
AR DRI E ST LB D0 E 5, 4%
DRI X Bl hiEis bicu,

AEBREITIOCHICD, WHAWDHEEECHEE
T s R B LK SRR, PR AT e R R
ML EFES,

51 B X ®m

Inon, S. (1936) On tetraspore formation
and its germination in Dictyopteris divaricata
Oxam., with special reference to the mode
of rhizoid formation. Sci. Pap. Inst. Algol.
Res., Fac. Sci., Hokkaido Imp. Univ., 1:
213-219.
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KEEH (1977) =vv -~ XOpESaT 34 B
oy I EIRHBICoWT, WM, 25 M
251-255.

Hurp, A.M. (1920) Effect of unilateral
monochromatic light and group orientation
on the polarity of germinating Fucus spores.
Bot. Gaz., 70: 25-50.

WhiTakEr, D.M. (1941) The effect of
unilateral ultraviolet light on the develop-

ment of the Fucus egg. J. General Physiol.,
24 : 263-278.

KR - AFp: 703 WU 1T B, W FRE A

OBold, H.C. & M.]. Wynne: Introduction to
the Algae. Structure and reproduction. i~xi,
1~706. Prentice-Hall, Englewood Cliffs.

FRETIEEOH « HE, MRk sERHD
L/, RO, 40, %k 28R CREE
BWHEANER LDV TERTH B, & 2 OHWHMEA
BOECEE Alcnn, SBAENALEHELIL, 5%
{ELDTH3B,

A 3t Cyanochloronta,
Charophyta,

Chlorophycophyta,
Euglenophycophyta, Phaeophyco-
phyta, Chrysophycophyta, Pyrrhophycophyta,
Rhodophycophyta, Cryptophycophyta @ 9 divi-
sion I/} T, division I2 X » THADERIIH B S,
FRENDOEFTRE, &8I, MRCEBEOR
¥, JED), 4TRSS, ki Lo Tk
tedh &, Fo division EOPERNRLTH B,

O TH M EAEDOMEIOVT, TERLD
ESH - EEREEFH L L LRI THT, X
DOHFBPOMBILHM -~ T, b RT VL Bbhs,

" Cyanochloronta (V4> % Cyanophycophyta) it
3 HIhIF, TOHRD2TENE DT R TV B, §
o\ TR T RERO L O flbic A Al 7 Eﬁiéaé:h'cux
505 BORBCYTTHDAN—AL—fRicd i
Lt#oT EoﬁLLmE&m«aku)LTfﬁ
‘(b%

&k® Chlorophycophyta (3 Volvocales, Tetras-
ﬁf)ﬁ;ales. Chlorococcales;Chloroéai’cinales, Chlon-
él‘iéles; Uiotrichales, Chaetophorales, OedbgohiaQ
les, Ulvales, Cladophorales, Acrosiphonales,
Caulerpales, Siphonales, Dasycladales, Zygne-
matales D15 T, ZOHICITFTDOBFIC L &S\
tﬁ@%thﬁwﬁt&r<5omuud1mogo
ﬁeb%wt%éol

Charophyta T3 &RV TURE, Affifs LizDo\T
R~TH %, Euglenophycophyta 11 3 Biz/+,
9%, Phaeophycophyta (313 B43/@ic 2\ T T
HBEMN, ZZOLIAHRMIZIERTEHENTH B,

Chrysophycophyta (3H:ED 2 B &£ T5#816
Bz T20id b T %, Pyrrhophycophyta
126 B9 A Rbh TV 58, HRERHEEIC L SRT
BIdHoF LR & <FALTH S,

Rhodophycophyta % a3 {A= pit connection o
MEREFRCShich s, 2B BOSTEYHK-
T30, ZTOHROERS DOV TRFHBAAEMT
»%B, e Cryptophycophyta 234 Hichto»T
mIhTv3,

g E Loy, REMEBRO LK 8H, Glo-
ssary H0E TAXPIRHM T BEERMEIB - T
BB, FIAXEIIECTEREL, 0H, BT E X
200 DIFE > T 5, BT LTHBIcHdICIE
R ERITHS,

iz, BRI TV-BBOFRBI AT\ & <728,
FILEBRCHDWKIFIHALE 2D L, ZDORDK
FErE - T 5 LB, FIHXENE Oltmann,
Fritsch /¢ & D4 D fiic Monograph & LTFHEix
LDIEHE LT, KEANI60ERLUEDHF LU D
Thd, ZORTIEHN LT DBORTLMRL, X
T Oltmanns, Fritsch. X5z Smith D% 5 F
2T, FhUBEHF LI Mb-7ca@R%y, Fhbox
AR LAY OICHBEED TV BRTH 5,

B EMEOR S 5%, FORTERBDIIES
L E TR A%, ZOKRD L 5 L\ SCHk A
LT, ThE5|ALCRENA%ED T 201, FAE
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LZEETRANOBHICHRTI@MT 7 b Q) A—FXFZXE Oocystis,
NILAAFXFRXE Palmellocystis, & Dth

H & IE B

The plankton algae of “Tame-ike” ponds in the suburbs
of Nagoya, Japan (4) Oocystis, Palmellocystis, etc.

Masaaki TANAKA

Tanaka, M. 1978. The plankton algae of “Tame-ike” ponds in the suburbs of Nagoya,
Japan (4). OQocystis, Palmellocystic, etc. Jap. J. Phycol. 26: 181-184,

Occurrence of 10 species of genus Oocystis, 1 species of genus Palmellocystis, 2 species
of genus Nephrochlamys, 1 species of genus Nephrocytium and 3 species of genus Siderocelis
are reported from “Tame-ike” ponds in the suburbs of Nagoya.

Among them, Oocystis granulata HorTOBAGYI, Palmellocystis planctonica KORSCHIK.,
Nephrochlamys willeana (PrinTz) KoRscHIK., Nephrocytium varium HorTcBASY1, Siderocelis
ornata ForT, Siderocelis kolkwitzii ForT and Siderocelis oblonga (NauxiaxN) ForT are

newly recorded in Japan.

Masaaki Tanaka, Aichi Environmental Research Center, Kunikakushi, Tomimoto-

cho, Toyohashi, 440 Japan.

CHETCRAHBHBAL O RLSEN» b Bk
Crucigenia, Tetrastrum, Chodatella, Lagerheimia,
Polyedriopsis, Jt* Tetraédron 2> THE L.

&Ml Oocystis, Palmellocystis, Nephrochlamys,
Nephrocytium, K¢ Siderocelis Bz D\ T
8, MBS, HREEOREELHET S,

Thbo% i, 2EAMOWE, Wik, W%
WHICET D EBbh s, HORENHENHERET
HELDTB VAL THREZA TV EHENEL, K
PBEOE OV TUIED THRIZZ LV, LichisT
HRBEOEEN T SV T B b TRuWENS L,
BEELIA TV LD DEELEDEEYT
b DT, KFCHTHREMOREI HITHEHET &
HIEEEOBRHNLETHH L Bbh B,

1. Oocystis crassa WiTTROCK var. crassa (Figs.
1, 2)

ML 16.3-30x 12.2-24 pm DMK, WEEIL
FEThH 5, MERCIE4-8BOEREYE TS, B
T\ 2-4 BoRMEE &,

FAYY, 729399, £ DY nbimbhb, &K
HTIEEBILKERE »bHEIh T3,

2. Oocystis crassa var. Marssonii PRiNTz (Fig. 3)

BRI © 7.5-9 umx 4.5-7.5 pm, HIADT

Vi ILET 5,

FA 9D, 4 v FY pabmbhs,

3. Oocystis borgei Sxow var. borgei (Fig. 4)

Syn: Qocystis gigas ARCHER var. borgei LEMm-
MERMANN

iy 12.5-14x9-10.5 pm DIFE, BT
BRET S, ERER2-3EOYY A FEET 5,

AV ==F YD, AVIED, TAYIDY, HhFH,
2a=Y=SV Y pbmbhd, FIB TX K
WP, FaR, WRHHO »HLEESh TS,

4. Oocystis granulata HORTOBAGYI var. gra-
nulata (Fig. 5)

iy 7.2-9.5x4.8-8.2 4m OJPAF, €L/ A
F R e IERE S MRS - TR ET 5, M,
21-23.6x17.4-22.5 pm D}k FHAMEE T X - T
BEhD, RHREEXETHZ LA S\, Horto-
BAGYI® T XB~vH Y —DEH (K&X 9.8-14 x
7-11.2 pm) HNTHic h /N BITH -1,

~VHY =¥ hbibhb, BAHE,

5. Oocystis apiculata W. WEST var. apiculate
(Fig. 6) _

Mz 13.2-18.5x5.8-7.8 pm DK\ HAK,
MfQEE TR BT B, ;
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21 22 23
Fig. 1-2. Oocystis crassa 3. Oocystis crassa var. marssonii 4. Oocystis borgei 5. Oocystis granulata
7. Oocystis macrospora 8. Qocystis parva 9. Oocystis solitaria 10. Oocystis

6. Oocystis apiculata
pusilla 11. Palmellocystis planctonica 12-13. Nephrochlamys willeana 14-15. Nephrochlamys allantoidea
21-24. Siderocelis oblonga.

16. Nephrocytium varium 17-19. Siderocelis ornata 20. Siderocelis kolkwitzii



FrAD pbHMbh B, BRI TIRAFELD 2 H#H
EZhTW5B,

6. Oocystis macrospora (TURNER) BRUNN-
THALER var. macrospora (Fig. 7) Syn: Hydrocy-
tium macrospora TURNER

MLk VAR T, AeBrtEmE< A
24 BoRMkyals, FMRiEECItET 5,

1V F2hbibhb,

1. Oocystis parva W. et G.S. WEsT var. parva
(Fig. 8)

Ml Ee T, 6.4-9.2x3.9-6.8 pm D KM
VIRV, MRS B AR IEE Licyy,
#EGHT 1-3EORK T, KBovLv /1 FEEL,
MRREE i » TRLES %, MBI & bb BN
H 48 Mlar BT X > T8Eh 5, 5EE
bht-#EHE, HORTOBAGYI® X3 ~vH ) —D
B (k%X 8-12.5%x4-7 pm), PrescoTT® IZX
57295 OEMR (K& 6-15.6x4-7.5 um) TH
RTUPTH - 1o,

AFYVRY, ~vFY=B LYY, T2YHDD
hbmbhb, FF Tk RERSB, ARELU&E
B HHHEINRT VS, HORTOBAGYIY I a-Hff
KEREEE LT3,

8. Oocystis solitaria WITTROCK var. solitaria
(Fig. 9)

fMparr 11.5-19.5%x7-13.4 pm DJL¥EMF, MO
FREIEES 5,

TAY A, FA YD, RRL YD, ~vH Y =,
=2 —F=7 hpHmbhb,

9. Oocystis pusilla HANSG. var. pusilla (Fig. 10)

i 6.5-7x3-4 pm DM, MlREIEEL
£\,

FAYD, 729209, XL YOI, f v O, 5
YRT TV mbEbh B, AR WHUKEE
E® hb#EIh T3,

10. Oocystis lacustris CHODAT var. lacustris

MR 12.5-26.4x10.9-19.6 pm DAFEHAF, B
WKW, MlaomsiitET 5, ERAERL-
BETCV/ A VERS DD, BRMTHBMH
Wik 2-4-8 Ml BRI g h b,

HRAOCEL 4HL, FPTHEL LBACRAONS
B Th BN SENIIEF A eh - T,

11. Palmellocystis planctonica KORSCHIK. var.
planctonica (Fig. 11)

AL 6.5-8.8x6.3-8.7 um DITIFERE, Hic 4-
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8 EDRMAY L, ERGIABEDCV /A FEE
35,

~yAY) =¥ hbibhb, BEAFE,

12. Nephrochlamys willeana (PRINTzZ) KORs-
CHIK. var. willeana (Figs. 12, 13) Syn: Nephro-
cytium Willeanum PRINTZ

AT EX 7.8-22.3 pm, I8 5.5-16 pm D=4 F
B, VBRI CRmsv Bke s, Fig. 12
D & 5 MlREEOFRMH/NRRRCIL D D DD
%, HorTOBAGY!® XREMiELT ~vH ) - D
HRAOHRELTWAD, 20X HEBOb DRSS
EDO#HERIIK 202 BERD LRI,

A~VHY =P bbb, BEFE,

13. Nephrochlamys allantoidea KORSCHIK. var.
allantoidea (Figs. 14, 15)

MR FER cEA BT 5, &S 12-28.5
pm, 18 7.8-11.5 pm, HORTOBAGYI® T X A1 v ¥
DOEMR (K& X 11.7-13.5 pm, g 6.5-8 p#m) i~
Thish KBTh -7,

1V FY hbabhs, BEAFE,

14. Nephrocytium varium HORTOBAGY! var.
varium (Fig. 16)

Mfax 10.2-12x7.4-8.2 pm DIFEFE, HRQILEE
IBELAV, EREIXC V) 1 FiF LERECH -
THET %, Bl EATEREC/DIVWER YL
L%,

~vHY =P hbibhb, BEAFE,

15. Siderocelis ornata FoTT var. ornata (Figs.
17, 18, 19)

#HRiz 10.2-15.5% 8,4-12. 4 pm OIFFH, MlasE
AR ORI X » TE B PI T35, HorTo-
BAGYIY 31 v ML LB (K& & 8.8-12x
6-9.5 pm) THRThih AR TH -7,

AYHY =B, LV FOnbabhb, HEARE,

16. Siderocelis kolkwitzii FoTT var. kolkwitzii
(Fig. 20)

Ml 6-8.8x5.8-8.5 pm DIZITERE TH B
FH VB, MEELERRTAE SHATHAULLEC
Bbhs, ERGFMREECR - THELEV /A
FERL,

~YHY =D, LV FY hbbhs, BEAHE,

17. Siderocelis oblonga (NAUMANN) FoTT var.
oblonga (Figs. 21, 22, 23, 24)

MRz 1.5-5.8x1.3-5.2 pm DI3IFEH, M
®EE, RORRBELHU S, AREEIRRAIRCE
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FI 5 kO FhI k- THbI B,
~YFTY =D hbmbhb, BAFE,
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Diurnal variations of the photosynthetic pigments, total nitrogen and
total nitrogen/total carbohydrate ratio of cultivated Porphyra
thalli and their relationships to the quality of dried Nori

Tuyosi OOHUSA, Shigeru ARAKI, Takemaro SAKURAI
and Munekatsu SAITOH

Oonusa, T., S. Araki, T. Sakural and M. Sarton 1978. Diurnal variations of the photo-
synthetic pigments, total nitrogen and total nitrogen/total carbohydrate ratio of cultivated
Porphyra thalli and their relationships to the quality of dried Nori. Jap. J. Phycol. 26:
185-187.

Diurnal variations were observed in the contents of photosynthetic pigments and
total nitrogen and in the ratio of total nitrogen/total carbohydrate of Porphyra yezoensis
f. narawaensis thalli cultivated in Ariake Bay. The content of photosynthetic pigments,
chlorophyll @ and phycobilins, was highest early in the morning and lowest in the even-
ing; the content of total nitrogen also highest early in the morning and lowest in the
evening ; and the ratio of total nitrogen/ total carbohydrate highest early in the morning
and lowest late in the afternoon. Considerations of these variations in relation to the

- quality of commercialized dried Nori suggested that harvesting fresh thalli early in the
morning is essential for producing dried Nori of high quality.

Tuyosi Qohusa, Shigeru Araki, Takemaro Sakurai, Yamamoto Nori Research Labora-
tory, 5-2-12 Qomori-Higashi Oota-ku, Tokyo 143 Japan; Munekatsu Saitoh, Tohoku

Women’s College, 1-2-1 Toyohara Hirosaki, Aomori 036 Japan
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Diurnal variations in the contents of photosynthetic pigments and total nitrogen

and in the ratio of total nitrogen/total carbohydrate of Porphyra yezoensis f. narawaensis thalli
cultivated in Ariake Bay. Measured on November 8-9, 1976 (Conchospore seeding on October 6,

1976).
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Information for Oversea Members
regarding the change of the office of the Society

The dues, manuscripts and other communications should be sent to the office of the
Nippon Sorui Gakkai (Japanese Society of Phycology), ¢/o Department of Botany, Faculty
of Science, Hokkaido University, Sapporo, 060 Japan, as of January 1979.

The annual dues for 1979 are Yen(¥) 4,000. Sent the remittance in Japanese Yen by
“International postal money order’’, or ‘“Bankers transfer by air mail’’ to the Bank of
Tokyo, Sapporo Branch, Account No. 081-216852, by March 31, 1979.

* When personal cheque is used U.S. $5.00 should be added for bank clearance.

ARFN 53 FEIRE | Officers for 1978
L E w2 President : Kazutosi Nisizawa
BHaeE  (LEEE | Secretary general: Takaaki YAMAGISHI
FEFG R A H Secretary: Kurazo FURUYA
AEEE RIS Treasurer: Megumi OKAZAKI
FEZE =R Editorial Board
EBE A % | Hiromu KoBavasi (Tokyo) Editor in Chief
Masaru AKiyama (Shimane) Seibin ARAasak! (Tokyo)
Z B b - P - SRE= - Mitsuo CHinara (Tsukuba) Hiroyuki Hirose (Kobe)
BORSEN « BERBIEF « T IHEOLHE - Kozo IMaHORI (Osaka) Munenao KUROGI (Sapporo)
ILHRIASE | Masakazu TATEWAKI (Muroran)
s #HOHREEE - KEdE Secretaries : Terunobu IcHIMURA, Kaiichi QosHIMA

SEETHIT HIBEE, (T000) AMFIERILI0RE S TH ICEEAYBYMENSHEN BAEELARE
fLe L, BREOHMAGIMALEZNTTI VN,
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