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Disappearance of centrioles derived from female gametes in zygotes

of Colpomenia bullosa (Phaeophyceae)*

Taizo Motomura
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Motomura, T. 1992. Disappearance of centrioles derived from female gametes in zygotes of Colpomenia

bullosa (Phaeophyceae). Jpn. J. Phycol. 40: 207-214.

Isogamous fertilization and zygote development of Colpomenia bullosa Yamada were studied with elec-
tron microscopy. Chloroplasts and mitochondria from male and female gametes remained in zygotes.
Whereas two pairs of centrioles (=flagellar basal bodies) are derived from both male and female gametes,
only one pair remains within about four hours after plasmogamy. Disappearance of one pair of centrioles
occurred irrespective of karyogamy. Since morphological differences between male and female gametes of
C. bullosa could not be detected, it was impossible to determine which one pair of centrioles disappeared.
But observations on polyspermic zygotes (two or three male gametes to one female gamete) showed that
only one pair of centrioles disappeared even in these zygotes. As a result, it was strongly suggested that

centrioles from the female gamete disappeared.

Key Index Words:
inheritance.

Sexual reproduction in almost all algal
groups (with the exception of the red algae) is
conducted by motile female and male gam-
etes. In the brown algae, three types of sex-
ual reproduction have been confirmed, i.e.,
isogamy, anisogamy and oogamy (Wynne
and Roiseaux 1976). Ultrastructural studies
on brown algal fertilization have been carried
out in detail on Fucus and Laminaria (Brawley
et al. 1976a, b, Motomura 1990). But sexual
reproduction in these genera is oogamous, so
there have not been any similar studies on the
fertilization of isogamous and anisogamous
groups in the brown algae.

Motomura (1990) reported in detail the fer-
tilization of Laminaria angustata using complete
serial sections. The results indicated that
chloroplasts and mitochondria in zygotes
were originated from eggs, while centrioles
were originated from sperms by egg centrioles
disappearing after plasmogamy. Paternal in-
heritance of centrioles has been well known in

* This work was supported by Grant-in-Aid for scien-
tific research from the Ministry of Education, Science
and Culture of Japan (02740345).

brown algae—centrioles—Colpomenia bullosa—fertilization—isogamy— paternal

animal fertilization (oogamy) (Schatten et al.
1988, Sluder et al. 1989, Luykx 1991). Subse-
quently, by comparing the development of
zygotes and parthenogenotes using immuno-
fluorescence microscopy, it became clear that
this paternal inheritance of centrioles had a
crucial role in normal development of zygotes,
especially in normal spindle formation (Moto-
mura 1991).

In this study, it was found that the selective
disappearance of centrioles from female gam-
etes occurs even in isogamous brown alga.

Materials and Methods

Culture. Mature gametophytes of Colpome-
nia bullosa Yamada were collected in January-
April, 1988-1990, at Charatsunai, Muroran,
Hokkaido, Japan. The plants were washed
with autoclaved seawater, wiped with paper
towels, put in Petri dishes one by one and
incubated in a refrigerator overnight. The
next day, cold PESI medium (Tatewaki 1966)
was poured into these Petri dishes under
illumination. After several minutes, many
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gametes were liberated and sexuality was de-
termined by mixing gametes derived from dif-
ferent individuals. Firstly, only female game-
tes were inoculated into Petri dishes. Many
female gametes settled down within 20-30 min
and female gametes still swimming were
washed out with the medium. Next, male
gametes were inoculated into these dishes,
and plasmogamy was synchronous. Cultures of
zygotes were maintained in PESI medium,
10°C or 14°C, under continuous illumination
with fluorescent lamps (55 #Em~2s~! photon
flux density).

TEM preparation. Zygotes were fixed at
regular intervals of time. They were fixed
with a solution containing 3% glutaralde-
hyde, 0.1 M cacodylate buffer (pH 7.2), 2%
NaCl, 1% caffeine and 0.1% CaCl, for 2 hr
at 4°C. Samples were detached from Petri
dishes with a soft paint brush, and the fixative
solution containing samples was transferred
into centrifuge tubes. Fixed zygotes were
washed with 0.1 M cacodylate buffer
(pH 7.2), 2% NaCl, 1% caffeine and 0.1%
CaCly, pelleted by centrifugation and finally
embedded in 1% agar. They were post-fixed
for 2hr in 2% OsO, or overnight in 1%
0504, 0.1 M cacodylate buffer (pH 7.2), 2%
NaCl and 0.1% CaCl,. Samples were
stained en-bloc with 0.5% uranyl acetate for
15 min at 4°C, dehydrated gradually with ace-
tone and finally embedded in Spurr’s resin
(Spurr 1969). Serial sections were cut with
a diamond knife on a Porter-Blum MT-1
ultramicrotome and mounted on formvar-
coated slot grids. Sections were stained with
uranyl acetate and lead citrate or only with
lead citrate, and observed with a Hitachi H-
300 electron microscope. Results in this
paper were obtained from zygotes which were
completely serial-sectioned.

Results and Discussion

Shape and structure of female and male
gametes were typical of brown algal swarmers
(Clayton 1989, O’Kelly 1989) and it was
difficult to distinguish gametes from their
ultrastructure. They have a long, mastigo-

neme-bearing anterior flagellum and a short,
non-decorated, posterior flagellum. A nu-
cleus is located above a cup-shaped chlo-
roplast which has an eyespot near the base of
the posterior flagellum. One pyrenoid pro-
trudes from the chloroplast at the opposite
side of the eyespot.

Plasmogamy in Colpomenia bullosa proceeds
as in other brown algae (Maier and Miller
1986, Peters and Miiller 1986); female gam-
etes first settle down and secrete phero-
mones, and then male gametes are attracted
to them and plasmogamy occurs. Frequent-
ly, two or three male gametes fertilize a
female gamete (polyspermy), especially when
many more male gametes were inoculated
than female gametes.

Both nuclei fused (karyogamy) after plas-
mogamy, but the timing of karyogamy was
not constant. When female and male nuclei
are close to each other after plasmogamy,
karyogamy occurs soon afterward (Figs. 2-
4). Karyogamy is delayed when one or two
chloroplasts are situated between both nuclei
(Figs. 11, 12).

After plasmogamy, zygotes started to de-
velop, and germinate after about 12 hr. The
zygote development was examined by serial
sections till 24 hr in culture. Cellular or-
ganelles, such as chloroplasts and mitochon-
dria from both gametes, continued to exist in
the zygote development. On the contrary,
one pair of centrioles disappeared during
zygote development.

Figures 1-6 show six sections of a one-hour-
old zygote after plasmogamy. There are two
chloroplasts, each having a pyrenoid and an
eyespot. Therefore this zygote was produced
by normal plasmogamy, not polyspermy.
The outer membranes of both nuclei have just
fused (Figs. 2-4). Two pairs of centrioles
(Figs. 2, 6) derived from both female and
male gametes could be detected in one-hour-
old zygote after plasmogamy. Basal plates
were observed at the distal end of centrioles
but axonemes were detached from them (Fig.
6).

One pair of centrioles disappeared in four-
hour-old zygotes. Figures 7-9 show three
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sections of a four-hour-old zygote after plas-
mogamy. This zygote contained one nucleus
and two chloroplasts, each containing a pyre-
noid and an eyespot. Therefore, clearly the
zygote was formed after normal plasmogamy
and karyogamy had occurred. In this
zygote, only one pair of centrioles could be
detected (Fig. 7). Also, Figures 10-12 show
three sections of another four-hour-old zygote
after normal plasmogamy. The nuclei’ (N1
and N2) were not fused yet. Similar to the
previous example, only one pair of centrioles
existed near the nucleus (N1) (Fig. 11), the
other pair of centrioles had disappeared.
Therefore, it became clear that the presence
or absence of nuclear fusion did not affect the
disappearance of one pair of centrioles.
Because of the identical ultrastructure of
flagellar basal bodies of female and male gam-
etes, it was difficult to determine which pair
of centrioles disappeared. However observa-
tions on polyspermic zygotes suggest the fe-
male gamete’s centrioles disappear. Figures
13-18 show six sections of a four-hour-old
zygote of polyspermy. This zygote resulted
from polyspermy (two male gametes to one
female gamete) because three chloroplasts
could be detected, each having a pyrenoid
and an eyespot. Three nuclei were not fused
yet with one another. In this polyspermic
zygote, two pairs of centrioles remained
(Figs. 16, 17), one pair have disappeared.
Disappearance of only one pair of centrioles
was not affected by the presence or absence of
karyogamy, like normally fertilized zygotes.
Disappearance of one pair of centrioles was

also observed in polyspermic zygotes which
resulted from one female gamete and three
male gametes (not shown). Therefore, I be-
lieve that centrioles which were derived from
the female gamete disappeared and ones
derived from the male gamete remained. It
means that centrioles in diploid thallus
(=sporophyte) cells are originated from
basal bodies (=centrioles) of flagella of male
gametes. Similar results were obtained from
Scytosiphon lomentaria (Scytosiphonales) and
Analipus japonicus (Ralfsiales) in the brown
algae (Motomura unpublished data).

In this study, I report the ultrastructure of
the fertilization in isogamy of the brown algae
for the first time. Different from the ooga-
mous group, Fucus vesiculosus (Brawley et al.
1976a, b) and Laminaria angustata (Motomura
1990), degradation or digestion of chlo-
roplasts and mitochondria of male gametes
was not observed in Colpomenia bullosa zygote
development. In the oogamous groups, these
cellular organelles of sperms, especially chlo-
roplasts, are smaller than those of the eggs,
and the sperms can not develop partheno-
genetically. On the contrary, cellular or-
ganelles in female and male gametes of the
isogamous brown algae are almost identical.
It is well known that the gametes of the isog-
amous group of brown algae can develop par-
thenogenetically (Wynne and Loiseaux 1976,
Peters 1987). Nakamura and Tatewaki
(1976) reported parthenogenesis of female
and male gametes of Colpomenia bullosa.
Therefore, monoparental or biparental in-
heritance of chloroplasts and mitochondria in

Figs. 1-6. Six non-consecutive serial sections of an one-hour-old zygote. Both nuclei (N1 and N2) are just
fusing their outer nuclear membranes. There are two chloroplasts (Chl and Ch2) containing eyespots (Esl and
Es2) and pyrenoids (P1 and P2). Two pairs of centrioles (C1 and C2) exist in this zygote and note that axonemes
are detached from the centrioles having a basal plate (Fig. 6 C1). Scale bars=1 ym.

Figs. 7-9. Three non-consecutive serial section of a four-hour-old zygote. This zygote is normally fertilized
because it has two chloroplasts (Ch1 and Ch2) containing eyespots (Es1 and Es2) and pyrenoids (P1 and P2). Both
nuclei had already fused into one (N). Note only one pair of centrioles (C1) in this zygote. Scale bars=1 ygm.

Figs. 10-12. Three non-consecutive serial section of a four-hour-old zygote.

The zygote is normally fertilized

because it has two chloroplasts (Ch1 and Ch2) containing eyespots (Es1 and Es2) and pyrenoids (P1 and P2). But
two nuclei (N1 and N2) have not fused yet because one chloroplast (CH2) exists between them. Note only one pair

of centrioles (C1) in this zygote. Scale bars=1 gm.

Figs. 13-18. Six non-consecutive serial section of a four-hour-old zygote. The zygote is polyspermic (two
male gametes to one female gamete) because it has three chloroplasts (Ch1l, Ch2 and Ch3) containing eyespots
(Es1, Es2 and Es3) and pyrenoids (P1, P2 and P3). Three nuclei (N1, N2 and N3) have not fused yet. Note two
pairs of centrioles (C1 and C2) in the zygote. Scale bars=1 ym.
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Figs. 1-6.
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Figs. 13-18.
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zygotes might be related to the ability of both
female and male gametes to grow parthenoge-
netically.

Even though flagellar apparatuses of female
and male gametes of Colpomenia bullosa were
identical, one pair of centrioles disappeared
during the development of zygotes. Based on
the observations on polyspermic zygotes, it
would be proper to conclude that centrioles
which were introduced from female gametes
disappeared. In the case of Laminaria angus-
tata, it was possible to distinguish female
from male basal bodies (= centrioles) by their
arrangement and connecting structures
(Motomura and Sakai 1988, Motomura
1989). Motomura (1990) reported that
sperm centrioles remained but egg centrioles
disappeared in the zygote development of L.
angustata. Also, in Fucus evanescens, liberated
unfertilized eggs do not have centrioles, and
sperm centrioles are introduced into the egg
after plasmogamy (Motomura unpublished
data). Therefore, irrespective of isogamy
and oogamy, it could be considered that cen-
trioles of the female gamete disappear and
ones of the male gamete remain during brown
algal fertilization and zygote development.
Afterward, the centrioles from male gametes
will begin to function as a component of cen-
trosomes in vegetative cells of the diploid
sporophytic generation.

Paternal inheritance of centrioles might be
universal in brown algal fertilization, based
on this study and previous work (Motomura
1990). The occurrence of paternal inher-
itance of centrioles is well known in animal
fertilization (Schatten et al. 1988, Sluder e al.
1989, Luykx 1991). It is significant that
paternal inheritance of centrioles, in other
words, regulation of mitotic spindle pole for-
mation in the first division of zygotes, would
be a common phenomenon between the
brown algal and animal fertilization.

In this experiment, I report the behavior of
centrioles, which are one component of the
centrosome, using electron microscopy of Col-
pomenia bullosa fertilization. However the be-
havior of centrosomal material (pericentriolar
material), which is the actual microtubule

organizing center (Robbins ¢t al. 1968, Gould
and Borisy 1977), in the isogamous brown
algal fertilization is still obscure. Motomura
(1991) reported that centrioles in Laminaria
angustata were derived from the sperm but
centrosomal material might be present already
or synthesized de novo in the egg.
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Tris-HCI (pH 7.0), Tris-maleate (pH 7.0) and HEPES-KOH (pH 6.8-8.2), CHES (pH 8.6-10.0) and
CAPS (pH 9.7-11.1) pH buffer solutions are widely used in physiological, biophysical and biochemical
experiments. However, their effect on cells has not been thoroughly examined. The results of this study
show that these pH buffer solutions can stop the protoplasmic streaming of Chara internodal cells and kill
them within one to several days at 10 mol m™~3, probably by destruction of the membrane functions.
However, the cells can be kept alive by the addition of 0.5 mol m~3 Ca?*; if this is done, the velocity of the
protoplasmic streaming remains normal for more than 10 days in 10 mol m~3 Tris pH buffer solutions.
The same toxic phenomenon was observed in 10 mol m~2 HEPES pH buffer solutions, probably due to the
liberation of calcium bound to the cell membrane by the Kt added as KOH to adjust the pH value.

Key Index Words:
buffer— HEPES—protoplasmic st
buffer.

The pH buffer solutions of potassium phos-
phate, Tris-HCI, Tris-maleate and HEPES-
KOH are often used in studies in cell physio-
logy and biophysics as well as in biochemistry.
However, the toxicity of potassium phosphate
pH buffer solution at pH 7.0 to the Chara
internodal cells was pointed out by Kiyosawa
and Adachi (1990). This toxic effect on cells,
cell membranes and membrane fragments
needs to be examined in detail.

Recently, Kiyosawa and Adachi (1990)
found that Chara internodal cells were killed
even when exposed to 10-50 mol m~3 KCI,
10.0mol m=3 MgCl; or Mg(NOs),, 1.0
mol m~3 BaCl, or Ba(NQO3),, as found with
NaCl by Katsuhara and Tazawa (1986).
However, these cells could survive in 80
molm~3 CaCl,, Ca(NOs),, SrCl, or
Sr(NOg), for more than ten days. Further-
more, addition of Ca?* or Sr?* to the KCl,
MgCl, and BaCl, enabled the Chara inter-
nodal cells to survive for more than a week.

These studies using calcium buffer solu-
tions showed that the minimum effective con-
centration of the Ca?* in the surrounding

calcium ions—Chara australis—Charophyta—ocytoplasmic streaming—Good pH
salt (electrolyte) tolerance— Tris-HCl— Tris-maleate— Tris pH

solution of the Chara internodal cell was be-
tween pCa 5 (1.0 X 1073 mol m~3) and pCa 6
(1.0X 1076 mol m~3). However, the calcium
buffer solution needed a pH buffer to stabilize
its pH during dissociation and/or binding of
the calcium ions and protons from/to EGTA
(Ogawa 1968). Such pH buffers as Tris and
one of the Good buffers, HEPES (N-2-hydrox-
yethylpiperazine-N"-2-ethanesulfonic  acid),
themselves may be the cause of death of Chara
internodal cells, independently of the calcium
concentration.

The Good buffers are said to be not very
permeable to the cell membrane and consi-
dered to be suitable for use in biochemical,
biophysical and cell physiological experi-
ments. These buffers have one or two sul-
fonic groups or one or two carboxyl groups in
their molecules. Usually KOH or NaOH is
added when these buffers are to be used as a
pH buffer solution. Although the buffers
themselves should be harmless to cells, the
K* (Kiyosawa and Adachi 1990) and Na*t
(Katsuhara and Tazawa 1986) externally
added to the bathing solution of Characean
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cells can kill the internodal cells. Therefore,
Good pH buffer solutions containing K+ or
Nat of considerably high concentrations
might be harmful to Chara internodal cells.

Tunnicliff and Smith (1981) have reported
that HEPES competitively inhibits Na-in-
dependent binding or y-aminobutyric acid
(GABA) binding to its receptor, and Hanra-
han and Tabcharani (1990) have shown that
HEPES supplied internally blocks the anion
channel of PANC-1 cells. Thus, the present
study examined the toxicities of Tris pH
buffers and some Good pH buffers, focusing
on Tris and HEPES which are most widely
used in biochemical, biophysical and cell phys-
iological experiments. The present experi-
ments were done to test whether or not an
externally supplied Tris or Good pH buffer
can kill Chara internodal cells as a result of
biophysical and biochemical interactions with
the cell membrane, as found in the case of
KCl, MgCl, and BaCl, (Kiyosawa and
Adachi 1990).

In this study, the toxicities of Tris and
HEPES-KOH pH buffers were examined.
Chara internodal cells in toxic electrolyte solu-
tions, Tris and HEPES pH buffer solutions
were found to show a gradual decrease in the
velocity of their protoplasmic streaming with
time, followed by its stopping. After this, the
turgor pressure was lost, signifying plant cell
death, at 1 or sometimes 2 days after the pro-
toplasmic streaming had stopped. The veloci-
ty of the protoplasmic streaming of the Chara
cells in Tris-HCI pH buffer solution was exa-
mined as a function of time and in relatioin
to the loss of turgor pressure.

Also studied were the antagonistic effects of
externally added Ca?* and Sr?* on the sur-
vival of Chara internodal cells in Tris pH
buffer solutions and the antagonistic effects of
externally supplied Ca’* on the survival of
Chara internodal cells in HEPES, one of the
Good pH buffers.

These studies suggested that Tris and
HEPES pH buffers, and other Good pH
buffers, CHES (2-cyclohexylamino-ethanesul-
fonic acid) and CAPS (3-cyclohexylamino-
1-propanesulfonic acid), disturb the normal

membrane transport processes. This can be
prevented by externally supplied Ca?*.
Therefore, the leakage of K+, Ca?t and
Mg?* from Chara internodal cells in 10
mol m~3 Tris-HCI (pH 6.9) and Tris-maleate
(pH 7.1) solutions was also examined. The
effects of CHES and CAPS on Chara inter-
nodal cells were studied to clarify the effect of
HEPES on Chara internodal cells.

Materials and Methods

Uncalcified internodal cells of Chara austra-
lis were used. They were cultured in poly-
ethylene buckets containing tap water and
soil several centimeters thick at the bottom.
Some of the buckets were exposed to the sun,
and others were kept out of the sun with
covers which permitted a little sunlight to pass
through. Internodal cells were isolated from
adjacent cells one or a few days before the
experiments and incubated in artificial pond
water (APW: 0.400 molm~3 KCI, 0.100
mol m~3 NaCl, 0.300 molm~3 CaSO, and
0.100 mol m~3 MgSO,; pH ca. 5.3).

Each internodal cell (n=10) was put in a
plastic vessel containing 30-40 cm?® of the test
Tris, HEPES, CHES or CAPS pH buffer so-
lutions or deionized water of 17-18 MQ cm ™!
specific resistance. The cells were incubated
in test solutions without agitation and ob-
served every day for a week or 10 days. Cell
death was judged from the loss of turgor
pressure. This was done by slowly raising
the Chara internodal cell with forceps from
the test solution after confirming that the
protoplasmic streaming had stopped. The
changes in arrangement, shape and color of
the chloroplasts were also observed with a
microscope. If the Chara internodal cell bent
easily on the forceps, the cell was regarded as
being dead. The test solutions in plastic ves-
sels were exchanged for newly prepared ones
at 3-day intervals. The percentages of sur-
vival of the Chara internodal cells in Tris
buffer solutions differed between those grown
in the shade and in the sun, with those grown
in the shade generally showing weaker toler-
ance to Tris buffer solutions. Thus, the per-
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centages of survival of the Chara internodal
cells for the respective test solutions were ob-
tained from at least two experiments: one
from Chara internodal cells (n=10) grown in
the shade and the other from those (n=10)
kept in the shade for one or a few weeks after
having been exposed to the sun for more than
several weeks or a month.

Since Tris buffers seemed to disturb the nor-
mal membrane transport processes, we exa-
mined whether or not leakage of K+, Ca?*
and Mg?* from the Chara internodal cell oc-
curs in 10 mol m~3% Tris-HCI (pH 6.9) and
Tris-maleate (pH 7.1) solutions. Apparent
leakages of K*, Ca?* and Mg?* from the
Chara internodal cell to 10 cm?® of 10 mol m ™3
Tris-HCI, 10molm~3 Tris-maleate and
deionized water of 10 cm3 by 14 h after trans-
fer of the internodal cell from APW to the
respective solutions were measured by the
atomic absorption method (Jarrell-Ash AA-
845). The amounts of leakage of the respec-
tive ions were expressed in terms of averaged
decrease in the ion concentrations of the inter-
nodal cell calculated from the volume of
the internodal cell and the measured changes
in the ion concentrations in the 10 cm® solu-
tions. The volume of the internodal cell was
calculated from the diameter measured with
an optical microscope equipped with an eye-
piece micrometer calibrated with an objective
one, and the length was measured with a ruler.
Ion leakage from Chara internodal cells in
HEPES pH buffer solution was not measured
because the HEPES pH buffer solution con-
tained a large amount of K* which would
have disturbed the determination of ion leak-
age from the Chara internodal cells by the
atomic absorption method.

Experiments and incubation were condu-
cted at 25+0.2°C and, unless otherwise sta-
ted, under a 12 h-12 h light-dark cycle. The
light intensity was 3.4 Wm~2

The velocity of the protoplasmic streaming,
which is sensitive to the Ca?* concentration
in the cytoplasm of the Chara internodal cells
(Williamson 1975, Tominaga and Tazawa
1981, Williamson and Ashley 1982, Tomi-
naga et al. 1983), in Tris pH-buffer solutions

was measured with an optical microscope
equipped with an eyepiece micrometer
calibrated with an objective one in continuous
light because the velocity gradually decreased
and attained almost equal values in a few days
irrespective of differences in the types and
concentrations of calcium salt solutions used,
such as APW, 10 molm~3 CaSQ,, 10 and
80 molm~3 CaCl,, or 10 and 80 molm™3
Ca(NOs), solutions in the dark. However,
the protoplasmic streaming did not stop in
such concentrated calcium salt solutions in
continuous light or in the dark (data not
shown).

Results

Percentages of survival in Tris pH buffer
solutions—All of the Chara internodal cells
immersed in 5.0, 10.0 or 20.0 mol m~3 Tris-
HCI pH buffer solution (pH 7.1) died within
a few or several days (Fig. 1). The higher
the concentration, the faster the drop to zero
percent survival. The same results were ob-
tained with Tris-maleate buffer solutions
(pH 7.1; Fig. 2).

K*, Mg?* and Ba®* tolerance of the Chara
internodal cells increased with addition of
Ca?* or Sr?* (Kiyosawa and Adachi 1990).
Na* tolerance of Nitellopsis also increased on
addition of Ca?* (Katsuhara and Tazawa
1986). Figs. 3 and 4 show similar increased
Tris tolerance of Chara internodal cells on
addition of 0.5 mol m~3 Ca?*. Addition of
Sr?2* to Tris pH buffer solutions did not
significantly increase the tolerance at a final
concentration of 5.0 mol m~3 (Figs. 3 and 4).

The velocity of the protoplasmic streaming
of the Chara internodal cells gradually
decreased with time in 10.0 mol m~3 Tris-
HCI buffer solution (pH 7.1), followed by the
stopping of the protoplasmic streaming and
death of the cell (Fig. 5). In the experiment
of Fig. 5, all of the Chara internodal cells
(n=5) in 10.0 mol m~3 Tris-HCI buffer solu-
tion (pH 7.1) died within a day. On the
other hand, the velocity of the protoplasmic
streaming of the Chara internodal cells in
10.0 mol m~3 Tris-HCI1+0.5 mol m~3 CaSO,
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Fig. 1. Survival percentage of Chara internodal cells in 5.0 molm~3, 10.0 molm~3 and 20.0 mol m~3
Tris-HCI as a function of time.
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Fig. 2. Survival percentage of Chara internodal cells in 5.0 molm™3, 10.0 molm~* and 20.0 mol m~3
Tris-maleate as a function of time.
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Fig. 3. Effects on survival percentage of Chara internodal cells of addition of 0.5 molm~% Ca?* or 1.0
mol m~3 or 5.0 mol m~3 Sr?* to 10.0 mol m~3 Tris-HCI.
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Averaged values of velocity of the protoplasmic streaming of the Chara internodal cells in 10.0

mol m~3 Tris-HCI (pH 7.1) (O) and in 10.0 mol m~2 Tris-HC1+0.5 mol m~* CaSO, (®) as a function of time.
The velocity of the protoplasmic streaming of the Chara internodal cells in 10.0 mol m~3 Tris-HCI (pH 7.1) decrea-
sed gradually with time, while that of the protoplasmic streaming of the Chara internodal cells in 10.0 mol m~3
Tris-HCI (pH 7.1)+0.5 mol m~3 CaSO, remained constant for at least 144 h. All Chara internodal cells (n=5)
died by 24h after immersion in 10.0 mol m~3 Tris-HCI," while all Chara internodal cells in 10.0 mol m~3
Tris-HCI+0.5 mol m~% CaSO, remained alive for at least 144 h. Velocities of the protoplasmic streaming are

indicated with the mean +standard error.

remained constant for at least 144 h (Fig. 5).
The same results were observed with Tris-
maleate and HEPES pH buffer solutions
(data not shown).

The apparent leakages of K*, Ca?t and
Mg?* from the Chara internodal cell to 10.0
molm™3 Tris-HCl (pH 7.1), 10.0 mol m™3
Tris-maleate (pH 7.1) solutions and deionized
water are tabulated in Table 1. Apparently,
K+, Ca?t and Mg?* leaked from the Chara
internodal cell in Tris pH buffer solutions,

Standard errors are shown with bars.

resulting in apparent decrease in their intra-
cellular concentrations amounting to 6.5-8.8
mol m~3, 3.94.6 mol m~3and 0.71-0.64 mol m~3,
respectively.

Percentages of survival in simple HEPES
solution—Until the 4th or 5th day after trans-
fer from APW to the simple HEPES solutions
of 10, 20 and 50 mol m~3 (pH 5.26), high per-
centages of survival were maintained irrespe-
ctive of differences in HEPES concentrations,
but were followed by a steep decrease in the
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Fig. 6. Survival percentage of Chara inter-
nodal cells in simple 10, 20 and 50 mol m~* HEPES
solutions.
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Fig. 8. Survival percentage of Chara inter-
nodal cells in 10 mol m~3 ([K*]=8.9 mol m~3; @),
20 mol m~3 ([K*]=17.8 mol m~3; 0) and 50 mol m~3
HEPES ([K*]=44.5mol m~%; O) pH buffer solu-
tions at pH 8.0, and deionized water (W).
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Fig. 7. Survival percentage of Chara inter-
nodal cells in 10 molm~3 ([K*]=5.0 mol m~3; @),
20 mol m~3 ([K*]=10.0 mol m~3; 0) and 50 mol m~3
([K*]=25.0 mol m~3; O) HEPES pH buffer solu-
tions at pH 7.4, and deionized water ().
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Fig. 9. Survival percentage of Chara inter-
nodal cells in 10molm~=3 ([K+]=0.1molm™3;
—0-), 20molm~3 ([K*]=0.2molm~3; -0-) and
50 molm~* ([K*]=0.5molm™3; O) CHES pH
buffer solutions at pH 7.4, and those in 10 mol m—3
((K*]=8.4molm~% —-@-—) and 20 molm™3
([K*]=16.8 mol m~3; —-0-—) CHES pH buffer
solutions at pH 9.8, and deionized water (H).
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Fig. 10. Survival percentage of Chara inter-
nodal cells in 10 mol m~3 ([K*]=1.8 mol m~3; @),
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Fig. 12. Effects on survival percentage of
Chara internodal cells in 20 molm~° HEPES
(pH 8.0, 0) and 20 mol m~3 CHES (pH 9.8, O) pH
buffer solutions on addition of 0.5 or 1.0 mol m™3
Ca?* to their solutions; ®: 20 mol m~3 HEPES+
0.5molm~3 CaSO,; ®: 20molm~3 CHES+0.5
molm~3 CaSO,; and A: 20molm~3 CHES+1.0
mol m~3? CaSO,.
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Fig. 11. Survival percentage of Chara inter-
nodal cells in 5.0 mol m~3 (®), 15.0 mol m~3 (T) and
25.0 mol m~3 (O) KCI solutions (pH ca. 5.3), and
deionized water (B).

percentage of survival after 4 days (Fig. 6).

Percentage of survival in HEPES pH
buffer solution (pH 7.4)—The decrease in the
percentage of survival of the Chara internodal
cells in 10, 20 and 50 mol m~3 HEPES pH
buffer solutions at pH 7.4 became steeper as a
function of time with increase in the concen-
tration of the HEPES pH buffer solution (Fig.
7). The K* concentrations from the KOH
used to adjust the pH of the respective
HEPES pH buffer solutions were 5.0, 10.0
and 25.0 mol m~3.

Percentage of survival in HEPES pH
buffer solution (pH 8.0)—The percentage of
survival of the Chara internodal cells in 10, 20
and 50 mol m~3 HEPES pH buffer solutions
at pH 8.0 decreased more steeply with time
than those in the HEPES pH buffer solutions
at pH 7.4 of the corresponding concentrations
(Fig. 8; cf. Fig. 7). The K* concentrations
from the KOH used to adjust the pH of the
respective HEPES pH buffer solutions at
pH 8.0 were 8.9, 17.8 and 44.5 mol m™3.
The higher the pH and the K* concentra-
tion, the steeper was the decrease in the per-
centage of survival as a function of time.
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Table 1. Average leakages of K*, Ca?* and
Mg?* from Chara internodal cells (AC in mol m~3)
14h after transfer of the internodal cells from
artificial pond water (pH ca. 5.3) to 10 molm™3
Tris-HCI pH buffer solution (pH 7.1), 10 mol m~3
Tris-maleate pH buffer solution (pH 7.1) or deio-
nized water.

AC*
Solution
K+ Ca2+ Mg2+
Tris-HCI 6.5+3.0 3.9%+0.2 0.71%£0.06
Tris-maleate 8.8%+2.7 4.6%*0.2 0.64%0.00
Deionized water 0.0+0.0 0.0+0.0 0.00%+0.00

AC*: Averaged decrease in the concentration of respec-
tive ion in Chara internodal cells (n=6) due to leakage in
terms of mol m~3.

Percentages of survival in CHES and
CAPS—Fig. 9 shows the percentage of sur-
vival of the Chara internodal cells in 10, 20
and 50 mol m 3 CHES pH buffer solutions at
pH 7.4, and those in 10 and 20 molm™3
CHES pH buffer solutions at pH9.8. The
K+ concentrations of 10, 20 and 50 mol m—3
CHES pH buffer solutions at pH 7.4 were
only 0.1, 0.2 and 0.5 mol m™3, respectively,
and the CHES pH buffer solutions of such
concentrations were almost nontoxic to the
Chara internodal cells. CHES pH buffer so-
lutions of 10 and 20 mol m~3 at pH 9.8 con-
tained 8.4 and 16.8 molm™3 K™, respecti-
vely. At pH 9.8, the survival percentage of the
Chara internodal cells decreased more steeply
with time with an increase in the concentra-
tion of the CHES pH buffer solution. Also,
the survival percentage of the cells at pH 9.8
decreased much more steeply as a function of
time than those in CHES pH buffer solutions
at pH 7.4 of the same concentrations.

In CAPS pH buffer solutions of 10 and 20
mol m~3, all of the Chara internodal cells sur-
vived at pH 9.7 for more than a week (Fig.
10). This indicates that CAPS itself is not
strongly toxic and a high pH of 9.7 is not one
of the main causes of Chara internodal cell
death. However, 50 mol m~3 CAPS contain-
ing 9.0 mol m~3 K+ was very toxic.

Percentage of survival in KCI solutions—
KCl solutions of 5.0, 15.0 and 25.0 mol m—3
(pH ca. 5.3) could kill the Chara internodal
cells (Fig. 11). The higher the concentration

of KCI, the more steeply the percentage of
survival decreased with time.

Effects of Ca?* on the percentages of sur-
vival in HEPES (pH 8.0) and CHES (pH 9.8)
pH buffer solutions—All of the Chara inter-
nodal cells immersed in 20 mol m~3 HEPES
pH buffer solution (pH 8.0), which was much
more toxic than 10molm~% HEPES pH
buffer solution (pH 8.0), died within several
days. However, addition of 0.5 molm™3
Ca?* to 20 mol m~3 HEPES pH buffer solu-
tion (pH 8.0) increased the percentage of
survival of the Chara internodal cells to 90%
(Fig. 12). Addition of 0.5 or 1.0 mol m~3 Ca?+
to CHES pH buffer solution (pH 9.8) also
delayed the decrease in the survival percen-
tage of the Chara internodal cells as a function
of time. However, the effect of Ca?* on the
suvival percentage of the Chara internodal
cells in CHES pH buffer solution was weaker
than that on the survival percentage in 20
molm~3 HEPES pH buffer solution (Fig.
12).

Discussion

Tris and Good pH buffers have been wide-
ly used in physiological, biophysical and
biochemical studies. However, this has been
done without checking their direct effects on
the biochemical molecules in question or their
toxic effects on the cells used. The present
experiments showed that Tris and one of the
Good pH buffers, HEPES, are toxic to the
Chara internodal cells even at 10 molm™3
when the cells are externally exposed to
them. This indicates that Tris and HEPES
pH buffers can affect the cell membrane.

The protoplasmic streaming of Chara inter-
nodal cells did not stop in calcium salt solu-
tions of high concentrations such as 10
mol m~3 CaSQO,, 10 and 80 mol m~3 CaCl,,
and 10 and 80 mol m~3 Ca(NOs),, and even
in long-term plasmolysed Chara Braunii cells
in Ca(NO3), or CaCl, solution of high concen-
trations (Hayashi and Kamitsubo 1959) kept
under continuous light as well as in the dark.
The concentration of the Ca?* in the cyto-
plasm of Chara internodal cells is thought
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to be as low as below 107 6mol m~3, but as
high as ca. 10 mol m~?% when measured by a
direct chemical method using the atomic ab-
sorption method (Okihara and Kiyosawa
1988). The electrochemical potential differ-
ence across the Chara cell membrane for Ca?*
calculated from the measured Ca?* concentra-
tions inside and outside the Chara internodal
cell, and the electrical membrane potential
difference indicates that the Ca?* in APW
should be forced to enter the internodal cell
and stop the protoplasmic streaming of the
cell. The fact that protoplasmic streaming of
intact Chara cells in APW and calcium salt so-
lutions of various types at high concentrations
continues for a long time indicates that the
normal function of the Chara cell membrane is
to prevent a large amount of Ca?* from enter-
ing the cell, which would stop the protoplas-
mic streaming, but to allow enough Ca?* to
enter to instantaneously stop the protoplasmic
streaming on excitation by some stimulus,
such as an electrical current (Barry 1968,
Hayama et al. 1979, Kikuyama and Tazawa
1983, Lunevsky et al. 1983). The gradual
decrease in the velocity of protoplasmic
streaming of Chara internodal cells, followed
by its stopping, in Tris buffer solutions or
HEPES pH buffer solutions without any
special stimulus indicates that the normal
functions of the Chara cell membrane are dis-
turbed by Tris and HEPES pH buffers.
Recently, Katsuhara and Tazawa (1987)
showed that internal ATP at 1 mol m~3 was
necessary for the cell membrane of tonoplast-
free Nitellopsis cells to maintain salt (NaCl)
tolerance in 100molm~3 NaCl in the
presence of external 10 mol m~3 Ca?*. The
velocity of the protoplasmic streaming of
Chara internodal cells immersed in a Tris pH
buffer solution (pH 7.1) gradually decreased
with time, followed by cell death (Fig. 5).
These phenomena were observed in the
HEPES solutions as well. Externally added
0.5 mol m™3 CaSO, could keep the survival
percentage of the internodal cells at 100%
and maintain the normal velocity of the pro-
toplasmic streaming (Fig. 5). This fact sug-
gests that Tris pH buffers cause disturbance

of the normal membrane transport processes,
and induce leakage of ions and some biochemi-
cal components including ATP (Williamson
1975, Shimmen 1978) responsible for main-
taining the normal protoplasmic streaming
and keeping the Chara cell alive, and that ex-
ternally supplied Ca?* and intracellular ATP
prevent Tris pH buffers from inducing the
leakages of ions and some biochemical com-
ponents including ATP (cf. Katsuhara and
Tazawa 1987).

From the viewpoint stated above, we exa-
mined whether or not the leakage of K,
Ca?* and Mg?* from the Chara internodal cell
occurs in 10.0 molm~3 Tris-HCI (pH 7.1)
and Tris-maleate (pH 7.1) solutions. Our
findings (Table 1) together with those of previ-
ous work (Kiyosawa and Adachi 1990) show
that the leakage of K+ is from the cytoplasm
(Katsuhara and Tazawa 1986) which contains
much K+ (MacRobbie 1962, Spanswick and
Williamson 1964, Kishimoto and Tazawa 1965,
Tazawa et al. 1974, Okihara and Kiyosawa
1988). However, most of the calcium ions
liberated will be from the cell wall, to which
a considerably large amount of calcium is
bound (Kiyosawa and Adachi 1990, Reid and
Smith 1992), and/or the cytoplasm. The libe-
rated magnesium ions are thought to come
from the cell wall and/or the cytoplasm.
Leakage of the intracellular ATP has not
been measured yet.

When Nitellopsis cells are transferred from
artificial pond water (APW": 0.1 mol m™3
KCl, 0.1 mol m~3 NaCl, 0.1 mol m~3 CaCly;
pH ca. 5.3) to 100 molm~% NaCl+APW/,
the concentration of K* in the cytoplasm
decreases while that of Nat increases immedi-
ately after the transfer. This effect of the ex-
ternal NaCl of 100 mol m~3 on the cytoplas-
mic K+ and Nat concentrations can be nul-
lified by addition of 10 mol m~3 CaCl, to the
external 100 mol m~3 NaCl (Katsuhara and
Tazawa 1986). The same effects of the exter-
nal 70 mol m~2 NaCl on the survival of Chara
corallina internodal cells have been reported
together with a decrease in the K* concentra-
tion and an increase in the Na™ concentration
in the vacuole occurring a few days or several
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days after transfer from artificial pond water
(APW": 1.0molm~% NaCl, 0.05molm™3
K,S0,;, 0.1molm~3 CaSO,, 5.0molm3
HEPES titrated to pH 7.0 with NaOH) to
70 molm~3 NaCl+APW" (Tufariello et al.
1988). In this case, the coexistence of 7.1
molm~3% Ca?* is enough to prevent an in-
crease in the vacuolar Na*t concentration and
a simultaneous decrease in the vacuolar K+
concentration.

Cramer et al. (1985) and Lynch et al.
(1987), measuring the fluorescence of Ca?*-
chlorotetracycline from intact cotton root
hairs and protoplast suspension of corn roots,
reported that externally supplied Nat
reduced the amount of calcium binding to the
plasmalemma of cotton root cells and of corn
root protoplasts, respectively.

Although we have no direct and clear evi-
dence as to whether the externally supplied
alkali metal and alkali earth metal ions affect
the calcium bound only to the outer surface of
the cell membrane, or even the calcium inside
the cell membrane, the available experimen-
tal results (cf. Katsuhara and Tazawa 1986,
Tufariello et al. 1988, Kiyosawa and Adachi
1990) including the present ones indicate that
externally supplied Ca2* can prevent the dis-
turbance of membrane integrity by externally
supplied alkali metal ions, some of the alkali
earth metal ions and Trision. These observa-
tions suggest that the externally supplied
Ca?* affects the cell membrane itself and can
help maintain normal membrane functions
by suppressing calcium liberation from the
cell membrane in electrolyte solutions of al-
kali metal ions, some alkali earth metal ions
(cf. Kiyosawa and Adachi 1990) and Tris ion.

Kiyosawa and Adachi (1990) have shown
that KCI1, MgCl, and BaCl,, which killed the
Chara internodal cells even at considerably
low concentrations, caused liberation of
almost all of the calcium bound to the Chara
cell wall within an hour (cf. also Reid and
Smith 1992). This also occurred with SrCl,
added at 80 mol m~3, which could keep the
Chara internodal cells alive for more than two
weeks, but did not occur with externally sup-
plied Ca?* at 80 molm~3. Also, externally

supplied Ca*t of 0.5-1.0 mol m~3 more or
less inhibited liberation of the bound calcium
in KCI, MgCl, and BaCl, solutions. The
findings suggested that Sr?* could maintain
membrane integrity in a manner different
from that of Ca’t (Kiyosawa and Adachi
1990) or that Sr?* could suppress the calcium
release from the cell membrane by K+, Mg?*
or Ba?t but its action differed from that of
externally supplied Ca2™*.

Externally supplied Sr2*, which can main-
tain Chara cell membrane integrity in KCI,
NaCl, MgCl, and BaCl,, is not effective at 5
molm~3% in Tris pH-buffer solutions (Fig.
3). Thus, if the viewpoint is taken that exter-
nally supplied Sr?* can suppress the calcium
release from the cell membrane caused by K+,
Mg?* or Ba%*, this observation can be simply
and reasonably explained. Tris pH buffers
liberate the calcium bound to the Chara cell
membrane so effectively that it cannot be sup-
pressed by externally supplied 5 molm™3
Sr2*, but can be by externally supplied 0.5
mol m~3 Ca?*, as shown in Fig. 3. Further
studies using Chara cell membrane or cell
membrane fragments of other plants are ne-
eded to verify this.

On interpreting the effects of Good pH
buffer solutions on Chara internodal cells
obtained in the present study, together with
those of previous work, the following can be
considered to be important: (1) pH value, (2)
K™ concentration, and (3) the concentration
of the Good buffer itself.

Chara internodal cells can survive in an aci-
dic APW at pH 4.72 (Kiyosawa 1990). Thus,
the pH of 5.24 of a simple HEPES buffer solu-
tion should not be low enough to kill Chara in-
ternodal cells (Fig. 6). It must be the action
of the HEPES itself that kills that Chara inter-
nodal cells (cf. Fig. 6). As shown in Fig. 6,
an increase in the number of dead Chara inter-
nodal cells in simple HEPES solutions after
the 5th day suggests that HEPES interacts
directly with the cell membrane components
or channels, not mainly via lowering of the
pH of the bathing solution, as reported for the
isolated semicircular canal of the frog (Norris
and Guth 1985), Helix neurons (Witte et al.
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1985), and cultured Drosophila
(Yamamoto and Suzuki 1987).
Fig. 10 shows that the Chara internodal cells
can survive in 10 mol m~3 and 20 mol m~3
CAPS pH buffer solutions at pH 9.7. These
findings together with an earlier one (Kiyo-
sawa 1990) indicate that Chara internodal cells
can survive in solutions where the pH is as
low as 4.72 to as high as 9.7. Therefore, in
the present experiments, the pH of the test
solutions probably was not the main deter-
minant of the percentage of survival of the
Chara internodal cells, although it may have
been a contributing factor. Compared with
the results of Fig. 11, the fact that the percen-
tage of the survival of the Chara internodal
cells decreased at a more rapid rate with time
in the Good pH buffer solutions of higher con-
centrations seems to be explainable mainly in
terms of the higher K* concentration in the
Good pH buffer solutions. One of the main
actions of the K+ in HEPES and CHES
seems to be liberation of the calcium bound to
the Chara cell wall (cf. Kiyosawa and Adachi
1990, Reid and Smith 1992) and the cell mem-
brane. From this point of view, the survival
percentage of the Chara internodal cells was
examined in 20 mol m~3 HEPES (pH 8.0)+
0.5molm~3% CaSO,;, 20molm~3 CHES
(pPH9.8)+0.5molm=3 CaSO,; and 20
molm~3 CHES (pH9.8)+1.0molm™3
CaSO, in comparison with those in 20
molm~3 HEPES alone (pH8.0) and 20
mol m~3 CHES alone (pH 9.8) (Fig. 12).
The results of Fig. 12 clearly show that the
toxicity of 20 mol m~—3 HEPES (pH 8.0) pH
buffer alone, which was more toxic than 10
mol m~3 HEPES pH buffer solution alone,
was almost nullified when 0.5 molm™3 Ca*
was present for more than 7 days, as shown
with Tris pH buffers (Fig. 3). These observa-
tions further suggest that the blocking effects
of HEPES on the ion channels themselves
(cf. Witte et al. 1985, Yamamoto and Suzuki
1987, Hanrahan and Tabcharani 1990) may
have been reduced by addition of Ca?* to the
solution as well. These observations lead to
another important conclusion that all of the
pH buffers which contain K+ (KOH), Na*

neurons

(NaOH) or ions capable of liberating the cal-
cium binding to the cell membrane may be
toxic to cells and modify the membrane frag-
ments.

However, the toxicity of a simple 20
mol m~3 CHES (pH 9.8) pH buffer, which
was very toxic to Chara internodal cells, could
not be nullified, although it was slightly
reduced by addition of 0.5 or 1.0 molm™3
Ca?*. In the case of 20 molm~% CHES
pH buffer solution to which 0.5 molm~3 or
1.0 mol m~3 CaSO, was added, many crys-
tals of rectangular prisms, flower-like hexa-
gons, dumb-bells, and ellipsoid and indefinite
forms, were observed at the bottom of the ves-
sel, on the internodal cell, and on the surface
of the solution. These crystals were also
observed in solutions of 20 mol m~3 CHES
(adjusted at pH 9.8 by KOH or NAOH)+
1.0 mol m~3 CaCl, or Ca(NOs),. However,
no crystals were observed in 20 molm™3
CHES (to which no KOH or NaOH was
added)+5.0 molm~3 CaSO, solution. In
other words, even when 0.5 molm™3 or 1.0
molm~3 Ca?* was added to 20 molm™3
CHES pH buffer solution, the concentration
of the Ca?* in the CHES solution was lower
than calculated, due to the formation of
CHES-Ca crystals.

A previous paper (Kiyosawa and Adachi
1990) reported that Chara internodal cells kept
in 10molm~—3 HEPES pH buffer solution
remained alive for more than 10 days. This
may have resulted from the use of Chara inter-
nodal cells grown in the sun which had calci-
um-rich cell walls and also because the inter-
nodal cells had been immersed in the same
HEPES solution for a week. These findings
and considerations led to the conclusion that
Tris ions and HEPES-KOH interact with the
Chara cell membrane and the cell wall to in-
duce leakage of K*, and probably Ca?* and
Mg?*, from inside the cell and also liberation
of Ca?* and Mg?* bound to the cell wall and
probably to the cell membrane. This finally
leads to stopping of the protoplasmic stream-
ing and death of the Chara internodal cell.
Leakages of such biochemical components as
ATP-Mg, some inorganic and organic ions



226 Kiyosawa, K.

responsible for keeping the cytoplasm and
the cell membrane normal and maintaining
the normal protoplasmic streaming may also
occur from inside the cell through the cell
membrane in HEPES as well as Tris pH buffer
solutions. Thus, when Tris or HEPES pH
buffer solution is used with or without other
electrolyte(s), a moderate amount of Ca?*
should be added to the solution to prevent
modification of the biomembranes in such
solutions.
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Intracellular cadmium sequestration by the heavy metal-tolerant

green algae Chlorella vulgaris and Uronema confervicolum
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Wilczok, A. T., Watanabe, M. M., Kawahara, S., Suzuki, K. T. and Sugahara, K. 1992. Intracellular
cadmium sequestration by the heavy metal-tolerant green algae Chlorella vulgaris and Uronema confervicolum.
Jpn. J. Phycol. 40: 229-238.

Chlorella vulgaris and Uronema confervicolum isolated from a metal polluted river were examined for induc-
tion of metal-binding peptide formation by exposing to 20 #uM of cadmium under laboratory conditions.
After three weeks of cultivation 608 mg kg™! and 597 mg kg~! of Cd were found in dried cells of C. vulgaris
and U. confervicolum, respectively, when analyzed by the atomic absorption method. About 50% of in-
tracellular Cd in both species was associated with the 170000 g cell supernatant. Distributions of cadmium
in the cell-soluble fractions were determined by high-performance liquid chromatography (HPLC) with
detecting by atomic absorption (AAS) or inductively coupled argon plasma-atomic emission spectrometry
(ICP). Significant changes in HPLC-ICP profiles of sulfur and metals in algal cytosolic fractions were
induced by the exposure to cadmium. Only one metal-binding peak was observed in U. confervicolum, while
C. wvulgaris induced formation of three cadmium-binding peaks on a gel filtration column. High sulfur
content, heat stability and high 254 : 280 asbsorbance ratio of the induced peaks suggest similarity of the
isolated Cd-binding compounds to metallothioneins found in other algae and higher plants.

Key Index Words: Cd-binding compounds— Cd-tolerance—Chlorella vulgaris—Uronema confer-

vicolum.

When exposed to heavy metals many or-
ganisms can synthesize metallothioneins
(MTs)—proteins, which play a key role in
metal detoxification as well as in metal ions
homeostasis (Reddy and Prasad 1990, Robin-
son 1989). Metallothioneins are low molecu-
lar weight heat-stable proteins characterized
by high contents of heavy metals and cys-
teine, absence of aromatic amino acids, high
254 : 280 absorbance ratio typical for thiolate
complexes, and high affinity toward anion
exchangers (Kagi and Kojima 1987).

Metal-binding proteins or peptides are
present or inducible in various kinds of non-
mammalian species (Hamer 1986) and plants
(Grill et al. 1987, Rauser 1990). In plants
they are no primary gene products and are
synthesized enzymatically from glutathione

! Address for reprint requests.
2 Present address: Faculty of Pharmaceutical Scien-
ces, Chiba University, Yayoi, Chiba, 263 Japan.

by the specific enzyme 7-glutamylcysteine
dipeptydyl transpeptidase (Grill et al. 1989).
Algal metallothioneins, most often called
phytochelatins, are defined as class III MTs:
nontranslationally synthesized metal-thiolate
polypeptides (Fowler et al. 1987). Metal-
lothionein-like  metal-binding  proteins,
phytochelatins or other less precisely defined
proteins/peptides have been found in different
algae: Anacystis nidulans, Bumilleriopsis filifor-
mis, Chlamydomonas reinhardtii, Chlorella ellip-
soidea, Chlorella fusca, Chlorella pyrenoidosa,
Dunaliella bioculata, Euglena gracilis, Fragilaria
crotonensts, Monoraphidium minutum, Navicula
pelliculosa, Phaeodactylum tricornutum, Porphirydi-
um cruentum, Sargassum muticum, Scenedesmus
quadricauda, Stichococcus bacillaris, and Syn-
echococcus sp. (Gekeler et al. 1988, Hart and
Bertram 1980, Heuillet ef a/. 1988, Howe and
Merchant 1992, Kawaguchi and Maita 1990,
Nagano et al. 1984, Olafson et al. 1980, Reddy
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and Prasad 1989, Weber et al. 1987). Thus,
the ability to synthesize metal-binding pro-
teins or peptides seems common in the whole
division of algae. While these compounds
may be functionally analogous to animal
MTs, their structure and biosynthesis are fun-
damentally different. Metal-binding com-
pounds isolated from algae are supposed to
be of identical structure to phytochelatins iso-
lated from higher plants and described as (7-
Glu-Cys),-Gly (n=2 to 11) (Gekeler et al.
1988). Amino acid composition of C. ellip-
soidea MT's consists of mainly glutamic acid
or glutamine, arginine, glycine, and half-cys-
teine (Nagano et al. 1984), while in the other
algae only glutamic acid, cysteine and glycine
were found (Gekeler et al. 1988, Maita and
Kawaguchi 1989). Molecular weight of dif-
ferent algal metal-binding proteins (or pep-
tides) determined by gel filtration or SDS-elec-
trophoresis is in the range of 1.8-20 kDa and
markedly depends on the ionic strength ap-
plied as well as on the species tested (Grill
et al. 1987, Hart and Bertram 1980, Lue-Kim
and Rauser 1986, Murasugi et al. 1981, Naga-
no et al. 1984, Olafson et al. 1980).

Algal tolerance to heavy metals is correlat-
ed with the metal concentration in the en-
vironment where the algae were isolated.
The isolates of Bacillariophyceae, Chlo-
rophyceae, and Charophyceae from metal-pol-
luted sites are mostly tolerant to the pollutant
metal and retain their tolerance even for
2 years of subculture in the normal cultivation
medium (Takamura et al. 1989, 1990). In
particular, the chlorophycean algae, C. vul-
garis and U. confervicolum can grow in high
concentrations on Zn, Cu, and Cd. When
tested for photosynthetic activity decrease,
the concentrations of Cd equal to 25.0 mg1™!
for C. vulgaris and 16.6 mg 1~ for U. confervico-
lum caused 50% inhibition of photosynthesis
(Takamura et al. 1989).

Recently, simultaneous determination of

multielements including heavy metals and sul- -

fur in different biological samples by HPLC-
AAS and HPLC-ICP was proven as the use-
ful tool in metal-binding proteins investiga-
tion (Sunaga et al. 1987, Suzuki 1991, Suzuki

et al. 1987, 1988). In the present study, as
a first step in our studies on characteriza-
tion of metallothionein-like metal-binding com-
pounds induced in C. vulgaris and U. confervico-
lum, we tried to determine distribution
profiles of Cd and other elements in the super-
natant derived from the algae by using both
the HPLC-AAS and HPLC-ICP methods.

Materials and Methods

Unialgal cultures of Chlorella vulgaris Beij.
(strain NIES PS-511) and Uronema confervico-
lum Lagerh. (NIES PS-526) were obtained
from the Microbial Culture Collection at the
National Institute for Environmental Studies
(NIES). The strains were originally isolated
from heavy metal polluted Miyata river in
1987 and deposited at the NIES-Collection
(Takamura et al. 1989, Watanabe and Satake
1991).

Cells were cultured axenically for three
weeks in the “C” medium composed of
Ca(NO;),-4H,0-150 mg 171, KNO;-100
mgl~!, B-Na,-glycerophosphate-50 mg1~!,
MgSO,:-7H,0-40 mg1~!, vitamin B;,-0.1
pgl™!, biotin-0.1 ug1~!, thiamine-HCI-10
pgl~!, FeCl;-588 pg1~!, MnCl,-4H,0-108
pgl™!, ZnSO,- TH,0-66 pugl~!, CoCly- 6H,O-
12 pg1~!, NayMoO,-2H,0-7.5 pgl1~!, Na,
EDTA-2H,0-3 mgl~!, and tris (hydrox-
ymethyl) aminomethane (Tris)-500 mgl~!
(pH 7.5) (Watanabe and Satake 1991) in the
foam stopped 21 Erlenmeyer flasks under il-
lumination of ca. 100 #mol photon m=2s™!
with a photoperiod of 12 h light: 12 h dark
from the daylight fluorescent tubes at 20°C.
For Cd-treatment CdCl, was added at a con-
centration of 20 #M at the beginning of each
experiment.

Algae were harvested by filtration through
a 1.0 um Nucleopore filter under reduced
pressure, washed with 0.1 M Tris-HCI buffer
(pH 7.4) and homogenized in 10ml of the
same buffer using a VR 200 P homogenizer
(Tomy-Seiko, Tokyo) in an atmosphere of
nitrogen gas under ice-water cooling. Dry
weight was determined by drying samples to a
constant weight as recommended by Sorokin
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(Sorokin 1973). Three 0.5ml aliquots of
each homogenate were wet-digested with
0.5 ml of mixed acids (HNOj; : HCIO,, 5 : 1).
The remaining portions of homogenates were
diluted with Tris-HCI buffer (0.1 M, pH 7.4)
to the dry mass concentration 20 mgml™!.
The 7ml aliquots were centrifuged at
170000 ¢ for 60 min at 2°C. An atomic ab-
sorption spectrometer equipped with graphite
furnace (Shimadzu AA 640-12) was used to
measure metal concentration in the cultiva-
tion medium, digested homogenate, and
crude supernatant.

The separation of algal Cd-binding com-
pounds was performed on two kinds of
columns and elution conditions; the GS
column (a gel filtration column with low inter-
actions between column coating and sub-
strates by elution at neutral buffer conditions)
and the SW column (a gel filtration column
with stronger interactions of metals between
column material and substrates by elution at
slightly basic pH, which better separates rat
metallothioneins into isoforms) (Suzuki et al.
1980). Aliquots (0.2 ml) of the 170000 g su-
pernatant were applied on an Asahipak GS-
320 column (7.6 X 500 mm; Asahi Chemical
Industry, Kawasaki, Japan) and an SW
column (TSK gel G3000SW, 7.5X 600 mm
with a guard column of 7.5% 75 mm; Tosoh
Co. Ltd., Tokyo, Japan). A Tris-HCI buffer
solution (10 mM, pH 8.0 containing 0.1%
NaNj3) was used as the mobile phase for the
SW column, while 0.9% NaCl solution con-
taining 0.05% NaN; was used for the GS
column. The mobile phases were degassed
with a Shodex Degas degasser (Showa Denko
Co., Tokyo, Japan). The flow rate was main-
tained at 1.0 ml min~! by a Gasukuro Kogyo
HPLC Model 576 (Gasukuro Kogyo Inc.,
Tokyo, Japan). The eluate absorbances at
254 and 280 nm were measured with a
programmable Spectra 200 detector (Spec-
traphysics) and the eluate was subsequently
introduced directly into an atomic absorption
spectrometer with an acetylene flame (Hitachi
170-50 A) or into a nebulizer tube of a Daini
Seikosha 2500 ICP spectrometer (Seiko
Instruments and Electronics Ltd., Tokyo,

Japan). All the concentrations of elements
were determined simultaneously according
to the method described elsewhere (Sunaga
et al. 1987, Suzuki et al. 1988, Suzuki 1991).
The stored data were processed and converted
into distribution profiles using a self-developed
software and a personal computer (PC 9801,
NEC, Tokyo) and XY-plotter (FP 5301R,
Graphtec, Tokyo). The SW column was
precalibrated with the previously described
Cd-exposed rat liver supernatant (Suzuki
et al. 1987) and aprotinin, cytochrome c, car-
bonic anhydrase, and albumin—gel filtration
molecular weight markers (Sigma, St. Louis,
USA). To determine a heat-stability of the
isolated metal-binding compounds, the cell
supernatants were heat-treated (70°C, 10 min)
under nitrogen gas, centrifuged (5000¢g,
10 min) and analyzed by the HPLC-ICP on
the SW column as described above.

Results and Discussion

Cadmium added into the cultivation medi-
um was easily incorporated into the algal
cells. After three weeks of cultivation 608
mgkg™! and 597 mgkg~! of Cd were found
in dried cells of C. vulgaris and U. confer-
vicolum, when analyzed by the atomic ab-
sorption method. 49.5% of intracellular Cd
in C. vulgaris and 51.4% in U. confervicolum
was associated with the 170000 g cell super-
natant subjected for HPLC separation. Dis-
tribution of metal bound to cytosolic fraction
was determined by HPLC-AAS and for more
detailed characterization by HPLC-ICP.
The elution profiles of Cd and absorbance
recorded at 254 and 280 nm during separa-
tion of Cd-exposed C. vulgaris and U. confervi-
colum supernatants on the GS column are
presented in Fig. 1. Both analyzed strains
synthesized Cd-binding compounds. Cd-
peak followed by the high absorbance at
254nm was eluted at a retention time of
10.5 min on a GS-320 column in both spec-
ies. The Cd-distribution profile in the super-
natant obtained from Cd-treated C. wvulgaris
suggests the presence of isoforms or three suc-
cessive metal-binding components of reten-
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an Asahipak GS-320 column. Absorbances at 254 and 280 nm were recorded in the time course of
analysis of metal-binding compounds. The vertical bar indicates the detector level (0.1 g Cd ml~!) by AAS.

tion times 10.5, 11.4, and 11.9 min, though
two latter peaks were not well separated.
This phenomenon was not observed in U. con-
Servicolum, which bound Cd to the single
peak only.

Figure 2 shows elution profiles of Cd and
absorbance recorded at 254 and 280 nm dur-
ing separation of Cd-treated C. vulgaris and
U. confervicolum supernatants on the SW

C. vulgaris, while again only a single Cd-peak
was found in U. confervicolum. From these
results, the SW column was found more suita-
ble for separation of cadmium-binding com-
pounds and therefore chosen for HPLC-ICP
measurements and heat-treatment experi-
ments.

Figure 3 shows HPLC-ICP results ob-
tained for Cd-treated and control C. vulgaris

column. Three Cd-peaks were observed in  supernatants separated on the SW column.
A2g0 A280
Azs4 A254
Ccd cd
L 1. NP PSP NP | [P I NPT S T REPUT Y WOV Y W SR SRPO |
5 10 15 20 25 5 10 15 20 25
Retention time Cmin)
Fig. 2. Elution profiles of Cd-exposed C. vulgaris (left) and U. confervicolum (right) on a G3000SW column.

The detector level (0.1 #g Cd ml~!) by AAS is shown by the vertical bar.
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Fig. 3. HPLC-ICP profiles on a G3000SW column for the supernatants of C. vulgaris. Cells grown in the

absence of Cd (left), cells exposed to 20 #uM of Cd (right) for 3 weeks.
The vertical bar corresponds to the detector levels of the respective elements (eg., for Cd the

in arbitrary units.
detector level is 0.05 g ml~!).

Metal-binding components were again eluted
as three successive fractions of retention times
15.2, 16.9, and 17.8 min respectively. The
low amounts of Cu found in the Cd-binding
components in both algae (see also Fig. 4) sug-
gest that the induced compounds could bind
and concentrate Cu despite the very low con-
centration of Cu in the medium. It must be
noticed, that the cultivation medium used in
the present experiment did not contain Cu ad-
ded as a microelement and its concentration
was below the detection limit by AAS. Naga-
no et al. (1984) observed that Cu co-eluted
with Cd-binding peptides, when the algae

Absorbances at 254 and 280 nm recorded

were supplied with both metals. On the
other hand Zn, known phytochelatin forma-
tion inducer in Chlorella and Scenedesmus
(Gekeler et al. 1988), which was present as a
trace element in the cultivation medium, was
not co-eluted with Cd-binding fractions.
Probably, the higher Zn concentration is re-
quired or some antagonisms exist between Cd
and Zn affinity to the induced Cd-binding
compounds. Cadmium-binding peaks were
never detected in control cultures. Results
obtained for U. confervicolum on the SW
column (Fig. 4) again confirmed the induc-
tion of only one Cd-binding compound. Its
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Fig. 4. HPLC-ICP profiles on a G3000SW column for the supernatants of U. confervicolum. Control cells
(left) and cells exposed to 20 uM of Cd (right) for 3 weeks. Detector levels as in Fig. 3.

retention time (14.8 min) was shorter than
that of the three Cd-binding fractions found
in C. vulgaris.

Steffens (1990), analyzing the data on the
occurrence of phytochelatins, concluded that
the ability to synthesize phytochelatin in
response to heavy metals is conserved from
Orchidales, the most advanced group of
higher plants, to the red, green, and brown
algae. No other thiol-rich, heavy metal-bind-
ing compounds were detectable in the assayed
plants, and phytochelatins synthesis was
suggested as a generalized plant response
to stress caused by heavy metals. Based on
such assumption, we should not exclude that

both strains examined in the present experi-
ment formed phytochelatins with different
numbers of p-glutamyl-cysteine subunits,
although the isolated Cd-binding compounds
from C. vulgaris and U. confervicolum could
have different characteristics. Wikfors et al.
(1992) have reported recently that among
five different Cd-tolerant algal species tested
for Cd-binding polypeptides induction, only
two of them, Phacodactylum tricornutum and
Dunaliella tertiolecta produced such compounds.
Cd-tolerant strains of Isochrysis galbana, Pavlova
lutheri, and Tetraselmis maculata did not pro-
duce detectable amounts of (y-Glu-Cys),-Gly,
what implies that other adaptive mechan-
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isms may occur in some algae to ameliorate
Cd stress. When influence of Cd on Phacodac-
tylum tricornutum was earlier analyzed by
Kawaguchi and Maita (1990), two different
Cd-binding peptides composed of glutamic
acid, cysteine, and glycine were isolated.
The chemical structure of these compounds
was identical with phytochelatins induced in
other algae and higher plants (Gekeler et al.
1988, Grill et al. 1987). The fact that U. con-
fervicolum synthesized only one Cd-binding
peak, while three Cd-peaks were found in C.
vulgaris, suggests that the induction can be
species-specific. The likelihood that metal
stress in different algal species induces differ-
ent specific adaptive mechanisms was earlier
considered by Robinson (1989).

Shorter retention times of the Cd-binding
compounds found in the Cd-treated algae
compared to rat liver metallothionein-I and
-II (Suzuki et al. 1987) obviously reflected their
different chemical structure and composit-
ion. Metal-binding complexes isolated from
plants are aggregates of heterogenous poly-
peptides and often behave like entities of 10-
13.8kDa in gel filtration media (Rauser
1990). Based on the determined structure
and amino acid composition of phytochelatin
isolated from Rauvolfia serpentina, Grill et al.
(1987) concluded that the molecular weight of
the native metal-containing phytochelatin
complex was 2-4 kDa, rather than the 10 kDa
often observed at low ionic strength.

As amino acid composition was not meas-
ured in the present study, the answer whether
the isolated Cd-binding complexes should be
classified as class II metallothioneins or
phytochelatins remains too ambiguous,
although some data support the latter possi-
bility. Plants, opposite to animal species, al-
ways synthesize phytochelatins in response to
heavy metals. However, Mehra et al. (1988)
found that yeast Torulopsis glabrata exposed to
Cu and Cd, formed both, metallothioneins
and 7-glutamyl peptides for metal detoxifica-
tion, and each system was regulated in metal-
specific manner. Upon exposure to Cd, the
cells synthesized only 7-glutamyl peptides.
The coincidental synthesis of both above men-

tioned classes of compounds was never report-
ed in algae or higher plants, but neither the
technique applied in the present study nor
methods recommended by Rauser (1991) or
Grill et al. (1991) can resolve Cd-induced 7-
glutamyl peptides and metallothioneins of the
type found in Torulopsis (Mehra et al. 1988),
Saccharomyces cerevisiae (Inouhe et al. 1991) or
Synechococcus (Olafson et al. 1980).

A class II metallothionein isolated from
metal tolerant aquatic insect, Baetis thermicus
larvae was the heat-stable protein and most of
other proteins in the supernatant were remov-
able by heat-treatment without spoiling the
metal binding capacity of metallothionein
(Suzuki et al. 1988). Also the pea root (Pisum
sativum) metallothionein produced in E. coli
(Kille e al. 1991) seems to be a heat-stable pro-
tein. Heat-treatment to remove other “con-
taminating” proteins is commonly used in
metallothionein purification procedures not
only from animals but also from plant tissues
(Rauser 1984, Rauser and Glover 1984).
However, in the literature survey, we could
not find any data on heat-stability of isolated
metallothionein-like metal-binding complexes
induced either in algae or in higher plants.
In the present experiment, supernatants of
Cd-exposed algae were heat-treated and the
stability of metal-binding components was
examined. Figure 5 illustrates HPLC-ICP
profiles for heat-treated Cd-exposed algae
obtained on the SW column. The isolated
Cd-binding fractions were heat-stable compo-
nents. The Cd, sulfur, and absorbance
profiles did not change significantly after heat
treatment (cf. Figs. 3-5). Minor changes in
UV-profiles of Cd-exposed heat-treated su-
pernatants were more likely observed in C.
vulgaris. These results suggest a higher
resistance to denaturation of the single Cd-
binding component isolated from U. confervico-
lum compared with Cd-binding complex in-
ducible in C. vulgaris and once more indicate
different properties of metal-binding com-
pounds induced in both algae observed.

Determination of amino acid composition
of isolated Cd-binding compounds after their
subsequent purification by reverse-phase
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C. vulgaris (left) and U. confervicolum (right). Distribution profiles determined as in Fig. 3.

HPLC combined with thiol-rich compounds
detection by Ellman’s reagent will be a sub-
ject of our further experiments.
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Growth rates of Gracilaria species (Gracilariales, Rhodophyta) from
Tosa Bay, southern Japan
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Orosco, C. A. and Ohno, M. 1992. Growth rates of Gracilaria species (Gracilariales, Rhodophyta) from
Tosa Bay, southern Japan. Jpn. J. Phycol. 40: 239-244.

The daily growth rates (DGR, % increase in wet weight day~!) of Gracilaria chorda, G. gigas, G. “ver-
rucosa”, G. incurvata and G. textorii from Tosa Bay, southern Japan were measured. Intact, young un-
branched fronds arising from new discoid basal discs were collected from natural attached populations of
Gracilaria and grown for two months in net cages suspended in the bay. DGRs of these fronds varied during
the culture period but were generally 2-4% day~!, and grazers were a problem. Growth response to
seawater temperature (10-33°C) was investigated by growing segments of thalli of each species for two
weeks in a closed-circulating system (aquatron). G. chorda showed its maximum DGR at 15°C
(3.82+1.00% day~!), while G. gigas (4.74+1.02% day~"), G. incurvata (4.19+1.16% day~') and G. textorii
(2.91£0.70% day~!) showed their maximum DGR at 20°C. G. “verrucosa” showed its maximum DGR
(1.54%0.63% day~!) at 18°C, being lowest among the species investigated, and did not exhibit a clear
response to temperature. G. “verrucosa” showed growth at 30 (0.64+0.30% day~!) and 33°C (0.79+

0.33% day1).

Key Index Words:  agarophytes—Gracilaria—growth rate—seasonality—southern Japan—temperature.

Species of Gracilaria are major sources
of the phycocolloid, agar (Santelices and
Doty 1989, McLachlan and Bird 1986). They
are distributed world-wide, and 16 species
have been reported from Japan (Yamamoto
1978).

Six species of Gracilaria occur in Uranou-
chi Inlet of Tosa Bay in Shikoku, southern
Japan. Five of them, Gracilaria chorda Hol-
mes, G. gigas Harvey, G. “verrucosa”™, G. incur-
vata Okamura and G. textorii (Sur.) DeToni,
represented more than 90% of the total mac-
roalgal standing stock in Uranouchi Inlet
during the growing season in January 1987
to December 1988, reaching a maximum value
0f 1,296.5 g (dry wt) m ™2 in May 1987 (Orosco
and Ohno, in press).

* The taxonomic status of different populations refer-
red to as G. verrucosa is uncertain (Abbott et al. 1985).
We use this name based on the recommendation of
Yamamoto and Sasaki (1988) to continue using this
name for the Japanese taxon until the status of this
species is resolved by crossing experiments with other
Japanese populations.

We are presently doing ecophysiological
and biochemical studies on these Gracilaria
species. In this paper, we report on growth
rates of the five species when cultured in net
cages in the field and in a temperature-control-
led, closed-circulating system (aquatron).

Materials and Methods

Two growth-rate experiments using the
three terete species (G. chorda, G. gigas and G.
“verrucosa”) and the two flabellate species
(G. incurvata and G. textorit) were carried out.
All samples were collected from natural popu-
lations of Gracilaria in Uranouchi Inlet of
Tosa Bay. Attached thalli were collected,
transported to the laboratory in seawater-
filled buckets and kept in running seawater.

Outdoor cage culture. For each species,
five to eight healthy, intact, young unbran-
ched fronds arising from new discoid basal
discs were cleaned of sediments and epiphytes,
tagged and placed in two nylon net-covered
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cages (10X20X20cm). The cages were
hung from a raft in the harbor to a depth of
0.5m. Wet weight of individual thalli was
measured weekly. Thalli were cleaned of
epiphytes and debris during each measure-
ment. This experiment was carried out for
a period of 56 days (Jan. 31, 1987 et seq.).
Growth-rate data are expressed as the
mean=®S.D. of five to eight thalli. Seawater
temperature, salinity, and nutrients (phos-
phate-phosphorus, nitrate-, nitrite- and am-
monium-nitrogen) were measured during each
sampling period. Nitrogen is expressed as
dissolved inorganic nitrogen (DIN =nitrate +
nitrite +ammonium). Salinity was measured
using a conductivity meter, while nutrients
were determined by colorimetric methods
(Meteorological Agency 1970).

Indoor culture. This experiment was
done to study the effect of seawater tempera-
ture on the growth rate.

One- to two-gram cuttings of apical por-
tions were prepared from the collected sam-
ples and were kept in flowing seawater for
24 h before start of the experiment. Fifteen
cuttings for each species, except for G. textori,

L)

L

Fig. 1.
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were inserted between the braids of rope hang-
ing from a glass rod. These ropes were
weighed down by another glass rod. G. tex-
torii, because of its brittle and wide, flat thal-
lus, was tied to the ropes by a thread passing
through the thallus near its cut end. Samples
were cultured in a temperature-controlled
closed-circulating system, aquatron (Fig. 1,
Ohno 1977). Medium used was plankton
net-filtered seawater (450/) from the bay.
Light was provided by white fluorescent tubes
at a 12:12h light : dark cycle at a photon
fluence rate of 65 pE m~2sec™!. The system
was run for 24 h at the set temperature before
the start of the experiment. Temperatures
tested were 10, 12, 15, 18, 20, 22, 25, and
28°C. Growth rates of G. “verrucosa” were
measured also at 30 and 33°C. Wet weight
of each sample was taken after the 14-day
incubation period. Data represent the
mean+S.D. for 15 samples. This experi-
ment was carried out from April 19 to July
8, 1987.

Daily growth rate (DGR, % day~!) was
calculated using the formula of Rosenberg
and Ramus (1981): DGR =100 (In n/n,)t !,

';| 23

AN

B

Closed-circulating system (aquatron) used in the temperature-growth study. C, plexiglass cover;

D, drain; G, glass rod; L, light panel; I, water inlet; R, rope; S, sand filter (recirculation tank).
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where n, is weight at the beginning of each
period, n, is weight after t days, and t is the
number of days.

Results and Discussion

Ambient seawater temperature, salinity
and phosphate-phosphorus varied little du-
ring the experimental period. DIN had
slightly higher values in March owing to in-
crease in the three nitrogen species measured
(Fig. 2).

In the outdoor cage-culture experiment, G.
textorii showed the highest long-term DGR
over the 56-day culture period, 4.47£0.51%
day~!, followed by DGR of G. “verrucosa”,
3.86+0.85% day~!. G. chorda and G. incur-
vata had similar DGRs, 2.97%1.36 and
2.96+0.67% day~!, respectively, while G.
gigas had the lowest DGR, 2.07+0.32%
day~! (Figs. 3 & 4).

However, daily growth rates varied from
week to week during the 56-day culture
period. G. textorii exhibited the highest short-
term DGR of 7.90£1.26% day~! at the
beginning, which, however, continually de-
creased to a lowest DGR of 2.87+0.80% day !
at the end of the culture period. G. incurvata
had a DGR of 5.32+0.89% day~! during
the first week but the rate decreased to about
602 of the initial rate (3.20+1.84% day~!)
in February, and in March the rate was only
26-37% of the initial DGR. G. “verrucosa”
had a high DGR during the first week of
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Fig. 2. Temperature (°C), salinity, DIN and

phosphate (¢g-at [~!) of ambient seawater during
the outdoor cage culture experiment.
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culture, but the rate decreased and remained
at about 50% of the initial DGR until the
beginning of March; then the rate decreased
further. The DGR of this species ranged from
0.76+0.91 to 6.86+4.76% day~!. G. gigas
had the lowest DGR, 1.76+0.86 to 2.56*
0.52% day~!, among the five species. Over
the two-month period, however, the rate was
never less than 80% of the initial DGR. G.
chorda had growth rates, equal to or slightly
higher than the initial DGR (3.37+1.98%
day~!) in February, but in March DGR was
only 62-87% of the initial rate. DGR ranged
from 2.04%0.77 to 3.70+2.01% day~.
One problem encountered during the field
growth study was grazing of the samples by

— — T
8. textorii
4.47+0.51%
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Fig. 3. Daily growth rates (DGR, % day~!)

of the flabellate species (G. textorii and G. incurvata)
grown in net cages suspended in the bay. Plotted
values represent the mean=*S.D. at weekly intervals
(t=7). Daily growth rate over the whole culture
period (t=56) is given in the upper right-hand
corner of each graph.
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of the terete species (G. chorda, G. gigas and G. “ver-
rucosa”) grown in net cages suspended in the bay.
Details are the same as in Fig. 3.

copepods. Van Dover and Kirby-Smith
(1979 in Rosenberg and Ramus 1981) noted
that the amphipod Caprella penantis occurred
among the branches of Gracilaria but it did not
consume the host seaweed. During our field
growth experiments, some copepods built
their “homes” on the thalli by cementing silt
around the main axis with a fibrous material
and lived in the space between the thallus and
the silt. Removal of these homes by forceps
revealed white grazing marks on the thallus
where the medulla had been exposed. Most
susceptible to this attack was G. “verrucosa”.
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Fig. 5. Daily growth rates (DGR, % day~1)
of Gracilaria species in response to seawater
temperature when grown in an aquatron for
14 days. Plotted values represent the mean+S.D.

Some animals were also found on G. gigas and
the fewest number was found on G. chorda.
When these animals were found on G. fextorii
and G. incurvata, they formed patches of silt on
the upper surface of the thallus. These struc-
tures were well-attached to the thallus and
could not be removed by washing with sea-
water; they had to be forcefully removed by
forceps. Heavy infestation resulted in frag-
mentation of the thallus, although in some
instances the broken branches were cemented
together by the silt structures.

In the aquatron experiment, growth rates
increased with increase in temperature from
10 to 20°C and decreased when temperature
exceeded 20°C (Fig. 5). G. chorda had its
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highest DGR at 15°C (3.82+1.00% day™!),
while G. gigas (4.74+1.02% day™"), G. incur-
vata (4.19%+1.16% day~!) and G. fextorii
(2.91£0.70% day~!) had their maximum
DGR at 20°C. G. gigas was the most respon-
sive to temperature, while G. “verrucosa” did
not show a clear response to temperature
although the maximum DGR occurred at
18°C (1.54%+0.63% day~!). The maximum
DGR was lowest in G. “verrucosa” among the
species investigated. The growth of G. “ver-
rucosa” was also measured at 30 and 33°C as
its thalli were found throughout the year in
the intertidal zone where the temperature
attains 30°C or more. DGR of this species
was 0.64+0.30% day~! at 30°C and 0.79%
0.33% day~! at 33°C.

Our previous study on the seasonal abun-
dance of natural populations of the same
Gracilaria species in Uranouchi Inlet (Orosco
and Ohno, in press) showed changes in bio-
mass corresponding to changes in seawater
temperature. Sporelings and new growth
from perennating holdfasts or stumps are ob-
served in late autumn to early spring when
seawater temperature is 13-15°C. Thereisa
large biomass from March to June-July,
when temperature increases to about 25°C;
however, biomass peaks in April-May (15-
18°C). Senescence occurs after the reproduc-
tive season when water temperatures are
above 23°C. Plants pass the summer as hold-
fasts, stumps, or spores attached to substrata
covered by sand; G. “verrucosa” in the upper in-
tertidal area, however, continues to grow
even when water temperature is 28-30°C or
slightly higher (Orosco and Ohno, in press).
The present results from the aquatron experi-
ment on G. “verrucosa” showed that growth is
possible at 30 and 33°C. In the natural
habitat, temperatures as high as these values
may be reached as the sites are located in inter-
tidal areas which are often exposed during
low tides.

Thus, the growth response of the five
Gracilaria species to temperature in the in-
door culture experiment coincides well with
the natural seasonal growth cycle of Gracilaria
species in Uranouchi Inlet of Tosa Bay. Ex-

cept for G. “verrucosa”, growth rates increase
as temperature increases towards the opti-
mum at 15-20°C above which growth rates
decrease and senescence occurs.

Growth rates of Gracilaria species in this
study are slightly lower than the general

values of 5-10% day~! compiled by
McLachlan and Bird (1986). Short-term

DGRs in the outdoor cage culture were lower
than the maximum growth rates obtained in
the aquatron for G. chorda, G. incurvata and G.
gigas, although growth rates in the outdoor
cage culture were expected to increase in the
later months as the optimum temperature for
growth had just started at the termination of
the experiment.

G. textorii is the least tolerant to high temper-
ature. In the aquatron, there was a drastic
decrease in growth rate at temperatures
higher than 20°C. It has the shortest growth
period in Uranouchi Inlet; it is usually found
only until June when seawater temperature
reaches 22°C (Orosco and Ohno, in press).

Temperature for optimum growth of G.

“verrucosa” in these experiments is generally
lower than that of G. verrucosa from the Philip-
pines (optimum: 25-30°C) grown in the labo-
ratory between 15 and 30°C (Hurtado-Ponce
and Umezaki 1987). Growth rates of G. ver-
rucosa in the intertidal (5.0-16.4% day~!)
and in an abandoned fishpond (1.5-8.4%
day~!) at temperatures of 28-32°C in the
Visayas, Philippines (Largo et al. 1989) were
relatively higher than the growth rates we ob-
tained at temperatures above 20°C. Further
comparison of growth rates of G. verrucosa is
difficult because of the uncertain status of the
species from other localities (Abbott e al.
1985).

Based on the experimental assessment of
the geographic distribution of Gracilaria spe-
cies in relation to temperature (McLachlan
and Bird 1984), the species from Tosa Bay,
southern Japan still seem to belong to the tem-
perate-water species which showed maxi-
mum growth rates at 15 or 20°C, although
none of the species reported in this paper was
included.
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Diatom assemblages of sediments from the estuary of Fukuda River in
Kobe along the northwestern coast of Osaka Bay with special
reference to the Holocene sedimentary history
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Kumano, S., Nishiumi, M., Okuizumi, G. and Sato, H. 1992. Diatom assemblages of sediments from the
estuary of Fukuda River in Kobe along the northwestern coast of Osaka Bay with special reference to the
Holocene sedimentary history. Jpn. J. Phycol. 40: 245-259.

Diatom assemblages of sediments obtained from the estuary (Tarumi site) of Fukuda River in Kobe
were analyzed in order to clarify the local Holocene sedimentary history. The results were as follows: 1) the
lowermost sediment was a brackish environment at around 7000 yr B. P. 2) the first marine diatom zone
(MD, Zone) was alternated three times by three transitional zones (Tr,_;, 1_2, 1—3 Zone) probably caused by
the developments of three sand bars across the estuary of paleo-Fukuda River during the period between

7000 and 6000 yr B. P.

Key Index Words:  diatom assemblages— Fukuda River estuary— Holocene transgression—sand bar develop-

ment.

The diatoms occur in virtually all bodies of
water exposed to light and contain easily
recognized taxa characteristic of many differ-
ent environments between truly marine condi-
tions and potable freshwater and at widely
varying temperatures, salinities, pH, and
chemical composition. Similar fossil forms
are found in sediments that were deposited un-
der such environmental conditions. So the di-
atoms have many advantages as microfossils
to clarify the local paleoecological factors.

Previously we have analyzed the diatom
assemblages of sediments obtained from the
estuary along the Osaka Bay (Kumano and
Miyahara, 1981; Kumano and Fujimoto,
1982; Sato et al., 1983), Kutcharo Lake
(Kumano et al., 1984, Sekiya and Kumano,
1983) and Kushu Lake (Kumano et al.,
1990a).

In Osaka Bay area, the Marine Diatom
Zone (MD; Zone) coincided with the peak of
the first Holocene transgression at about
6000 yr B.P. at several sites along the coast
of Osaka Bay.

In Kutcharo Lake and Kushu Lake, deposi-
tion of the Marine Diatom Zone (MD, Zone)
and the Transitional Zone (Try Zone) finished
at about 6000yr B.P. and 5000yr B.P.,
respectively, because of the sand bar develop-
ment prior to the first Holocene regression
at about 4500 yr B.P., the “Middle Jomon
minor regression” named by Ota et al.
(1982).

In the present study, diatom assemblages of
sediments obtained from the estuary (Tarumi
site) of Fukuda River in Kobe were analyzed
in order to clarify the local Holocene sedimen-
tary history.

Materials and Methods

Sampling Sites

Fukuda River is about 7 km in length and
Tarumi site is located at the estuary in Kobe
along the northwestern coast of the Osaka
Bay, at altitude about 4 m, latitude 34°35'38"
N and longitude 135°3'40"E (Fig. 1).

The excavation for the construction of
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The estuary (Tarumi site) of Fukuda River at altitude about 4 m is located at latitude 34°3538"N

and longitude 135°3'40"E in Kobe along the northwestern coast of Osaka Bay, central Japan.

buildings at the estuary (Tarumi site) of
Fukuda River offered us outcrops of Holocene
deposits, from which samples of Site A (—0.2
m to +1.4m) and Site B (+0.8 m to +2.7
m) were collected in 1988, those of Site C
(+1.0m to +2.2m) were collected in 1988
and those of Site D (+2.4m to +3.7m),
were collected in 1990, respectively (Fig. 2).

14C Dates and Akahoya Tephra
The '"C dates were measured by Dr.

Kigoshi (1992) and Akahoya tephra was iden-
tified by Dr. Danhara (1992). The *C and
tephra dates from Site A to Site C are shown
in the second column from Fig. 3 to 5, re-
spectively. The plant remains at the —0.1
m horizon of Site A gave a C age of
7220110 yr B.P., those at the +0.1m
horizon gave a *C age of 7210120 yr B.P.,
those at the +1.6 m horizon of Site C gave a
“C age of 6340110 yr B.P. and Akahoya
tephra at the +1.8 m horizon showed about
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Four sampling sites (site A, site B, site C and site D) and three rows of sand bars are shown

(Takahashi, 1992). Sand bar 1: the innermost row of sand bars located on the track of Japanese Railway. Sand

bar 2: the middle sand bar on the grounds of Wadazumi Shrine.

national road of Rout No. 2.

6300 yr B.P..

Preparation of Samples

For diatom analysis, approximately 1g
d.w. of each sample was dispersed with 10%
H,0, and Na,P,O; and the clay fraction
removed by decanting. The fraction contain-
ing diatom frustules was boiled with conc.
HCI and then cleaned and washed about 5
times with distilled water by centrifugation.
An appropriate amount of each washed sam-
ple was then mounted with Pleurax. About
200 diatom frustules identified and
counted along a transect chosen at random
on each sample slide.

The marine diatom zone (MD Zone) is con-
sidered as the zone which comprised more
than 80% marine and brackish-water dia-

were

Sand bar 3: the outermost sand bar on the

toms. The transitional zone (Tr Zone) is con-
sidered as the zone, in which marine diatoms
accounted for less than 30% of the total
count.

Results

The successive changes in the ecological
spectra are shown in Fig. 3-5 and the succes-
sive changes in the predominant diatoms in

Fig. 6-8.

Site A (—0.1m to +1.4 m):

1. The first Transitional Zone (Tr;_; Zone)
(—0.1m to +0.18 m)

a) Try_;-a subzone
Brackish-water diatoms were dominated in
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Fig. 3. Stratigraphic profile in Site A, the Fukuda River and the successive changes in the ecological spec-
trum. Facies of the sediments are shown in the first column, the *C dates in the second column, proportions of
marine, brackish-water and freshwater diatoms in the third column, diatom zones in the fourth column and
subzones in the fifth column.
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Fig. 4. Stratigraphic profile in Site B, the Fukuda River and the successive changes in the ecological spec-
trum. Facies of the sediments are shown in the first column, proportions of marine, brackish-water and freshwater
diatoms in the second column, diatom zones in the third column and subzones in the fourth column. The other
marks and symbols are the same as those in Fig. 3.
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spectrum. Facies of the sediments are shown in the first column, the "C and tephra dates in the second column,
proportions of marine, brackish-water and freshwater diatoms in the third column, diatom zones in the fourth
column and subzones in the fifth column. The other marks and symbols are the same as those in Fig. 3.

this subzone (Fig. 3): the dominant diatom
at the lower horizon of this subzone was
the brackish-water Achnanthes hauckiana, while
those at the upper horizon were the brackish-
water Bacillaria paradoxa in addition to the
brackish-water Rhopalodia gibberula, the ma-
rine Nitzschia granulata and Nitzschia punctata

(Fig. 6).

2. The Marine Diatom Zone (MD; Zone)
(+0.18m to +0.65 m)

a) MDj-a subzone

In the MD;-a subzone, marine diatoms
were increased and occupied 30-60% of the
total count, and brackish-water diatoms occu-
pied 30-502% of the total throughout this sub-
zone. Freshwater diatoms occupied less than
30% of the total (Fig. 3).

The MDj-a subzone was dominated by
the littoral Nitzschia granulata (about 15-50%)
accompanied with the littoral Nitzschia punc-
tata (about 5-20%) and the brackish-water
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Achnanthes hauckiana (about 5-15%) (Fig. 6).
Toward the upper horizon of this subzone,
the marine diatoms were decreased, while the
brackish Rhopalodia gibberula was increased.

3. The second Transitional Zone (Tr;
Zone) (+0.65m to 1.21 m)

The Tr;_y Zone is divided into three sub-
zones according to the dominant diatoms.
a) Tri_o-b subzone

Marine diatoms decreased up to less than
309%, and brackish-water and marine ones
counted for more than 70% of the total count
(Fig. 3). The dominant diatom of this sub-
zone was the brackish Rhopalodia gibberula
(Fig. 6).
b) Tr;_p-c subzone

At the middle horizon of this subzone,
brackish-water diatoms decreased to less than
30% and only a few marine diatoms were
counted, while freshwater diatoms increased
up to about 60% of the total count (Fig. 3).
Dominant diatoms in this subzone were the
freshwater Navicula contenta and Achnanthes lan-
ceolata accompanied with the brackish-water
Nitzschia hungarica and Achnanthes hauckiana
(Fig. 6).
¢) Tri_p-d subzone

In the Tr;_5-d subzone, marine and brack-
ish diatoms increased up to 20-30% and
about 50%, respectively, whereas freshwater
ones decreased to about 20% (Fig. 3). The
dominant diatoms were the brackish Rhopalo-
dia gibberula and the marine Nitzschia granulata,
and a few freshwater diatoms such as Navicula
contenta were counted (Fig. 6).

4. The Marine Diatom Zone (MD; Zone)
(+1.21m to +1.4m)

a) MD;-b subzone

In the MD;-b subzone, marine diatoms
increased and occupied about 30-409% of the
total count and brackish ones about 50% of
the total count, whereas freshwater ones
decreased to about 10% (Fig. 3). In this sub-
zone, the dominant diatom was the brackish-
water Rhopalodia gibberula accompanied with
the littoral Nitzschia granulata and Nitzschia

punctata (Fig. 6).

Site B (—0.8 m to +2.7 m):

1. The second Transitional Zone (Tri_p
Zone) (—0.8 m to —0.9m)

a) Tr_;_p-d subzone

The Tr_;_-d subzone was occupied by
about 40-709% of marine and brackish-water
diatoms among which marine diatoms occu-
pied about 15-40% of the total count (Fig.
4). Dominant diatom in this subzone was
the littoral Nitzschia granulata and Nitzschia pun-
ctata accompanied with the brackish-water
Rhopadoria gibberula and Achnanthes hauckiana

(Fig. 7).

2. The Marine Diatom Zone (MD,; Zone)
(+0.9m to +1.54m)

The MD; Zone is divided into three sub-
zones according to the dominant diatoms.
a) MD;-b subzone

In the MD;-b subzone, marine diatoms
occupied about 40-70% of the total count,
and brackish-water diatoms occupied about
30%. Freshwater diatoms occupied about
10-30% of the total throughout this subzone
(Fig. 4). The lower horizon of this subzone
was dominated by the littoral Nitzschia pun-
ctata accompanied with the brackish-water
Rhopalodia gibberula and Achnanthes hauckiana,
while at the upper horizon the dominant
diatom was changed to the littoral Nitzschia
granulata (Fig. 7).
b) MD;-c subzone

In the MD;-c subzone, marine diatoms
increased and occupied about 70-90% of the
total count, whereas brackish-water and
freshwater ones occupied about 10-309% (Fig.
4). In this subzone, the dominant diatom
was the littoral Nitzschia granulata (Fig. 7).
¢) MD;-d subzone

In the MD;-d subzone, marine and brack-
ish diatoms occupied about 40-70% and
20-40% of the total count, respectively,
while freshwater ones less than 20% (Fig. 4).
At the lower horizon of this subzone the
dominant diatoms were the marine Niizschia
punctata and the brackish-water Rhopalodia
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gibberula, while at the upper horizon it
changed to the littoral Nitzschia granulata (Fig.
7).

3. The third Transitional Zone (Tr;_3 Zone)
(+1.54m to +1.63 m)

a) Tr,_s-c subzone

At the middle horizon of this subzone,
marine diatoms decreased to less than 209%,
brackish-water ones increased up to about
60% and freshwater ones slightly increased
(Fig. 4). Dominant diatoms in this subzone
were the brackish-water Achnanthes hauckiana
and the marine Nitzschia granulata accompa-
nied with the brackish-water Nitzschia hunga-
rica and the freshwater Achnanthes lanceolata.

4. The Marine Diatom Zone (MD,; Zone)
(+1.63mto +1.84m)

a) MD;j-a subzone

In the MD;-a subzone, marine diatoms in-
creased up to about 60% of the total count,
whereas brackish one and freshwater ones
decreased to less than 40% and 109, respec-
tively (Fig. 4). The dominant diatom was
the littoral Nitzschia granulata at the lower
horizon of this subzone, while at the upper
horizon the littoral Nitzschia punctata was
dominant and accompanied with the brack-
ish-water Rhopalodia gibberula and Achnanthes
hauckiana (Fig. 7).

5. The Transitional Zone (Tr,
(+1.84mto +2.7m)

a) Tro-e subzone

At the lower horizon of this subzone brack-
ish-water diatoms decreased to less than
4095, a few marine ones were counted, while
freshwater ones increased up to 50% (Fig. 4):
various diatoms such as the brackish-water
Bacillaria paradoxa, the freshwater Achnanthes
lanceolata, Navicula contenta and Navicula cincta
(Fig. 8) were found.

At the upper horizon of this subzone, brack-
ckish-water diatoms decreased less than
20%, no marine ones were counted, while
freshwater one increased more than 80%
(Fig. 4). Dominant diatoms in this subzone
were the freshwater Navicula contenta and

Zone)

Achnanthes lanceolata accompanied with a few
brackish-water diatoms (Fig. 7).

It is considered that the Tr, Zone at the
horizon (from +1.84m to +2.7 m) finished
at about 6000yr B.P., because the plant
remains at the —0.1 m horizon of Site C gave
a 1*C age of 6340110 yr B.P. and Akahoya
tephra at the +1.8 m horizon showed about
6300 yr B.P.

Site C (+1.0m to +2.2 m):

1. The Marine Diatom Zone (MD; Zone)
(+1.0m to +1.53 m)

About 70% of diatoms of the MD, Zone
was occupied by marine and brackish-water
diatoms (Fig. 5). The MD,; Zone is divided
into three subzones according to the domi-
nant diatoms.

a) MD;-b subzone

In the MD;-b subzone, marine and brack-
ish diatoms occupied about 30-40% of
the total of diatoms, respectively, while
freshwater ones occupied about 10-20%
(Fig. 5). This subzone was dominated by the
littoral Nitzschia granulata and the brackish-
water Rhopalodia gibberula accompanied with
the littoral Amphora acutiuscula and Nitzschia
punctata (Fig. 8).

b) MD;-c subzone

In the MDj-c subzone, marine diatoms in-
creased up to 809 of the total, while brack-
ish-water and freshwater ones decreased to
less than 209 and less than 109, respectively
(Fig. 5). In this subzone, the dominant dia-
toms were the littoral Amphora acutiscula,
Nitzschia granulata accompanied with the brack-
ish Rhopalodia gibberula (Fig. 7).

¢) MD;-d subzone

In the MD;-d subzone, marine and brack-
ish diatoms occupied about 20-60% and
about 30-40% of the total of diatoms, respec-
tively, while freshwater ones about 10-209%
(Fig. 5). At the lower horizon of this subzone
various diatoms such as the littoral Nitzschia
granulata, Nitzschia punctata and the brackish-
water Rhopalodia gibberula were found. While
in the upper horizon of this subzone the
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Fig. 9.

A photomicrograph of an unidentified taxon assigned to the order Centrales occurred in the MD,

Zone of Site C. This unidentified taxon assigned to the order Centrales was also abundantly found in the marine

diatom zone at the Tamatsu site near Akashi River (Sato, unpublished).

dominant diatoms were the brackish-water
Rhopalodia gibberula accompanied with the lit-
toral Nitzschia granulata (Fig. 8).

2. The third Transitional Zone (Tr;_3 Zone)
(+1.53m to +1.63m)

a) Try_s-c subzone

Marine diatoms decreased to less than 10%
and brackish-water ones occupied about 30%
of the total diatoms, while freshwater ones
increased up to 40% (Fig. 5).
dominant diatom in this subzone was the
freshwater Navicula contenta accompanied with
the brackish-water Achnanthes hauckiana (Fig.
8). Dominant diatom was Nitzschia granulata
at the lower horizon of this subzone and it was
Nitzschia punctata at the upper horizon of this

Generally,

subzone.

3. The Marine Diatom Zone (MD,; Zone)
(+1.63m to +2.2 m)

In the MD; Zone, marine diatoms in-
creased and occupied 30-70% of the total of di-
atoms, while brackish and freshwater diatoms
occupied about 10-35% and 10-20%, respec-
tively (Fig. 5). The MD,; Zone is divided

Scale bars indicate 1 pm.

into two subzones according to the dominant
diatoms.
a) MD;-a subzone

As shown in Fig. 8, in this subzone, the
dominant diatoms were the brackish-water
Achnanthees hauckiana and the littoral Nitzschia
granulata accompanied with Nitzschia pun-
ctata, Amphora acutiuscula and an unidentified
taxon.

The last taxon, which was assigned to the
order Centrales (Fig. 9), can not be iden-
tified, not only at the species level but also at
the genus level.
regarded as one of marine diatoms, because
this taxon was also found dominated in the
marine diatom zone at the Tamatsu site near
Akashi River (Sato, unpublished).

b) MDj-e subzone

The dominant diatom of this subzone was
the above-mentioned identified taxon (Fig.
9) accompanied with the littoral Nitzschia
granulata, the brackish-water Rhopalodia gibber-
ula and Achnanthes hauckiana (Fig. 8).

This unidentified taxon is

Site D (+2.4 m to +3.7 m):

Diatom frustules in the sediments obtained
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Fig. 10. Comparison of the Tamatsu site (Sato et al. 1983), the Kushu Lake core (Kumano et al. 1990a), the
Kutcharo Lake site (Kumano et al. 1984) and the estuary (Tarumi site) of Fukuda River, with reference to diatom

zone and subzones.

from this site were too few to count them.
Freshwater and brackish diatoms were oc-
curred, however, no marine diatom was
found. For example, the lowest horizon of
this site was occupied by 26 freshwater taxa
and 9 brackish-water taxa, but no marine
taxon was occurred. The freshwater taxa of
the genus Pinnularia were dominated, so that
these horizons might be regarded as the
freshwater diatom zone (FD Zone).

Discussion

Our previous studies at several sites along
the coast of Osaka Bay (Kumano and Miya-
hara, 1981; Kumano and Fujimoto, 1982;
Sato et al., 1983), at Kamo Lake site in Sado
Island (Sato and Kumano, 1985, 1986) and at
Tokoro site in Hokkaido (Hamano et al.,
1985) revealed that the peak of the deposition

of the MD,; Zone occurred at about 6000 yr
B.P. and coincided with the peak of the first
Holocene transgression at about 6000 yr
B.P., and that the deposition of the MD,
Zone and the Tr, Zone finished at about
5000 yr B.P. at Toya River site, Hokkaido
(Thira et al. 1985) and at 4000 yr B.P. at the
Takkobu site in Kushiro Moor, Hokkaido
(Kumano et al. 1990b) when the first Holo-
cene regression occurred.

While, as shown in Fig. 10, at Kutcharo
Lake site in Hokkaido (Kumano et al., 1984,
Sekiya and Kumano, 1983), deposition of the
MD, Zone and Try Zone already finished at
about 6000 yr B.P., namely, the development
of the lagoon or brackish lake took place at
6000 yr B.P. At Kushu Lake site in Rebun
Island (Kumano et al., 1990a) deposition of
the MD; Zone and the Try Zone already
finished at about 5000 yr B.P., namely, the de-
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velopment of the lagoon or brackish lake took
place at 5000 yr B.P., although many authors
have reported that the peak of the first Holo-
cene transgression occurred at about 6000 yr
B.P. as mentioned above. It is suggested
that prior to the first Holocene regression, the
“Middle Jomon minor regression” at about
4500 yr B.P. named by Ota et al. (1982),
the bay-mouth sand bars were completely
developed across paleo-Kutcharo Bay from
Okhotsk sea at Kutcharo Lake site and paleo-
Kushu Bay from Japan Sea at Kushu Lake
site, respectively.

In the present study at the estuary (Tarumi
site) of Fukuda River along the coast of Osaka
Bay, the MD; Zone between 7200 and
6300 yr B.P. was alternated three times by
three layers of the Tr Zones.

As shown in Fig. 2, Takahashi (1992) recog-
nized the occurrence of three rows of sand
bars across the estuary of paleo-Fukuda River
developed by the coastal tidal current along
the northwestern coast of Osaka bay during
the first Holocene transgression.. Namely,
the innermost row of sand bars firstly devel-
oped is located on the tracks of Japanese Rail-
way, the middle row of sand bars secondary
developed on the grounds of Wadazumi
Shrine, and the outermost sand bar tertiary
developed on the national road of Root
No. 2. Hence, it is likely that the first Transi-
tional Zone (Tr;_; Zone, 7200 yr B.P.) was
caused by the development of the innermost
(first) row of sand bar; the second Transi-
tional Zone (Tr;_y), on which many foot-prints
of human being were found, was corresponded
with the development of the middle row of
sand bar; and the third Transitional Zone
(Tri_s Zone, 6340 yr B.P.) was caused by the
development of the outermost row of sand
bar.

In the present study at the estuary (Tarumi
site) of Fukuda River, it is considered that the
Try Zone at the horizon (from +1.84m to
+2.7m) finished at about 6000yr B.P.,
because the plant remains at the —0.1m
horizon of Site C gave a *C age of 6340+
110 yr B.P. and Akahoya tephra at the +1.8
m horizon showed about 6300 yr B.P. So

that, at the Kutcharo Lake site, the Kushu
Lake site and Tarumi site of Fukuda River
the initiations of the Try Zone are considered
to have been caused by the development of
sand bar, prior to the first Holocene regres-
sion, the “Middle Jomon minor regression”
at about 4500 yr B.P. named by Ota et al.
(1982).
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Regeneration of protoplasts isolated from the sporophyte of Cladosiphon

okamuranus Tokida (Chordariaceae, Phaecophyta)

Takuji Uchida and Satoshi Arima

Nansei National Fisheries Research Laboratory, Ohno-cho, Hiroshima, 739-04 Japan

Uchida, T. and Arima, S. 1992. Regeneration of protoplasts isolated from the sporophyte of Cladosiphon
okamuranus (Chordariaceae, Phaeophyte). Jpn. J. Phycol. 40: 261-266.

The process of the regeneration of protoplasts was studied for the edible marine brown alga Cladosiphon
okamuranus. The protoplasts were prepared from sporophytes by enzymatic degradation of the cell wall in
the presence of EGTA, a calcium-specific chelating agent. Regeneration of the protoplasts followed three
different patterns. Most of the protoplasts grew into filamentous or clumpy germlings, which matured to

release plurispores.

The resulting discoid germlings developed into normal, erect, sporophyte thalli.

Some protoplasts divided to form cell aggregations, which did not grow further. A few protoplasts remain-
ed as single cells which gradually enlarged and became poorly pigmented. Results provide a method for the
production of sporophyte thalli from protoplasts of this commercially important species.

Key Index Words: Cladosiphon—EGTA—enzyme degradation— plurispore—protoplast—regeneration.

The preparation and culturing of pro-
toplasts are useful basic techniques for the
breeding of marine algae. These techniques
make it possible to produce many clones from
seaweed strains which have valuable charac-
teristics for mariculture, and also to attempt
somatic cell fusion for breeding purposes.
There have been several reports on the isola-
tion of protoplasts from marine algae by
enzymatic degradation of the cell wall (Saga
and Sakai 1984, Fujita and Migita 1985,
Fisher and Gibor 1987, Yamaguchi ¢t al. 1988,
Butler et al. 1989, Kloareg et al. 1989, Chen
1989). However, the culturing of isolated
protoplasts has not always been successful.
For the Phaeophyta, few studies have suc-
ceeded in regenerating a normal thallus from
an isolated protoplast (Ducreux and Kloareg
1988).

The phaeophyte Cladosiphon okamuranus
Tokida is an economically important species
and is cultivated along the coasts of Japan’s
southwestern islands. There have been some
reports on the life cycle and ecology of this
species (Shinmura 1974a, 1974b, 1975), but
biotechnological and morphogenetic studies

have not been conducted.

In the present study, protoplasts of C.
okamuranus were isolated, and the process of
regeneration into normal thalli was investi-
gated for future investigations in breeding and
morphogenesis.

Materials and Methods

Plant material

Unialgal cultures of Cladosiphon okamuranus
were obtained by culturing plurispores
released from a parent thallus collected in
May 1991 from a commercial farm for this
species located in the town of Tatsugo in
Kagoshima prefecture. Cultures were incu-
bated in a photoperiod of 15L: 9D under cool-
white fluorescent lamps (ca. 36 #E/m?/s at the
surface of the culture vessels) at 20°C. ESI
(Tatewaki 1966) was used as a culture medi-
um and was replenished at intervals of 30-
40 days. Cultures were grown in cylindrical
glass vessels (¢5.5 cm X 8 cm) with a 120 ml
of medium or in Erlenmeyer flasks with a
0.5/ of medium. Thalli grown to 1-2 cm in
height were used as materials for protoplast
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preparation.

Protoplast preparation

Protoplasts were prepared by enzyme de-
gradation. To make cell walls accessible to
the enzymes, EGTA (ethylene glycol-bis
(B-aminoethyl ether) N,N,N’,N’tetraacetic
acid), a calcium-chelating agent, was added
to the enzyme solution. According to Butler
et al. (1989), EGTA improved the protoplast
yield of Laminaria saccharina and L. digitata
which may have resulted from the dissolution
of the alginate gel by removal of calcium from
the polygluronate linkages. The procedure
for protoplast preparation is shown in Fig. 1.
The cultured thalli (80-140 mg fresh weight)
were maintained for 10 min in 10 ml of solu-
tion I (Table 1) which was prepared using
ASP12NTA (Provasoli ef al. 1957) as a basal
solution. Then, the thalli were cut into small
pieces (ca. 1 mm square) followed by the en-
zyme treatment. For the enzymatic degrada-
tion of cell walls and intercellular substances,

the pieces of thalli were incubated with 5 ml of
solution II (Table 1) for 1hour at 20-22°C
with reciprocal shaking (30 strokes min~1).
After incubation, the digested tissue was
filtered through 20 #m nylon mesh to remove
tissue fragments. The protoplast suspension
thus obtained was settled for 30 min. Then
the supernatant was replaced with solution I,
followed by gentle shaking. In the same man-
ner, washing was repeated 4 times with solu-
tion III (Table 1) reducing the sorbitol con-
centration to 0.7, 0.5, 0.2, and 0 M in the
process. The number of protoplasts was
counted with a haematocytometer.

Protoplast culture

Protoplasts were cultured in plastic dishes
(435 mm X 10 mm) with 4 ml of medium or in
multi-well plates (¢16 mm X 17 mm, 24 wells)
with 2 ml of medium in each well. To ob-
serve the fate of individual protoplasts, they
were isolated into separate wells. The cul-
ture medium was modified ASP12 NTA, in

Thallus, 80 - 140 mg
l
Treat with solution I , 10 min
l
Cut into smaller pieces
1
Treat with solution I , 1 hour
!
Filter through 20 um nylon mesh
1
Rinse with solution I
l
Rinse with solution I , 4 times
reducing sorbitol concentration

l
Isolate into ASP12NTA modified medium

Fig. 1. Method for preparation of protoplasts of Cladosiphon okamuranus.



Protoplast regeneration in Cladosiphon okamuranus 263

Table 1. Composition of the enzyme solution and washing solutions for protoplast preparation

Component Solution I Solution II Solution III
NaCl 280 mg 280 mg 280 mg
MgSO,-7H,0 70 mg 70 mg 70 mg
MgCl,-6H,0 40 mg 40 mg 40 mg
KC1 7mg 7mg 7mg
CaCl, — — 11 mg
NaNO, 1mg 1mg 1mg
KH,PO, 64 pg 64 pg 64 ug
Sodium glycerophosphate 100 pg 100 pg 100 pg
P II metals™! 0.1 ml 0.1 ml 0.1 ml
Vitamin B;, 2 ng 2 ng 2 ng
Thiamine 1 pg 1 pg 1 pg
Biotin 10 ng 10 ng 10 ng
Tris*? — — 10 mg
MES*3 43 mg 43 mg -
EGTA* 38 mg 38 mg —
Sorbitol 1.27 g 1.27 g 0-1.27 g
AAP* — 100 mg —
Cellulase™*® — 50 mg —
Macerozyme* — 50 mg —
Dextran sulfate — 100 mg -
pH 6.5 6.5 7.5
Total 10 mi 10 m!/ 10 m!/

*! Provasoli et al. (1957), *? Tris hydroxymethyl aminomethane, ** 2-(N-Morpholino) ethanesul-
fonic acid, ** Ethylene glycolbis (8-aminoethyl ether) N,N,N’,N"-tetraacetic acid, ** Abalone acetone
powder (Sigma), *¢ Cellulase Onozuka RS (Yakult), ¥ Macerozyme R-200 (Yakult)

which K;PO, was replaced with KH,PO,
keeping phosphorus at the same concentra-
tion and from which Na,SiO; was omitted.
Other culture conditions were the same as
described under ‘Plant material’.

Results

Protoplast preparation

The yield of protoplasts in solution II was
9.4 %X 10%100 mg fresh weight. The proto-
plasts were brownish and spherical; their size
was 9-18 ym in diameter (Fig. 2). Judging
from their color and the size, most of them
had been released from the assimilatory fila-
ments. The cells of other portions such as the
subcortex, the medullary layer, and the cor-
tex hairs were weakly pigmented and large,
whereas the cells of the assimilatory filaments
were densely pigmented and small. Thus,

these experiments on the protoplast regenera-
tion focused on protoplasts released from the
assimilatory filaments.

Protoplast regeneration

Three regeneration patterns were observed
for the protoplasts isolated from the assimila-
tory filaments of this species. About 30% of
all protoplasts divided into two cells 4-16 days
after isolation and developed into filamen-
tous or clumpy germlings (Figs. 3, 4). These
microthalli formed plurilocular sporangia
after 7-20 days in culture and released pluri-
spores (Figs. 5, 6) which were biflagellate and
pear shaped. Some of the microthalli grew
further to form cell aggregations with color-
less hairs (Fig. 7), releasing plurispores.
These cell aggregations never grew into nor-
mal thalli. After settling on the bottom of the
vessels, most of the plurispores developed int~
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Figs. 2-13. Protoplast regeneration of Cladosiphon okamuranus.
Scale bar=20 pm. Fig. 3. A filamentous germling 5 days after the isolation of a pro-

assimilatory filaments.
toplast.

Scale bar=40 p#m. Fig. 4. A clumpy germling 11 days after the isolation of a protoplast.
40 pm. Fig. 5. A clumpy microthallus after releasing plurispores.
Scale bar=10 p#m. Fig. 7. A cell aggregation developed from a germling, producing colorless hairs.
100 #m. Fig. 8. A discoid germling from a plurispore.

Fig. 2. Protoplasts released from the

Scale bar=
Scale bar=40 ym. Fig. 6. A plurispore.
Scale bar=

Scale bar=20 #m. Fig. 9. A disc producing colorless

hairs. Scale bar=50 m. Fig. 10. A disc producing assimilatory filaments 13 days after germination of a pluri-

spore.

Scale bar=200 #m. Fig. 11. An erect, sporophyte thallus 35 days after germination of a plurispore.

Scale bar=1 mm. Fig. 12. A cell aggregation with large and poorly pigmented cells. Scale bar=40 p#m. Fig. 13.

A single large cell with poorly pigmented cell 40 days after isolation of a protoplast.

Scale bar=100 fm. ps,

plurilocular sporangium; h, hair; af, assimilatory filament.

discoid germlings (Fig. 8), although some of
them formed cell clumps which matured to
release plurispores again. In some cases, the
cell contents were extruded from the cells of
the microthallus and developed in the same
way as the plurispores. The discs became
larger through several cell divisions, produc-
ing colorless hairs (Fig. 9). Within 20 days af-
ter the settlement of the spores, the discoids

began to develop erect filaments from their
central areas (Fig. 10). They continued to
elongate and differentiated to form the nor-
mal erect thalli of the sporophytes (Fig. 11).

A small number of protoplasts (less than
3% of the total) formed cell aggregations by
successive cell division (Fig. 12). When the
germlings became 6-10 celled masses, cell divi-
sion ceased and the cells began to enlarge and
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become poorly pigmented. The aggregations
neither developed further nor formed any
reproductive cells.

Unlike these two types of regeneration, a
few protoplasts (less than 3% of the total)
remained as single cells even 40 days after the
isolation, becoming larger and poorly pig-
mented (Fig. 13). They resembled medul-
lary cells in color and size.

Discussion

Most of the viable protoplasts of Cladosiphon
okamuranus obtained in these experiments
gave rise to filamentous or clumpy germlings
which matured to release biflagellate pluri-
spores. In some members of the Chloro-
phyta, however, the individual protoplast en-
larges to form a sporangium directly without
forming a multicellular germling. For exam-
ple, the protoplasts of Ulva pertusa transform
into zoosporangia, and the protoplasts of
Monostroma nitidum develop into gametangia
(Fujita and Migita 1985). Besides these
regeneration patterns, it is known for vari-
ous species of marine algae that protoplasts
can grow directly into intact thalli (Fujita
and Migita 1985, Kitoh 1985, Ducreux and
Kloareg 1988, Saga and Kudo 1989). In the
present case, the protoplasts of C. okamuranus
never developed into intact thalli directly, but
only through the formation of reproductive
cells.

A low percentage of C. okamuranus pro-
toplasts grew to form filamentous cell aggre-
gations characterized by large and poorly
pigmented cells. They formed neither intact
thalli nor reproductive cells. A similar result
has been reported for Monostroma angicava by
Saga and Kudo (1989). In that case, a small
number of protoplasts prepared from a female
gametophyte grew into callus-like cell aggrega-
tions which never developed into leafy thalli
nor produced any reproductive cells. The
third pattern of the protoplast regeneration
in C. okamuranus was that the protoplasts
remained as single cells, increasing in size.
Thus, three different types of protoplast rege-
neration were observed in this species. It

has been reported for several algal species that
protoplasts isolated from the same individual
followed several regenerative processes. This
is reasonable considering that even a simple
leafy thallus such as Porphyra has different
types of cells (Polne-Fuller and Gibor 1984).
The protoplasts of C. okamuranus prepared in
the present study were released mostly from
the assimilatory filaments. Therefore, it is
probable that the cells of the filaments differ-
entiate to a certain extent, and that proto-
plasts from the subcortex and the medullary
layer follow different regeneration processes
from those demonstrated here. Chen (1989)
reported that protoplasts of Porphyra linearis
showed several regeneration patterns and that
a cell-suspension culture could be established
from the protoplast-derived cells which did
not regenerate into thalli. Furthermore, it
was shown that these cells in a cell-suspension
culture regenerated into organized thalli by al-
tering culture conditions including tempera-
ture, photoperiod and irradiance. It is worth
to examine the effect of culture conditions on
the protoplast regeneration of C. okamuranus.
Another possible explanation for the variety
of regeneration patterns of algal protoplasts
relates to differences in coexisting bacteria
and their effects on the developmental pattern
of the protoplasts (Uchida et al. 1992). It has
been reported that growth and morphogenesis
of some algal species, such as Porphyra tenera
(Tsukidate 1977), Ulva lactuca (Provasoli and
Pintner 1980) and AMonostroma oxyspermum
(Tatewaki et al. 1983), are affected by bac-
teria. The study of protoplast regeneration
using axenic cultures is important for asses-
sing the bacterial effects on the pattern of regen-
eration.

The present investigation provides a me-
thod for the production of sporophyte thalli
from protoplasts of Cladosiphon okamuranus.
This may serve as the basis for future studies
on breeding and morphogenesis of this
species.

Acknowledgments

The authors wish to express their thanks to



266 Uchida, T. and Arima, S.

Dr. J. Tsukidate of the Nansei National Fish-
eries Research Institute for his critical read-
ing of the manuscript. Thanks are also ex-
tended to Dr. T. Araki of Mie University for
their valuable suggestions regarding the pro-
toplast preparation used in the experiments.

References

Butler, D. M., Ostgaard, K., Boyen, C., Evans, L. V.,
Jensen, A. and Kloareg, B. 1989. Isolation condi-
tions for high yield of protoplasts from Laminaria
saccharina and L. digitata (Phaeophyceae). J. Exp.
Bot. 40: 1237-1246.

Chen, L.C.-M. 1989. Cell suspension culture from
Porphyra linearis (Rhodophyta) a multicellular marine
red alga. J. Appl. Phycol. 1: 153-159.

Ducreux, G. and Kloareg, B. 1988. Plant regeneration
from protoplasts of Sphacelaria (Phaeophyceae).
Planta 174: 25-29.

Fisher, D. D. and Gibor, A. 1987. Production of pro-
toplasts from the brown alga, Sargassum muticum
(Yendo) Fensholt (Phaeophyceae). Phycologia 26:
488-495.

Fujita, Y. and Migita, S. 1985. Isolation and culture of
protoplasts from some seaweeds. Bull. Fac. Fish.
Nagasaki Univ. 57: 39-45.

Kitoh, H. 1985. Isolation and development of proto-
plast in Porphyra. Res. J. Food and Agriculture 8:
20-24.

Kloareg, B., Polne-Fuller, M. and Gibor, A. 1989.
Mass production of viable protoplasts from Macro-
cystis pyrifera (L.) C. Ag. (Phaeophyta). Plant
Science 62: 105-112.

Polne-Fuller, M. and Gibor, A. 1984. Developmental
studies in Porphyra. 1. Blade differentiation in Por-
phyra perforata as expressed by morphology, enzy-
matic digestion, and protoplast regeneration. J.
Phycol. 20: 609-616.

Provasoli, L., Mclaughlin, J.J. A. and Droop, M. R.

1957. The development of artificial media for ma-
rine algae. Arch. Mikrobiol. 25: 392-428.

Provasoli, L. and Pintner, I. J. 1980. Bacteria induced
polymorphism in an axenic laboratory strain of Ulva
lactuca (Chlorophyceae). J. Phycol. 16: 196-201.

Saga, N. and Sakai, Y. 1984. Isolation of protoplasts
from Laminaria and Porphyra. Bull. Jap. Soc. Sci.
Fish. 50: 1085.

Saga, N. and Kudo, T. 1989. Isolation and culture of
protoplasts from the marine alga Monostroma angi-
cava. J. Appl. Phycol. 1: 25-30.

Shinmura, I. 1974a. Studies on the cultivation of an
edible brown alga, Cladosiphon okamuranus—1 The
season for seeding of zoospore and its growth.
Bull. Jap. Soc. Sci. Fish. 40: 895-902.

Shinmura, I. 1974b. Studies on the cultivation of an
edible brown alga, Cladosiphon okamuranus—III Deve-
lopment of zoospores from plurilocular sporan-
gium. Bull. Jap. Soc. Sci. Fish. 40: 1213-1222.

Shinmura, I. 1975. Studies on the cultivation of an
edible brown alga, Cladosiphon okamuranus—IV Deve-
lopment of zoospore from unilocular sporangium.
Bull. Jap. Soc. Sci. Fish. 41: 1229-1235.

Tatewaki, M. 1966. Formation of a crustaceous sporo-
phyte with unilocular sporangia in Scytosiphon lomen-
taria. Phycologia 6: 62-66.

Tatewaki, M., Provasoli, L. and Pintner, I.J. 1983.
Morphogenesis of Monostroma oxyspermum (Kutz.)
Doty (Chlorophyceae) in axenic culture, especially
in bialgal culture. J. Phycol. 19: 409-416.

Tsukidate, J. 1977. Microbiological studies of Porphyra
plants—VI An investigation of bacteria-free culture
of Porphyra with a shaking culture apparatus. Bull.
Nansei Reg. Fish. Res. Lab. 10: 1-16.

Uchida, A., Yoshikawa, T., Ishida, Y. and Saga, N.
1992. Stable protoplast isolation and its regenera-
tion into thallus of the marine green alga Ulva
pertusa. Nippon Suisan Gakkaishi 58: 153-157.

Yamaguchi, K., Araki, T., Aoki, T., Tseng, C. H. and
Kitamikado, M. 1988. Algal cell wall-degrading
enzymes from viscera of marine animals. Nippon
Suisan Gakkaishi 55: 105-110.

AASEE - AESR : A X TI7EX/BRFEISHEHLAETO N7 M OBE

BREEEMIECEILA*F 7EX7ATHILL T8 b 7SR P REH L, TOBERBELL, 7= b
FTSALOBERIZRDLHTL3BEHID 24 THRBEEINI, RVBETHE L LA T TR T v 752 K
BN 2% IR LTRIRD 5 IR RER ORI & /s - fctd, BEAL TBEET X Ui, BEET 1818
a0 E L TBRREYHERL, BRFECHE LKL, B0z 4 7 Ti1, e 752 bMdMIRBETFR L
2, s EETELR L, MROEKERVOEHEOHL R A AL, UTit, 77 b 75 A MM
N Thd, MROIEAtOASRS 214 F7HBEE IR, (739-04 [KEREEEAFETHA2-17-5 KE
FrEatave X K EPFERT)



Jpn. J. Phycol. (S6rui) 40: 267-271, September 20, 1992

Gonium sociale (Volvocales, Chlorophyta) from Antarctica

Hisayoshi Nozaki* and Shuji Ohtani**+*

*National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba-shi, Ibaraki, 305 Japan
**National Institute of Polar Research, 9-10, Kaga I-chome, Itabashi-ku, Tokyo, 173 Japan

Nozaki H. and Ohtani S. 1992. Gonium sociale (Volvocales, Chlorophyta) from Antarctica. Jpn. J. Phycol.

40: 267-271.

Detailed accounts of Gonium sociale (Dujardin) Warming originating from Antarctica were obtained,
based on cultured materials isolated from a meltwater pool near Great Wall Station on King George
Island. The alga exhibited vegetative colonies, which were essentially the same as those of G. sociale
previously reported from non-antarctic regions, except for its somewhat larger size. In addition, the effects
of temperature on the growth of the antarctic plant were studied at 5-25°C, in comparison with those of a
Japanese strain of G. sociale. The antarctic strain was able to grow normally at 5, 10 and 15°C, but showed
abnormal colonies at 20°C and did not grow at 25°C. In contrast, the Japanese strain produced normal
vegetative colonies at 5-25°C. This is the first report on identification of antarctic colonial Volvocales at

the species level.

Key Index Words:  Antarctica— Chlorophyta—culture—Gonium sociale—morphology— Volvocales.

The occurrence of the colonial Volvocales
in Antarctica has been reported by Thomas
(1965) for Pandorina sp. and by Parker ef al.
(1972) for Gonium sp. However, their studies
were not based on cultured materials, and
detailed accounts and identification at the
species level are lacking for these algae.

During the “Japanese-Chinese co-opera-
tive study on terrestrial biology in King
George Island” (Ohtani and Nakatsubo 1992),
one of the authors (S8.0.) found a colonial
green flagellate growing in a meltwater pool
near Great Wall Station. Unialgal cultures
of this alga were established from the water
sample and detailed accounts were obtained.
Vegetative morphology observed by light
microscopy clearly indicated that the organ-
ism is referable to Gonium sociale (Dujardin)
Warming. In addition, the effects of temper-
ature on growth of this Antarctic alga were
studied, in comparison with those of a Japa-
nese G. sociale strain. Morphological details
and the effects of temperature on growth of

* Present address: Department of Biology, Faculty
of Education, Shimane University, Nishikawatsu, Ma-
tsue-shi, Shimane 690, Japan.

G. sociale originating from Antarctica are
described in this report.

Materials and Methods

Water samples were collected in a melt-
water pool near Great Wall Station on
King George Island in December 1990. The
pool was about 1 m in diameter and 20-30
cm in depth. The water was at 5.5°C and
pH 10.6, and its conductivity was 845 uS/
cm. During November to December of 1990,
all the water in the pool often became frozen.
Unialgal cultures were established by
streaking the diluted sample on a Bold
Basal Medium (BBM) (Nichols 1973) agar
(1.5%) plate. For observation, the cultures
were grown in screw-cap tubes containing
12ml of AF-6 medium (Kato 1982), with
40 ml/l of distilled water substituted for soil-
water medium (Starr and Zeikus 1987). The
cultures were maintained at 15°C under an
irradiance of 5000 lux, with a 14-h daylength
provided by cool-white fluorescent lamps.
For growth experiments, 1 ml of an actively
growing culture (¢. 1X10* colonies/ml) at
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15°C was inoculated into 12 ml of the new
growth medium. The inocula were then
placed at 5, 10, 15, 20 or 25°C, under the
same illumination as described above. After
seven days, growth of the colonies was de-
tected with a stereomicroscope. A strain of
G. sociale var. sociale originating from Japan
(Nozaki 1986a, b) was also used and treated
as described above. Light microscopy was
carried out using a Nikon LUR-Ke micro-
scope equipped with phase optics or a Leitz
Orthoplan Microscope with Nomarski inter-
ference optics.

Results and Discussion

Vegetative colonies of the antarctic plant
were square in shape (Figs. 1-5), measuring
up to 50 ym in diameter, and each generally
contained four cells, which were placed in the
four corners of the square and oriented their
anterior-posterior axes toward nearly the
same direction (Fig. 6). The whole colony
was embedded in a watery gelatinous matrix,
which could be recognized clearly in an ink
preparation (Fig. 3).

The cells were ovoid or nearly spherical
in shape, up to 20 #m wide, and each had
two equal flagella, a stigma (Fig. 5), two con-
tractile vacuoles at the base of the filagella
(Figs. 1, 4, 7) and a massive cup-shaped
chloroplast. The chloroplast usually had a
single large pyrenoid in the bottom (Figs. 2,
3, 6, 7). Each protoplast was enclosed by a
gelatinous sheath, which exhibited a broad
papilla at the base of the flagella (Fig. 7).
The constitutive cells were connected by the
two protuberances of each gelatinous sheath,
forming a square fenestration in the center of
the colony (Fig. 5).

In asexual reproduction, each protoplast
within the gelatinous sheath conducted two
longitudinal divisions (Figs. 8, 9). After the
divisions, each daughter protoplast produced
two equal flagella and developed a stigma and
a single basal pyrenoid in the chloroplast. The
newly formed daughter colonies measured 22-
25 pm in diameter. During the daughter
colony formation, the parental gelatinous sheath

became expanded and the daguther colony
remained for some time within the expanded
sheaths (Fig. 9). The daughter colonies were
then gradually liberated from their parental
sheaths.

The vegetative morphology of the present
organism agreed well with that of G. sociale
collected in non-antarctic regions (Stein
1959, Huber-Pestalozzi 1961, Nozaki 1986b).
Stein (1959) observed two varieties of this
species, var. sociale and var. sacculum Stein,
on the basis of her cultured materials. In
lacking a “sac” (mother cellular sheath) in
vegetative colonies (Fig. 6), the present ant-
arctic alga could be assigned to G. sociale var.
sociale. However, the antarctic alga produced
vegetative colonies of somewhat larger size.
According to Stein (1959) and Huber-
Pestalozzi (1961), colonies and cells of G.
sociale var. sociale measure 20-48 pm in
diameter and 6-16 #m in width, respectively.
Nozaki (1986b) reported the maximum di-
ameter of the colonies of G. sociale var. sociale
originating from Japan to be 32 pm.
However, Hansgirg (1888) reported a larger
form of G. sociale as G. sociale var. majus Hans-
girg, which was collected in Czechoslovakia
in November. The cells of this variety were
15-18 ym wide, but rarely up to 21 pm.
Therefore, the present antarctic alga may be
referable to this variety, which has been previ-
ously collected only once in winter (Stein
1959).

When the cultures were grown at 5, 10 or
15°C, they produced vegetative colonies
which were always swimming actively. They
were spread throughout the culture me-
dium, except for some colonies gathering near
the surface of the liquid by phototaxis.
However, the colonies gathered and attached
to the inner surface of the glass of the culture
tube when they were grown at 20°C. When
such colonies were observed after shaking the
culture tube by hand for preparation, two
types of colonies were recognized. The mor-
phology of the first type was essentially the
same as that of the normal motile colonies at
low temperature. However, the motility of
such colonies was very low and the colonies
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Figs. 1-9.

papilla (asterisk) of gelatinous sheaths.

Arrow indicates contractile vacuole.

Antarctic strain of Gonium sociale (Dujardin) Warming. Arrow head indicates pyrenoid. Figs.
1-3, 6. Bright field. Figs. 4-6, 8, 9. Nomarski interference contrast. Fig. 7. Phase contrast. Fig. 1. Surface view
of vegetative colony grown at 5°C, showing contractile vacuoles (arrows). Fig. 2. Optical section of colony in Fig.
1. Fig. 3. Colony observed in ink preparation (10°C). Note encompassing gelatinous matrix. Fig. 4. Surface
view of colony grown at 5°C, showing contractile vacuoles (arrows). Fig. 5. Optical section of colony in Fig. 4.
Double arrow heads indicates stimga. Fig. 6. Lateral view of colony grown at 5°C. Fig. 7. Cells showing anterior

Figs. 8, 9. Asexual reproduction

(10°C). Fig. 8. Two-celled stage. Fig. 9. Newly formed daguther colonies within parental colony. Scale in Fig.

1 applies to Figs. 2-6, 8, 9.

became attached to the substratum with their
flagella. Such behavior was clearly observed
when the materials were mounted with cotton
fibrils (Fig. 10). The second type includes
fairly mature colonies, which measured up to
35 ¢#m in diameter and remained within their
expanded parental gelatinous sheaths with

their long flagella retained within the sheaths
(Fig. 11). These flagella often projected
through the parental sheaths (Fig. 12). Such
colonies were also immobile. Growth was
not detected in the antarctic alga at 25°C.
On the other hand, the Japanese strain of G.
soctale was able to grow at 5, 10, 15, 20 and
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Figs. 10-12.
tion. Fig. 10. Colony attached to cotton fibril (asterisks) by its flagella.
cells. Figs. 11, 12. Phase-contrast micrographs of fairly mature colonies still within parental cellular sheaths
(arrow-heads).

Table 1.
temperatures, seven days after inoculation.

Antarctic strain of Gonium sociale (Dujardin) Warming grown at 20°C.  All at same magnifica-

Arrows indicate flagellar bases of the

Growth and appearance of colonies in two strains of Gonium sociale (Dujardin) Warming at different

Temperature 5°C 10°C 15°C 20°C 25°C
Antarctic strain + + + # *
Japanese strain -1y £ T G 2 +

+ growth detected and swimming colonies produced; # growth detected and immobile colonies attached to the inner

surface of the glass tube; * growth not detected.

25°C and exhibited only swimming colonies
which were spread throughout the culture
medium. Table 1 represents growth and
appearance of colonies of the Antarctic and
Japanese strains in relation to the difference
of temperature.

In meltwater pools in the antarctica, the
water was very cold and often became frozen
(see Materials and Methods). It therefore
seems likely that the growth of non-motile
colonies at 20°C in the antarctic strain may
result from its reaction to the unusual high
temperatures for it.
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Notoya, M., Kikuchi, N., Aruga, Y. and Miura, A. 1992. Porphyra kinositae (Yamada et Tanaka)
Fukuhara (Bangiales, Rhodophyta) in culture. Jpn. J. Phycol. 40: 273-278.

Life cycle of Porphyra kinositae (Yamada et Tanaka) Fukuhara was completed in culture. Growth and
reproduction of both conchocelis and blade phases were examined under different temperatures and light
regimes. Carpospores mostly developed into conchocelis at 10-20°C, and about 2% of carpospores
developed directly into conchosporangial branches at 20°C. Conchosporangial branches were produced at
15°C under 10L : 14D within 2 months. Conchospores developed into blades, which matured at 10 and
15°C under 10L : 14D. At 20°C under 10L : 14D, blades grew very slowly and attained only 3 mm long in

72 days.
under 10L : 14D within a month.

Only a very small number of monospores were liberated from blades 7-10 mm long at 15°C

Key Index Words:  Bangiales—laboratory culture—life cycle—Porphyra kinositae— Rhodophyta.
Masahiro Notoya, Norio Kikuchi, Yusho Aruga and Akio Miura, Laboratory of Phycology, Tokyo University of

Fisheries, Konan-¢, Minato-ku, Tokyo, 108 Japan
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Fig. 1.

Porphyra kinositae (Yamada et Tanaka) Fukuhara in culture. (A) Gametophytes collected at Uta-

sutsu, Hokkaido, Japan on March 7, 1989. (B) Carpospore released from a natural material. (C) Carpospore
germling of two days old at 15°C and 2500 lux (ca. 25 ygmolm~2s~!) (14L : 10D). (D) Filamentous conchocelis
thalli of three weeks old at 20°C and 3000 lux (ca. 30 gmol m~2s~*) (14L : 10D). (E) Conchosporangial branches

of four weeks old at 15°C and 2500 lux (ca. 25 gmolm~2s~!) (10L: 14D).

(F) Conchosporangial branch

developed directly from carpospore, twenty days old at 20°C and 3000 lux (ca. 30 #gmol m~2s7!) (14L : 10D). (G)
Conchosporangial branches developed directly from carpospore, two months old at 20°C and 3000 lux (ca. 30

#mol m~%s~!) (14L : 10D).

(H) Conchospore liberated from conchosporangium cultured at 15°C and 2500

lux (ca. 25 pmol m~2s~!) (10L: 14D). (I) Conchospore germling of four days old at 15°C and 2500 lux (ca.
25 pmolm~2s~!) (10L : 14D). (J) Young blade of ten days old at 15°C and 2500 lux (ca. 25 gmol m~2s7!)
(14L: 10D). (K) Mature blades of 74 days old at 10°C and 2500 lux (ca. 25 #zmolm~2s~!) (10L: 14D). (L)
Mature blades of 52 days old at 15°C and 2500 lux (ca. 25 gmol m~25s~!) (10L : 14D). (M) Immature blades of
74 days old at 20°C and 2500 lux (ca. 25 gmol m~2s~') (10L : 14D). (N) Surface view of carposporangia, anthe-
ridia and spermatia. (O) Three chromosomes in antheridium cell division. (Scale: 3 cm in A is also for K-M; 20
pm in B is also for C-F, H-J and N; 100 gm in D is also for E and G; 10 #m in O).
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Fig. 2. Growth of conchocelis in Porphyra kinositae (Yamada et Tanaka) Fukuhara under different

temperatures, light intensities and daylength. Open square, 1000lux (ca. 10 gmolm~2s7!); solid square,
2000 lux (ca. 20 gmol m~2s~1); solid circle, 4000 lux (ca. 40 #gmol m~2s~!); open circle, 8000 lux (ca. 80 zmol

m~2s7!). Vertical bar, standard deviation.
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Fig. 3. Formation of conchosporangial
branch in Porphyra kinositae (Yamada et Tanaka)
Fukuhara under different temperatures, light in-
tensities and daylength. Open square, 1000 lux
(ca. 10 pmol m~2s71); solid square, 2000 lux (ca.
20 #mol m~2s™1); solid circle, 4000 lux (ca. 40 #mol
m~%s~'); open circle, 8000lux (ca. 80 pmol
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Fig. 4. Growth of blade in Porphyra kinositae
(Yamada et Tanaka) Fukuhara under different

temperatures.

Numerals indicate days in culture.
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Open circle, 10°C and 2000-2500 lux (20-25 zzmol
m~2s57!) (10L : 14D); open square, 15°C and 2000~
2500 lux (20-25 #mol m~2s~!) (10L : 14D); solid cir-
cle, 20°C and 2000-2500 lux (20-25 #mol m~2s~)
(10L: 14D). Vertical and horizontal bars, standard
deviation.
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Life cycle of Porphyra kinositae (Yamada et Tanaka) Fukuhara.
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Donald Kaczmarczyk and Robert G. Sheath*: Pigment content and

carbon to nitrogen ratios of freshwater red algae growing at

different light levels

Key Index Words:  carbon/nitrogen—freshwater rhodophytes—pigments—Rhode Island streams—shading.
Donald Kaczmarczyk and Robert G. Sheath, Department of Biology, Memorial University of Newfoundland,

St. John’s, Newfoundland, Canada A1B 3X9

Rhodophyta growing in streams are fre-
quently subjected to shading by riparian vege-
tation which results in significant seasonal
variations in light quantity and quality. It
has been suggested that there is a relation-
ship between this photoregime and the
predominance of phycocyanin in freshwater
red algae (Sheath 1984). However, there
is little evidence to support this suggestion
(Kaczmarczyk and Sheath 1991; Raven 1992).
Pigment content and phycobiliprotein to chlo-
rophyll a ratios can also change in response to
variations in nitrogen metabolism (Maccoll
and Guard-Friar 1987). In order to examine
the combined effects of light and nitrogen con-
tent on photosynthetic pigments in freshwater
red algae, a survey was conducted in April of
1987. The study examined phycobiliprotein
and chlorophyll a content as well as carbon to
nitrogen (C/N) ratios in different rhodophyte
taxa growing in streams which were subjected
to varying degrees of shading.

Light measurements were taken at eleven
stream sites in southern and western Rhode
Island (U.S.A.). These readings were taken
within two hours of noon at the stream sur-
face using a LICOR quantum meter (Model
LI-185B). By combining meteorological data
(% cloudiness and daylength, National
Weather Service—Warwick, R.I., U.S.A))
with the light measurements at the stream,
it was possible to obtain estimates of the
mean energy received by the plants (in
mol m~2d~!) at each site.

The total list of Rhodophyte taxa collected
included the following: Audouinella hermannii,

* Author for correspondence

(ROTH) DUBY [=A4. violacea (KUTZ.)
HAMEL], Batrachospermum boryanum SIROD.,
B. gelatinosum (L.) DC. (=B. moniliforme
ROTH), B. sirodotii SKUJA ex REIS [=B.
virgatum (KUTZ.) SIROD.], Lemanea fluo-
wtilis (L.) C. AG., Sirodotia suecica KYLIN
and Tuomeya americana (KUTZ.) PAPEN-
FUSS. Algal populations were collected in
triplicate and returned to the laboratory for
pigment and carbon-nitrogen analysis. Epi-
phytes and debris were mechanically removed
from the samples upon microscopic examina-
tion. The samples were then uniformly blot-
ted to remove excess water and divided in
half. One half was used for pigment analysis
and the other half was subjected to carbon-
nitrogen analysis. Fresh weights were ob-
tained for all subsamples with a Mettler AE-
200 balance. Pigment analysis was per-
formed as outlined in Kaczmarczyk and
Sheath (1991). For determination of carbon
and nitrogen content, algal samples were
ground and then resuspended in distilled
water. They were dried by boiling off the
water in a microwave oven. Portions of the
dried samples were then weighed on a Cahn
Electro Balance and carbon to nitrogen ratios
were obtained from standard curves after com-
bustion in an Elemental Analyzer (Carl Erba
Model 1106).

Differences in means among populations
were calculated based on the following: total
pigment, phycobiliprotein to chlorophyll a
ratio (PBP/chl a), phycocyanin to phycoery-
thrin (PC/PE) and carbon to nitrogen (C/N).
To test differences among samples, a one-
way analysis of variance (ANOVA) was per-
formed using the Minitab computing system
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Table 1.

Total pigment content (mg g~! fw), phycobiliprotein to chlorophyll a (PBP/chl a), phycocyanin to

phycoerythrin (PC/PE) and carbon to nitrogen (C/N) ratios of freshwater red algae collected from Rhode Island
streams with varying degrees of shading (Light energy estimates in molm=2d™).

Species Energy Total Pigment PBP/chla PC/PE C/N
Audouinella
A. hermannii 21 0.510 0.304 0.494 9.4
35 0.125 0.572 0.494 11.8
39 0.386 0.315 0.654 9.0
Batrachospermum
B. boryanum 15 0.110 1.520 1.433 7.5
16 0.158 0.982 0.848 6.1
29 0.084 0.982 0.933 7.1
33 0.054 1.141 0.767 7.4
35 0.111 1.192 0.764 9.0
39 0.124 1.489 0.642 7.8
44 0.193 1.151 0.914 6.9
B. gelatinosum 29 0.059 0.772 0.744 10.0
35 0.099 0.782 1.000 9.3
B. sirodotii 21 0.174 0.465 1.938 8.8
29 0.082 0.695 1.944 8.2
33 0.066 0.616 1.389 11.5
35 0.086 1.008 2.611 8.1
Lamanea
L. fluviatilis 21 0.062 0.469 1.733 11.6
39 0.070 0.839 1.162 13.5
Sirodotia
S. suecica 15 0.053 0.441 0.914 8.3
29 0.157 0.490 1.750 8.8
33 0.053 0.481 3.000 8.8
Tuomeya
T. americana 21 0.138 0.272 1.857 10.1
33 0.092 0.335 1.286 9.1
34 0.094 0.362 1.000 9.3

(Ryan et al. 1976). Pearson-product moment
correlations were calculated between light
energy and both pigmentation (total pigment,
PBP/chl a and PC/PE) and the C/N ratio.
There were no significant differences
among pigment amounts and ratios in popula-
tions of the seven rhodophyte species despite
the variations in light energy at the stream
sites (Table 1). The following trends were ob-
served in pigment differences between spe-
cies: 1) all samples of Audouinella hermannii had
a significantly higher total pigment content
than that of other species except Batrachosper-
mum boryanum; and 2) samples of B. boryanum

had a significantly higher PBP/chl a ratio than
that of Sirodotia suecica and Tuomeya americana.

There was a significant negative correlation
between mean total pigment and light energy
in T. americana. However, no other signifi-
cant correlations were observed between light
energy and pigment content or ratios of the
other taxa.

There were no significant differences in
the C/N ratio among any of the species in the
survey (Table 1). Likewise, there was no
significant correlation between light energy
and the C/N ratios among populations of
any of the species examined. The C/N



Shading of freshwater rhodophytes 281

values ranged from 6.1 (B. boryanum at 16 mol
m~2d~!) to 13.5 (Lemanea fluviatilis at 39 mol
m~2d7Y).

All seven of the taxa analyzed in this study
were found in streams with varying light
energy levels and hence occurrence did not
appear to be significantly affected by light
regime. This agrees with the findings of
Sheath and Burkholder (1985) who did not
observe a relationship between freshwater rho-
dophyte distribution and stream shading.
The results contrast with the predictive model
of Vannote ¢t al. (1980); namely, freshwater
macroalgae are expected to be localized where
light penetration is maximum.

The lack of significant differences among
populations at varying light regimes was nota-
ble. The one exception was the negative cor-
relation between total pigments in Tuomeya
americana and light energy. The lack of cor-
relation between total pigment and light in
other species is in accord with the findings
of Rider and Wagner (1972), who observed
little change in the pigment content of two
Batrachospermum species grown under diffe-
rent light levels.

Mean C/N ratios in this survey were in the
range of 7.0 to 11.0 given for Lemanea mamal-
losa by Raven (1992) and close to the 12.0
average ratio reported for marine macroalgae
(Lobban et al. 1985) and for autochthonous
organic matter within freshwater systems
(Wetzel 1983). However, for most popula-
tions, the C/N ratios fell below the latter value.

Phycobiliproteins can act as storage pools
of nitrogen in red and blue-green algae (Bird
et al. 1982, Lapointe 1985, Maccoll and
Guard-Friar 1987). In the Rhodophyta,
nitrogen-enriched plants of Gracilaria tikvahiae
increased total pigment content (Bird et al.
1982). In this study, however, the lack of

significant differences in C/N ratios among
species suggested that the pigment differences
did not result from nitrogen availability.
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D. Kaczmarczyk and R. G. Sheath : ER 3K FHE T CEFT LR KEMLZENERZEEEL C/N I

BAKERLBC BT, ¥EL7 4 2o 7 =vELOMTRSABEFEMNEREIh TS, ¥, 743 E
) VEAERVUZ O Chla BN THHAERABOBMCE U TERLBLZ L, 74 2) VERRHLES
ERCRVT, EROFBR - 1+ORExXLBEI L LHTRIh TS,

2T, ORISR BTCEBTTHRKELE (5B71) ©onT, VHAFHKEN, 74 2) vE
#E@PBP) [742v7=v(PC)L742=YRY Y (PE)] DE&E, PCLPEDNESEI, RELERNVESEN
(C/NH) BUiChla & PBP DEBHIERIETEEC VW THN, LhL, A BEROXE, BEEEROE
EOREORMICIIAEEOHEIIED bhitd » 1, (Department of Biology, Memorial University of Newfound-
land, St. John’s, Newfoundland, Canada A1B 3X9)
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Mitsuo Kajimura: Lectotypification of Scinaia moniliformis J. Agardh

(Galaxauraceae, Rhodophyta)!

Key Index Words:  Galaxauraceae—lectotypification— Rhodophyta—Scinaia moniliformis.
Mitsuo Kajimura, Marine Biological Station, Shimane University, Kamo, Saigo, Oki-gun, 685 Japan

In 1885 J. Agardh described Scinaia
moniliformis from the two specimens (“Hab.
ad Port Phillip Novae Hollandiae australis:
I. Br. Wilson!”) which were collected by John
Bracewood Wilson from Port Phillip Heads,
Victoria, Australia. No holotype specimen,
however, was indicated by J. Agardh for
Scinaia moniliformis.

These two original material specimens
were each mounted on a small herbarium
sheet and these two small sheets were moun-
ted on a herbarium sheet (Fig. 1a, b). One
had a reddish label of “Typus!” (Fig. 1a)
which was added later by a staff of LD rou-
tinely (personal communication with Dr. Per
Lassen). This specimen (LD Herb. Agardh
No. 32207) was collected on February 28,
1882.

After careful examination of these two speci-
mens the present writer has found that the
one specimen (LD Herb. Agardh No. 32207)
is a mature male plant with spermatangial
sori which are distinguishably yellow in the
present dried condition, excluding utricles
and formed restrictedly to approximately
upper half of the terminal or subterminal
segments (Fig. 3). The spermatangial sori in
this species are considered to be the ‘modified
apical cap-type’ as seen in Scinaia pseudo-
monzliformis Kajimura (1991), but the other
specimen (LD Herb. Agardh No. 32208) is
sterile.

Consequently the present writer has chosen
the male mature specimen (LD Herb. Agardh
No. 32207) from these two specimens as
the lectotype (Fig. 2) for Scinaia moniliformis
according to the Article 7.4 of the Interna-

! Contribution No. 53 from Oki Marine Biological
Station, Shimane University.

tional Code of Botanical Nomenclature (Greuter
et al. 1988) this time.

Scinaia moniliformis J. Agardh, Lunds Univ.
Arssk. 21: 72, 1885.

Lectotype: LD Herb. Agardh No. 32207,
Feb. 28, 1882, Port Phillip Heads, Victoria,
Australia, Botanical Museum, Lunds Univer-
sity.
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Fig. 1. Scinaia moniliformis J. Agardh.
Two original material specimens (a: LD Herb. Agardh No. 32207, male; b: LD Herb. Agardh No. 32208, sterile).
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Fig. 2. Scinaia moniliformis J. Agardh. Fig. 3. Scinaia moniliformis J. Agardh.

Male lectotype specimen (LD Herb. Agardh No. Part of the male lectotype specimen showing two
32207). spermatangial sori of the ‘modified apical cap-type’
by arrows.
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Sueo Kato:

Discrimination of two types of pyrenoid centres by staining

with propionocarmine.

Key Index Words: Euglena viridis—Eutreptiella eupharyngea—propionocarmine—pyrenoid centre—

staining. .

Sueo Kato, Laboratory of Natural Science, Kokugakuin University, Higashi 4-10-28, Shibuya-ku, Tokyo,

150 Japan

I VY AVEOERKD s BEOBMD 10K, YV
/A4 ¥+ 4% — (pyrenoid centre) HH\ LT i r
¥ + 4 v & — (paramylon centre) /35 %& { D Y A VR
DIEGER B BETRCIEA BE A B B (Leedale 1967),
COROEGUEOBMBEIEFEMELYAVC
Euglena viridis Ehr. T~ 5 1 (Leedale 1982), £ D £ L
JANFN 2V E—iZ1DODEV /M4 FIbLTETWS
LHREZIh T3, &2 AH, Walne e al. (1986) i
Eutreptiella eupharyngea Walne et al. DIES K% B FHHK
BTHEL, £OEYV /A F - ¥ & — | Euglena
viridis Db D L1 RL b, LDV K VROERMGH
DEMEHBEV /A FEE > THETW S EHRE
LTW3, DT EMmD, EV/AF - 2vE—TiL
200N H B EHVPOENEI T, ELVIAF -
LV E=NEBLLDDOL hE LTV H0IETEKE
CEABECLLFBINTERVEEZ LR TERN,
4Sm, v/ 4 FoRBZAVWOhE vt vh—
{ ¥ (Rosowski and Hoshaw 1970) TV / {1 F - £V
F—FPBETHI LI D, XEEESFCIIEET
bAEYBRCHANTESZ LB LEDT, 2
THRET 5,

R HEE - ERITE Euglena viridis D 7 m — /B
| E-1164 (BRI EBEHEKEOREI, 19914
2 A28 R¥R4E) & Eutrepticlla eupharyngea D 7 = — v 3%
Pk ME-64 (MZENIBHKAEHESERE, 1914648
24HRE) D2BkT AV, BERZEBE 20°C, BE
3000 lux, 1265HE1 B33 - 1203 REIRS i 0 AR R HA O &4
TTfT\, E-1164 BRiTi3 AF-6 5541 (hniE1982) %,
ME-64 ¥{1Zi% PES ¥ (Provasoli 1966) * T Z 1 A
Wi, BV /A F - 2y & —DRETREIEEHIo%E
thaEH, 7rEdvr— 1 v (EERE104, 1/10
BEOELKR CHAN104, REalEs5 o) TF-
o

HRLEE : XFHEBETOBE TIL, Euglna
viridis DEREIZ 5 i v VRICTEHZAILELV/ A F
« v & — (Fig. 1)  Thbh b ReEki 5% 0
VR VROERBRA ML TETED, YV/AF &
VE—@R T et v — I VORET B L 1 OOREE
BOB LT - T\t (Fig. 2)o —F . Eutrepticlla
eupharyngea DIEFMEL <7 s v VRICHEhIE VY
1V 2vg—bxhpbBARCE,AZE DY H
VIROIERER )b TE TR Y, Euglena viridis DIER
hERFEDOIL D ELTVB L AL BN, TOE
VIAF - evE—37 et vi—3 v CRETS
EHL DR CREREDORI S T (Fig. 4),
Eutreptiella eupharyngea % / < )V A & — R 5 THERE
YAVWCERTS L, CL/ 4 F - v a—i#inc
AhTwWBbX5dHx 5 (Fig. 3)e LL, 20X
5 124843 Euglena viridis TR\ THhEABRBZ &0D
BIEmD, BELLRIEV/I AN -2V 2 =2
HHORMTHIMIEETH B,

SEDEV /A F - V& —DORAEICE DBEEEE
1%, BFEMEE TD Euglena viridis (Leedale 1982) &
Eutreptiella eupharyngea (Walne et al. 1986) DEEER &
—FHLTED, ELIAF -2V 2-—212ODE V)
A FBBTETCHSE,, Fhid, HLDEVI/AF
PEESTTETLEME, TrEF VI — IV TE
VA Y ey E—RRETH L ) RFEES
TLEBHBITE B Ladbhols, § MY AVE
D 5%, Eutreptia J&, Eutreptiella JB IS X U Euglena B D
Radiatae BBDO L DIXEV /A ¥+ v v 2 -1 bEK
DY R VROERER HBSIRCI R GRS -
TWABD, TDOEVIAF - eva—nRESLL0HEMD
O\ TBAREIZ 78 > T\~ B DI Euglena viridis & Eutrep-
tiella eupharyngea D b ¥ V% Eutreptia pertyi Pringsheim
(Dawson and Walne 1991) KR Hbh T\ 5 & Bbh 3,
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Figs. 1-2.  Euglena viridis.

FEo 3D VY A YEUAD L DI OWTE, £
DEVIA R -2V Z=RNELBNADDL hELTH
BIMNCOWTESHERARLBEIH D, ThBLT,
DT eEFVH— I VI AREBFITUBENEE T
BRCHACTESZ EnD, BHEFRD10LEL
bhb,

X ik

Dawson, N.S. and Walne, P.L. 1991. Structural
characterization of Eutreptia pertyi (Euglenophyta).
I. General description. Phycologia 30: 287-302.

INEEZFEFR  1982. Colacium vesiculosum Ehr. D EE3% LT
AE. ¥ 30: 63-67.

Leedale, G. F. 1967. Euglenoid Flagellates. Prentice-
Hall, Inc., Englewood Cliffs, New Jersey.

1. A cell not stained. 2. A cell stained with propionocarmine.

centre is composed of one pyrenoid.
Figs. 3-4. Eutreptiella eupharyngea.

pyrenoid centres are composed of many small pyrenoids. p: pyrenoid centre.

A pyrenoid

3. A cell not stained. 4. A cell stained with propionocarmine. Two

Scale bars: 10 pgm.
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(186 RRHEILTHAR2686-12)

Suto, S. 1992. A trial to relate marine benthic floras more precisely to their environmental conditions.

Jpn. J. Phycol. 40: 289-305.

The author tried to relate marine benthic floras in coastal waters more precisely to their environmental

conditions from data in available reports.

In the present study, the 92 species of marine floras were chosen from those which occur commonly in

their native waters and are easy to identify, so that more than 20 of them would be found in any open coastal
waters. Their distributions in open coastal waters, in the Seto Inland Sea and in four other inland seas fully
investigated are shown in 2 Tables. Floras are characterized respectively by the combination of the
presence or absence of each of the 92 species. The rate of similarity between two floras is estimated by the
similarity ratio, the ratio of the number of species common in these two floras to the number of all species

present in them.

Surface water temperatures in February and in August, salinity, grade of water pollution, wave hight
and slope of the bottom bed were selected as important and numerical environmental factors for marine

floras.

Results of cluster analyses using similarity ratios for floras in 44 open coastal waters are shown, con-
nected with water temperatures in February and in August, indicating independent effects of the two

temperatures on marine floras.

Ranges of all six environmental factors for the distribution of each species can be obtained by taking
the lowest and the highest values of the factors from those in the waters where the species occurs commonly,

eliminating some abnormal data.

The information in 5 Tables in this manuscript will make it possible
1) to judge rates of similarity of a marine benthic flora observed in a study to those established by

similarity ratios between them;

2) to estimate values of environmental factors and their changes in coastal waters from species and the

changes in them found in the waters;

3) to anticipate species and changes in species occurring in a marine flora in coastal waters, from en-
vironmental factors and changes in them, as surveyed in the waters.

Key Index Words:

hhs,

envir

tal factor—geog

A

[ distribution—marine benthic flora—marine

pollution—marine topography—salinity—species

' of

tombornt
temperature—wave.

Shunzo Suto, Yaho 2686-12, Kunitachi-shi, Tokyo, 186 Japan.

Y - WEEA LB OWT, B (1931) 38
L DBAGRE R U, HI (1956) (1iGHE L BBOEHR
e, RES (1971) 3rhedEmRbmnz T, KE
LOBAEYTFL, HiE (1976) itz v I HE LT X
BoBBELER, +ZoKBEHEDHEEL LTRE
L, AMULHE (1984) 12 AKREE - #EEMAC, B
BLoLEEAGRLINL TKBLEOBEFERXHL, &0
(1971) FFEERMAE L v LOBE»BREE o
KR - ESEOREERLE, SHHF (1975)
(TRBE - ERIEH0NT, Hirose (1978) 1L ABRE% T,

BROFBREBOWERER Uic, Bl 7~<%, 7
HA,=aAVF, wrY, k= s HENRE D BTSN,
Thb oM L KBOBERIBRE IR TV 5,
BEEEET AR - BEOMER L OEROREE
fbbinz 2-BEcE FEIh, FORF»HRIEZD
BEREOIVEMEELEZ LD, COEH®RLD
IEAE TIRRETHESOMENEREC & DL N
IBRTVBR BRIIFEAERILTBERAT VR,
ERGHEAE & RBEOBIROERA = D X 5 /s BRI
BTtk biehsb EBbhb,
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T Tk, KEICHENERE G EEZ DR DE
MIRER O T, 14 & B0 a2 B8
HEERDHZ L ETFHEL, £EIShLEEFERORE -
BT o, fHELFREOMEY L Y oD TRDBZ L
R4, LEREOEAE,IHLOEHFCHHEEILL
bhaloedazEtxBIELL,

% 3

AEY, #BETHEE  BEOBERTERL, HE
LR OB Y, HAeEXYEBRT A ThLThOBORE
RIEOBAE LTRZ L5 & BERY L5 &,
EEICbc > TEH OREEEREXERTE, HEOR
MORE ELUL () TABTERTES, Set-
chell (1920) (354 CEMEOREM B L O REH AR
MEREOBH OBBHAMEFI LTV 5 LR Ui,
ThEIRLUTKERIR, X )RR THIIEEDOK
EWHr OREER L, Bk - BESEOKES
TEXThLThOLEE, FEANOEFREERERD L -
TRIZL > THWSh IR EEL T, FEONH &
EREBREOCRA» LA HEROZREERD
BWHEERD, HEY T Z ORECTEERERNTRT
BRIhSEOHEMEE 2 12,

7o, METEOER LML D0, FIATEAHE
EERD kP, MEREORAEORELAS
T, MIGTAREERFA ML, 2o cEHES,
B L5 RE, RESOBELRE b)Y, BT
MR DO TEHENLRZE - o

Bk & LT, MR L BEOMEY % 2 BB OB
HAROFLUL (KESR) L 2BREEROB SRR (E)
DR L LTIRA D FEDELbh BN, 2ERRE
BEBEDRDF B D b, Tl ORERL bITilE
DOLRED, ¥R RED b4 O RERHEEL
TEhWinE, BEOBEHALBOND LEL DT
EABELI & RIER 35 X OE A KBEEEOBIHA
b, NMEREHEAEDKEDORSHRD B OB VBKE
e d Edte,

2 r OFERORRAOEBERTES (1970) B XU,
KHE (1973) &izb\s, LU similarity ratio (3858
B REE, UTROBHRLER, % TER X
O rate of relationship &R U) THET = & & L1,
BUoRFIIERNCH bR\ & T, kKLl
NEWBEREEHRO@WME TL, R=90% TEAL,
Z80% THULI T3 L RYSTbh5 (h1 ZFE
X BEURE). RARNR2HED—FTHTH

hi@nfs coRBlicEhicB ez o ¥ 8L
RETOBELRHI L THD, COBRHBBhIZLS
BEX/PILTHID, TRLBIV, FE (1975)
Ziebv, K-pEcHBEE cR¥acH , »oR
BRI EORN D, SRR T/ R
HMIhadz b AEC LTfEY L b, Z0BEESE
BRE2EARcR2bz L s L, ¥ 2@8ROE
PrRDBEE, Ebbh—HIeTh HEIFHE,
HBHCRRABCREIODBELD HBHEITIL, Lo
TR OBEHA BB C LT L,

I TCHBEAR L, HEEBER TR E s
EEIhicho, BIU—KROHEyr OBRF, 17
~ZPBEDLODZIZERIhBEBY L\, Kk
Tikr TRLI, ILN/METCRATCRMODb S E
1?TERL,

ERoBORBDOERI/BRCEET S, BHNLD
11, BEERORRIEEHEE hicvA, St t
ANTERVWDT, BECHI - TiL, PELEDER
fMchich, EHECEFELFYCEL, BRTK
FVWARBESE, REIhCTVWERBERIS ML
5rk5ic i, SEHOREEIVHIEIFE—RAELT, B
BCLhI< D5 L55BDBEDHEIEL LIS,

ARBERAXERIERS (1990), BEIEFDL
(1962) W otce 7oL, VvV avFEhy az
v TR L BFIRAKBORE - SIIE (1977) 22
BLT~2v7edbili, F 72V 3R L0E
BaADH, —EI VA va v rgnl, B0k
v &7 7 BOMEAIL Yoshida (1983) 1T & 0 HE L1,
7 5 ARHE (1985) X b 2B HiF B L AMRIB
Ihie, BEEEREDOREVEET, ThXhoy
TR O KR F OREIRDE (R DO KB DOHSR)
OT, SEREHLE TRV o1, TBFERERONE
b= RDWT, FBELTORLEO L ORE
H19661Cf\ e m o~ b b= 4 L, TOMONE
REBEPREBOL DL ? & L, A3 - FEREERD
b OIXEERIIER B 0 —In % < OBEEERC AT b hic
e b= DEEE LI,

BREERE LTREETHOHET — 208326035
K, ES, FRE, BR, BEEMEL L BT,
ThEhOREEIIHET 5, ERUSNSTOREDSH
HC BB R LT 2B RGSIAIRY
Table 5 THEAICHER Lic, Jo&t, FERE, 8
MgS, B X 5REZREOKTEL/F~OKEL
—RESCIT NI EEZ TR Y BT e o1,

IR ThOEBEDOH RO LFREERBEOTE
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ZOBEd, BOHMEARHLBE, $IVEBORER
BERHBBERBALTRDB L E LT,
BRELLT, 1) BEOREROZBEEENL, €
COEREERMEAHMBRBERMBEOHACA L TXT
OETHR A, 2) HhsREEEBRARLAS
REROLREEREILhTh, BREAEOH IR
FEREOCHAOTOIET HHARCAD, 3) i
BB WEBIEERSK L AE8 /N E W il
HLI,

EEBD 57 £ KE

BEBOSM L KR & OBBRILEY, KBORED
BENEROERN D B IHBREBIC OV TRD T,

SR B D BT AU IB /s & DIRRER & AL &
h, EYich, BEEMENRLEKBEYXELLS
Tltc, RIELBEE?D, BHRLERBARIEA
o, FEETEX UTZFEX L) 3FT
Bk, ARXFERCHE, BEORBLUAIBLCED
oo ¥BHEEBR TIIHESYHEML L, AXE
BERETEEEMLSHIT T,

FHEMAKRTOLBEEDOHBINMY ThFhod
BREACERNH S, BHECE UBRMERS I TH
FE LT Table 1 IR L7z,

KCEBOEMFES LOREAKE °C LT 2,
8AKBEEY) XRNREESER (NS - bR
FEBANTR DI HRBERBNTHE) ORETFH

H3RDT Table2 I/RL, Fig. 117 m o F LI,

RT2, 8 AKBRIKFHERETLIEF—ERECE
> T\Wb, ThicH LTRAEE (AAfE A+-—v

78R JORIMEX VS, UTRL) BETRER
Hh, BFB~EETELL,

Table I 2 Hh 5 & 2 BRBOBEBEL R 12
TR D 23K 2, 8 AKIEEERE (2, 8 BAK
BE%d,d & LTE2+d?) DFEHR, METD?2
SHEIOERE) ANV EKREL, KBEBE<15d,
d,=1) TiX RFEHEIF0% & B\ e LEHES
lE LOEh b LMMOBREBD R OZRL70% LT
BV, ZhilksE b MEEEORR, ToflinkE
WBOBEMI e L OFE, S oBRRE A
TtabibotcfEREBbh, BHEORETEY
LHBME L,
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Fig. 1. Results of cluster analyses on species

compositions of marine benthic floras in open
coastal waters, connected with water temperatures
in February and in August.
In the figure, waters are plotted by their WT in Feb.
and in Aug. Next, plots of waters are enclosed by a
contour line, when the floras in the waters are
gathered into a cluster by cluster analyses. Thick
and fine contour lines show higher and lower
similarity levels of clusters, respectively.
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Fig. 2. Ranges of water temperatures in

February and in August found in each distribution
of Mpyagropsis myagroides, a common pattern, and of
Eisenia bicyclis, a rare one.
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Table 1-1. Geographical distributions of 91 common species in marine benthic floras in open coastal waters.

Pacific Coast Southern Is. Coast of Sea of Japan, etc.
& P ud
£ g, & &~ SE
. < . .8 . . =i
Species £ VR B g B I -T- V9 o & n’:'"°’_§
By S s o B s, s SO alEa . g e
A = - -] - S S
SR EN P E S R P LR E LA
ZEAGCK A58 S0AS3NSs O<OSEN0 SNASENGLIY AEnZn<3 TnMn
Monostroma nitidum r ccccec ¢ cccc c c cc r
Ulva pertusa ccccccceccec ccccccc ccc cccccccccec ccccccccecccec
Dictyosphaeria cavernosa cccec cccccceccec rec
Halicoryne wrightii r cc
Neomeris annulata cc cccec c
Bryopsis plumosa ccc cc cccer cc c r ¢ cccccc crrrcccecccecer
Caulerpa cupressoides rr rccr ¢
C. okamurae ccccceccec ccc ccccececcececcecec ccccecceccer
C. racemosa rrrccec ccccccc rr
Halimeda opuntia r cccec c
Analipus japonicus ccccccceccec ¢ r rcccec
Chordaria flagelliformis ¢ ¢ ¢ r r rcec
Cladosiphon okamuranus ccc
Ishige okamurae rr cccccrcc cc cc ccccceccececcec €r rrrrr
Nemacystus decipiens ccecrec cc crccceccecceccec cccccer
Colpomenia sinuosa cccccececec cccccececec ccccccec cccecceccececec ccccecececcecceccec
Scytosiphon lomentaria ¢ ccccccc cccccc ¢ ccc cccccececececcec ccccccccecccec
Desmarestia viridis ccccccccec ¢cr rr r cc ¢ ¢ ccccecceccceccc
Alaria crassifolia ccccecer
A. praelonga c c
Undaria pinnatifida rccccccec ccccc rr ccccccceccec cccccccceccc
Costaria costata ccccccec ccccec
Ecklonia cava cccccecrec PR
E. kurome rrrcrr ccccceccececc cccc
E. stolonifera c cc ¢ ¢ cccccccr
Eckloniopsis radicosa ccccccer ¢ c cc
Eisenia bicyclis rcc ccccc r ccccccec
Laminaria angustata cccecr
L. japonica ccccec rccceccc
Dictyota dichotoma cccccecec cceccececcc cccccecec ccccecececececcec cccececceccceccec
Padina arborescens r r cccccceccec cc¢ cc cccccececcececec ccccccc
P. minor ccccec ccc cc cccccc cr
Cystoseira hakodatensis ¢ c ¢ ¢ ¢ ¢ r rrccec
Hormophysa cuneiformis r rccec
Myagropsis myagroides c cccccec r cccccceccec ccccceccc
Fucus distichus ccccerr c
Pelvetia wrighti cccccecrr r cc
Hizikia fusiformis rcccc cccccrccec rrc ¢ ccccccceccecr rr c
Sargassum confusum rcccccer rcccececececcec €cCc cccccccc
S. duplicatum rccccec cc cc c
S. hemiphyllum r rccceccceccec cc cc ccceccececcece ccccccer
S. horneri rccccec ccccecrrr rec cc cccccccececec cccccccceccer
S. macrocarpum r cccccc ccr ¢ cccceccecccece ccccccc
S. okamurae rcccccec
S. patens r rccccececcec €crc ccc ccccceccececec ccccccc

Coast of Sea of Japan, etc.: Coast of Sea of Japan, of Sea of Okhotsk and of East China Sea.



Marine benthic floras and their environmental conditions 293

Table 1-2. (Continued).

Pacific Coast Southern Is. Coast of Sea of Japan, etc.
& s . i
E H A a o T
Species g - .8 : o 4 Eal ; A 3%
P R R T B Y - g . 2 ERL T S Lo oRAE
Ha A5 wf ) B 5% udgd 45 885 SE%aa, _Ghag 85azd
SudigEmgZ %8 . SEES D20 o0F PEFaSHEc o MEfeBaESELS
Ernidgfl AU EEES EERefEl HRg PR EsRE siinEs<itES
SEA8ui52 £585595. 405 8ES 52552 S580g 2ECESd5nEa.
Sargassum piluliferum ccc ccccccecec r r ¢ cccccec cc ccccccc
S. ringgoldianum c ccccccer rcccc c cccc
S. sandei rcccec cc cc c
S. siliquastrum r rccc ¢ ccrrr r c cccccecececcc ccccccc r
S. thunbergii cccceccccec ccccccccec ccc € cccccccecccec cccccecccceccc
S. yezoense rrcec ccc ¢ c cc rc ccec
Turbinaria ornata r r r rccec c
Porphyra pseudolinearis ¢ c cccccc ¢ cccccc ccccccccceccc
P. variegata cccc cccec
P. yezoensis ccccecceccce ¢ ¢C cc ccc cccccccccc
Galaxaura fastigiata cccccecec ccccceccec cccccc € € cccc
Acanthopeltis japonica ccccccecr cc c r
Gelidium elegans r ccccc cccccccecc cc cc ccccccecececec cccccccceccc
G. japonicum ccccccccec cc cc rrr cccc
G. pacificum rccccc cc
Prerocladia capillacea r cccc ccccccccec cc cc ccccececcecccec cccccceccceccece
Amphiroa dilatata r ccececcccec cc cc ccrcccccccec cccrccec
Corallina pilulifera cccccececec cccccccc ccccccec ccccecececececcec ccccecececcecceccec
Constantinea subulifera ¢ ¢
Neodilsea yendoana cccececccecce ¢ rrcccec
Glotopeltis furcata cccececececec €ccccCcCC € €cCcr  Cc cccccec ¢ € ccccccccceccc
G.teﬂax rrccec C ccC c ccec cc ccr
Grateloupia filicina cccccec ccccceccec ccc cc ccccceccceccec cccccccccec
G. turuturu rccccecc ¢cc crr c r rr c cc cc ccccccc
Pachymeniopsis elliptica cccc cccccccc cc c r c ¢ ¢ cccc
Prionitis angusta r cccecceccec ccc ¢ ccc r
Chondrus yendot ccccccc ccccc
Gigartina intermedia cccec cccccccc rr cc cccccccceccc ccr cc
Rhodoglossum japonicum ¢ ¢ ¢ ¢ ¢ ¢ ¢ ccccec
Gracilaria asiatica cccccecccec ccccccececcec cc c ccccecccececcec ccccccecccec C
Gymnogongrus paradoxus cccc ccccceccec ccc r
Plocamium telfairiae ccec ccccccccec ccccccec ccccececceccec cccccceor
Eucheuma denticulatum rr rccc
Meristotheca papulosa ccecccccec cc cc ccccec r r
Solieria pacifica r ccccc r cc c cccccec ¢ r
Turnerella mertensiana ¢ ¢ r
Lomentaria catenata ccccc cccccccce cc cc ccccccecccecec ccccceccccer
Campylaephora hypnaeoides ¢ ¢ c c cc ¢ ccccrc r c rrrcccecececcec ccccccccecceccec
Ceramium kondoi cccccecccec ccrc cc rr r cccceccc cccccceccceccc
Dasya sessilis r cccc c cccccec T cccccceccer
Chondria crassicaulis ccccce cceccccec T cc rrrcceccecccec cccceccecceccc
Digenea simplex rrrec cccc c cr
Neorhodomela aculeata ¢ c c cccr r r ccccccec
Thalassia hemprichi ccec
Phyllospadix fwatensis ¢ ccccccc cr ?P?ccccccce
Zostera marina cceccececccec cceccc cr ccccccececcec cccccccc c

P.: Prefecture. Pr.: Province in Hokkaido.
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Table 2. Surface water temperatures in February and in August in open
coastal waters.
WT (°C) WT (°C)
Coastal waters S —— Coastal waters _—
Feb.  Aug. Feb.  Aug.

PACIFIC COAST COAST OF SEA

Nemuro Pr. OF JAPAN, ETC.

-Tokachi Pr. -2 16 W. Kagoshima P.

Hidaka Pr. 0 18 Kumamoto P. 14 27

Iburi Pr. 2 20 Nagasaki P. 13 26

Oshima Pr. 4 21 Saga P.

E. Aomori P. 5 21 Fukuoka P. 12 26

Iwate P. 6 20 Yamaguchi P. 12 26

Miyagi P. 7 22 Shimane P. 12 27

Fukushima P. 8 22 Tottori P. 11 27

Ibaragi P. 10 23 Hyogo P.

Chiba P. & Kyoto P. 9 26

Kanagawa P. 13 25 Fukui P.

Pen. Izu 14 25 Ishikawa P. 8 26

Mie P. 13 26 Toyama P.

Wakayama P. 14 26 Niigata P. 9 26

Kochi P. 15 27 Yamagata P. 8 25

Miyazaki P. 16 27 Akita P. 7 25

E. Kagoshima P. 16 27 W. Aomori P. 6 24
SOUTHERN IS. Hiyama Pr. 5 23

Osumi Is. 19 28 Shiribeshi Pr. 5 22

Amami Is. 19 28 Rumoi Pr. &

Okinawa Is. 20 28 W. Soya Pr. 2 21

Miyako Is. 20 29 E. Soya Pr. &

Izu Is. 15 25 Abashiri Pr. —1 20

Hachijo I. 17 27

Ogasawara Is. 20 27

P., Pr. and “Coast of Sea of Japan, etc.”: see footnotes for Table 1.
WT in Feb. and in Aug.: means of many years’ data at one to several stations on each

coast.
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fully investigated and those in the Seto Inland Sea.

Geographical distributions of 52 common species in marine benthic floras

in the four inland seas

Osaka Bay Ago Bay  Tokyo Bay Ise Bay Seto Inland Sea
a .
e £ - - & L a 2. Ei
Species y 3 E w 2w g - o g © EE"S g
g 2 2 g Sox288 g 2 Exs82ggox
g .25 E & §EFEEg 2 ? §ALNSI<aa0
89, % <muAA G358 § ZEESTS T o0nl SenCummmmo
NEF’%E s ems 2388 § BSIEeS L 82c 5865088 TT®
TEERE PESEE PEEE D,EHERET Se8Ef -¥sSsssgs
MMEOM d<<<d< SSMI QAS>GHHKA nOZ40 MOnRBBRKA
Monostroma latissimum ~ ? ccccc ??7? c cc c pPPPRP2PRR?
Ulva pertusa cccccec ccccc cccc cccccccc cccc ccccccecccec
Bryopsis plumosa cccec ccc crcccccc ccccc cccc rcer
Caulerpa okamurae cc cc c rrrrccc
Ishige okamurae c ccec ccecr ¢ ccc ¢ rrr rrcec
Nemacystus decipiens rrr cc ccr rcec
Colpomenia sinuosa ccc cccecec cccc € € cccc c€ccC cCC ccccccceccer
Scytosiphon lomentaria ccccc ccccc cccc cc cccc cc ccccecr ¢
Desmarestia viridis cccec c ¢ ¢ r r r cccccrecc
Undaria pinnatifida cccec c cccc cccrcccc cc r cccccrccec
Ecklonia cava c?? c ccecr ¢ c?? ????c¢
E. kurome cc cc ccccec
Eisenia bicyclis r cc cccc ¢ ccec r crcccccecec
Dictyota dichotoma c cccec ccc c c r cccc cccr
Padina arborescens cc cccec cccec ¢ c ccr rrcec
Mpyagropsis myagroides ccc c cccc ¢ ccc ¢ c ccrrcc cr
Hizikia fusiformis cc ccc cccc ¢ ccc ¢ r ccr ccccc
Sargassum confusum c c ccec rrrrccccec
S. hemiphyllum c cc ccec c ccc ¢ r crr ¢ recec
S. hornert cccccec cccc cccc ccc cc cc ccccccccc
S. macrocarpum cc c ccec c r cccrccceccc
S. okamurae c cc c r cc
S. patens c ccccecc cccr ¢ cc c crccccccc
S. piluliferum c ccccc ccc c cc c r crcrccecrcec
S. ringgoldianum c cc ccecr ¢ r c cr cc
S. siliquastrum cc cc ccer ¢ c r ccccccceccc
S. thunbergii ccc cccec cccr ccr rcccec cc c ccccccccec
Galaxaura fastigiata cc cc r rr c r rr
Acanthopeltis japonica c cc c c c r o r
Gelidium elegans ccc ccccr cccc ccr ccc cc c ccccccccec
G. japonicum c cc cc c cc c r
G. pacificum ccr c r
Prerocladia capillacea c cccecr ccc c cr ¢ r crrccccrec
Amphiroa dilatata c c ccrr ¢ cr r crccec r cc
Corallina pilulifera cc ccc cccc ¢ ccc cc c cccccrrcec
Gloiopeltis furcata ccc cccec cccc cc ccc cc c cccr cc
G. tenax [ c cc r PP2P?2? ? cec
Grateloupia filicina ccccc ccc cccc cc cccc cccc cccccecrccc
G. turuturu ccec cccc cc cccr cc ¢ cccr cc
Pachymeniopsis elliptica ¢ cc cccc c ccc ¢ c c rc r
Prionitis angusta c c ccr c r r c r cc
Gigartina intermedia c cc cccc cc ccc c c ccrrcrcrr
Gracilaria asiatica ccccec ccc cccc ccccccccec cceccc cccccecrccecec
Gymnogongrus paradoxus cccc cr cc ¢ r r
Plocamium telfairiae ccc cc cccc ¢ ccc ¢ r ccccccccc
Meristotheca papulosa c cc c r r c cr
Solieria pacifica c cccc r cr rrrcc ¢
Lomentaria catenata ccec ccc cccc cc ccc ¢ ccr crcec
Campylaephora hypnaeoides c c ccrr c ccc ¢ rrrrr cc
Ceramium kondoi ccecr ¢ c c crrcccecrr
Chondria crassicaulis c ccecr ¢ cc ¢ c rrrccrcc
Zostera marina cccec ccccc cccr ccc c ccceccec cceccceccecc

Area A to D' in Ago Bay: see Maegawa et al. 1982.
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Table 4. Five environmental factors for marine benthic floras in four inland
seas fully investigated and those in the Seto Inland Sea.

o

Coastal waters \?]nTF(ebc.: ) (%) C(ron?/?)" zll_“’)’ (k]r)n)
OSAKA BAY

Kada 10.5 17.8 1.1 11 0.25
Kojima 9.9 17.6 1.4 2.1 0.3
Tan-no-wa 8.8 17.4 1.5 (2.2) 0.9
Ozaki 9.0 17.3 1.9 2.3) 0.9
Kaizuka 8.7 17.0 2.2 2.3) 2.2
AGO BAY

Area A, mouth 13.5 18.0 1.1 0.2
Area B 13.0 17.8 1.2 0.3
Area C 12.3 17.8 1.2 1.4 0.25
Area D 11.1 17.3 1.3 (<1.0) 0.15
Area D', bottom 10.6 16.5 1.3 (<£1.0) 0.8
TOKYO BAY

Jo-ga-shima I. 13.0 18.7 1.0 9 0.25
Matsuwa 13.1 18.5 1.2 0.3
Kamoi 10.6 18.2 1.3 0.4
Hashirimizu 9.8 17.8 1.6 0.4
ISE BAY

Suga-shima I. 10.2 17.1 0.7 6 0.3
Ise 6.8 15.8 1.6 2.7 1.6
Matsusaka & Tsu 7.1 14.7 2.2 2.8 0.8
Yokkaichi 8.4 13.1 2.0 2.8 1.6
Shin-maiko 8.4 13.1 2.1 2.0 1.2
Toyohama 8.9 16.6 1.1 2.5 0.3
Shino-jima I. 7.3 16.8 1.2 2.6 0.4
Pt. Irago 9.5 17.3 0.8 8 0.2
Saku-shima I. 7.3 16.9 1.2 2.5 0.4
Ooi (8.0) 16.7 1.7 1.8 0.4
Nishio (8.0) 15.0 1.8 1.5 1.9
Isshiki 8.0 16.0 1.8 1.7 2.4
Oki-no-shima I. 6.0 16.8 1.7 2.0 0.8
SETO INLAND SEA

Kii Channel 11 18 0.9 5-6

Osaka Bay 9 17 1.8 2.5

Sea of Harima 8.5 17.5 2.1 3

Bisan Channel 8.5 17.5 1.3 2

Sea of Hiuchi 8.5 17.5 1.5 3

Sea of Aki 10 18 1.0 2

Sea of Suo 8 18 0.9 3)

Sea of Iyo 10 18 1.2 3-4

Bungo Channel 5-6

Area A to D’ in Ago Bay: see Maegawa et al. 1982.

WT, Cl and CODgy: means of 5-20years’ data at the nearest station in
oceanographical investigations.

CODgy: COD by alkaline KMnO,, 100°C, 20 min (JAS K 0102, 1986).

Hy;3: the max. significant offshore wave height set in planning fishing ports on each
coast.

D: offshore distance (km) of the 10 m depth.

Numbers in () are estimated values.
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Table 5-1. Ranges of six environmental factors in coastal waters for each distribution of 92 common species
in marine benthic floras.

Ranges of environmental factors

WT (°C)

Species Cl CODoy Hyj D Remarks

Feb. Aug. (o)  (mgh)  (m) (km)

L-U L-U L U L U
Monostroma latissimum 7- 14 16.5 1.3 (1) .8 A)in and around Ise Bay
M. nitidum 12- 20 25-29
Ulva pertusa —2-20 16-29 13.1 2.2 (1) 2.4  S) on sandy bed also
Dictyosphaeria cavernosa 13- 20 25-29
Halicoryne wrightit 19- 20 28-28
Neomeris annulata 16- 20 27-29
Bryopsis plumosa 0- 19 18-28 131 2.2 1.5 2.4
Caulerpa cupressoides 17- 20 27-28
C. okamurae 6- 20 24-27 17.3 1.2 3) .3
C. racemosa 14- 20 25-29
Halimeda opuntia 19- 20 27-29
Analipus japonicus —2- 10 16-23 2)
Chordaria flagelliformis 2- 3 16-21 (3.5)
Cladosiphon okamuranus 19— 20 28-29
Ishige okamurae 7- 19 23-28 16.8 1.3 1.4 .4 T)scarce in IK-AT in JC
Nemacystus decipiens 8- 19 25-28 13.1 2.1 2.0 1.6 S) on sargasso plants
Colpomenia sinuosa —2- 20 16-29 13.1 2.2 (1) 2.4
Scytosiphon lomentaria ~ —2- 20 16-28 13.1 2.2 (1) 2.2
Desmarestia viridis —2- 12 16-27 13.1 2.2 2.0 1.2
Alaria crassifolia 0- 6 18-21 (3.5) U) not found in JC
A. praelonga —2-—1 16-20
Undaria pinnatifida 2- 14 20-27 13.1 2.2 1.8 1.6
Costaria costata —-2- 7 16-24 (2.5)
Ecklonia cava 10- 16 23-27 17.1 1.3 6 4
E. kurome 8- 14 26-27 17.6 1.4 (2.1) .3
E. stolonifera 6- 13 24-27 U) not found in PC
Eckloniopsis radicosa 13- 19 25-28
Eisenia bicyclis 7- 14 22-27 16.6 1.6 2.5 .4 U) missing in KT-AT in JC
Laminaria angustata —-2- 2 16-20 U) not found in JC
L. japonica —1- 8 20-24 (2.5)
Dictyota dichotoma —1- 20 20-29 16.8 1.3 1) 4
Padina arborescens 6- 19 24-28 16.6 1.6 (1) 4
P. minor 11- 20 26-29
Cystoseira hakodatensis ~ —2- 7 16-24
Hormophysa cuneiformis 19— 20 28-29
Myagropsis myagroides 6- 15 22-27 16.6 1.7 2.0 9
Fucus distichus —2- 4 16-21 (1.5)
Pelvetia wrightii —2- 6 16-21 (2.5)
Hizikia fusiformis 5- 20 20-28 16.6 1.6 1.4 .4 T) missing in TY-AM in JC
Sargassum confusum —1- 13 20-27 (1.8) U) missing in IG-ME in PC
S. duplicatum 13- 20 25-28 U) missing in KM-NS in JC
S. hemiphyllum 7- 19 25-28 16.6 1.3 2.5 4
S. horneri 4- 19 20-28 14.7 2.2 (1) 2.2
S. macrocarpum 6- 19 24-28 17.1 1.4 2.1) 4
S. okamurae 13- 16 25-27 17.1 1.2 6 .3 U) not found in JC
S. patens 6- 20 24-28 16.5 1.3 (1) .8

WT: see footnote for Table 2. Cl, CODgy, H,;3, and D: see footnotes for Table 4. L and U: lower and upper
limits. Numerals in ( ): uncertain values.
A): area where the alga was found by Kida (1966). S): substrata except rocky bed. T): missing locally due to un-
suitable tidal conditions. U): missing locally due to indefinite reasons.
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Table 5-2. (Continued).
Ranges of environmental factors
Species WT (°C) Cl CODoy  Hyjs D Remarks
Feb. Aug. (%) (mgh)  (m) (km)
L-U L-U L Y L U

Sargassum piluliferum 5-16 20-27 16.5 1.3 1) .8
S. ringgoldianum 7-16 22-27 17.1 1.3 (©)) 4
S. sandei 14-20 25-28 U) not found in JC
S. siliquastrum 5-15 20-27 16.8 1.4 2.1) 4
S. thunbergii —2-20 16-28 15.8 1.7 1) 1.6
S. yezoense 2-13 20-27 (2) U) missing in FS-ME in PC
Turbinaria ornata 19-20 27-29
Porphyra pseudolinearis ~ —2-12 16-27 (2.5)
P. variegata —2-5 16-23
P. yezoensis —2-13 16-27 (2.5)
Galaxaura fastigiata 8-20 25-29 17.8 1.2 4) .3
Acanthopeltis japonica 13-19 25-28 17.1 1.2 6 .3 U) not common in JC
Gelidium elegans 2-19 20-28 15.8 1.7 1) 1.6
G. japonicum 10-19 23-28 16.8 1.2 2.6 4
G. pacificum 13-17 25-27 17.1 1.2 6 .3 U) not found in JC
Prerocladia capillacea 2-19 20-28 16.8 1.3 1) 4
Amphiroa dilatata 6-19 24-28 16.8 1.2 2.6 4
Corallina pilulifera —2-20 16-29 16.6 1.7 1.4 .8
Constantinea subulifera —2-0 16-18
Neodilsea yendoana —2-10 16-23 (1)
Gloiopeltis furcata —2-19 16-28 15.8 1.7 (1) 1.6
G. tenax 10-19 25-28 16.8 1.2 2.6 4
Grateloupia filicina 2-20 20-28 13.1 2.2 1.4 2.4
G. turuturu —1-15 20-27 13.1 2.2 1.7 2.4
Pachymeniopsis elliptica 5-17 20-27 16.6 1.7 2.0 .8
Prionitis angusta 13-20 25-28 17.1 1.2 “4) .3
Chondrus yendot —2-7 16-24 2)
Gigartina intermedia 5-17 20-27 15.8 1.7 2.0 1.6  T) missing in MG-AM in JC
Rhodoglossum japonicum —2- 7 16-24 (1.5)
Gracilaria astatica —2-19 16-28 13.1 2.2 (1) 2.4
Gymnogongrus paradoxus 5-20 20-27 16.8 1.6 2.5 .4 U) not found in JC
Plocamium telfairiae 6-20 20-29 16.6 1.6 2.1) .9
Eucheuma denticulatum 19-20 28-29
Meristotheca papulosa 12-19 25-28 17.1 1.2 4) .3
Solieria pacifica 11-19 25-28' 16.8 1.6 2.6 4
Turnerella mertensiana —2-0 16-18
Lomentaria catenata 4-19 20-28 15.8 1.6 (1) 1.6
Campylaephora hypnacoides —1-15 18-27 16.6 1.2 2.5 .4 S) on sargasso plants
Geramium kondot —2-16 16-27 16.8 1.3 2.5 4
Dasya sessilis 2-12 20-27
Chondria crassicaulis 2-17 20-27 16.6 1.7 2.0 .8
Digenea simplex 16-20 27-29
Neorhodomela aculeata —2-8 16-25 (1)
Thalassia hemprichit 19-20 28-29 S) on coral reef and sand
Phyllospadix iwatensis —2-10 16-26
Zostera marina —2-16 16-28 13.1 2.2 (1) 2.4  S) on sandy mud

PC: Pacific coast. JC:

Coast of Sea of Japan, of Sea of Okhotsk and of East China Sea.

AB: Abashiri Pr., AM: Aomori P., AT: Akita P., FS: Fukushima P., IG: Ibaragi P., IK: Ishikawa P., KM:
Kumamoto P., KT: Kyoto P., ME: Mie P., NG: Niigata P., NS: Nagasaki P., TY: Toyama P., (P.: Prefecture, Pr.:
Province in Hokkaido).
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Two examples of similarity ratios (R%) between species composi-

tion of marine benthic flora on a coast surveyed and that in its adjacent waters,

established in Tables 1 and 3.

Coastal waters with established floras

Area searched Around

Neighboring

the area searched the area searched
Off Ikata Sea of Iyo 83 Sea of Aki 56
power station, Sea of Suo 55
Ehime P. Bungo Channel 73
Off Kyowa-Tomari Shiribeshi Pr. 64 W. Soya & Rumoi Pr. 61
power station, Hiyama Pr. 65
Shiribeshi Pr. W. Aomori P. 50

P.: Prefecture, Pr.: Province in Hokkaido.
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Table 7.

Suto,

S.

Estimations of environmental factors in two coastal waters from marine benthic floras found in
them, compared with those observed in surveys.

WT (°C)

CL COD H D

A hed OH 13

rea searche Feb. Aug. ) (mg/]) (m) (km)
Off ITkata Est. 12-13 26-27 =18.2 =1.1 =4 =0.4

power station,

Ehime P. Obs. 12.2 — 18.6 0.8 4 0.1
Off Kyowa-Tomari Est. 4-7 20-25 216.5 =1.2 =3 =0.4

power station,

Shiribeshi Pr. Obs. 5.1 21.1 18.5 0.7 8) 0.3
Off Nanao Est. 8-14 23-28 216.8 =1.2 225 =0.5

power station,

Ishikawa P. Obs. 7.2 27.4 17.4 1.0 (=3) -

P.: Prefecture, Pr.: Province in Hokkaido.
Est. WT, etc.: Ranges of each factor, commonly satisfying demands (cf. Table 5) of all species in the area in-

vestigated.

Obs. WT, etc.: in surveys conducted throughout one year.

Numbers in () are uncertain values.

ZBENCHECEMNBITTE S, Table 6 KREY
EYERED 2 BHx S, Flhk LU - 1A%
BILE IR OBERI AL OF TS L U%E -
R EROBER L OBRLEA TR LT he3% s LU
64~65% LR DI\ TolsiAMSERSE O FELIHA60%
BEEVOIR, SECE L BRI MNARR TR
enicdh, —EOA v ET S, YAY s SRS
OECTFENBBE LW ENTREEL OIS,
e tRBRREBFRORBRE COLIR (CREE) o'
AR ANNEAEROEEAR,» S Hs23m EHER
DENEERER b D L OB 82% LB L E .

b) FEBERLLREOHTE  AEK cLHBE
IR e IR ERE DO HIER % Table 5 2> bl
LT oREEREYHETE 5, BERLREE
FEA L bieRDSIT- 3 FEBEGICOT, BEE
M OBRIEEREEEICERELY S LT Table 7 12
B, :

) BEA?SOBEAROHT : REFAELER L
Table 5 ¥BE& LTz CoOMBMLYH#ECTE 2,
ALY CREIN L LR IO EREERRA
BB 2\ T, Table 7 DEREEE (LRBD Hys 1388
BHEHT<3mélLi) »oBEERLHEEL, #
HEREAR L OBELUHERDTEA TN, 82%h %
bhic, PICRBEAR CREBERBNSC X 2 RE
fE (2 A WT: 9.3°C, Cl: 17.6%, COD: 1.1 mg/l, Hys:
3.1m, D: 0.3~0.7km) » b OHEEBAR LB (K
B 51965) 1T X AEEK & DELHI81% TH -7,
AR THREER L HEOB - OEEI—EOHEH#
FEIAFECIBRHEI T B T,

d) BRI X 2EEREOFTH  REERO
FFRAME LR 5 L AR T OFHEBEEY TR T
&5, LELEOFHROLE, FHCIH>BEOH
B ETHHEND L BVTH A 5, HYRFERA
HHEANRYL LT, ZOFEORAREF = » 7 03T
Eieh ot

B M

FHOBEAR, RELOVWTELDH4nbREK
HER, HER, HROPRUYREELLI LR
%L"ﬁ: Li?o

sRAEH

(3% - BED)
B O

PTIFEE  1985. ¥EEERIEE 17: 760-768.
Miki, S. 1933. HHHE 47: 842-862.
Bi&KER 1936. AA¥EEZE. NEEBE.

BIIRE 1956 REAXGERE. REH.
Tanaka, T. & 1962. Acta Phytotax. Geobot. 20:
180-183.

BOHE 1961. AAXOHBEHEENHE. HLE
JE.

Yoshida, T. 1983. JtAEATE (kL) V 13: 99-
246.

Jt¥mE

TRCHE 1972. BHEEIR 5: 151-162.
BEER 1959, JLKERAH 16:36-42, A 1959.
[ 16: 76-78, R 1968. At KHFR 34: 40-99.



Marine benthic floras and their environmental conditions 303

RAJIdEE 1950, JLAKEAPIHR 7: 68-75, R  1951.
JEKBFER 1: 52-60, [ 1959. bk B 16:
201-206.

JEAYEEEDF 1983, p. 52-60. EE. L kGEH.

FREE— 1933. JLKUBEDIE 2: 1-77.

Iwamoto, K. 1960. FEKKAICE 46: 21-49.

&F #5 1970. JLKAAH 27: 167-178.

ZIAE— 1985. ¥EIF 33: 75-76.

JIBREEE 1959, JL¥EEFEAIE 10: 285-296.

Saito, Y. B 1970. JbKKEBFH 21(2): 37-69, F
1971. HAREEE 20:230-232, /@ 1974, LAk
BEETFER 24(4): 133-138.

Sakai, Y. 1986. JbA#EEEPIEK T 8: 1-61.

Tokida, J. & 1959. JbAKERFR 10(3): 173-195.

Yamada, I. 1980. JtXEAZEV 2: 13-98.

Yamada, Y. & 1942. dbX#BEDFER 3: 47-77.

FH (B ~FKB

FEXKES 1968, BHEEI 68: 153-160.

NIERER 1939, B 7: 1563-1567.

JINRFB= 1954. ¥&¥H 2(3): 61-66, R 1955. M
3(2): 29-35.

BARES 1980. WBEWEE v £ —# 5: 25-
35.

FEEIE A 1975. %8 23: 99-110.

LRBEE 1974. T 22: 29-38.

Noda, M. 1964. FIRAEEIL 4: 33-75.

YR 1964. HEEH 12: 61-71.

Ogawa, H. & 1970. HALKEP#R 27: 145-154.

Takamatsu, M. 1936a. HEHRBELIEH 8: 1-44, [
1936b. [ 8: 45-70, [ 1938. [ 14: 77-143.

BIREE 1974, FEBERGR. LBEAKE.

FHE~=E:
FRFEDS 1972, HHPARE v & —FAEHRE 31:

51-71.
FEXHE 1965. p.4-18. $kFDHER. $hFHEX
B4

TEOERES 1960, FEEACHEITE 3(2): 163-171.

FOEARBE  1935. KBFEE 30(2/3): 1-19.

EBRMEEE 1967. BABRREHLAEHS 31
105-117, @ 1979. BB v % —FHER
£ 68: 145-160.

BB 1963. =EAHY 13: 5-11.

Segawa, S. 1935. JLAYGEEBIHR 1: 59-90.

BEARICSE 1951. p.340-352. =EAWEE. =B
KIKEE.

BOZE  1966. AAFBIE 16: 22-24.

MHIL~ERE (B

EMEMMEAE 1965. AAEHRRERLAERE 14:
5-22.

BEEAKT 1979. EEAESR).

EHEX 1977. BXEARAREBSAERSE 59:

66-71.
He Bl 1967. BXABRREGLAERE 30:
17-34.

WAk 1966. HEERREHBLHERE 27:

103-108.
EI5 B 1981. EEEE 29: 51-52.

BN

FIFE=R  1973. FHH 21: 39-42.

Kida, W. 1964. Rep. =EAKE 5: 217-231.

BR=2)F 1972. BREMOZEKXLE 2: 56-
66.

BIEED 1960. SMEFISHEHEEHE. KK,

Hes HAl 1956a. FERBKEHTEFRBR 1(1):
13-16, [F) 1956b. [ 1(3): 13-22.

BRI 1962. BEREAXBEHERFTR 32):
105-111.

BOHEE 1979. ZERREH¥EHEILE 4: 93-
121.

WE R 1991. KEIEFHE 39: 47-54.

WHE RbH 1978. @ KA ER 28: 1-25. H
1984. FIKFEBE, BE57:163-180. [ 1990.
R PB63: 129-137.

PEEE~NEREE

FEEE 1974 PR 2 —RAERG 48:
57-73.

IRESEEB S 1972, p. 71-86. PERFELEWHEA
RS HREAER.

EMFEER 1961. p. 35-52. AR EFALHE. BF
TKIREE.

Okamura, K. 1930. Rec. Ocean. W. Jap. 2: 92-110.

FJUMEE - JEE -

FERE 1970. EBHPARE v & —RERE 18(1):
35-44, @ 1971. [ 23: 77-86.

TFEXEED 1970, BHEER 3: 143-158.

Migita, S. & 1961. RISAKEDHR 10: 174-185.

BIIRES 1959, JLKEHFZEHE 17: 83-89.

BIIREED 1961 REEEERTLLEBOEYES .
FKEEYESR.

BOHE  1960. HAEREFE 10: 137-140.

WE #S 1981, ¥ - TROMRAE. EEAR.

HHEEA 1961, HARESE 11: 191-194.

i~ :

KL B 1971, BHPAEw v 2 —RBERE 23:
15-30.

HEAHER 1936. KBFEE 31: 290-298.

[R¥EBLEE  1958. STEEAEY) 3: 265-268.

IREEBLE D 1966. p. 45-70. LR EBREETARR
HERE. ERTED.

[RERBLSES  1973. FEH 21: 33-38.

Tkoma, Y. 1956a. ESHUK Liberal Arts J. 7: 22-29, [A]
1956b. [ 8: 14-23.

ABIZEIL 1970. BFARv v 2 —BEHRE 17:
39-53.

SHEMES 1980, FHHAE € v 2 —FEHRE 69:
23-52.

M &l 1970. p. 13-20. AJISEFEFEILEE S
. A)IHEE.



304 Suto, S.

all~E# (8 :
FHEHAE 1967, BEEEEUEERPTH 7: 15-36.

& B 1965. EH 13:55-65 [F 1971. @) 19:
28-33.
INEEEHES 1963, ¥IE 11: 62-70.

S8 AR 1971. #E¥H 19: 44-50, [@ 1973a.
21: 1-11, [ 1973b. [@ 21: 139-143,
1973c. [@ 21: 144-149.

Noda, M. 1960. FEAEAEI 4: 1-6.

B EERER 1963. %M 11:109-113, @ 1970. [
18: 147-153, [ 1973. [A 21: 150-159.

BPEEE S 1971, M 19: 21-27.

KEBARER 1952, HILEHGEE. KHEHK.

HEE B 1956. JLAKEERRHR 7: 96-108, [/ 1959.

I 3l

J&¥H 7: 58-62.
KERERE :
KIRBEEEYHIES 1981, KRTHZERFIEY
FEPFER 35: 55-72. :

HBHRE 1973. KIRBKBELEXITE 10: 5-33.
RS -

BUNTSES 1982, =EKKERBRATH 3: 55-71.
A0OZFM 1960. HAREZE 10: 106-108.

F% . =0 :

Tk 1956. p. 92-96. FR31H. FHIKR.

MEE— 1951. BHARL AL 2: 76-88.

BE B 1957. ZEAWRER, HRAHFE
2(2): 78-86.

KB £ 1975. GIEAXRESR).

WARES 1957. p.21-22. BH%OHAR (FH
BAB¥RAER). FAFEL, & 1958. p.
13-14. s o HR (A). [A.

EA D 1950 fE%E 63: 265-269.

BOHRE 1963, EHELEW 66: 210-212.

FIFIEEE 1965. BEH 13: 97-101.

BREA
PTI RS 1975. p. 215-224. RiF L AWIRE2.
3637 AR
H OE= 1983 ZE¥E0HE (FR). HFK
RKHRRR.

ER ¥ 1979. p. 105-116. HEEEFRERE
wmedE, B/E AR)IIKRA.
BFENE
Hirose, H. 1975. FILUK4MHICE 3: 87-100.
IRERBAZE D 1965. STEEAEM 5(1): 8-11.
BEA 1979, BPRNEEASHRAER (O17).
ik ¢
ARE— 1964, BIREEWETIFREH 4: 1-52.

&# %)
K &:

SRR 1958a. ZKEEHERE 5(4): 60-64, [F] 1958b.
A 6(2): 27-34.

ELEAER 1964, IRERUBRETIR, — b 2: 62.
KRE % 1982. WR¥GKBIERIE10. HEgKHF.

x E:

TR 1982, BRFEES C23. BAARA.

FATaKEE 1978, RIBEHAE (BERIEE), B47-
51. FEPEKHR.

FEHARRE S 1978. p. 439-1444. FBEB KT 5
HRE BRI T s AERES, B%
NEHILHE.

—Znf, BAfRREREEREAERN—

¥

KEFFREER 1979, BEHREHMEHETOBRR. K
BT,
—F M, BARBAREEYRFEOWMERTEEEER
*sl._

51 A x &

ARG 1958, WBEEOAT LKE (). KEH
FH 6(2): 27-33.

PR 1975, EWIBEL LTORE. p. 215-224.
RIELAEWIEE 2, KRB BRERBFESTRERNM
BEMIZALR. R, .

PR 1976, p. 1-147. BERFEREES, B
& VbR REAHERS, FH

B 1984, AXAIOEEME (KEBERYE
EL0). BAKEERRERS, K.

R 1985. 75 A - U ADHE. WHERE
17: 760-768.

TEYH - HFH R 1970. NEREOEHERLER
k. EFHEER 3: 143-158.

TEFEIRER - AR  1960. A REBEEOHENN
LKIB & OBIRIOWT. HIKEE 26: 871-876.

Hirose, H. 1978. Composition of benthic marine algae
in relation to pollution in the Seto Inland Sea,
Japan. p. 173-179. In A. Jensen and J.R. Stein
[ed.] Proc. Intern. Seaweed Symp. 9. Science Press,
Princeton.

KHE £ 1975. EREEWOEE L £ OfEEMECE
T 5%, p. 362-364. B KELRBRIC KT D
BYBOMER L IBEEW BT 2%, BAK
ERfiaE# FR.

NS - A - BARY 1982, FRVAEC
X 2EKIBES OB, B 30: 161-162.
g RE - BIIEEN - FLLES 1990, 7 < EHERK

DOEHGBEL. MEBERR, — + 27: 136-144.

JNBEB= 1957, dLigERADO = v 7. p.1-9. 1k
WERID = v TR EBE DN - BIEFHITIZR.
AAEE¥S, W,

EEMMEE 1966. FEERUEHEL b=/ ED
HRY LR T 2R, SERNKERE
7: 81-164.

AKTHR—ER 1942. 7 v 7+ 0ltBRux 4+ 5 ER.
DRI 2(6): 32-39.

Miki, S. 1933. On the sea-grasses in Japan (I). Bot.



Marine benthic floras and their environmental conditions 305

Mag. (Tokyo) 47: 842-862.

Miki, S. 1934. On the sea-grasses in Japan (II). Bot.
Mag. (Tokyo) 48: 131-142.

PRz - AR 1971 BELBEOEFER LK
oA, fEERE 3: 768-770.

R &ABR 1931. HWEMEHOMIEMSA. p. 1-86.
BIRHE, A%, SWEE, N

KEHE - —ERHTF 1990. v &7 7 BHEEOH
i & HKHBh DBILR. B 38: 179-185.

KHEZEX 1973, BEL BRI 5BEOS L #EHR
ZoWT. #8211 12-17.

FEE B 1972, BRBREOBELATRE. 78
RAEMBERRSE 8: 1-8. :

BIIRE 1956 REAXHBRRNE. REH, KK

Setchel, W. A. 1920. Temperature interval in the
geographical distribution of marine algae. Science
52(1339): 187-190.

Her A - FR&H - BR=Y)F 1962. BEESC
BT % Sea-Grass &2\ T. BREKBHEES
B 3: 105-111.

HOHKER 1971. BEEBOS. BERF 3: 778-
784.

Yoshida, T. 1983. Japanese species of Sargassum
subgenus Bactrophycus (Phaeophyta, Fucales). J. Fac.
Sci., Hokkaido Univ. V, 13: 99-246.

HHEE - P - FHAT 1990. BXEHER
# (199043kEThR) . #¥H 38: 269-320.






#3H Jpn. J. Phycol. 40: 307-309, September 20, 1992

BEEHE | 3K Nostoc flagelliforme (BE5%) D&EFH &%

Yusho Aruga:

Habitat and distribution of “Facai”, Nostoc flagelliforme (Cyanophyta)
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BEEOEE (12 - &\, hEZEIL 7 » — Y » A “Facai”)
Nostoc flagelliforme Berk. et Curt. (X AREPED ffEH T
B0, AATEPEREOME L LT L <5
NTWBD, ZOEFTHIZOWLTH » T B AL EE
W EBbh s, S5 b3 X 80T T ERE
(1912) A (1913) 1Tk » TEFIFTEAIATL
b b bd, TOEFMATHE I DIAARAT
e otc k5 THDH, EFHIX19914E 7 Hickisr BT
L, EEOABEB YRS ENTELOTUT
CHET B,

SEIDF R TEREEY R Th b o0, EHEE
BEXOFHRE R EERMUWInTFThs, ainb
RRIE CuUREE CEERIK BB OH)CHE,
BlHorTriziAD, BEi~A 7 e AATHT LA
L, RPSEERLRAYROEENE /L — T D
NFEEGL, # 2 B - CRIDOBITCH % 58
B A D, EHIEEDEFTMTH L ILDHITH -

126 WMONT A AMBREASAENTI-DILE 57 KT D
W CEEETRIED 5\ IR EEE) T REWv)
B, #1270 m DIUD ETH o7z, T oM hEREEL
fo b hEA TEHEL WS AT E VRN &
T2 L DD EEY D X5 E 2 TW BT D
B TH -1 (Fig. 1), TES/PMEHOBITLEER
4~5em DADITL (TR EER) ©, 22
HhHEfEEINCED EXBEEES LTI RS &,
Wl LN SICBOFED X 5 I/l h &7
LT (Fig. 2)o 4 LEERICAT A EIC 2 5FTEA L
Th B ooy, THEAEH 1,500 m O Lo hfiE o ygik
1,350 m OFfifc £ T, BERFDBA LR LKL TH
of:o
FrAORIE, L) ~1 7 r A ATEREHEED,
SN oAt 2 BHILEO#IG L R FET < DL
D2MFIERENLTH b\, EEAEE L1 (Fig. 3).
Wb HH DA BHE LFR E B b eV REEOFT

&

Fig. 1.

Habitat of the blue-green alga Nostoc flagelliforme Berk. et Curt. in Ningxia, China.
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Fig. 2.

Thotco L TIHEENLLE LRI L ZAD D,
R FET B A RIUORED L Sl b 2 A 2
3 W &R L CEESER D THbM Y, s L0
TLETHB. 1AL HORERIL 15~50g < B &
DT &, FE LI, HREREY T - TREFET 525,
ZhBBRIEACTE D T2 F I EREESRAT
AT B, MACEHKEBERMAT OB T, Kk
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FEbRT I, ThERIBTE, 3676, 94TETH -7,
Fio, LR TIE50g ADMITLTH -1, Zhik,
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LOTHb,

SE B Tl AR O FER LRI Bdg A
LT B SN— T HRERORERER YT > T
o BHEANTIIETE Y BIR LT, WAKH-CRRSS
wfli o CHERER A HED Tl b, SZROE, 47k,
AR ELR LTV 5, EET, BEERFREL D
DT KA v OBFFEE & IR CEE ORI 5 B
BRATIE - T Tes, 1989EMBLEFED T vy 2 7 b
BRI BT IR THECE > TWE EDZ L TH
%o

PR, B3, w5, HM, e,

The blue-green alga Nostoc flagelliforme Berk. et Curt. on bare land in Ningxia, China (ca. 1.3 X).

OIS B oA LTk b, ##Hk 1,100~1,500m T
RO REK D 300 mm LLF (6 ~ 8 Awctfd) o
EAMEROh T A Dz L Thb, RN
Eoftl, €=, BYEH, Fza2Ar X7, 7
y=V7, 2Fva, kR
ST B ENHBR TV B A (L, 1991), KO
AFTAHARIE T, 1B (soilalgae) £\ 5 X D
(3% L APEL: # (terrestrial algae) & FESDAVHIG L
WHTHD, T OB HICE L LI
OFEE (HFERE) YEFHFTELTED, IL<bT
DO ERE DL HieELBROFEREEB T &
ZBbh b, PETE, ERIETF LT B0 L,
Ca A\ Fi<, NPk LOHEHO GRS &
DT LTHD, Fio, HEOEMTH 21 HREEL
LIEFHICHEMTH D, —35°C 225 +87°C 12 T s
(FEFHSIR 5-9°C) LT ATH B, BHEOLEFOIF
BREEL 25~35°C &b T B (Li, 1991),
SHCEENROND L A0 FELRHED D
REM DL, v B OLEFEHRBIE (Lagochilus
ilicifolius), 7 7 RO B LR (Salsola passerina) & =]
2GR (Halogeton arachnoideus), -~ < &~ Bl H§H 1
(Zygophyllum mucronatum), ¥ X O° Tamaricaceae O I )
(Reaumuria soogorica) 75 & T » 12,

¥, AARTHRTSIhicEHYOFhOERBT 55

ZYUR, TR g,
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Fig. 3.

iz, EAETL—EOEM TLILEES TV 5,
Bz X, THREMINEOERFCET S JEED,
1963) &7, TRRKEOEEO—E| THH [BHEC
BL, 1 X=ro—MTh-> CEMFBETS] (H
FRr, 1991) 7Lk LT, THKE] & LT#bRTW
505, BLEECTH D, Bifo X5 it
CAEBTABEBE TS,

&!-

33

LRI F T, BEAFMY Ro7co%{nfxic
KERMEEC s - 7, BICRERTOER® LT
S o e FEKERISEMRROENE S A, EHEIKA
BREET O EBRFERIT R, S5 BER ORI R,
BEEFEIEEE, AMREIEFERLREE, THRIA

Habitat of the blue-green alga Nostoc flagelliforme Berk. et Curt. in Ningxia, China.
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RILEFER /) - PEREREBSCE T 2RBEORLIE
(1) ThETOHBBCHONDIEE

Nobuyasu Katayama:

“Algae” in science education at primary and lower

secondary school level.

(1) A survey of science textbooks for the last 40 years.

Nobuyasu Katayama, Department of Biology, Tokyo Gakuge: University, Koganei-shi, Tokyo 184, Japan.
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Picture painted by dried specimens of seaweed
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Fig. 1.

Mr. Isamu Watanabe and his handmade pictures. The trees and grasses in the picture are express-

ed by dried and colored specimens of various kinds of seaweed.
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Western Atlantic species. vol. III.  xiv+241 pp.
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The BIOLOGY of the
PRYMNESIOPHYTA

Plymouth, UK,

29th March-1st April, 1993

The aim of this international symposium is to bring together phycologists, marine
and freshwater ecologists, biochemists, and all others who have an interest in this
important group of organisins. Contributions on any aspect of prymnesiophyte
biology, ecology, physiology or biochemistry will be welcome. Sessions will
include invited and volunteered contributions, and there will be poster sessions
and opportunities for informal workshops.

For further details, please contact either:

Dr. J. C. Green, or Dr. B.S.C. Leadbeater,
Plymouth Marine Laboratory, School of Biological Sciences,
Citadel Hill, The University,

Plymouth PL1 2PB Birmingham B15 2TT

Tel: 0752 222772 Tel: 021 414 5567

Fax: 0752 226865 Fax: 021 414 5925
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