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A circadian rhythm of gametangium formation in Pseudobryopsis sp.
(Chlorophyta, Codiales)*

Kazuo OKUDA** and Masakazu TATEWAKI

The Institute of Algological Research, Faculty of Science,
Hokkaido University, Muroran, Hokkaido, 051 Japan

Okupa, K. and TaATEwAKI, M. 1982. A circadian rhythm of gametangium formation in
Pseudobryopsis sp. (Chlorophyta, Codiales). Jap. J. Phycol. 30: 171-180.

Coenocytic gametophytes of a macroscopic green alga, Pseudobryopsis sp., were grown
under various environmental conditions to determine the factors controlling synchronous
gametangium formation. The process of gametogenesis is controlled by a circadian rhy-
thm which is maintained even under constant conditions, with continuous light or dark-
ness. In the formation of gametangia by plants controlled by the rhythm of an L/D
cycle, formation is periodic and synchronous, not only in individual plants, but also in a
population of plants, even if individual plants had been given induction treatments at
different times. Both light-dark cycle and temperature change act as entraining stimuli
(Zeitgebers) for the endogenous rhythm. However, the former is more effective. The
effects of the circadian rhythm of synchronous gametangium formation gradually decline
in plants exposed to continuous light for a long period (more than 60 h) and to continuous
darkness of more than 36h, but in the former case, one dark break of more than 4h
recovers the rhythm. The process of gametogenesis itself may help entrainment of the
circadian rhythm. A 4h dark break affects a free running circadian rhythm and shifts
specific phases of the rhythm. DCMU inhibits the process of gametogenesis but has no
effect on the circadian rhythm. These results demonstrate that an endogenous circadian
rhythm controls the timing of gametangium formation in the organism studied.

Key Index Words: circadian rhythm ; gametangium formation ; entraining stimulus

(Zeitgeber) ; Pseudobryopsis.

Periodicity or the rhythm of reproductive
activity has been studied in many algal
species. Among these studies, BUHNEMANN
(1955) demonstrated that in the fresh water
alga, Oedogonium cardiacum, sporulation
shows a regular diel periodicity under a con-
stant condition of light and temperature, and
it is controlled by an endogenous circadian
rhythm. Furthermore, RUDDAT (1960) in-
vestigated the circadian rhythm of sporula-

* This study was supported by Grant-in-Aid No.
00554217 and No. 534028 from the Scientific
Research Fund of the Ministry of Education,
Science and Culture, Japan.

** Present address: Department of Biology, Fac-
ulty of Science, Kochi University, Kochi, 780
Japan.

tion of the same species with various entrain-
ing stimuli and demonstrated that a transi-
tion of dark-to-light and a sudden tempera-
ture change may also act as an entraining
stimulus for endogenous rhythms. These
studies of Oedogonium have contributed much
to our understanding of endogenous circadian
rhythms in algae.

Among marine macroscopic algae, several
species have displayed periodicity of repro-
ductive activity controlled by endogenous
rhythms. For example, the lunar rhythm of
egg-release in Dictyota has been fully in-
vestigated (BUNNING and MULLER 1961,
MULLER 1962, VIELHABEN 1963) and also
gamete formation and release in Derbesia
has been reported to be controlled by an
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endogenous rhythm at 4-5 day intervals
(PAGE and SWEENEY 1968). However, with
a few exceptions, including those mentioned
above, most data are not clear regarding the
demonstration of endogenous rhythms be-
cause of the incomplete presentation of
laboratory conditions or difficulty in defining
the natural conditions. These problems
prevent unequivocal information as to the
factors controlling reproductive activity. It
seems, therefore, that there is no conclusive
evidence regarding a circadian rhythm of
reproductive activity in marine macroscopic
algae.

The aim of the present study is to obtain
positive evidence of gametogenesis controlled
by an endogenous circadian rhythm in the
marine coenocytic alga, Pseudobryopsis sp.
and also to test responses to factors of light,
dark, temperature, etc. as entraining stimuli
for an endogenous rhythm in this alga.

Materials and Methods

Gametophytic plants of Pseudobryopsis sp.
were collected at Ushuku (28°28'N ; 129°43'E),
Amami-Oshima, Japan in 1977 by Dr. S.
ENoMoOTO. and were maintained as axenic
unialgal stock cultures grown in an artificial
medium ASP;, (PROVASOLI 1963) under 22°C
and 14:10h L:D cycle.

Monosiphonous sterile plants about 2
months old were selected and isolated from
the stock cultures and single upright axes
(ca. 10-30 mm in length) without any lateral
ramelli were cut into pieces of 4-5mm in
length. Fifteen fragments were grown
unialgally (but not axenically) as a pre-
culture in a petri-dish (6580 mm) contain-
ing 150 m/ ASP,, medium. They developed
normally into mature gametophytes (15-20
mm in length) within 3 or 4 weeks.

For pre-cultures, the following growth
conditions were employed for temperature-
photoperiod regimes: 22°C, 14:10h L:D
cycle (14L/10D); 22°C, 10:14h L:D (10L/
14D); 22°C, 175:125h L:D (17.5L/12.5D);
22°C, continuous light (L/L); 26°C for 14h
and 22°C for 10h in continuous light (14TH/

10TL-L/L). Illumination was provided by
Toshiba “cool white” fluorescent lamps (ca.
3000-4000 Iux).

For periodicity experiments, the basal parts
of two sterile (reproductively immature)
plants grown under each pre-cultural con-
dition for 3 or 4 weeks, were cut off and
transferred into screw-cap test tubes (18X
135 mm) containing 10 m/ of a modification
of ASP,, medium (a modification containing
nine-tenths dilution of NaCl, MgS0O,, MgCl,,
KCl, CaCl,, Na,SiO;, and Tris, and one-
thirtieth concentration of Na,glyceroPO, and
K;PO,). The test tubes were placed in a
water bath (50X 28%26 cm) made of trans-
parent plastic (acrylic resin) boards contain-
ing about 25/ tap water. The water in the
bath was stirred and kept at 26+0.1°C using
a portable thermo-regulator (T-80, Tokyo
Rikakikai Co. Ltd.). Culture test tubes were
incubated in the water bath with lateral
lights mounted behind a plastic board outside
the bath wall. Continuous illumination was
provided by Toshiba “cool white” fluorescent
lamps (20 WX 2) and a constant light inten-
sity of about 6000lux was maintained at
the surface of the test tubes in the water.

In general, gametogenesis of this plant
could be induced by cutting the sterile plant,
changing the medium, and transferring plants
to a higher temperature. Consequently,
these treatments will be called an “induction
treatment” or “inducing” gametangium
formation in this paper.

For observation of the process of gamet-
angium formation, a plant grown in the test
tube was transferred to a glass slide, mount-
ed in several drops of the medium and
quickly observed under a microscope (X 100).
After observation the plant was put back in
the test tube. Observations were done at
intervals and four stages in the process of
gametangium formation were recorded in
alphabetical order (Fig. 1). At the initiation
of gametangium formation (stage A) there
was no difference in color between contents
of the gametangium and its mother plant
(Fig. 1A). Then the gametangium (stage B)
increased in size and showed an increased
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Fig. 1. The process of gametangium forma-
tion, which progresses synchronously in a plant,
is divided into four stages. A. initial stage; B.
further development of gametangium; C. mature
gametangium ; D. liberation of gametes. Scale:
50 pm.

intensity of color (Fig. 1B). It developed
into a reproductively mature gametangium
(stage C) which formed a distinct papilla at
its distal end, with the contents massed
toward its upper part (Fig. 1C). Finally,
gamete liberation (stage D) occurred (Fig.
1D).

To determine the rhythm of gametangium
formation, the number of stage B and C
gametangia were counted as an index. Plants
which attained reproductive maturity under
141L./10D were observed to produce different
stages of gametangia at the time of transi-
tion from the dark to the light period. This
gametangium formation was synchronous
and periodic and continued for more than
two weeks. One ramullus on the mature
plant bore a few gametangia and produced
gametangia repeatedly and periodically.
Those gametangia produced on each ramullus
at the same time developed into the same
stage. Two plants pre-cultured in 14L/10D
were given an induction treatment and
placed in an L/L condition, and the number
of gametangia at each stage (stage A, B, C
and D of Fig. 1) was counted and plotted
at 3h intervals (Fig. 2). Among the four
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Fig. 2. Time course of gametangium forma-
tion. Point of intersection of decreasing line B
and increasing line C (large open circle), i.e.,
the horizontal co-ordinate of the intersection
(arrow), is regarded as the time of the forma-
tion of a series of gametangia. The time of
initiation is the beginning of a continuous light
period.

stages, stage C was most easily distinguished
from the others because of a protoplasmic
accumulation at the apex of the gametangium
which separated it completely from its stalk
as mentioned above. Consequently, the phase
change from stage B to C could be exactly
determined. As shown in Figure 2, the two
lines plotting the numbers of gametangia of
both stages B and C intersected nearly at
31h (between 30 and 33 h). At this time
there were as many stage C gametangia as
stage B. Therefore, the phase of the rhythm
for gametangium formation was given by
counting the numbers of stages B and C at
3h intervals in the present experiment.

To observe the effects of an inhibitor of
rhythmical gametangium formation, DCMU
was added to a modified medium at various
concentrations and finally a concentration of
10-°*M was employed in this experiment.
Plants were given induction treatments and
cultured in the medium with 10-°M DCMU
for certain periods. Then DCMU was re-
moved by washing them 3 times in fresh
medium.

Results

Free-running rhythm of gametangium
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Fig. 3. Endogenous rhythm of gametangium
formation of plants grown under 3 different light
and dark cycles in pre-culture. Open and dark
bar, Wl =light and dark period in pre-cultures;
open bar, — _=continuous light period in experi-
mental cultures or pre-culture: O=a group, at
the time of induction treatments : @ =phase (time)
of the formation of series of gametangia. These
symbols are used in the following figures unless
otherwise mentioned. The time of initiation is
the beginning of a continuous light period.

formation in plants pre-cultured under 3 dif-
ferent light-dark cycles: Plants pre-cultured
under conditions of 14L/10D, 10L/14D and
17.5L/12.5D, respectively were given induc-
tion treatments at 2h intervals and trans-
ferred into test tubes incubated in a water
bath with an L/L regime.

Figure 3 shows the relationship between
the time of induction and the time of
gametangium formation in populations of
plants grown in 3 different pre-culture con-
ditions. In the population of plants pre-
cultured under 14L/10D or 10L/14D, the
plants induced before 12h after initiation
exhibited the first phase at about the same
time (30-33h). The second phase occurred
at 52-56 h in these populations. The third
and subsequent phases also occurred approx-
imately at 76-81h and 100-104 h, respectively.
As mentioned above, the phases of syn-
chronous gametangium formation in the
populations of plants induced at different
times appeared rhythmically at about 24 h
intervals under a constant condition of con-

tinuous light. In plants pre-cultured in
175L/125D, the rhythmical manner of
gametangium formation was different from
that of the former group. In this case, the
phases of gametangium formation were not
simultaneous and their periodicity was ir-
regular for all groups of plants induced at
different times. In some groups the different
phases of gametangium formation were lack-
ing, but they were partly rhythmic as a
population.

Timing by one dark break: In plants pre-
cultured under L/L, the first phase of
gametangium formation appeared after ap-
proximately 26 h from the induction treat-
ment (Fig. 4A). The phases in this popula-
tion were not synchronous, but in some
groups of plants induced at different times,
the successive phases of gametangium forma-
tion occurred periodically at about 24 h in-
tervals. This suggests that the induction
treatment itself is an entraining stimulus
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Fig. 4. Synchronous circadian rhythm in
populations with one dark break during con-
tinuous light. The population of A, B, C, D and
E were given one dark break (part of dark bar)
for 0, 2, 4, 6 and 16h respectively. The time
of initiation is the end of a dark period.
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for the circadian rhythm. In plants grown
in L/L, however, the phases were changed
by giving one dark break. Figure 4B shows
the results for plants given a 2h dark period.
In this population, each phase of the groups
induced at 0, 4 and 8 h after initiation ap-
peared at about the same time, but were
not simultaneous. In the population of plants
given a 4 h dark period, however, each phase
of the group induced at the times from 0
to 20h appeared simultaneously (Fig. 4C).
Also the populations of plants given 6 and
16 h dark periods showed the same results
as plants given 4h darkness (Fig. 4D-E).
These results were quite similar to those
obtained for plants pre-cultured in 14L/10D
and 10L/14D. The phases of gametangium
formation appeared at about the same time
regardless of the different length of the
dark break. This suggests that one con-
tinuous dark period of at least 4h may
recover the synchronous rhythm and periodic
gametangium formation in a population of
plants which has lost synchronization and
periodicity under constant light. Thus the
dark break is an entraining stimulus for
the circadian rhythm of gametogenesis in
this alga.

Synchronous gametangium formation by
temperature cycle: Plants grown under con-
ditions of 14TH/10TL-L/L (pre-cultural con-
dition) for 14 days were transferred into L/L
with a constant high temperature (26 °C,
experimental condition) with induction treat-
ments at 3h intervals. The first phase of
gametangium formation in the groups of
plants given induction treatments from 0
till 12h appeared at about the same time
(36-40 h), but was delayed in other groups
after 15h, and appeared 31-33 h later (Fig.
5A). In some groups (those induced at 9
and 18h), a diel periodicity could be observed.

In the population of plants exposed to the
TH/TL cycle, the phases of gametangium
formation appeared synchronously, whereas
the control plants did not show any syn-
chronous phase (cf. Fig. 4A). From this, it
can be concluded that a temperature cycle
given as a pre-cultural condition induces
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Fig. 5. Effect of temperature and one dark
period on synchronous gametangium formation.
5A. Synchronization by temperature change, dur-
ing the first phase in population grown in 14 TH/
10 TL with continuous light in pre-culture. 26°C
constant condition in experimental culture after
hour 0. 5B. Synchronization by induction treat-
ments with one dark break (part of dark bar).
The time of initiation is the end of a dark period.

synchronous gametangium formation to some
degree, regardless of the time of induction.
Although it only confirmed the results
shown in Figures 4 C-E, the following ex-
periment was attempted to demonstrate the
relationship between one dark break and
induction treatments as entraining stimuli.
Plants pre-cultured under an L/L condition
were given a single dark break for 6h or
12h and also given the induction treatment
before or after the dark period followed by
the continuous light period. In the popula-
tions of plants given induction treatments
before the dark break of 6h or 12h, the
phases of gametangium formation coincided
approximately at both darkperiodo and ap-
peared rhythmically at about 24h intervals
(Fig.5B). There was no significant difference
in either the length of the dark period or the
time of induction. In the populations of plants
induced after the dark break (6 h or 12h),
the occurrence of phases also nearly cor-
responded with that of the former (before
the dark break). So, induction treatments
produced no significant difference when given
before or after the dark period. This sug-
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gests that a single dark break is more ef-
fective than induction treatment as an
entraining stimulus (Zeitgeber) for syn-
chronous and periodic gametangium forma-
tion in this alga.

Disappearance of synchronous rhythms in
gametangium formation : Plants grown under
14L/10D were transferred into a constant
condition of continuous light (L/L) or dark-
ness (D/D) to remove any exogenous rhythmic
signal. After incubation under both condi-
tions, two plants from each culture were
taken out at 3h intervals and given induc-
tion treatments.

In the population of plants exposed to con-
tinuous light for 57 h, the phases of gametan-
gium formation were the same as those of
plants exposed to the light for shorter
periods (Fig. 6A). However, when plants
were exposed to continuous light for more
than 57 h, the phases appeared less simul-
taneously and gradually disappeared. On the
other hand, in the population of plants ex-
posed to continuous darkness for 33h or
less, the plants maintained their synchronous
phases of gametangium formation. In plants
exposed to the dark for more than 36 h, the
phases did not appear simultaneously (Fig.
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Fig. 6. Duration of endogenous rhythm

under continuous light or dark conditions in
plants. Dots in Fig. 6B show darkness after the
last dark period in pre-culture. The time of
initiation is the end of the last dark period in
pre-culture.

6B).

The endogenous rhythms of a plant ac-
quired during the L/D cycle were lost after
60 h when the plant was transferred to L/L
or after 36h in D/D. However, the cir-
cadian rhythm remained until at least the
fifth phase even in L/L when plants at-
tained reproductive maturity (cf. Fig. 3).
It thus appears possible that this rhythm is
entrained whenever the plant initiates
gametogenesis by a circadian rhythm.

Phase-shift of a circadian rhythm by a
single dark break: One dark period of more
than 4h is an entraining stimulus of the
circadian rhythm controlling the phases of
gametangium formation in this alga.

It was observed how the rhythmical phases
of gametangium formation were influenced
by a free-running circadian rhythm when
exposed to a 4h dark period at different
times during an L/L condition. Plants grown
in 141 /10D were given the induction treat-
ment in the light period and were trans-
ferred into the L/L condition. Then they
were exposed to a 4h dark period at 2h
intervals from Oh till 48 h (Fig. 7). In this
population, the phases of gametangium
formation were disturbed in the groups of
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Fig. 7. Effect of a 4h dark break at dif-
ferent times on the free running circadian
rhythm. Short horizontal bar=4h dark break
given to each group at 2h intervals; Arrows=
reverse of the phases from delay to advance after
the second phases. The time of initiation is the
end of the last dark period in pre-culture.
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plants given a dark break at different times,
particularly between the second phases and
successive ones. In plants given the dark
break between 8 h and 12 h, the phases were
accelerated and in plants exposed to the
dark between 14h and 24 h the occurrence
of phases was not greatly disturbed. How-
ever, in plants exposed to the dark between
26h and 30h the phases were gradually
delayed, but were suddenly regained by
almost one phase (about 24 h) in plants ex-
posed to the darkness after 32 h.

As shown in Figure 7, an inverse sigmoid
pattern of phase-shift is observed in the
groups of plants given a dark period be-
tween 8 h and 30 h, and this continues peri-
odically at about 24 h intervals for 144 h.

Effects of DCMU on gametangium forma-
tion: Although DCMU is a potent inhibitor
blocking O, evolution during photosynthesis,
it also suppressed gametangium formation at
a concentration of 10-*M in an experiment.
Figure 8 shows the relationship between
DCMU treatments and phases of gametan-
gium formation in a population of plants
grown in 14L/10D. DCMU at 10-°*M was
added to the medium in each group of cul-
tures for a specific period and then was
removed. After removal of DCMU, in plants
given the induction treatment gametangium
formation appeared again. Each phase in
the groups treated by DCMU appeared
almost simultaneously. Although DCMU
treatments of short and long duration com-
pletely inhibited gametangium formation,
neither the phase nor the period of the
rhythm was injured by its application.

Hours after initiation
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Fig. 8. Effect of DCMU on the phases of
gametangium formation. ——=period of plants
exposed to DCMU at 10~®M after induction treat-
ment. The time of initiation is the beginning of
a continuous light period.

These results suggest that only the “hand”
(meaning the phenomenon controlled by a
circadian rhythm) of a basic oscillator is
affected by DCMU treatment, but not the
oscillator itself.

Discussion

Processes of reproductive activity occur in
many organisms depending on periodic
changes of environmental conditions. How-
ever, if reproductive activity in those organ-
isms is maintained by periodical rhythms
under constant conditions, it should be deter-
mined whether the process is controlled by
a certain endogenous rhythm. In macro-
scopic algae, endogenous rhythms controlling
their reproductive activities have been re-
ported in Dictyota, as a lunar rhythm of
egg-production, in Derbesia, as a 4-5day
rhythm of gametogenesis, and in Oedogonium,
as a circadian rhythm of asexual reproduc-
tion. As mentioned above, each species has
a periodic and endogenous rhythm which
may be species specific.

In the present study, it is confirmed that
gametangium formation of Pseudobryopsis sp.
is controlled by an endogenous circadian
rhythm and the rhythm is maintained even
under constant conditions. For example, a
population of plants pre-cultured under a
long day or short day condition, and given
induction treatments at different times, shows
control of gametangium formation by a diel
rhythm even under continuous light. How-
ever, another population of plants grown in
17.5L/12.5D cycle (30 h photoperiod) shows a
24 h period of gametangium formation under
the L/L condition, but not 30 h periodicity.
These findings suggest that gametangium
formation of Pseudobryopsis sp. is controlled
by an endogenous circadian rhythm under
constant conditions and that it also occurs
independently of a shift of the light-dark
cycle.

PAGE and KINGSBURY (1968) have demon-
strated that sudden temperature change and
medium renewal act as entraining stimuli
for endogenous rhythms in gametogenesis
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of Derbesia. In this study, we also employed
induction treatments, such as cutting the
plant, changing the medium and transferring
thalli to higher temperatures for gametan-
gium formation. Such induction treatments
are to act as entraining stimuli. These in-
duction treatments were given to plants in
the same population at different times at
specified intervals and it was observed wheth-
er periodic and synchronous gametangium
formation occurred in the population or not.
Further, we attempted to equalize the effects
of environmental factors by including induc-
tion treatments for an endogenous rhythm.
From these experiments, it is demonstrated
that an endogenous rhythm is affected by
light and dark conditions or temperatures.
The induction treatment seems to act as an
entraining stimulus and also as a coupling
of a basic oscillator to the “hand” (gametan-
gium formation) in plants grown under L/L
conditions (cf. Fig. 4A), whereas it may act
only as the coupling in plants grown under
L/D conditions (cf. Fig. 3) or given one dark
break in an L/L (cf. Fig. 4 C-E). In some
case, however, it seems that the basic oscil-
lator is entrained again by induction treat-
ments because phases at 24 h intervals ap-
pear in groups of plants (at 18 h in Fig. 5A,
60h in Fig. 6A, and 42h and 48h in Fig.
6B) given the treatments. Therefore, the
effect of induction treatments may be vari-
able according to the amplitude of the basic
oscillator, with an increase and a decrease
at respective time, especially as it induces
an entrainment of the basic oscillator when
the amplitude decreases.

In a leaf of Vicia fava grown under a
11L/13D cycle, the movement and change in
nuclear size of the epidermal cells are con-
trolled by a circadian rhythm even when
it is transferred into an L/L condition, but
no rhythm appears when the plant is cul-
tured under the L/L condition from the be-
ginning (WASSERMANN 1959). In Pseudobry-
opsis sp. the population of plants pre-cultured
in an L/D cycle shows synchrony of game-
tangium formation when transferred to an
L/L condition and the phases of formation

correspond to the endogenous rhythm. How-
ever, there is no synchrony of formation in
the populations of plants pre-cultured under
the L/L condition. So our results agree with
the data on Vicia fava described by WAs-
SERMANN.

It appears that one factor which controls
the phases of endogenous rhythm in a pop-
ulation of plants is the length of the dark
period inserted during L/L conditions. Ac-
cording to WASSERMANN (1959), in Phaseolus
multiflorus grown under L/L conditions, the
occurrence of leaf movement controlled by a
circadian rhythm requires at least a 9 h dark
period. In a population of Pseudobryopsis sp.
plants grown under L/L conditions, syn-
chrony of gametangium formation reappears
after a single dark break of more than 4 h.
These results indicate that one dark break
acts as an entraining stimulus for an endo-
genous circadian rhythm.

WASSERMANN (1959) has considered that
in Vicia fava grown under L/L conditions,
the rhythmical phenomena of epidermal cells
become free from the control of endogenous
rhythms. In Pseudobryopsis sp. pre-cultured
under L/L conditions, gametangium forma-
tion is not controlled by endogenous rhythms.
Endogenous rhythms in populations of plants
exposed to L/L conditions are lost on and
after the fourth phase of gametangium
formation and, in populations transferred to
D/D conditions, endogenous rhythms are lost
on and after the third phase. However,
gametangium formation in plants controlled
by endogenous rhythms appears synchro-
nously and periodically untily at least the
sixth phase (for about 150 h) through the
mechanism of circadian rhythm.

According to OKADA et al. (1978), in
Bryopsis maxima a diel rhythm of photosyn-
thesis was disturbed at the period when
gametes are discharged from gametangia,
but the rhythm reappeared with a larger
amplitude after this period. Similarly, it is
expected that an endogenous rhythm for
gametangium formation in Pseudobryopsis sp.
is amplified at every period of gamete libera-
tion and is maintained synchronously for
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many phases of gametangium formation in
the same population of plants.

In zoospore production of Oedogonium
cardiacum, a sudden temperature change
acts as an entraining stimulus for an endo-
genous circadian rhythm (RuppAT 1960).
According to RUDDAT, in this circadian
rhythm of zoospore production a strong
fluctuation of phase occurs when thalli are
given a low temperature during the primary
light period rather than during the primary
dark period. He has considered that there
are two phases in the circadian rhythm;
one, a high-tension period, reacts to a low
temperature, and another, a low-tension
period, does not easily respond to such a
stimulus. These phases may alternate with
each other. In Pseudobryopsis sp. the high-
tension period for the circadian rhythm is
the primary light period. There is a strong
fluctuation of phases caused by one dark
break of more than 4h. The low-tension
period is the primary dark period, which
does not significantly change the phase of
gametangium formation. The present alga
appears to have a similar sensitivity to tem-
perature changes as Oedogonium.

In general, the gametes of most marine
algae do not survive for a long period after
liberation from the mother plant, if they can
not develop parthenogenetically. Therefore,
the population of a species growing in the
same habitat must be able to discharge
gametes of both sexes synchronously by
endogenous rhythms which are entrained by
the same environmental factors. However,
there are many difficulties in understanding
the endogenous rhythms of reproductive
activities in these algae, because of our lack
of precise data, especially concerning the
relationship between the rhythmic phenom-
ena of morphology and the physiological or
biochemical changes which occur during
reproductive processes, including gameto-
genesis. The present investigation attempts
to contribute to our understanding of endo-

genous rhythms and the controls of gameto-
genesis for algal species.
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This paper deals with the taxomony of two taxa of the section Contorta of the genus
Batrachospermum. One species and one variety are described here as new taxa: Batra-
chospermum iriomotense differs from B. procarpum in the size of the gonimoblast and from
B. intortum in the absence of the monosporangia; Batrachospermum tortuosum var. majus
differs from B. tortuosum in the size of the gonimoblast, carpospores and carpogonia. The
biogeography of the genus Batrachospermum is also discussed here.
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The section Contorta was established by
SKuUJA (1931) as a tropical section for Batra-
chospermum procarpum SKUJA. The car-
pogonium bearing branch of this section is
twisted spirally or bent like a hook. STAR-
MACH (1977) included here B. intortum JAO
1941. The present author wishes to assign
to this section B. capensis STARMACH 1975,
B. tortuosum KUMANO 1978, B. tiomanense
KUMANO et RATNASABAPATHY 1982 and B.
hirosei RATNASABAPATHY et KuMAaNoO 1982.
In addition to the above mentioned species
this paper deals with two taxa belonging to
this section, viz., B. iriomotense KUMANO,
sp. nov. and B. tortuosum KUMANO var. majus
KUMANO, var. nov. from subtropical Japan.
A key to the above mentioned taxa of the
section Contorta is shown as follow :

* Many authors such as CHRISTENSEN (1962) and
DixoN (1973) consider ‘Nemaliales’ to be the

correct form. However, the author has fol-.

lowed FELDMANN (1976) in adopting this
ordinal name, because J.G. AGARDH (1852)
adopted Nemalionis in the genitive of Nemalion.

KEY TO THE TAXA OF THE SECTION Contorta

1. Carpogonium bearing branch curved, con-
sisting of 2-4 cells.
2. Gonimoblast 220-300 ym in diameter.
.......... B. tortuosum KUMANO var.
majus KUMANO, var. nov.
2. Gonimoblast 50-60 ym in diameter.
B. tortuosum KUMANO
1. Carpogonium bearing branch twisted, con-
sisting of 3-8 cells. Gonimoblast 600-850
pm in diameter..B. capensis STARMACH
1. Carpogonium bearing branch coiled, con-
sisting of 6-13 cells.
3. Gonimoblast up to 300 gm in width.
................ B. procarpum SKUJA
3. Gonimoblast smaller than 220 #m in
width.
4. Monosporangia present.
.................... B. intortum JAO
5. Carposporangia 16-19 ym long.
B. iriomotense KUMANO, sp. nov.
5. Carpospornagia 8-15 ym long.
6. Primary branchlet well-branched, its

..............
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cells fusiform or ovoid.

.... B. hirosei RATNA. et KUMANO
6. Primary branchlet sparsely branched,

its cells cylindrical.

.. B. tiomanense KUMANO et RATNA.

Iriomote Jima and Ishigaki Jima

Iriomote Jima and Ishigaki Jima are islands
situated at latitude 24°N and belong to the
Yaeyama Shoto, a subtropical territory of
Japan. Iriomote Jima is about 322 km? and
has several rivers such as Urauchi-gawa and
Hinai-gawa and small streams arising from
peaks about 470m above the sea level.
Ishigaki Jima is about 258 km? and has
several freshwater streams such as Miyara-
gawa and Ara-kawa arising from Omoto
Dake about 526 m above the sea level.

Descriptions and Observations

1. Batrachospermum iriomotense Ku-
MANO, Sp. nov. (Figs. 1, 3)

Frons monoica, 4-5cm alta, 150-240 ym
crassa, plus minusve abundanter irregulari-
terque ramosa, parum mucosa, badia. Cel-
lulae axiales cylindricae, 20-90 ym crassae,
80-310 #m longae. Verticilli in parte mediana
frondis rotundato-pyriformes, plerumque con-
tigui. Ramuli primarii abundanter ramifi-
cantes, ex 8-10 cellulis constantes; cellulae
fasciculorum lanceolato-ellipticae vel I[fusi-
formes; pili rari. Ramuli secundarii numersi,
totum internodium obtegentes. Antheridia
globosa, 3-7 ym diametro, in ramulis primariis
et secundariis terminalia. Ramuli carpogoni-
feri e cellulis basi ramulorum primariorum
orientes, longi, ex cellulis 8-12 disci- vel
doliiformibus constantes, valde tortuosi;

Fig. 1. Batrachospermum iriomotense Kumano, sp. nov. A-C. The successive stages in
nuclear divisions in a vegetative cells of a branchlet; D.A carpogonium initial at a very
young stage and a carpogonium bearing branch; E-F. A carpogonium bearing branch coiled
and twisted; G-H. The terminal portion of the carpogonium swelling out; I. The rounded
initial of a trichogyne; J-K. A club-shaped trichogyne formed terminally on a carpogonium

bearing branch, twisting twice or thrice;
lateral or terminal on a primary branchlet.

L. A fertilized carpogonium; M. The antheridia
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carpogonium basi ca. 5 gm crassum, apice 6-
8 pm crassum, 26-40 ym longum ; trichogyne
claviformis, indistincte pedicellata, ad basim
saepe flexa. Bracteae numerosae, breves.
Gonimoblasti singli, semiglobosi, magni, 100-
220 pym crassi, 70-130 gm alti, in centro ver-
ticilli inserti. Carposporangia ellipsoidea vel
ovoidea, 12-14 ym crassa, 16-19 ym longa.
Frond monoecious, 4-5cm high, 150-240 pm
wide, more or less abundantly and irregularly
branched, not very mucilaginous, reddish
brown. Axial cells cylindrical, 20-90 ym
wide, 80-310 ym long. Whorls in middle por-
tion of frond rounded pyriform, very fre-
quently touching each other. Primary bran-
chlet abundantly branched, consisting of 8-
10 cell-stories; cells of fascicles lanceolate-
ellipsoidal or fusiform ; hairs rare. Secondary
branchlets numerous, covering all internode.
Antheridia globose, 3-7 gm in diameter, ter-
minal on primary and secondary branchlets.
Carpogonium bearing branch arising from

the basal cell of primary branchlet, long,
consisting of 8-12 disc- or barrel-shaped cells,
very twisted; carpogonium about 5 ym wide
at the base, 6-8 ym wide at the apex, 26-
40 pm long; trichogyne club-shaped, indis-
tinctly stalked, often bent at the base.
Bracts numerous, short. Gonimoblast single,
semiglobular, big, 100-220 ym wide, 70-130
pm high, inserted centrally. Carposporangia
ellipsoidal or ovoid, 12-14 p#m wide, 16-19 ym
long.

Holotypus: Sira-gawa, Iriomote Jima,
Okinawa, Japan (MATsuMoToO, 23/II 1974,
Herbarium of Faculty of Science, Kobe Uni-
versity). Isotypus: Herbarium of Faculty
of Science, Hokkaido University, SAP.

Habitat: This species grows on rock and
stones in small mountain streams.

Distribution : Known from the type locality
and Kedah Peak, Kedah, Malaysia (RATNASA-
BAPATHY No. 108, 15/V 1979).

This species resembles B. capensis STAR-

Fig. 2. Batrachospermum tortuosum Kumano var. majus Kumano, var. nov. A-C. The
successive stages of nuclear divisions in a vegetative cell of a branchlet; D. A very young
carpogonium bearing branch with a carpogonium initial; E-G. The curvature of a carpogo-
nium bearing branch and the formation of a slightly asymmetrical trichogyne initial; H. A
well-developed trichogyne bending at the base; I A fertilized carpogonium; J. An initial of
a gonimoblast filament; K-L. Terminal cells of the gonimoblast filaments.
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MACH 1975 in general appearance, but differs
in the size. In B. capensis, whorls are 400-
580 #m wide, carpogonia 40-63 ym long,
gonimoblasts 600-850 #m in diameter and
carpospores 12-15 ym long, while in B.
iriomotense, whorls are 150-240 ym wide,
carpogonia 26-40 #m long, gonimoblast 100~
220 pm wide and carposporangia 16-19 y#m
long. This species resembles more closely
B. intortum JAo 1941 in the shape of the
trichogyne, but differs in the absence of
monosporangia.

Observations: Nuclear divisions of the
vegetative branchlets occur after cell elonga-
tion as shown in Fig. 1 A-C. With the
respect to the carpogonium the terminal cell
of the carpogonium bearing branch swells
out (Fig. 1 D-G), becomes the rounded initial
of a trichogyne (Fig. 1 H-I) and turns into
a club-shaped trichogyne with an indistinct

stalk (Fig. 1 J-L). The trichogyne is some-
what asymmetrical and sometimes bends at
the basal portion consequently facing the out-
side of the whorl (Fig. 1 I-K). During the de-
velopment, as the number of cells composed
of a carpogonium bearing branch increases,
it gradually grows to become coiled and
twisted (Fig. 1 D-K). The number of twists
may be two or three. After fertilization,
the gonimoblast grows out into radially
branched and somewhat loosely aggregated
filaments, which form a hemispherical struc-
ture inserted centrally. The gonimoblast is
very conspicuous although smaller than the
whorl.

2. Balrachospermum tortuosum Ku-
MANO var. majus KUMANO, var. nov.

(Figs. 2, 4)

Frons monoica, 4-7cm alta, 330-600 xm

WP T
a2 VAL

Fig. 3. Batrachospermum iriomotense KumaNo, sp. nov. A. A part of young thallus showing
axial cells, primary branchlets, cortical filaments, secondary branchlets and young gonimoblasts
inserted centrally; B. The antheridia lateral or terminal on primary branchlets; C. A club-
shaped trichogyne formed on a twisted carpogonium bearing branch; D. The radially branched
gonimoblast filaments, rather loosely aggregated and bearing carposporangia terminally. (Scale:

40 ym for A, 10 ym for B, C and D).
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crassa, abundanter irregulariterque ramosa,
parum mucosa, olivaceo-viridis. Cellulae
axiales cylindricae, 30-60 ym crassae, 200-
480 #m longae. Verticilli aut distantes et
ellipsoidei aut contigui et plus minusve com-
pressi. Ramuli primarii abundanter ramifi-
cantes, ex 10-12 cellulis constantes ; cellulae
fasciculorum pyriformes vel obovoideae ; pili
nuli. Ramuli secundarii longi, numerosi, mox
totum internodium obtegentes. Antheridia
globosa, 5-7 #m diametro, in ramulis primariis
terminalia. Ramuli carpogoniferi e cellulis
basi ramulorum primariorum orientes, 10-
40 pm longi, ex cellulis 2-4 disci- vel dolii-
formibus constantes, plus minusve curvi;
carpogonium basi 8-9 pm crassum, apice 6-
9 pm crassum, 33-60 #m longum ; trichogyne
claviformis, indistincte pedicellata, ad basim
saepe flexa. Bracteae numerosi, breves.
Gonimoblasti singli, semiglobosi, magni, 220~

v 2

300 pm crassi, 170-280 p#m alti, in centro ver-
ticilli inserti. Carposporangia globosa vel
ovoidea, 10-16 #m crassa, 14-19 #m longa.
Frond monoecious, 4-7 cm high, 330-600 pm
wide, abundantly and irregularly branched,
not very mucilaginous, olive-green. Axial
cells cylindrical, 30-60 gm wide, 200-480 p#m
long. Whorls ellipsoidal and distant or touch-
ing each other and more or less compressed.
Primary branchlet abundantly branched, con-
sisting of 10-12 cell-stories ; cells of fascicles
pyriform or obovoid ; hairs none. Secondary
branchlets long, numerous, soon covering all
internodes. Antheridia globose, 5-7 ym in
diameter, terminal on primary branchlets.
Carpogonium bearing branch arising from
the basal cell of primary branchlet, long,
consisting of 2-4 disc- or barrel-shaped cells,
more or less curved; carpogonium 8-9 zm
wide at the base, 6-9 ym wide at the apex,

Fig. 4. Batrachospermum tortuosum Kumano var. majus Kumano, var. nov. A-B. A part
of thallus showing axial cells, primary branchlets, cortical filaments and carpogonia with well-
developed trichogynes; C-D. The curved carpogonium bearing branch with the long club-shaped
trichogyne indistinctly stalked. (Scale: 40 pm for A and B, 10 zm for C and D).
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33-60 ym long; trichogyne club-shaped in-
distinctly stalked, often bent at the base.
Bracts numerous, short. Gonimoblast single,
semiglobular, big, 220-300 ym wide, 170-280
pm high, inserted centrally. Carposoporangia
globose or ovoid, 10-16 ym wide, 14-19 ym
long.

Holotypus: Miyara-gawa, Ishigaki Jima,
Okinawa, Japan (KUMANoO, 5/IV 1977, Her-
barium of Faculty of Science, Kobe Uni-
versity). Isotypus: Herbarium of Faculty of
Science, Hokkaido University, SAP.

Habitat: This variety grows on gravel
in mountain streams.

Distribution: Known from the type local-
ity and Urauchi-gawa, Iriomote Jima, Oki-
nawa, Japan (MATsuMOTO, 23/III 1974).

This variety differs from B. tortuosum
KuMaNo 1978 in the size; in B. tortuosum,
whorls are 200-300 ym wide, axial cells 40-
170 ym long, carpogonia 30-35 ym long and
gonimoblasts 50-60 um wide, while in B.
tortuosum var. majus, whorls are 330-600 ym
wide, axial cells 200-600 #m long, carpogonia
33-60 ym long and gonimoblasts 220-300 ym
wide.

Observations: The nuclear division of
vegetative branchlets occurs after cell elonga-
tion (Fig. 2 A-C). During the development,
the carpogonium bearing branch becomes
curved (Fig. 2 E-H). The carpogonium bear-
ing branch of this variety arises from the
basal cell of primary branchlets and is com-
posed of two to five disc-shaped cells. The
terminal portion of the carpogonium sticks
out (Fig. 2 D), and turns into a young cylin-
drical or club-shaped trichogyne initial (Fig.
3 E) built more or less asymmetrically (Fig.
2E-H). The well-developed trichogyne some-
times bends at the basal portion (Fig. 2 H),
thus the terminal portion of the trichogyne
faces the outside of the whorl though the
carpogonium bearing branch curves adaxially.

Discussion

The section Contorta had a characteristic
in having a twisted or curved carpogonium
bearing branch, but its length varies from

species to species. The cell number of the
carpogonium bearing branch is reduced,
being five to three in B. tortuosum, and four
to two in B. tortuosum var. majus, In the
latter the carpogonium bearing branch be-
comes curved and a big gonimoblast is in-
serted centrally within a whorl. The car-
pogonium bearing branch of B. capensis is
composed of three to eight cells, and that of
B. iriomotense is eight to twelve disc-shaped
cells. However, in both these taxa the much
coiled and twisted carpogonium bearing
branch with the resultant central insertion
of the large gonimoblast obscures the true
length of the branch. The coiled carpogonium
bearing branch is also found in the genus
Tuomeya. Hence, it can be considered that
there is a close phylogenetic relationship be-
tween the section Contorta of the genus
Batrachospermum and the genus Tuomeya.

In both the new taxa described here, the
orientation of the carpogonium to face the
outside of the whorl, in spite of the coiled
nature of the branch bearing it, is considered
as an adaptive structural feature that could
faciliate the adhesion of the non-motile
spermatia which are passively transported
by water to its vicinity.

From the biogeographical point of view,
the genus Batrachospermum is generally
cosmopolitan, however, the pattern of the
distribution varies from species to species.
The sections Helminthoidea, Setacea, Viridia,
Hybrida and most taxa of Moniliformia are
distributed widely in the temperate regions
of the world and may be regarded as tem-
perate forms. In the section Moniliformia,
B. moniliforme is found in the temperate
regions of Japan and also in subtropical
Ishigaki Jima; B. monilforme var. scopula is
found both in the temperate regions of Japan
and in Yaku Shima of subtropical Japan.
B. godronianum is distributed more widely
ranging from temperate Japan to tropical
Malaysia (RATNASABAPATHY and KuMmaNo
1982a). Most taxa of the section Contorta
have been reported from tropical regions;
Batrachospermum procarpum reported from
Brazil by Skuja (1931), B. capensis from the
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Seychelles by STARMACH (1975), B. tortuosum
by KumaNo (1978), B. tiomanense and B,
hirosei by RATNASABAPATHY and KUMANO
(1982a, b) from tropical Malaysia. While B.
intorum was reported from temperate China
by JAO (1941), B. iriomotense and B. tortuosum
var. majus are reported here from Iriomote
Jima and Ishigaki Jima of subtropical Japan.
On the other hand, B. cylindrocellulare
(KuMaNo 1978) and B. lochmodes (SKUJA
1938) of Moniliformia are limited to the
tropical regions of Malaysia and Indonesia
respectively. The section Aristatae has been
regarded as a tropical one (SKUJA 1933), and
in this connection the recent report by
KUMANO (1978) on B. beraense of this section
from Malaysia is of interest.
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Most pollution-tolerant diatoms of severely polluted
rivers in the vicinity of Tokyo*

Hiromu KOBAYASI and Shigeki MAYAMA
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KoBavasi, H. and Mayama, S. 1981. Most pollution-tolerant diatoms of severely polluted
rivers in the vicinity of Tokyo. Jap. J. Phycol. 30: 188-196.

Samples of benthic diatoms were collected from five severely polluted, shallow and
small tributary rivers in the vicinity of Tokyo and analysed according to LANGE-BERTA-
LoT’s method using differentiating diatom groups. Although dominant species or species
composition of an association varied among samples collected in different seasons from the
same station, the dominance of group 1 diatoms in all samples collected showed the high
reliability of this method at least for the excessively polluted waters in Japan. Ten of
eighteen taxa listed in LANGE-BERTALOT’s group 1 are recorded and two taxa, Achnan-

thes minutissima var. saprophila var. nov. and Pinnularia braunii var. amphicephala,
are proposed to be added to the group for the use of this method in Japan.

Key Index Words: Achnanthes minutissima var. saprophila; diatoms; indicator

species ; new variety; water quality.

Since a saprobic system was proposed by
KoLkwiTz and MARSSON (1908), many
methods using aquatic communities have
been devised with respect to the determina-
tion of the degree of organic pollution.
However, these methods have been repeatedly
criticized by other authors as summarized
by SLADECEK (1973). LANGE-BERTALOT
(1978, 1979a, b) has recently proposed a new
method of determining the quality of run-
ning water using differentiating diatom
species. This method appeared to be highly
reliable in an examination of South African
waters by SCHOEMAN (1979). Our recent
studies (KoBAYASI and MAYAMA 1981) also
indicate that his method correlated well with
the chemical parameters measured.

Owing to the shallow and steep features
of Japanese rivers, it seems to be necessary
to reassess individual species of the groups

* This work was partly supported by Grant in
Aid No. 503035 from the Scientific Research
Fund of the Ministry of Education, Science
and Culture, Japan.

proposed by LANGE-BERTALOT (1979b).
With regard to the most pollution-tolerant
diatom group, he stated that the occurrence
of this group alone cannot indicate a distinct
level of saprobity. However, in order to
evaluate Japanese species to be included in
the LANGE-BERTALOT’s group 1 to 3, it is
necessary to carry out some research on the
most pollution-tolerant diatoms found in the
severely polluted waters in Japan.

Materials and Methods

Samples of benthic diatoms and water
were collected from five severely polluted
rivers in the vicinity of Tokyo (Fig. 1). Due
to an increase in housing, a large amount
of primary or secondary treated sewage
loads are flowing into these rivers. The
mean BOD; of these rivers measured by the
Bureau of Environmental Protection of the
Tokyo Metropolitan Government (TOKYOTO
KANKYO HOZENKYOKU 1981) showed the
polysaprobic level, being 10 to 30 mgQ,-1-!
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=l

Karabori-gawa River

Tokyo

Sen-gawa River

Fig. 1. A map showing sampling stations with sample numbers of the rivers investigated.

or over 30mgQO,-1"! through the vyear.
Sample 1, 2 and 3 were collected from the
Karabori-gawa River, immediately above its
confluence with the Yanase-gawa River.
Sample 4 and 5 were collected from the
Minamiasa-kawa River in front of the
Waterworks Branch of Hachioji City.
Sample 6 was collected from the Onda-gawa
River above the Yaso-hashi Bridge. Sample
7 was collected from the Sen-gawa River in
front of the Koganei Post Office. Sample
8, 9 and 10 were collected from the Yanase-
gawa River, before its confluence with the
Karabori-gawa River. The results of phys-
ical and chemical analysis are shown in
Table 1.

Samples of attached diatoms were scraped
off from stones more than 10 cm in diameter
and fixed with formalin. The diatoms in
these samples were cleaned with sulfuric
acid and hydrochloric acid and mounted in
Pleurax. When identification of living or
nonliving cells was necessary, the fixed
diatoms were dyed with acetocarmine

(GoToH 1978), and mounted in Pleurax.

All species encountered in a number of
transects across the prepared slide were
identified and counted until a minimum of
500 valves had been scored (SCHOEMAN 1979).
This number was enough to count the
diatoms in this study, because the difference
of the relative density of each taxon in a
sample of the Minamiasa-kawa River was
less than 1.5% between the counts of about
8,000 valves and about 600 valves (unpub-
lished data).

In contrast to the continental rivers such
as Rhein and Main etc., the Japanese ones
are shorter and steeper, and therefore, O,
can easily dissolve into the water. Sampling
at the stations were generally performed
within a depth less than 20 cm in this study.
Therefore, O,-saturation rates could not be
used for an indicator of the water quality
combined with BOD;. We employed only
BOD; values for the water quality evaluation.

Physical and chemical determination (Table
1) were carried out on water samples taken
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Table 1. Physical and chemical data obtained for water samptes -from -the rivers investi-
gated in the vicinity of Tokyo. K: Karabori-gawa River, M: Minamiasa-kawa River, O Onda-

\

gawa River, S: Sen-gawa River, Y: Yanase- gawa River. e 1

Sample River Date.., .Water temp. pH 02-saturation Con_dpctivlity BODg
No. ' 1) (3.2t 20°C) (gf'g‘g;c) (mg0;+1°1)
1K 2+ 1080/03/16  12.2 7.2 85.2 so1 38
2 K 1980/05/14  21.0 7,0 1.1 533 79
3 K 1980/11/16  14.0 7.\6' . 766 609 39
4 M 1980/03/1 7.5 7.4 91.3 338 24
5 M 1980/11/14  17.0 7.6 114.4 386 23
6 0 1980/05/7  19.0 7.3 86.0 444 29
7 s 1980/04/9  15.8 8.0 75.8 439 46
8 Y 1980/03/7 9.0 7.6 53.4 624 26
9 Y 1980/05/14  21.0 7.2 - 73.3 449 22
10 Y 1980/11/30 12.5 7.0 64.0 321 3

at the same time as the diatom samples.
All samples for chemical analysis, except
pH measured in situ, were brought to the
laboratory and analyzed using standarized
methods (NI1PPON KIKAKU KyYOKAI 1980).

Result and Discussion

As shown in Table 1, all BOD; measured

were more than 22 mgQO,-1~! and these values
showed the polysaprobic condition of LANGE-
BERTALOT’s system of classifying water
quality (1979b) (Table 2). The high values
of conductivity as ranged from 321 to 624
¢S-cm™ showed also the clear effect of the
heavy organic loads. The amounts of dis-
solved NH,-N, NO,-N and PO,-P measured
by the Bureau of Environmental Protection
of the Tokyo Metropolitan Government (To-
KYOTO KANKYO HOZENKYOKU 1981) were
also quite high.
. On the other hand, the minimum O,-satura-
tion rate of 53.4% was measured in the case
of Sample 8 and the maximum rate of 114.4
% was in, Sample 5. Therefore, these values
corresponded to the level of B/a-mesosap-
robic or better as indicated in.the LANGE-
BERTALOT’s system (Table 2).

Table 3 is an alphabetical list of all the
species encountered in this study with a
percentage of their relative abundances at
each sample. A total of 39 species and
varieties from 8 genera were observed.

As seen in table 3 and Figs 2-13 a dozen
taxa including ten LANGE-BERTALOT’s group
1 species were recognized to be characteristic
to the excessively polluted waters (under-
lined). This group of species occurred in
high percentages in all samples, as shown
at the bottom of the table.

Although the Japanese rivers were highly
saturated by oxygen even at excessively
polluted areas (Table 1), it appeared that
the most pollution-tolerant taxa in Europe
could also exist with high reproduction rates.
Among the taxa composing the group,
Nitzschia palea (Fig. 12), Navicula seminulum
(Fig. 7) and Navicula atomus (Fig. 3) were
most dominant at any one or more samples.
Nitzschia palea occurred as a dominant
species in five samples, Navicula seminulum
occurred in four samples and Navicula atomus
occurred in only one station. Any correla-
tion between the occurrence of these three
species and the environmental parameters
measured as pH, O,-saturation, conductivity
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Table 2. Estimation of water quality from the groups-ofdifferentiating diatom species

(Group 1-3) as summarized from LANGE-BERTALOT (1978, 1979b).

h . percentages of three groups
within the community

Water. quality class
' indicated

R -~ Group-3 - -250% - FL- (B-mesosaprobic) BODS'
(Group 2+1 <50%) <4mg02.1-', (moderately pollu,ted) ,
: 05-saturation deficit<30% )
=z " Group 3 10-50% 11/111.¢B/a-mesosaprobic):;, BODg-

(Group 2+1 50-90%)

3
<7mg0y* 1", (critically polluted),
02 saturatlon deficit<50%

Group 3 <10% II1 (a- mesosaproblc),: BODg

Group 2 =250% ° <13mg0,-1-", :(heavily polluted),

(Group 1 <50%); 0,-saturation deficit<75 %

Group 3 <10% IIL/1V. (a-meso/polysaprobm), BODg

Group 2 10-50% <22mg07-1-', (véry heav11y polluted), .

(Group 1 40-90%) 0p-saturation deficit<90% -
B Group 3 <10% IV (polysaprobic), ' BODg

Group 2 <10% .| Z22mg05.1-', (excessively polluted),

(Group 1 0,-saturation deficitz290 % .

280 %)

B

and BOD, was not found except that with. .

water temperature. Nitzschia palea was
dominant in the samples collected from
warm waters ranging from 15.8°C. of Sample
7 to 21°C of Sample 2 and 9. Navicula
seminulum was in the waters ranging from

9°C in Sample 8 to 14°C in Sample 3 and

Navicula atomus was only in Sample 4 col-
lected from 7°C water.
temperature appears to be one of the impor-
tant -factors even in excessively polluted
biotopes.

. After careful examination, a number of

species not listed in LANGE-BERTALOT's
diatom groups were added. Each of these
species has been empirically evaluated on
the basis of its presence or absence in our
considerable number of field studies accord-
ing to the procedure suggested by LANGE-
BERTALOT (19793, b) and allocated to a
relevant group, as follws:.

Achnanthes minutissima KUETZ. var. sapro-
phila var. nov. (Fig. 2) and Pinnularia braunii
(GRUN.) CL. var. amphicephala(MAYER) HUST.
(Fig. 11) were placed in group 1, Amphora
fontinalis- HusT., = Fragilaria intermedia
(GrRUN.) GRUN., "Gomphonema angustatum
(KUETZz.) RABH. var. productum GRUN., Gom-
phonema angustatum var. undulatum GRUN.,
Gomphonema  quadripunctatum  (OESTR.)

Therefore, water .-

WisL., Navicula acceptata HUST., Navicula
excelsa KRASSKE, Navicula ventralis KRASSKE
and Nitzschia intermedia CL. and GRUN. in
group 2, and Fragilaria crotonensis KITTON,
Navicula contenta GRUN. var. biceps (ARNOTT)
CL., Nitzschia minuta BLEISCH and Nitzschia
pustlla (KUETZ.) GRUN. emend. LANGE-B. in
group 3.

Achnanthes minutissima var. saprophila was
observed in all samples (Table 3). However,
its relative densitiy in each sample was not
very high. Maximum rates of 6.1 and 6.0
were only recorded at the Yanase-gawa
River and the Minamiasa-kawa River. How-
ever, it was commonly found not only within
the present samples but also in the samples
collected from the other excessively polluted
rivers. Recent LANGE-BERTALOT & RUPPEL’s
examinations (1980) dealing with a wide
range of typematerials of the infra taxa of
Achnanthes minutissima var. minutissima have
clearly realized the circumscription of this
species. However, in addition to the above
mentioned ecological difference, valves of
var. saprophila have broadly rounded ends
and less radiate terminal. striae composed of
densely arranged square shaped, often api-
cally elongated puncta. It seems to be a
new taxon as far as examined by transmission
and scanning electron microscopy. We could



KoBavasi, H. and Mavama, S.

Table 3. Diatom population dynamics.

Diatoms obserwé

growping -

d Lange-Bertalot's | Newly proposed
grouping

S ample s

Karabori-gawa

1

2

3

Minamiasa-

kawa

4

S

Onda-
gawa

6

Sen-
gawa

7

Yanase-gawa

10

Achnanthes

lanceolata (Breb.) Grun,

minutissimg Kuetz,
var. 8aprophila var. nov.

Amphora

fontinalis Hust.

Fragilaria

erotonensis Kitton
intermedia (Grun.) Grum,

Gomphonema

angustatum (Kuetz,) Rabh,
var. productum Grun.

angustatun (Kuetz,) Rabh.
var. undulatun Grun.

parvulum (Kuetz.) Kuetz.
pseudoaugur Lange-B.

quadripunctatum (Oster.)
Wislouch

truncatwn Ehr.

Navicula

acceptata Hust.

" atomus (Kuetz.) Grun,

contenta Grun. :
var. biceps (Arnott) Cl.

eryptocephala Kuetz.
excelsa Krasske
exilis Kuetz.

. frugalis Hust.
goeppertiana (Bleisch) Grunm,
gregaria Donkin
minima Grun.
pupula Kuetz,
8aprophila Lange-B. § Bonik
geminulum Grun.
trivialis Lange-B.
vensta Kuetz.
ventralis Krasske

Wtaschia

amphibia Grun.

dissipata (Kuetz.) Grun.

Sfrustulum (Kuetz.) Grun,

gandersheimiensie Krasske
. intermedia Cl. et Grun,

minuta Bleisch

palea (Kuetz.) W. Sm,

paleacea Grun.

pusilla (Kuetz.) Grun,

romana Grun.

Pinnularia

braunii (Grun.) Cl.
var. amphicephala (Mayer) Hust.

HNHHENHE DR G

H o owN

-

Surirella

angusta Kuetz. 2
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Table 4. Saprobic index estimated for the samples studied and corresponding water quality
class; according to saprobic value of diatoms as far as proposed by SLADECEK (1973, tab. 64).

Sample No.

1 2 3 4 5 6 7 8 9 10

Saprobic index 2.0 2.6 2:6 2.3 2:2 2.6 2.3 2.2 2.5 2.4
Water quality class II II/II1 II/111 II/II1 I II/II1 II/III II II/III II/III
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find specimens to be identified. as var.
saprophila which were collected from
“Kldranlage Frankfurt-Bad Vilbel” by
LANGE-BERTALOT and RUPPEL (1980, figs.
312, 313). 4

Pinnularia braunii (GRUN.) CL. var. amphi-
cephala (MAYER) HUST., occurring charac-
teristically in-the acidic waters in Japan
(NEGORO 1942, 1962), was found in six of
ten'samples, in relatively higher rates than
Achnanthes minutissima var. saprophila being
95% and 8.1% in sample 2 and 3, which
were collected from the severely polluted
Karabori-gawa River. After careful exami-
nation with scanning electron microscopy,
we could ‘not find any difference between
the valves of the present samples and those
collected from other highly acidic biotopes
such as Kusatsu Hotspring, Bokke-numa
Hotspring on the shore of Akan-ko Lake,
Ohwaku-dani Hotspring, Shiobara Hotspring,
Naruko Hotspring and Jigokudani Hotspring
in Mt. Osore-san.

With regards to Navicula frugalis, though
ghis taxon occurred in four samples (Table
3), its relative densities were all less than
1% in ‘the present samples. However, our
observation on the other samples showed
relatively higher percentages, more, than
10%, "'in a-meso/polysaprobic waters (very
heavily polluted) of which water qualities
were little better than that of the present
ones. '

As stated by SCHOEMAN (1979), although
the species composition may change sea-
sonally, the taxa forming the association
remain indicative of a particular environ-
mental condition. The present results, using
LANGE-BERTALOT’S method, as mentioned
above, consistently showed the same pollu-
tion level as that obtained by chemical

analysis. Though the dominant species or

the species composition of the association
varied from sample to sample, even at”the
same sampling station, the abundance of the
group 1 species remained constant and that
of group 2 and 3 also remained at the level
of less than 10%, as summarized in Table 2.

On the other hand, the saprobic index
(PANTLE and Buck 1955) calculated from
the present data remained quite low, being
2.0 in Sample 1 to 2.6 in Sample 6 (Table 4).
These values can only indicate 8 or B/a-
mesosaprobic conditions. Since the saprobic
index was originally devised using all aquatic
organisms, saprobic values were not given
to all diatom taxa as seen in SLADECEK
(1973), and therefore unsuitable results
seemed to be obtained in the present study
using only diatoms. In addition, the second
reason may be the fact that the saprobic
values have been generally estimated on the
basis of pollution affinities of the individual
species rather than their tolerances to pol-
lution.

In conclusion, it may be said that LANGE-

Figs 2-13. Most pollution-tolerant taxa. 2. Achnanthes minutissima var. saprophila var.
nov. a-d. Photomicrographs and figures of the holotype specimen. e, f. Specimens from the
typé slide. g, h. Raphe valve and rapheless valve showing poroids of the striae (TEM), from
Minamiasa-kawa River; 3. Navicula atomus. a. Valve view showing striation (TEM), from
Minamiasa-kawa River. b, c. Specimens from Minamiasa-kawa River; 4. N. saprophila. a,b.

b4

Specimens from Minamiasa-kawa River. c. Valve view showing densely striated marginal zone

and a stigma (arrow) (TEM), from Minamiasa-kawa River; 5. N. frugalis. a-c. Variation

in valve shape and density of striae, from Minamiasa-kawa River; 6. N. minima.

a. Valve

"% view showing striation (TEM), from Yanase-gawa River. b, c. Specimens from Minamiasa-
kawa River; 7. N. seminulum. a, b. Specimens ‘from Karabori-gawa River. c. Valve view
showing double row of poroids of the striae (TEM), from Karabori-gawa River; 8. N. goep-
pertiana. a, b. Specimens from Karabori-gawa River; 9. N. wveneta. a-c. Specimens from
Minamiasa- kawa River; 10. Gomphonema parvulum. a, b. Specimens from Minamiasa-kawa
River; 11. Pinnularia braunii var. amphicephala. a, b. Specimens from Karabori-gawa River ;
12. Nitzschia palea. a, b. Specimens from Minamiasa-kawa River; 13. N. gandersheimiensis.
a, b. Specimens from Minamiasa-kawa River.” Bars for each TEM phot.= 1 pm.
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BERTALOT’s method is highly reliable and
is practical for routine use in applied hydro-
biology. However, a slight revision is needed
in the species composition within the groups
for useful application in the Japanese waters.

Description of a New Taxon

Achnanthes minutissima KUETz. var.
saprophila var. nov. (Fig. 2)

Valvae lineares marginibus subconvexis et
apicibus latissime rotundatis et interdam
leviter rostratis vel capitatis, 8-14.5 gm
longae, 3-35um latae. Areovalva area
axiali lanceolata et dilatata, striis transapi-
calibus leniter radiantibus, circiter 28 in 10
pm, paulo distantiores in media parte valvae
et leniter densioribus ad apices versus, cir-
citer 32 in 10 pm, tenuissime punctatis. Rha-
phovalva rhaphe recta, area axiali lanceolata
et dilatata, area centrali parva et transapi-
caliter dilatata, striis transapicalibus leniter
radiantibus, circiter 28 in 10 gm, clare ab-
breviatis et distantibus in media parte valvae
et leniter, densioribus ad apices versus, cir-
citer 32 in 10 g#m, tenuissime punctatis.

Valves linear with slightly convex margins
and very broadly rounded and sometimes
slightly rostrate or capitate ends, 8-14.5 ym
long and 3-3.5 ym broad. Rapheless valve
with lanceolately broadened axial area and
slightly radiate transapical striae, about 28
in 10 gm, somewhat more distant in the
center, and more dense about 32 in 10 ym
near the ends, and delicately punctate. Raphe
valve with straight raphe, lanceolately broad-
ened axial area and transapically dilated
small central area. Transapical striae sligh-
tly radiate, clearly distant and shortened
in the middle, about 28 in 10 #m, more
dense near the ends, about 32 in 10 ym, and
delicately punctate.

This variety is very small. Therefore, it
can only be clearly distinguished structurally
by electron microscopy. However, its aut-
ecological feature is conspicuous. It was
found restricted to severely polluted river
stretches. It differs from the nominate
variety by its rectangular puncta elongated

in the apical direction, less radiate striation
at the valve ends and conspicuously widened
axial area of the rapheless valve.
Holotype: H. K. T.-78 in coll. H. KOBAYASI
Iconotype : Fig. 2. a-d, photomicrographs
and figures of the holotype specimen.
Type locality: Minamiasa-kawa River,
tributary of the Tama-gawa River.
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Masaxki, T., Akioka, H. and Jonansen, H.W. 1982. Phytogeographic characterization
of articulated coralline algae (Rhodophyta) in Japan. Jap. J. Phycol. 30: 197-206.

From published floras, collections in herbaria, and our own field studies, the distribu-
tions of 35 species in ten genera of articulated Corallinaceae in Japan were plotted. Japan
was divided into 14 coastal segments for purposes of understanding distributions of the
genera and a few prominent species, such as Corallina offiicinalis. Bossiella is restricted
to the north. Only Corallina pilulifera occurs in all the coastal segments. Present in
mid and northern Honshu, but not in the extreme north and south of Japan, are
Calliarthron, Serraticardia, Yamadaea and two species of Corallina, C. sessilis and C.
squamata. From Ky@ish and Shikoku to northern Honshu occur Marginisporum, Corallina
officinalis and, especially in the north, Alatocladia. Amphiroa and Jania have some
species that reach into southern and western Hokkaido, and others that extend into the
Rylikyh Islands. Cheilosporum has been reported only from the Ryidky@ Islands and
southern Japan. Research on the distributional and seasonal aspects of reproduction as
well as nomenclature and taxonomy should be carried out. It would be interesting to
study the patterns of articulated coralline phytogeography throughout the North Pacific

Ocean.

Key Index Woras: Articulated Corallinaceae; geographic distribution; nomen-

clature; Rhodophyta ; taxonomy.

Japan, southern Australia, western North
America, and eastern South Africa are major
geographic areas endowed with a great
diversity of articulated coralline algae (Cor-
allinaceae, Rhodophyta). About 40 species
have been recorded from Japan and, although
our ongoing studies of these algae suggest
that this is an inflated number, the flora is
rich. OKAMURA (1936), based on the pioneer-
ing studies by YENDO (1902a, b 1905), included
38 species, and Yamadaea melobesioides SE-
GAWA (1955) and Jania capillacea HARVEY
(TANAKA 1965) were later added to the
Japanese flora. Of the 15 genera of articu-
lated coralline algae currently recognized
(JOHANSEN 1981) 10 occur in Japan. Haliptilon
is notable for its absence, but it may be

revealed in subsequent exploration in the
southern islands.

The importance of the sea to the livelihood
of the Japanese people has fostered many
studies of regional marine floras, and these
published papers include articulated coralline
algae. These publications form one source
of data for the present work. Second,
numerous collections, both by us and others,
are available in herbaria in Japan as well
as in other countries. These specimens con-
stitute our second source of data. By com-
bining all the distributional information
available to us we have been able to charac-
terize the phytogeography of articulated
coralline algae in Japan, and this is pre-
sented below.
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A second goal of this work was to deter-
mine possible relationships that the distribu-
tion of articulated coralline algae may have
with seawater temperature. Casual observa-
tions suggest that some genera are primarily
present in colder waters, for example,
Bossiella and Corallina, whereas others are
more tropical, for example, Amphiroa and
Jania. The presence of a wide range of
temperatures from the south to north of
Japan makes it important to do this in order
to understand the phytogeography of these
plants. The importance of coastal currents
and seawater temperatures on the distribu-
tion of crustose coralline algae off Hokkaido
was shown by ADEY et al. (1976). Although
taxonomic studies have resolved most prob-
lems of systematics and nomenclature at the
generic level, there are still many unresolved
questions regarding the species reported from
Japan. For example, the enti:y called Cor-
allina squamata needs to be examined; the
name is based on a European species recently
transferred to Haliptilon (JOHANSEN et al.
1973). Therefore, the main goal of this paper
is to characterize distribution of the genera,
with data on the species ancillary. Studies
currently under way are aimed at correcting
the taxonomic and nomenclatural problems
that still exist.

The ten genera of articulated Corallinaceae
present in Japan are assigned to subfamilies
and tribes (see JOHANSEN and SILVA 1978)
according to the scheme below (JOHANSEN
1981).

Subfamily Amphiroideae JOHANSEN

Tribe Amphiroeae
Genus Amphiroa LAMOUROUX
Subfamily Corallinoideae
Tribe Corallineae
Genera Alatocladia (YENDO) JOHANSEN
Bossiella S1LVA
Calliarthron MANzA
Corallina LINNAEUS
Marginisporum (YENDO)
GANESAN
Serraticardia (YENDO) SILVA
Yamadaea SEGAWA
Tribe Janieae JOHANSEN et SILVA

Genera Cheilosporum (DECAISNE)
ZANARDINI
Jania LAMOUROUX

Materials and Methods

Tabulations of the articulated coralline
algae were made from more than 100 floras
from many parts of Japan most published in
the last 30 years. The papers are not listed.

Hundred of collections were determined
and recorded. Specimens from the following
herbaria were incorporated into determining
the ranges: British Museum (Natural His-
tory), London (BM); Laboratoire de Bot-
anique, Faculté des Sciences, Caen (CN);
Clark University, Worcester, Massachusetts
(CUW); Laboratory of Marine Botany, Fac-
ulty of Fisheries, Hokkaido University, Hako-
date (HAK); Herbarium, Royal Botanic
Gardens, Kew (K); Rijksherbarium, Leiden
(L); Botanical Institute, Faculty of Science,
University of Tokyo (TI); University of
British Columbia, Vancouver (UBC); Univer-
sity of California, Berkeley (UC); U.S. Na-
tional Museum, Smithsonian Institution,
Washington, D. C. (US).

Our collections, mostly from Hokkaido, but
also from places like Shikoku, Ry{ik{i and Izu
Islands have helped fill out gaps in the ranges
of several genera. These specimens are in
CUW and HAK.

Temperature data are from a Marine
Environmental Atlas compiled by Japan
Oceanographic Data Center in 1978.

Results

This survey of the articulated coralline
algae in Japan and the associated smaller
islands will proceed in a counterclockwise
direction and should be done with reference
to Figure 1 and Table 1. At Soya Misaki,
the northernmost point of Japan, there occur
only two species of articulated coralline
algae, one in Bossiella and the other in
Corallina. Corallina pilulifera is the only
species present in all the coastal segments
used in this paper. Southward from Soya
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SEA OF )

140 145

Fig. 1. Map showing coastal segments 1 to
14 (encircled) into which Japan has been divided
for purposes of describing the distribution of
articulated coralline algae. Segment 11 is Tsugaru
Kaikyo between Hokkaido and Honshu. Also
shown are maximum summer seawater tempera-
tures (degrees Celsius underlined) and minimum
winter seawater temperatures (degrees Celsius
not underlined). The arrows indicate directions
of surface current flow.

Misaki in segment one, there are two species
of Corallina (Table 3) and one each of
Amphiroa (Table 2), Jania (Table 4) and
Bossiella (Table 5). In southwestern Hok-
kaido (segment 2) Alatocladia joins these
genera, for a total of five. In northwestern
Honshu (segment 3) eight genera have been
recorded, leaving only Cheilosporum and
Yamadaea not represented in this area (Table
5). Insouthwestern Honshu below Suzu Misaki
(segment 4), there is a loss of three genera,
Bossiella, Calliarthron and Serraticardia
(Table 5). The same five genera are also
present in segment 5, encompassing western
Ky(shii. The Ryikd Islands (segment 6),
extending south to 26 N. latitude, boasts four
genera: Amphiroa, Jania, Corallina and
Cheilosporum.  Alatocladia and Margini-

Table 1. List of coastal segments into which
Japan was divided for purposes of plotting dis-
tribution. They are arranged counterclockwise
with northernmost areas numbers 1 and 14. See
Figure 1.

1. Northwestern Hokkaido: Soya Misaki to
Kamui Misaki

2. Southwestern Hokkaido: Kamui Misaki to
Matsumae

3. Northwestern Honshu: Tappi Zaki to Suzu
Misaki (plus Sado Island)

4. Southwestern Honshu: Suzu Misaki to
Shimonoseki

5. Western Kyfishi: Shimonoseki to Sata
Misaki (plus Tsushima Island)

6. Rytkyd Islands

7. Eastern Kyfishii, Shikoku and Southern
Honshu: Sata Misaki to Shiono Misaki

8. Southern Honshu: Shiono Misaki to Choshi

9. Eastern Honshu: Choshi to Kinkazan

10. Northeastern Honshu: Kinkazan to Shiriya
Zaki

11. Tsugaru Kaikyo

12. Southern Hokkaido: Esan Misaki to Erimo
Misaki

13. Eastern Hokkaido: Erimo Misaki to
Nosappu Misaki

14. Northern Hokkaido: Nosappu Misaki to
Soya Misaki

sporum disappear this far south, and Cheilo-
sporum is recorded for the first time (Table 5).
The last genus has only been recorded from
segments 7 and 8 in Japan.

Returning to the main islands of Japan,
six genera are present in the southeast (seg-
ment 7). Along with Chezlosporum, Corallina,
Jania and Amphiroa in segment 7 are, again,
Marginisporum and Serraticardia. North of
Shiono Misaki in eastern Honshu there is a
jump from six genera in segment 7 to nine
genera in segment 8 (Table 5). In addition
to the genera previously mentioned in seg-
ment 7 are Alatocladia, Calliarthron and,
for the first time, Yamadaea. Segment 9
also marks the temporary disappearance of
Jania in eastern Japan; it is absent in seg-
ment 9 and appears again in segments 10
and 11 (Table 4). North of Kinkwazan in
segment 10 are eight genera, with the single
species of Jania responsible for the increase
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Table 2. The species of Amphiroa reported from Japan and the coastal segments
(shown in Fig. 1) from which they have been recorded or from which specimens have

been examined.

Species 3 4 5 6 7 8 9 10 11 12 13 14
Amphiroa dilatata LAMOUROUX 3 4 5 6 7 8 10 11
A. echigoensis YENDO 3 4 8 9 10 11
A. ephedraea (LAMARCK) DECAISENE 3 4 5 6 7 8 10 11
A. fragilissima (LINNAEUS) LAMOUROUX 6
A, misakiensis YENDOY 3 4 5 7 8 10
A. pusilla YENDO 4 6 8 10
A, rigida LAMOUROUX 3 4 5 7
A. valonioides YENDOY 3 7 8
A. zonata YENDO® 3 4 5 7 8 11

Notes :

1) Amphiroa misakiensis and A. valonioides have recently been identified from western North
America and hence are removed from the status of species endemic to Japan (NORRIs and

JoHANSEN 1981).

2) Amphiroa yendoi DE Ton1 is excluded because of insufficient taxonomic data.
3) Specimens from western North America identified as A. zonata have been reinterpreted as A.

beauvoisii LAMOUROUX (NoRRIS and JoHANSEN 1981).

Japan is a valid species.

from seven to eight genera. Here Bossiella
appears again, and Yamadaea is not recorded.
Tsugaru Kaikyo (segment 11), including the
shores of both Honshu and Hokkaido, con-
tains eight genera. North of Esan Misaki
(segment 12) on the Hokkaido coast there is
a marked reduction to only three genera,
these being Alatocladia, Bossiella, and Coral-
lina. Thus, in a relatively short distance
Amphiroa Jania, Serraticardia, Calliarthron
and Marginisporum disappear from the flora

It remains to be seen if A. zonata in

(Fig. 5). On the coast of eastern Hokkaido
north Erimo Misaki (segment 13) occur the
same genera and along northern Hokkaido
between Nosappu Misaki and Soya Misaki
(segment 14) Alatocladia is lost leaving only
Bossiella cretacea and Corallina pilulifera in
the northern region (Table 5). A recent
collection of Alatocladia between Kushiro
and Nemuro at a depth of 5m is the only
record of this genus from segment 13.

Table 3. The species of Corallina reported from Japan and the coastal segments
(shown in Figure 1) from which they have been recorded or from which specimens have

been examined.

Species 3 4 5 6 7 8 9 10 11 12 13 14
Corallina confusa YENDO 8 9 10 11
C. kaifuensis YENDO 3 10 11
C. officinalis LINNAEUS 1 3 5 7 8 9 10 11 12
C. pilulifera PosTELS et RUPRECHT 1 3 4 6 7 8 9 10 11 12 13 14
C. sessilis YENDO 3 8§ 9 10 11
C. squamata Linnaeus? 3 4 8§ 9 10 11

- Notes :

1) Based on European plants Corallina squamata was transferred to Haliptilon (H. squamatum
JoHANSEN, IRVINE et WEBSTER) in 1973. However, the Japanese plants considered under this
name belong to Corallina; they have been called Corallina “X” until their true specific status

can be determined (Masaki et al. 1981).

N
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Table 4. The species of Jania reported from Japan and the coastal segments (shown
in Figure 1) from which they have been recorded or from which specimens have been

examined.

Species 2 3 4 5 6 7 8 9 10 11 12 13 14
Jania adherens LAMOUROUX 4 6 7 A
J. arborescens (YENDO) YENDO 3 4 7 8
J. capillacea HARVEY 7
J. decussato-dichotoma (YENDO) YENDO 5 7 8
J. nipponica (YENDO) YENDO 3 4 10 11
J. pumila LAMOUROUX 6
J. radiata (YENDO) YENDO 3 4 5 7 8
J. rubens (LINNAEUS) LAMOUROUX 4 6
J. ungulata (YENDO) YENDO 3 4 5 7 8
J. yenoshimensis (YENDO) YENDO 8 11
Discussion also play a role in conceptacle production.

From the foregoing results it is possible
to group the genera, and in some cases
species, based on their distributions in Japan.

(1) Restricted to the north. The only
genus in this category is Bossiella which
occurs only in northern Honshu and in Hok-
kaido (Fig. 2). The single species in Japan,
B. cretacea, is widespread in the north Pacific,
having been recorded from the Kurile Islands
({NAGAI 1941), Sakhalin (Tokipa 1954), St.
Lawrence Island (KJELLMAN 1889), Alaska
{LINDSTROM 1977) and British Columbia and
northern Washington (HAWKES et al. 1978).
It is tempting to speculate that maximum
summer temperatures above 25°C limit the
spread of B. cretacea southward (see Figure
1). However, information on its reproductive
behavior is needed before definitive state-
ments on the relationships between seawater
temperatures and distribution may be made.
It may be that low temperatures, for example
10°C or below, are required for reproduction
to succeed. Possibly B. cretacea responds to
ambient seawater temperatures in a manner
analogous to that of the crustose coralline
Clathromorphum circumscriptum (STROM-
FELT) FOSLIE in the North Atlantic, which
was found by ADEY (1973) to require tem-
peratures below 2 to 3°C for part of the
year. Photoperiod and light intensity may

(2) Throughout Japan. Only Corallina
pilulifera is present in all coastal segments
covered in the present work. It is unrealistic,
however, to suggest that all the published
reports refer to only one species, as circum-
scriptions of the small compact species of
Corallina are unclear. It is unusual for
populations in a species of red algae to live
under conditions where temperature may
range from as low as 0°C to more than
25°C (Fig. 1). Difficulties in identifying C.
pilulifera are also suggested by reports of
this species from such distant regions as
Argentina (PujaLs 1963) and Ivory Coast in
the eastern Atlantic Ocean (JOHN 1976).

(3) Mid and northern Honshu. Two genera,
Calliarthron and Serraticardia, are common
algae in Japan, but they are mostly restricted
to north of Sado Island in the Sea of Japan
and Kurushima Kaikyo in the Inland Sea
(Fig. 2). Although present in Tsugaru Kai-
kyo, Serraticardia has not been reported
from Hokkaido and Calliarthron only from
the Hakodate area. Serraticardia is repre-
sented by a single species in Japan (Table
5), but there is one other species, S. mac-
millanii (YENDO) SILVA, in western North
America from Alaska to Southern California
(JOHANSEN 1976). The two species of
Calliarthron in Japan are lumped together
here; C. yessoense is often reported and C.
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Fig. 2. Map of Japan showing distribution
of Bossiella, Calliarthron, Serraticardia and
Yamadaea.
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latissimum only rarely. Calliarthron is also
present in the form of a pair of species in
California (JOHANSEN 1969). Yamadaea
melobesioides has been recorded only from
segments 8 and 9, but it may have been
overlooked elsewhere because of its incon-
spicuous habit. Like Serraticardia, another
species of Yamadaea (Y. americana DAWSON
et STEELE) occurs in western North America
(GARBARY et al. 1981).

Two morphologically compact species of
Corallina that have habitually been called
C. sessilis and C. squamata also fall into this
group (Fig. 3). It is possible, however, that
some of the records are actually of C.
pilulifera, but until monographic work
reveals the distinguishing features of these
species definitive statements cannot be made.
Yamadaea is even more restricted, being
reported only from eastern Honshu (Fig. 2).

(4) From Ky#sh#t and Shikoku to northern
Honshu. There are many records of
Marginisporum, a genus endemic to Japan,
through the main islands into Tsugaru
Kaikyo, but, surprisingly, not into Hokkaido

Table 5. The genera in Japan containing 1 to 3 species and Amphiroa, Corallina
and Jania as recorded in the coastal segments shown in Figure 1.

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Alatocladia modesta (YENDO) JOHANSEN 2 3 4 5 8 9 10 11 12 13
Amphiroa 1 2 3 4 5 6 7 8 9 10 11
Bossiella cretacea (PosTELS et RUPRECHT)

JOHANSEN 2 3 10 11 12 13 14
Calliarthron? 3 8 9 10 11
Cheilosporum jungermannioides®

RUPRECHT in ARESCHOUG 6 7 8
Corallina 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Jania 2 3 4 5 6 7 8 10 11
Marginisporum® 3 4 5 7 8 9 10 11
Serraticardia maxima (YENDO) SiLva 3 7 8 9 10 11
Yamadaea melobesioides SEGawa 8 9

) Total 4 5 8 5 5 4 6 9 7 8 8 3 3 2

Notes:

1) Calliarthron in Japan includes C. latissimum (YENDO) Manza and C. yessoense (YENDO)
MANZzA.

2) Cheilosporum californicum (DecaisNe) YENDo and Cheilosporum frondescens (POSTELS et
RuUPRECHT) YENDO are omitted for lack of taxonomic information. As reported from Japan
neither species belongs to Cheilosporum.

3) Marginisporum includes M. aberrans (Yendo) JoHANSEN et CHIHARA in JOHANSEN, M.,

crassissimum (YENDO) GANEsaN and M. declinata (YENDO) GANESAN.



Articulated coralline algae in Japan 203

(Fig. 2). Probably closely related to Calliar-
thron and Serraticardia, it extends considera-
bly farther south and west. It would be
interesting to discover why none of the
three species of Marginisporum (Table 5),
herein considered together, have crossed
Tsugaru Kaikyo to Hokkaido.

Alatocladia should perhaps be included in
group three rather than four, except that it
has been reported from Tsushima (segment
4), Unlike Marginisporum, Alatocladia occurs
in southern Hokkaido. Furthermore, its re-
cent discovery at a depth of 5m off eastern
Hokkaido suggests that this genus is sur-
prisingly widespread (Fig. 3) and does not
fit clearly into any of our groups. The
single species, A. modesta, is endemic to
Japan.

Corallina officinalis, the species of this
genus that is most easily recognized and
thus most likely to be identified correctly,
has a distribution that somewhat parallels

ak halin
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Fig. 3. Map of Japan showing distribution
of Alatocladia, Marginisporum, Corallina
officinalis and the species of Corallina placed in
C. sessilis and C. squamata.

that of Alatocladia (Fig. 3). Reported at
Hirado off Ky{ishii and extending into Hako-
date and western Hokkaido, it occurs widely
in the Sea of Japan. This species is
worldwide in temperate area of the world
(JOHANSEN 1981).

Three genera remain to be considered:
Amphiroa, Jania and Cheilosporum (Fig. 4).
The nine species of Amphiroa fall into two
factions (Table 2). The species in the first
faction extend into Tsugaru Kaikyo, with
A. zonata even present in western Hokkaido
(segments 1-2). In the second faction the
species remain below the waterway separat-
ing Hokkaido and Honshu and therefore are
treated in group five below. Jania with 10
species listed in Table 4, is similar, but the
faction extending into Tsugaru Kaikyo in-
cludes only two species (Table 6).

(5) Central Honshu and below. Some of
the species of Amphiroa and Jania, as well
as the single species of..Cheilosporum, C.
jungermannioides, do not extend into nor-
thern Honshu, but are represented in the

U.S.S.R.

akhalin

Japan

SEA OF OKHOTSK

300km 200mi
—_— L

Hokkaido

PACIFIC OCEAN

A=Amphiroa
C=Cheilosporum
J=Jania

Fig. 4. Map of Japan showing distribution of
Amphiroa, Jania and Cheilosporum.
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Bossiella 1
Corallina 6
Alatocladia 1
Amphiroa 9
Jania 10
Calliarthron 2
Serraticardia 1
Marginisporum 3

Yamadaea 1
Cheilosporum 1

Celsius -min. wint.

max, sum,

Masaki, T., Akioka, H. and JoHansen, H. W.
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Fig. 5. Ranges of genera in the 14 coastal segments. Narrowing bars suggest that the
number of species and specimens diminish appreciably. Following the genera are the numbers of

species.

At the bottom are some indications of seawater temperatures; minimum winter tem-

peratures and maximum summer temperatures in degrees Celsius.

Table 6. Species of Amphiroa and Jania (1)
extending into Tsugaru Kaikyo (segment 11) and
(2) those not recorded this far north.

Reported in Tsugaru
Kaikyo

Reported below
Tsugaru Kaikyo

Amphiroa dilatata
A, echigoensis

A. ephedraea

A, misakiensis

A. zonata

Jania nipponica
J. yenoshimensis

Amphiroa fragilissima
A, pusilla

A, rigida

A. valonioides

Jania adherens*
J. arborescens

. capillacea

. pumila

. radiata

. rubens

. ungulata

NSNS

* Includes J. decussato-dichotoma

south and, some of them, in the Rydkyd
Islands. It is noteworthy that this element
contains no genera other than Amphiroa,
Jania and Cheilosporum.

The current patterns around Japan (Fig. 1)
lead to conditions that are tropical in the
southern islands and boreal in Hokkaido.
Surface temperatures for coastal Japan shown
in Figure 1 serve to illustrate the wide
ranges that sessile marine organisms must
tolerate. Also winter sea ice may play a
role in algal distribution in northern Hok-
kaido. The relative ranges of the genera
are summarized in Figure 5.

The results presented in this paper lead
to five conclusions: (1) Some of the genera
and a few of the species of articulated cor-
alline algae in Japan exhibit distributional
patterns that could have been generally
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predicted on teh basis of their distributions
in other parts of the world: Amphiroa, Jania,
Bossiella cretacea, Cheilosporum, Serraticardia,
Calliarthron, and Yamadaea. (2) Two genera
are endemic to Japan, and no prior data on
distribution were available: Alatocladia and
Marginisporum. (3) The presence of several
genera in Japan and also in California
(JOHANSEN 1976) suggest that interesting
comparisons may be made between the
articulated coralline floras on the two sides
of the Pacific Ocean (see HOMMERSAND 1972) :
Calliarthron, Serraticardia, Bossiella, Am-
phiroa, Corallina, Jania, and Yamadaea. (4)
Studies of the seasonality and distribution
of reproduction would certainly reveal more
about the biology of articulated coralline
algae in Japan. The pioneering work of
CHIHARA (1972a, b, 1973a, b) on reproductive
cycles and spore germination could profitably
be extended to bear on the phytogeography
of these algae as could also research on re-
productive organs (see MURATA and MASAKI
1978). (5) An inescapable conclusion is
that taxonomic and nomenclatural studies
are sorely needed. In order to successfully
undertake regional studies on a species level
the entities reported from Japan must be
understood with reference to species in other
parts of the world.
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Stvarincam, P.M. 1982. Biofuel-gas production from marine algal. Jap. J. Phycol. 30:
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The viability in production of biofuel-gas from the marine alga, Ulva reticulata Fors-
SKAL, is presented. It is found that the rate of biogenic methane gas production by
marine strain methanogenic bacteria at 50% wet algal thalli amendment is greater by
33.4% on comparison with results of freshwater cattle manure strain methanogenic bac-
teria under similar experimental conditions. The proportion of methane gas content in
this biofuel-gas is ca. 58%, while the remaining gases are CO, (major portion), H,S, NH,,
Ng and 02.

In this study, a simple family unit, in the form of a semi-continuous integrated algal
digester and gas collector system, is proposed for possible usage in isolated fishing com-

munities.

Key Index Words: Biofuel-gas; Ulva reticulata; marine algae.

The utilization of marine algae as a subs-
trate for biofuel-gas production is not well
practised probably due to the availability of
other important economic avenues. However,
in countries where algae are not utilized
to the fullest extent as in Japan, it is
better that this aspect be exploited instead
of letting this potential energy resource rot
away. This is true in India and there is
already a report by RAO et al. (1978) sup-
porting such possibilities. Lately, an iden-
tical appoarch has been reported by RAN-
TENBACH (1981).

In Malaysia, this aspect of utilizing marine
algae is not normally practised. Hence, one
can frequently notice large amounts of
marine algae going to waste on the shores
after rough weather (Fig. 1). As an initial
step, the author has studied the possible
utilization of the Malaysian sea lettuce, Ulva
reticulata FORSSKAL, (SIVALINGAM 1978a, b,
1980). In this connection, the contamination
levels of environmental pollutants, such as

trace metals (SIVALINGAM 1978a, b, 1978a, b,
SIVALINGAM and ZAKARIAH 1979) PCBs and
persistent pesticides (SIVALINGAM 1981), have
also been clarified.

Here, as another perspective and in view
of the energy crisis, the author has further
attempted to convert the presently wasted

Fig. 1. The washed ashore sea lettuce during
rough weather conditions.
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Malaysian sea lettuce natural resource into
biofuel-gas via biogenic processes. Also
from the stance of technological feasibility,
a simple semi-continuous household unit
algal digester and gas collector for rural
fishing communities has been designed. The
results of this investigation are presented
in this report.

Materials and Methods

Thalli of the Malaysian sea lettuce, Ulva
reticulata FORSSKAL, were harvested from
the mud-flats of the Marine Depot, Penang,
Malaysia, prior to experimentation. The
harvested thalli were immediately brought
to the laboratory and cleaned off epiphytes
and other external contaminants by washing
thoroughly either with seawater (a) or fresh-
water (b) depending on the mode of bio-
fuel-gas (=methane) production; a) biofuel-
gas production relying on marine methan-
genic strain bacteria and b) biofuel-gas
production relying on cattle manure metha-
nogenic strain bacteria. The washed thalli
were rid-off surface moisture by pressuri-
zing them against Whatman No. 1 filter paper
for five times until negligible weight fluctua-
tion was observed.

For experimental biofuel-gas production
from marine methanogenic bacterial strains
the algal thalli washed with seawater were
macerated at 1, 5, 15, 25, 30, 40 and 50%
(w/v) amendment levels in muddy seawater
obtained from the algal bed site because it
is a well established fact that such methno-
genic bacterial forms prevail in these
areas (MECHALAS 1974, WHELAN 1974). In
the case of biofuel-gas production relying
on cattle manure methanogenic bacterial
strain, algal thalli washed previously in
freshwater were amended at similar concen-
tration levels in freshwater media together
with a teaspoon of fresh cattle manure.
All amended seawater and freshwater series
were then placed in 250 cm® vacuum flasks
painted black on the outer surface with
their mouths sealed airtight, after addition
of samples to be digested, with a rubber

stopper. The auxillary arm of the flasks
were joined individually with polyvinyl tub-
ing which ended directly at the mouth of
inverted graduated measuring cylinders filled
completely with water and sitting over a
trough of water. Under such anaerobic
conditions the fermentation process of pro-
ducing biofuel-gas (=methane) was followed
daily over a period of 40 days at a room
temperature of 28°C. In order to obtain
precise results, three replicates of each ex-
perimental lot were carried out. As blanks
for both series, one fermentation flask con-
taining 100 cm® muddy seawater was used
in the marine methanogenic bacterial strain
lot while the other containing 100 cm?® fresh-
water and a teaspoon of cattle manure was
used for the freshwater methanogenic bac-
terial series. The results were averaged
and plotted as methane gas production with
time for each experimental lot. Further,
suitable methanogenic bacterial activity
conditions were maintained by constant
daily monitoring of the pH of the digest
and adjusting it to lie between 7.0-7.5, where
activity is highest.

The evaluation of methane composition
of the evolved gas was performed by rout-
ing a known amount of the gas through a
15cm activated charcoal U-tube column trap
at —70° C, achieved by mixing acetone with
dry ice, which specifically absorbs CH,
(SWINNERTON and LINNENBAUM 1967), and
then through a liquid nitrogen trap at —190°
C to condense CO,. The U-tube trap of
activated charcoal was then heated to 90° C
with a hot-water bath to release the absorb-
ed methane gas which was calibrated in
inverted measuring cylinders filled with
water, as mentioned previously. The purity
of this methane gas was verified by gas
chromatography against authentic methane
samples at an isothermal temperature of 35°
C on 6 ftX1/8 inch stainless steel columm
packed with Chromosorb 102 attached to a
thermal conductivity detector. In the case
of the condensed CO, gas, it was determined
manometrically in a Warburg-respiratory
apparatus with special attachments after
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bringing the nitrogen trap to normal room
temperature.

With the above data and on viewing the
prospective usage of biofuel-gas production
as energy source from marine algae in rural
fishing communities, a simple semi-con-
tinuous integrated household unit digester
and gas collector system model was de-
signed.

Results

Figs. 2 and 3 demonstrate the rates of
biofuel-gas production by both marine and
freshwater methanogenic bacterial strains,
respectively, over a period of 40 days. The
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Fig. 2. Rates of methane gas production by
marine strain methanogenic bacteria at various
amendment levels of Ulva reticulata as sub-
strate material.
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Fig. 3. Rates of methane gas production by
.cow dung strain methanogenic bacteria at various
amendment levels of Ulva reticulata as sub-
strate material.

patterns of maximal biofuel-gas production
by both strains of bacteria are quite identical
except that the maximal production of gas
by the freshwater strain was delayed by
ca. 4-5 days. It is also noticable that both
strains had a small peak at ca. 3 and 6
days, respectively, after initiation of fer-
mentation, which could be attributed to
volatile gases (mainly acetic acid) produced
by the symbiotic bacteria involved in the
degradation of organic matter during the
nonmethanogenic phase (liquefaction). Ob-
viously, the shorter period required for
decomposition of the organic matter by
marine methanogenic bacteria, facilitates
rapid methane production processes indicat-
ing the high activity of these bacterial
forms in relation to the suitability of both
substrates and optimal conditions prevalent
in the medium. Further, the ratio of maxi-
mal biofuel-gas production at 50% Ulva
reticulata amendment indicates the marine
methanogenic bacterial strain’s capacity to
be greater by 33.4% than the other strains
under the present experimental conditions.
For both strains, it is obvious that 50%
amendment of substrate generally provides
a longer period in high production of the
gas as compared to the other percentages.
Higher amendment levels were found to
cause too much frothing and inconve-
nience in substrate feeding and experimen-
tation, which culminates in inefficiency of
the process. Hence, it is concluded that the
optimal concentration of algal thalli amend-
ment seems to be in the region of 50%
(w/v).

pH calibrations of the marine methano-
genic bacterial strain system indicated that
for the first ten days there was a drop in
pH from 8.2 to 6.5 for most of the percen-
tages except for the control which remained
at 8.2. Thereafter until the 40th day the
pH fluctuated only between 7.3-7.8, requiring
no further buffering with alkaline solution
to maintain optimal pH conditions for bio-
fuel-gas production. This self-buffering
mechanism of regulating the pH in the
marine methanogenic bacterial strain system
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can be attributed primarily to the inherent
properties of seawater arising from the
silicate and calcium-carbonate buffering sys-
tems and the Iron Paradox. In the case of
the freshwater cattle manure methanogenic
bacterial strains system, the pH kept drop-
ping from ca. 8.0 to between 5.6-6.3, most of
the time, and all these systems required
daily adjustments in pH to 7.5-7.8 with 0.1N
NaOH solution.

Gas chromatographic analysis of the
evolved gas indicated the methane gas con-
tent to be 58%, while CO, was ca. 35% and
the remaining fractions were assumed to be
H,S, NH;, N, and O, as illustrated by
MECHALAS (1974) and WHELAN (1974).

Fig. 4 is a practical simple semi-continuous
integrated household unit biofuel-gas di-
gester and gas collector model derived from
a working system examined in the labora-
tory. The 50% (w/v) marine algal substrate
is fed down the inlet pipe to the bottom of
the first compartment of the double compart-
ment digester. The level of the liquid
substrate in the digester is controlled by
the overflow level of the outlet pipe. In
the process of digestion, the liquid travels
through the compartments and out of the
outlet pipe. Here, when assuming a digester
60 cm in diameter and 60 cm in height
(=fluid level), the system would theoretically

GAS-COLLECTOR DRUM

£re SUBSTRATE
? BIOGAS PIPING TO
TROUGH HOUSEHOLD

WEIR

INFLI
PIPE

Fig. 4. A practical simple semi-continuous
integrated household unit biofuel-gas digester and
gas-collector for algal and other household
organic waste substrates.

produce 601 of gas daily from 88.7 kg wet
algal thalli. Since the normal optimal
detention time of the substrate in the
digester is ca. 40 days, one canhave a
working semi-continuous integrated system
by feeding ca. 23 kg wet algal thalli every
ten days at 50% (w/v). Att his feeding
rate the detention time of each batch would
be 40 days, i.e. before final dischage in the
outlet pipe, which is the time required by the
substrate to travel from one compartment
to the other over the weir and out.

The produced biofuel-gas is trapped by a
floating drum, which acts as a gas storage
chamber. This accumulated biofuel-gas can
then be drawn off as needed for purposes
of lighting and cooking.

Discussion

It is obvious that the feasibility of biofuel-
gas production from marine algae is quite
promising and could be utilized efficiently in
countries where this natural marine resource
majorly goes into waste. The proposed
digester could be an economical asset to
rural fishing communities during this period
of the energy crisis. Further, besides em-
ploying marine algae as a substrate source,
the auxillary feeding of organic household
vegetable waste, poultry and human excreta
could also be.incorporated into this system.
In such instances, due to the higher content
of nitrogen in excreta, the yield of biofuel-
gas could be increased (MCGARRY 1980).

Comparison of the methane constitution of
the biofuel-gas produced from marine algae
(58%) to that of human and poultry ex-
creta (60-65%) indicates not a very drastic
difference. In countries where the concept
of excreta digesters are not readily accepted,
this proposal for the utilization of wasted
marine algae could possibly play the func-
tion of a forerunner for its acceptance.

The question of having either a marine
or freshwater methanogenic bacterial strain
digester system depends on the requirements
in the further utilization of the effluent
slurry as nutrient recycling. Normally,
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owing to the convertion of the digested
slurry into nutrients in available forms for
plant life, it is employed as soil conditioners,
or as enrichments in fishculture ponds.
However, the marine methanogenic bacterial
strains system slurry is not viable for the
former use because of the high content of
salts, which are detrimental to plant life.
Nevertheless, the usage of marine algal
substrates in digester systems should be
encouraged, due to the fact of the simplicity
in operational technology and the higher
biofuel-gas yield. The situation should be
otherwise when poultry and human excreta
are introduced into the digester as auxillary
feedings, which seems worthwhile to in-
vestigate in the future.

As a concluding remark, it can be sug-
gested that until the acceptance of marine
algae in the dietary habits of the Malaysian
community or its exploitation from the
standpoint of pharmaceutical drugs is per-
missable, algae of both economical and
noneconomical significance should be tapped
by the rural fishing communities as a sub-
strate in the production of biofuel-gas for
cooking and lighting purposes.
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Diatom assemblages during the Holocene transgression
at the Minato Bridge in Osaka Port along Osaka Bay
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Kumano, S. and FujimmoTo, 1. 1982. Diatom assemblages during the Holocene transgres-
sion at the Minato Bridge in Osaka Port along Osaka Bay. Jap. J. Phycol. 30: 213-218.

The sediments collected from a caisson at the Minato Bridge in Osaka Port along
Osaka Bay were studied to clarify the sedimentary environments during the Holocene
transgression by diatom analysis. Based on the character of diatoms, the sediments are
divided into five zones. (1) F-D Zone (freshwater diatiom zone) is dominated by Ste-
phanodiscus ca'r"conensis, and freshwater species are about 70% of the total. (2) M-D
Zone (marine diatom zone) is dominated by Cyclotella striata and Melosira sulcata and

the proportion of marine species is about 57%.

is subdivided into two subzones.

(3) F-D Zone (freshwater diatom zone)

Lower subzone is dominated by Stephanodiscus car-

conensis and the proportion of freshwater species is 36%. Upper subzone is dominated
by Diploneis elliptica and the proportion of freshwater species is about 60%. (4) Transi-
tional Zone has a few frustules of unidentified diatoms. (5) M-D Zone (marine zone) is
dominated by Cyclotella striata and Melosira sulcata and the proportion of marine species

increases to 97%.

Key Index Words: Diatom zone; freshwater species; Holocene transgression;
marine species; mollusks; Osaka Bay; sedimentary environments.

MATSUSHIMA and OHSHIMA (1974) and
MATSUSHIMA (1978) first studied the littoral
molluskan assemblages of the Holocene
transgression around Tokyo Bay and Sagami
Bay in Japan. As to Osaka Bay, KAjiyaAmMA
and ITIHARA (1972) and YAsSUDA (1978) re-
constructed the developmental history of the
Osaka Plain based on an abundant record
of molluskan fossils, sedimentary facies, and
pre-historical remains. MAEDA (1976, 1977,
1978, 1980) determined the sea level and
shore line changes during the Holocene
transgression by means of radiocarbon dates
of mollusks, molluskan assemblages and
direct observations of sediments in caissons
around Osaka Bay. By means of diatom
analysis, KUMANO and MIYAHARA (1981)
ascertained the sedimentary environments at
the Samondo Gawa site, which were con-
sistent with molluskan assemblage analyses
by Maeda. The present study follows the

above mentioned work and reconstructs an
environmental history at the Minato Bridge
in Osaka Port along the shore line of Osaka
Bay.

Materials and Methods

The materials were collected by Dr. Y.
MAEDA from a caisson of the foundation of
the Minato Bridge situated at 34°38’N lat.
and 135°26’E long. in Osaka Port. ‘Samples
of about 1g were boiled with 15% hydro-
peroxide and treated with conc. hydrochloric
acid. The cleaned and washed materials
were dried and mounted with pleurax. The
identification of diatoms was made by means
of photomicrographs. About three hundred
frustules of diatoms were counted in each
sample along a transect chosen at random
and the relative abundance of each taxon
and each ecological group is presented as a
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Fig. 1. Stratigraphy, columnar section, molluskan species, radiocarbon dates and diatom diagrams
of the sediments from the Minato Bridge in Osaka Port along Osaka Bay, central Japan
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percentage of the total. The radiocarbon
ages of nine samples by Dr. T. HAMADA are
shown in the 5th column of Fig. 1.

Molluskan Species (MAEDA 1976, 1977)

The stratigraphy of the sediments at the
Minato Bridge site is shown in the 1lst and
the 2nd columns, molluskan species in the
4th column, which were reported by MAEDA
(1976, 1977), and radiocarbon dates in the
5th column of Fig. 1.

The Nanko Bed is divided into five units;
lowermost sand, lower silty clay, mlddle
clay, upper sand and uppermost silty clay.

1) Lower silty clay (—33.5m to —31.0 m)
contains Phragmites sp. and Corbicula leana
indicating freshwater sediments.

2) Middle clay (—31.0 m to —30.0 m) con-
tains Corbicula japonica (brackish species),
Barnea malilensis (littoral species) and many
trace fossils indicating the beginning of the
Holocene transgression at this site.

3) Upper sand (—30.0 m to —28.5 m) con-
tains Corbicula leana and Ciphangopaludina
sp. (freshwater species) and this sediment
is considered to be fluvial.

4) Uppermost silty clay (—28.5m to —26.0
m) contains many trace fossils, freshwater-
brackish and littoral mollusks such as Ci-
phangopaludina sp. (freshwater species), Cor-
bicula japonica (brackish species), Corbicula
leana, Tapes philippinarum, Meretrix lusolina,
Crassostrea gigas and Trapezium liratum
(littoral species). These facts indicate that
this silty clay was a brackish or littoral
sediment.

The Umeda Bed (—26.0 m to —16.5 m) con-
tains many marine molluskan fossils indicat-
ing an inner bay environment.

Diatom Assemblages

Based on the character against salinity
(HusTEDT 1930, 1959, 1961-1966; PATRICK
and REIMER 1966, 1975), the diatom assem-
blages found in the sediments at the Minato
Bridge can be grouped into marine species
including marine-brackish species, brackish

species and freshwater species including
freshwater-brackish species. The sediments
can be divided into five zone by means of
the diatom assemblages as follows:

1) F-D Zone (freshwater diatom zone;
—325m to —31.5m). Freshwater species of
diatoms are dominated by Stephanodiscus
carconensis, Navicula mutica, Cymbella tumida
and Pinnularia spp., and the proportion of
freshwater species is about 70% at a depth
of —32.0m.

2) M-D Zone (marine diatom zone; —31.5
m to —29.5m). Marine species of diatoms
are dominated by Cyclotella striata and
Melosira sulcata. The proportion of marine
species increases up to 57%. On the other
hand, the percentage of freshwater species
decreases to about 16% at a depth of —30.0 m.

3) F-D Zone (freshwater diatom zone;
—295m to —26.0m) is divided into two
subzones. In the lower subzone, freshwater
species are dominated by Stephanodiscus
carconensis and the proportion of freshwater
species increases up to 36%. At the same
time, marine species are still found in the
ratio of 35% and dominated by Cyclotella
striata and Nitzschia granulata. In the upper
subzone, freshwater species increase up to
60% and the dominant species changes to
Diploneis sp. and Stephanodiscus carconensis,
but benthic species such as Cymbella tumida,
Navicula spp. and Pinnularia spp. decrease
in this upper subzone.

4) Transitional Zone (—26.0m to —24.0m).
A few frustules of diatoms are detected and
unidentified species are found in the ratio
of 30-80%.

5) M-D Zone (marine diatom zone ; —24.0
m to —16.5m). Marine species are domi-
nated by Cpyclotella striata and Melosira
sulcata and the proportion of marine species
increases up to 96.7% at a depth of —21.3 m.
In contrast, the proportion of freshwater
species is less than 2% at this horizon.

Discussion

According to MAEDA (1978) the beginning
of the Holocene transgression confirmed by
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intertidal assemblages of mollusks starts at
a depth of —234m at Samondo Gawa site.
However, KUMANO and MIYAHARA (1981)
reported that many marine species of diatoms
appeared at a depth of —23.8m at the same
site.. At Minato Bridge site, the same phe-
nomenon is observed. MAEDA (1976) reported
that the middle clay (—31.0m to —30.0 m)
of the Nanko Bed at Minato Bridge site con-
tained brackish and littoral mollusks and
many trace fossils. From that, he indicated
that the Holocene transgression at Minato
Bridge began at a depth of —31.0m. How-
ever, in the present study, it is observed
that marine species of diatoms began to in-
crease and freshwater species of diatoms
began to decrease at a depth of —315m
deeper than the horizon where brackish and
littoral mollusks were found by Maeda.
These facts indicate that intertidal assem-
blage of diatoms appeared prior to those of
mollusks in the progress of the Holocene
transgression. From the above mentioned
imformations, the beginning of the Holocene
transgression at Minato Bridge site in Osaka
Port is assumed to start at a depth of
—31.5m. The environment of the sea shore
at the beginning of the Holocene transgres-
sion was so changeable that adaptable or-
ganisms such as diatoms could immigrate into
it. After the environment became stable,
the advanced organisms like mollusks could
immigrate and settle there.

At Samondo Gawa site, MAEDA (1978)
pointed out that sea level rose slowly in the
period between 8,800 years BP and 8,000
years BP. KuUMANO and MivAaHARA (1981)
considered that the sea was very shallow
at the horizon between —24.0m and —21.8m,
where Nitzschia granulata was a dominant
species. At Minato Bridge site Nitzschia
granulata is found at the horizons between
—315m and —24.0 m. It is considered that
the sea was very shallow throughout these
horizons because Nitzschia granulata is fre-
quent on sandy shores in England (HENDY
1964). As if a small regression had taken
place, freshwater species dominated by
Stephanodiscus carconensis occur at a depth

of —285m. These facts agrees with the
occurrences of freshwater mollusks such as
Corbicula leana and Ciphangopaludina sp. at
these horizons reported by MAEDA (1976).
As already pointed out (KUMANO and
MIYAHARA 1981), Stephanodiscus carconensis
has been one of the most noticeable phy-
toplankters in Lake Biwa Ko for the last
250,000 years (MORI and HORIE 1975) and is
regarded as a drifted phytoplankter from
Lake Biwa Ko. Probably the Minato Bridge
site was located near the fringe of a lobated
delta of Paleo Yodo Gawa at the horizons
between —32.5m and —24.0m. In accordance
with the appearance of Corbicula japonica,
a brackish mollusk, and many other inter-
tidal mollusks, the dominant species of
diatoms change from freshwater species to
brackish ones at a depth of —26.0 m.
Benthic genera of freshwater diatoms such
as Cymbella, Navicula, Gomphonema, Frag-
tlaria and Pinnularia disappear at a depth
of —240m. Moreover, the freshwater
plankter, Stepahnodiscus carconensis, also dis-
appears at a depth of —23.3m. This fact

Fig. 2. Map showing study sites (Samondo
gawa site and Minato Bridge site), shore line of
Osaka Bay and Kawachi Lagoon at 3,000-2,000
years BP. (after KajivaMA and ITIHARA 1972).
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indicates that most of plankters drifted from
Lake Biwa Ko were deposited in the bottom
of Paleo Kawachi Bay and Paleo Kawachi
Lagoon, which were formed at the period
from 7,000 years BP to 2,000 years BP due
to the Holocene transgression as shown in
Fig. 2 (KannyaMA and ITIHARA 1972). In
fact, KAJivAMA and ITIHARA (1972) found
Corbicula sandai, one of the endemic mollusks
in Lake Biwa Ko, in the inner region of
Paleo Kawachi Lagoon at 3,000-2,000 years
BP.

In the marine diatom zone (M-D Zone),
the dominant species of diatoms changes
from Cyclotella striata, a marine plankter, to
Melosira sulcata, showing a neritic habitat.
‘The proportion of Cyclotella siriata is at its
maximum at a depth of —21.3m, which
horizon shows a radiocarbon age of 5,960
+120 years BP. This fact seems to indicate
that the sea was deepest at the time of that
horizon, in other words, the peak of the
Holocene transgression was at about 6,000
years BP.
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On the life history of Ulothrix sp.

The life history of Ulothrix sp. collected at the mouth of the Isuzu River, Atsumi,
Aichi-ken, was studied using laboratory culture. The species had only one generation, a

filamentous thallus that produced asexual swarmers.

These swarmers, which were

observed under both short- and long-day conditions, were pear-shaped, with two flagella,
one eyespot and one pyrenoid. Settled swarmers developed on germination into filamentous
thalli. No sexual swarmers were observed in the culture conditions.

Chromosome number ranged from n=12 to n=14 in vegetative cells and repreductive
cells. The results suggest that this species lacks an alternation of generations or of

nuclear phases.

Key Index Words: Chlorophyceae; culture; life history; mitosis; Ulothrix sp.
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Fig. 1. Ulothrix sp. A. Vegetative cells of part of filament; B. Sporangia; C. Liberated
swarmers stained by Noland’s sol.; D. Settled swarmers; E. Germling after 1 day cultivation;

F,G. After 2 to 3 days; H-J. After 4 to 5 days. A scale is true of B-D. E scale is true of F-G.
I scale is true of J.
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After 10-15 days. A scale is true of B-D.
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Ulothrix sp. A. Apical cells after 5 days cultivation; B. After 7-8 days; C,D.
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Fig. 3.

Ulothrix-sp. A. Akinete-like cells; B, C. Formation of swarmers in akinete-like cells.
A scale is true of B, C.



222 Oucal, M., Fujivama, T. and Kosg, H.

& h el e E R E RS, B LA
ENBHI DT B Iet ¥ o T, eI hbo
M b BRI IR E i, T~97 (OKiii26~34
°C) THLKENHI0°CUTThhuIz D & 5 Bl
NP fE TR Uz, Las LKA A 30°C &z
Browciedl, EnoMlanT 5 — rRTEZR
BEMIAEANITER LT L ¥ -7 (Fig. 3A), &

D7 %% — PIROMKEE, 108 T OkiR17~21°C)

iz fe s & 2 MEEOWHEMIE 2 B Lz (Figs. 3B,
C)o DML, SIRECTER S h 5 lEEH &
TR EAMCIFE LT, 354 L TORRIIZAER Lic,
FPEH ARSI T TORSE TR S Rl A R,

2FE DI OBEEMI DL T, BEBSRTR D
DB bt o1,

Fig. 4. Nuclear divisions in vegetative cells (A-C) and in reproductive cells (D-H). A. Early
prophase; B. Metaphase; C. Telophase; D. Metaphase in the first; E. Metaphase in the second;
F. Anaphase in the first (upper part) and metaphase in the second; G. Anaphase in the second;

H. Telophase in the second. No. 1 scale is true of A,C,D. No. 2 scale is true of B, E-G. No. 3
scale is true of H.
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Fig. 5. Diagrammatic figures showing life
history of Ulothrix sp. a. Filamentous thallus;
b. Two-flagellate swarmer; c. Settled swarmer;
d, e. Germlings. ~
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BEPCEE Ditylum brightwellii OEEICE ZHEFHHE (1)
SREMPADOAE & MRy B

AHHE E* - TR

* AEFREREER (227 FIRWAKSET 1614)
**ORBERFEYRFER (305 KREFHIBENKELRLITAE 1-1)

Sartow, M. and CHiHARA, M. 1982. Laboratory culture and morphology of a marine
centric diatom Ditylum brightwellii (1). General morphology and vegetative cell division.
Jap. J. Phycol. 30: 225-233.

Morphology and vegetative cell division of Ditylum brightwellii (WesT) GRUNOW ex
Van Huerck, a marine centric diatom, were studied by means of laboratory culture and
the use of light and electron microscopes. Specimens used were collected in Tokyo Bay
in 1978 and in Mikawa Bay in 1979, respectively, and their unialgal cultures were established
by the capillary pipette method. The culture was maintained in the room at about 16°C
with a photoperiod of 14 hours light and 10 hours dark.

Cells are prism-shaped, with long centrally located spines, on each valve face.
Many delicate spines are also distributed in a row on the edges of valve faces and their
numbers are four to five in the distance of 10 um. Most parts of the cell are occupied
by a large vacuole and, due to it, certain cell organelles, such as chloroplasts and mito-
chondria, are localized in the peripheral regions, except nucleus which is located almost
in the centre, being connected to the peripheral regions with radially developed strands
of cytoplasm. The nucleus contains one nucleolus and is surrounded by many Golgi

bodies.

Cell divisions usually occurred at the beginning of the dark period, taking 15 to

30 minutes to complete the bipartition of cytoplasm.

Key Index Words:
electron microscope ; morphology.

Cell division ; centric diatom; culture; Ditylum brightwellii;

Minoru Saitow, Toin-gakuen Senior High School, Midori-ku, Yokohama, 227
Japan ; Mitsuo Chihara, Institute of Biological Sciences, The University of Tsukuba,

Sakura-mura, Ibaraki-ken, 305 Japan.
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Figs. 1-11.

Light micrographs of Ditylum brightwellii.

1. Girdle view of living whole cell,

showing a centrally located nucleus and radially developed strands of cytoplasm. x550; 2. Valve
view of living cell, being triangular in outline. x590; 3. Girdle view of part of living cell, showing
the distribution of many spindle-shaped chloroplasts (arrowheads). x1000; 4. Longitudinal section
stained with toluidine blue of fixed cell, showing a large vacuole (v) and a centrally located nucleus
(n) with radially developed strands of cytoplasm. Many chloroplasts (arrowheads) are distributed
along the peripheral regions and also within the cytoplasm strands radially developed. x1100; 5.
Transverse section of fixed cell as in Fig. 4, showing a centrally situated nucleus and many chloro-
plasts. x1300; 6. Girdle view of frustule of empty cell, showing many delicate short spines on the
marginal ridges. x570; 7. Oblique view of valve. x1000; 8. Lateral view of valve, showing a centrally
located long spine on the valve face. x1000; 9. Valve face, showing radially arranged pores. x2000;
10. Part of valve mantle, showing many rows consisting of small pores. x2500; 11. Part of girdle,
showing several segmented bands. x670.
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Figs. 12-19. Scanning electron micrographs of Ditylum brightwellii. 12. Oblique view of valve,
showing arrangement of marginal spines on the valve face. x500; 13. Valve face, showing radially
arranged pores and scattered open-pores (arrow). x2000; 14. Detail of pores with or without (arrow)
rotae on the valve face. x10000; 15. Apex of a long central spine produced on the valve face. x 11000 ;
16. Detail of marginal spines on the edge of valve face. x2000; 17. Detail of elliptical pores (arrowhead)
with rotae and a small open-pore (arrow) on the valve mantle. x17500; 18. Girdle view of cell, showing
many shallow furrows on the surface. x300; 19. Detail of girdle, showing arrangement of segmented
bands. Specimen was cleaned only by water. x700.

Fig. 20. Transmission electron micrograph of Ditylum brightwellii, showing many rows consisting
of fine open-pores on the segmented band. x3000.
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ERRNEFREHAFCL 38R B o/ 0%
IR FITRCE AL2 E 3h  13 i TFATe S35
(Fig. 20), WILEUE 10 pm DEMECH LH26MH, 1
LA DEUFIB30FIFHEST B (Fig. 20), #iH»H e
O T AEMMTITEIL, BBV F OO HI e ik
D BRI,

AN S BAFAE L, TR £ 104D
B LIt Th 5 (Fig. 21), IEGAENTITEET
MCEFTTH3EFS 24 FF7 27 THHHLRTWS
(Figs. 22, 23), %i, ¥ERMKEEDOT MM 3
EF T4 VT 20bRHIMDEFET 2 7 (girdle

lamella) A @»HI 2 (Fig. 22), LR ED
iy, HERE DNA 2 fFEELTVv% & vbh b,
Y=/ 747 (genophore) LIHENBHELAR LR
% (Fig. 24), &AL, My v XBT, Fodhiig
#1FEOF 724 FARETS 1 HOBRHO L/
1 FefT5, YV 4 P 1 ROBIC X - TH
¥h, EREEESHUBR TS (Fig. 22),

BERE T, 2HoEETEEATWS, Sk
FHELEEEL, PO 0 ETHEEOE VTS L L
TS hE, BORMCIEED =L S EH b E
X S5fFETS (Fig. 25),

Figs. 21-25. Transmission electron micrographs of Ditylum brightwellii. 21. Longitudinal section
of part of cell, showing several chloroplasts (arrowheads) in the peripheral region. x3400; 22. Section
of chloroplast, showing arrangement of chloroplast lamellae, a girdle lamella (gl) and a pyrenoid (p).
The pyrenoid is traversed by a single thylakoid (arrow) and is surrounded by a pyrenoid membrane
(arrowhead). x13000; 23. Chloroplast lamellae, each composed of three thylakoids. x 64000 ; 24. Part of
chloroplast, showing the presence of genophore (gp) at the terminal. x36000; 25. Nucleus (n) with
a nucleolus (nu), surrounded by many Golgi bodies (arrowheads). x8000.
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fIfE L OB B Rl & BELECBEI L, MlEE
ONMECET S L 5B T5 (Figs. 26a,b), Kic,
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~hE LiAD S (Fig. 26s), = ORI, JF%O
FICHEE LW ERGIMR 2R BET S
(Fig. 26u), RMfILE HIc BELHT (Fig. 26x),
2 EDH L\ REMRAATERT 5,

7t3, Fig. 26 R LicHifa s 2G8R ok
POBEHELTRELICLOTHS,
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WEE L - AT TR b hicDitylum brightwellii
BT 5 EEEMEC X5 BELRIL, ko B
(HusTtepT 1930, LEBOUR 1930, GRAN and ANGST
1931, Cupp 1943) L EAMNTIXRA UL TH o7, Lin
L, RA#BECHTHTHHAEVAREbh, T
L EBOBELO LR HusTEDT (1930) * Curp
(1943) oFER & v b EFILHET, 13% RT3 A
HOBIHES DFEX S DM BoMESTTHS, L

L, BHEHRTIHRAOBRCET O H Rk,
Stoscu v. (1975) itk X < —&T 3,

A O D W& OV Tik Okuno (1952),
HasLe (1975) R XU EH (1980) © #EHH 5,
AP CEREE LIcERE O S OBERERTI 0%,
Oxuno (1952) °FEEH (1980) Dtk & iziEF—FK T %,
Lo L, ABRTEEREOSLRPRKEWRE, b
THhTHAN—HLAEVEbboT, Fh, BAICR
bhBHII2WT, Okuno (1952) i, Thr'&
EROSKERLAEET, 1F1%2< 2353 10gm
FIZISETH D LBRT B, KEOHET, HiR
ZhHilo W EMBOBIL T, 17I0BIAEE 10 pm
Az #526fE &\ 5 FIeELFITH - e, HasLE (1975)
1%, JtAPEE: Rhode Island #Eo D. brightwellii
DEFR T ORY LiEY B ETFERETR
TRLTWAA, RTRABOAROLTH LR L
HE—ETHL5Bbh3, vk, BREBITEE
THEROICBILOFER, 4 TREZIh T
RWRBTH %,

MM | Ao MM ECET 3 koW E
32l ity T TESRIOBBI L » THLAEDE
BLSECIRETEME L AV CHEINOEE
DEREDHEHRIT >, FEROMRATOKTREH
WhRThHDBh B EIL Melosira nummuloides
(CrRawroRD 1973b) ® Stephanopyxis turris
(JEFFREY and VESK 1977) ORAIIPIHEE L bl b R
1e v, Lithodesmium undulatum (MaNTON et al.
1969), (CrRawFoORD 1973a),
Bellerochea yucatanensis (StoscH v. 1977), %
\ % Lauderia annulata (HoLMEes 1977) & 0%
heflad, LarL, grifilaoth B L, BOR
B O Ml B LR RO B AR O MieE o dic 38
B L OMRBENEETHHL, §ETHLAT
WItWREBTH S,

EREDOT ASNIEDF T a( FhbRAIT LR
LUK 2 7 OFER, MOEELERHCF LT
b5, itk ThHLOHWEIHEENTET 2 HAHY
[ (=®&fE®MFT) Chromophyta DA LIFET
LY

v/ A VEEYEETS T 2 S, EETHEMS
bhickZATE, 2-3 MDOF 3 a4 FhbRBHEE
hi %\~ (Achnanthes minutissima, Cymbella affinis,

Melosira varians

Surirella ovalis, DRumM and PANKRATz 1964;
Amphipleura pellucida, STOERMER et al. 1965;
Cocconeis diminuta, TayLOR 1972; Gomphonema



Ditylum brightwellii 231

Figs. 26, a-x. Successive stages of vegetative cell division of Ditylum brightwellii. x360; a.
Elongated mother cell; b-f. Nuclear division in progress (arrowhead in Fig. b shows a nucleus; two
arrowheads in Fig. f show each of daughter nuclei.) ; g-1. Cytokinesis (arrowheads show nuclei and
a pair of arrows show newly appeared surfaces of cytoplasm in Fig. 1.); m-r. Valve formation
(arrows in Fig. m show formation of central spines; arrows in Fig. o and p show formation of valve
faces; arrowheads in Fig. r show formation of marginal spines.) ; s-x. Elongation of two daughter
cells (arrowhead in Fig. s shows a nucleus.). Time is indicated on the left of each figure.

parvulum, Dawson 1973; Melosira varians,
CRAWFORD 1973a ; Stephanopyxis turris, JEFFREY
and Vesk 1977; Phaeodactylum tricornutum,
BorowiTzka and VoLcant 1978), LU, K@D
T 1BOF T 24 FThd, Z hid il
T, I Cyclotella meneghiniana, Nitzschia

palea (DRUM and PANKRATZ 1964) 35 LU Litho-
desmium undulatum (ManTON and SToscH V.
1966) 7c & THILMBIBE I\, HERAELTE YV
4 FHBEOEERY DL BEV /A FEOHF D
T, ABTIRIOE LV 1 FIEEEINCRDHH
to COBXA—METS, #l 2 ¥ Gomphonema
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H b B EORRE: MEEE/ —+ () Pyrami-
monas parkeae NorRIS et PEARSON (77 v/
1) . Isao INouvE and Takeo Horicuchi: Notes
on microalgae in Japan (7) Pyramimonas parkeae
Norris et PEarsoN (Prasinophyceae).

Pyramimonas (¥'5 3 £F> A) (k& LT, #
W, WA R LTWBA, s A ¥ T -1
T UL LEREE o< 28 L LTAEDRH 5, 1975
42 Norris et PEARSON (€ X b, fTBAME v~
DIE A Iz THfIk S i,

Pyramimonas @ 7sh TR o iR L 9~20
pm THBH, Widns HERICH - TR 4 510k
BAH D, W CIHP2OHUR Lt > T 5, IEHER
FHAR A SO E 2L (X2), PRl
Zbhb, MBI 4K, HUC 90° DFETHSHR
MO5, WTEHO b ) ICIHROBHBRMIWATE
h, WEESBETS LML IR THS T
Laibind (R, chizrVavA b Thsb, Ei
R 1ETH » 7R, 4o iR ah TRk
il o T T %, BIRIC €V 7 A Fhid h £ O i
T A X9 LIEDIRER B D, v/ A PR
L) avR ARSBRD, LIELEEV /A FLE
Weh T Chhiiabhsdn, ZhiieEr /4 F
FBERNMK LI 20T v 7 ViDL T BEA T
BIHTHD (K)o, MLEATDEVIA VTV
v Pyramimonas grosii TH DX 570
NEBRBDHELNTED, KV A FTF v 7 VOl

Figs. 1-2. Cells under Nomarski interference

contrast microscopy. 1. Side view, showing tri-
chocysts (t) and pyrenoid (p): 2. Apical view.
Scale bar=5 pm.

LMY YA O, AEABELTWLGBET
BHCHERTE %,

R B B X OB EE A 0BG I L XA
[ 3~ 61T, AHE O H SRR & e e
—¥T %,

AT E T\ B X OE B R & D %
REhte, BHEABILER GRERKETET) O
g v 7 e R Lich D TH S,

Fraiy Pyramimonas D7emThigb A5 T,
By AOMBETLHRTAZ LM THS, “h
L DSBS BOKE L&A VT —AMICAEFT S
Trick D, RVCHEISHEN RS LickedThD EH
z2bhd,

Figs. 3-4. Shadow cast fields of body scales.
3. Outer layer scales; 4. Intermediate layer scale.
Scale bar=1 pm.

Fig. 5. Schematic diagrams of outer layer
scale (left) and intermediate layer scale (right).

51 B X #k

Norris, R.E. and B.P. PEarson, 1975.
Protistenk. 117: 192-213.

Arch.
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FFEF=R*:

PRTFUTYBEORMMBIIEDOBMIITH P Isamu AKATSUKA :

Nature of the idioblast in Gelidiella (Rhodophyta, Gelidiellaceae)

The occurrence of highly protoplasmic idioblasts which are larger than the surrounding
vegetative cells has been observed in the outermost cortical layer of Gelidiella acerosa
(ForsskAL) FELDMANN et HAMEL and G. tenuissima (THURET) FELDMANN et HAMEL.
They form a bulbous protuberance, resulting in a slight projection on the frond surface

through the cuticle.

The idioblasts are regarded here as mother cells of hairs in that

(1) they have the same diameter in both the basal part of hair and the pit formed on
the frond surface by the elongation of the cells in question and (2) their density of dis-
tribution corresponds to that of the hairs and pits on the frond surface.

Key Index Words:
Rhodophyta.

Gelidiella ; Gelidiales ; hair; idioblast ; mother cell of hair;

Isamu AxaTsuka, The Education Institute for Private Schools, Narahara 1262,

Hachiézi, Tokyo, 193 Japan.

v=F v 7B Gelidiella oFEOERBIL, B
L CEEOGRREEATED, RHECEAL
A0 FETAHZ LA mbhTw5 (Boupou-
RESQUE 1969, AkaTsuka 1970, 1978, Rao 1971),
C DEMMI OB OV TR 2 b E CIRMR, Mg
DEXERIVCEORHIREIFEYORENDDN, W
FThIBILBEFICR LTIV, £ 2 THERRET
HEVAKROMEY LM TH DI, FLVWERE
217705 L RICARABSH OREIC 2V THFN,
BEIH\ v ~< 5 v 74 Gelidiellaacerosa (Fors-
skAL) FELDMANN et HAMEL (3196547 F28H ¥
X UN1976512 A30 B I FRIR AIES THRESI b O
T, FRE5%7 + 4~ ) VK TEE L THDRE -
fro BECEE LTI EIOTER, i, ERB IV
AEEPRE FhEhEgen $ V) O THERELE
BB LT, G2 e b— Ak AVTES 10-20
pm DY &FE->T, Zh%x Toluidine blue THE
LThbBZEIgE L,

¥¥ =TV I/YOEBYERLRTRDS LEREO
BB ERDENDHD Z Lhvb ot (Fig. 2),
ChETy=F VI HBOECOVWTRY =T VI
(AKATSUKA 1970, 1978) offiic Gelidiella lubrica
(KttzINg) FELDMANN et HAMEL (1936) 7g b U
G. tenuissima (THURET) FELDM. et Ham. (Bou-
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MECE—BI RSB ENTE I\, Y27 V74D
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R HEBO R 27T %5, BounouRESQUE (1969)
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L LA, HAAHCELZ LhbE L ETHIE,
oML R Y EORMRLEELBSL, BHL ¥
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<, MERCREEYE LGN REbRS  (Fig. 5),
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Figs. 1-5. Gelidiella acerosa stained with toluidine blue o. 1. Surface view of mother
cells of hairs in ultimate pinnule. Arrows show hair mother cells. Scale=50 ym; 2. Hairs

in surface view of tetrasporangial pinnule.

Contents of hairs are stained reddish-purple.

Scale=50 #m ; 3. Transverse section of apical region of main axis, showing mother cell of

hair stained reddish-purple.

Protuberance of hair mother cell projects on frond surface

through a pore of cuticle. Scale=10 pm; 4. Longitudinal section of middle region of main
axis, showing hair mother cell with coconut-shell structure. Scale=10 gm; 5. Hair mother
cell in longisection of middle region of main axis, showing cell contents divided in two

parts. Scale=10 pm.

BoOFKTHD L3E LB, 1V FEY=T YV
79 DA B EDORIIITIZ TS B g,
PLEDIFEE » ~ 7 v 74 OfZE e b O il O 3Lk
b, ThETY~F v /v BoORETREMEE L
THILNICS DGO EMES RS, &b
EFRBOBOFMINCIIFE=A T A0 E&H ShTun
5T EPELMC LB,

AEIR K E S5 o TE 1 AP 2 DR M A e 2 e
OTHILEBE LT £9,

51 B X #

AxaTsuka, 1. 1970. Morphology of the cortical

layer of some species of Gelidiales. Bull.
Jap. Soc. Phycol. 18: 72-76.

AxaTsuka, I. 1978. Hair and cuticle as special
structure of frond surface of Gelidiaceous
algae. Rev. Algol., N.S. 13: 349-358.

Boubpouresaque, C.-F. 1969. Gelidiella tenuissima
(TuureT) FELDMANN et HAMEL en Méditer-
ranée occidentale. Tethys 1: 783-792.

FeLpmany, J. and Hamer, G. 1936. Floridées
de France. VII. Gelidiales. Rev. Algol. 9:
85-140, pls. 2-6.

Rao, P.S. 1971. Studies on Gelidiella acerosa
(ForsskAL) FELDMANN et HAMEL. 6. Ana-
tomy and developmental morphology. Phykos
10: 70-78. (* A AR BE URERT)



#X Jap. J. Phycol. 30: 237-240. September 20, 1982

BAZLF*:
Hiroe OXUDA :

THABRRRGOBETFREBSZHBARE BICEYE, EOHMBACOVLT

Electron microscopic observations on brown alga Undaria

pinnatifida —on fine structure of its hair conceptacle and hair—

BEBEOLIIE, KBMARL VELIEROEY
%75 Padina, Eudesme ([ff 1936), Episga3
% Sporochnus (f#t 1936), Endarachne (MEL-
CHIOR 1954) 2% %, ¥ A-XEEREOERV-ELOEH
NHENELET B Chnoospora ([ 1936), Ishige
(MELCHIOR 1954), EHIEPRFEVELRDEENSFE
M4 % Hizikia, Costaria, Undaria (ffF} 1936)
tEdmMbRh T\ 5%, Costaria, Undaria iwouTi3,
KBEHEC X HEOREBEIGEE I L TV5 (YEN-
po 1911) 23, EBik LUEOHMBEIHTL S
Tty

EE T P A DEFEE LR D EROTERO—R
ELT, BGEFLOBENERLTR-> TEi Hl
BTIRRF LAY » 2 BEROKEME, KEMRS
I ORHRBROBEMEARERY®ME L (E 1980),
TR H A DERE XIOBOHMAMELEER S
X UEBRERIC L » THRELIRERZRET 5.

HET AR, 1978 4 Adhf), KEREBE
THOWR TR LV H £ DL iEhThH b, EE
Riz# 80cm T, REEX O THTRBALCE
BThB, EEOPRIE EEED /2 BVOFAL
T, HRAEK LhhOFREES) 25 1A% Smm D
MEHFET D HE LR E Lic, BRRERRAEAR
FOFEFEOEMIMBR L AL THS (A 1980),
#2212 HS-7 ®, JEM-100B B EFHEHEZ A,
IEEFEIRWThD 80kV Tffft - o, NEEEZI,
TBESEACOEEN LA S, EX 5pm O
PERERL, Ao vEREYLLE, 7ot
EEFEE BEH RS, 0.1M » 2 oA EREHK
(pH 7.4) THRRLI2% I/ E2—A T LT e FT5°
C, 2HENEEL, IROBER T HE L R,
FAEDORER CHRR L 2% 00, T 5°C, 28R,
BEELZTL -7, EEHK, BFHE50~100% O =%
7 —ARFITHAKL, BREAZEEE (JCPD-3) %
AWTERE L, 2WTRARNERRLEEYEL, 8
23 TSM-T20 Z/\, IERTBEX 19KV CfTic-
7o

EHO—BE : v » 2 OBGREITARBT/
BRLLTEDLRD, BERLVDhBELND B,
REEYE T TIRBREOELTH SN[ - TEHWH
WEAFEELTHOTWEDORREbh 5, EEITEE
LcBAER lecm® M4b, %3 OTH0EFIEES
h3, GORWEISRSE, EBHANEGDEX
DHILBLLWEHEDLRAL X SREFITAZ LTI ST,
EBHEOEZR LD, EHBERHBRL T 5, FBIXEH
BEDOEER, L EA @D - THUB (Fig. 1), 4
KE D REBRIZRERAMCE T, EE#H155~
175 ym <T» % (Fig. 2),

ERBOBEK : BRI 2~ 3BoMa,» SR
h, BABoOHRREROFLICATTRERHEL T
5 (Fig. 2, &H), BEORAMECDH 5 KBARILE
Hiox LTikghiRicis 5 (Fig. 2),

EHBERNBOMIC S ¥ h 2 EGERITRB
DERDOIHEH (2~3#) T, BXPh3WiEl (&
& 15pm, FZ 1.0pm) TH2, FF24 Feiv
FoFEDEL, 2~3&BDOLIBINTTH- T,

EQOHE : BIXEFISHENLS D, HELIRV,
KL EHE TIRRELEVLDOTH 1000 pm B3,
MR R g E/NREC, EIRic i A1 KRR
7t (Figs. 1, 3), EBHPEHHEEHEE TE, £0OH
M H20~3BEDENR 2B (Fig. 2), EOKE
L, ZLOKTChHRRLR B, ZhbiZFEOM
L & DRIDOMREECHNM L, MBEOK X JTEEN
¥ 10~30 pm, ERHH 6~8 um THB (Fig. 4),
ChHDBEREENS, EOMREIIEYTRLLD,
EHREEOHRCOIRNBIDEEL LIRS,

FEOEZDEY 5 DTV AWEIIB/MNEESLTH S
(Fig. 5),

EMROANES : BRARERC LB LS L,
EMOEMEIIAY (EE 7~8 pm k) il
BEA% (B 7pm, & 5pm) LT3, EM
JaBEDEXTITH—TH 2pm b b, BUMEHES:
bis (Fig. 5), MlaoEhRe, hEELRET
BEYETHIERY 3um o 1EOEMNEEL, =
BEC X > TAERTW5B, BREIENCERD»S
2%, HOBLITIE BETHEED &\ RE 0.9 pm,
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Fig. 1. Light micrograph of saggital section of hair and hair conceptacle. The hair cells
originate from epidermal layer.
Fig. 2.

Transverse section of hair conceptacle show round cut surfaces of hair cells and pro-
truded epidermal cells into hair conceptacle are observed (1).

Fig. 3. Scanning electron micrograph of hair and surface of Undaria pinnatifida. The opennings
of the mucilage glands (1) are also seen. x960.
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Fig. 4. Scanning electron micrograph of the hair. The cells show columnar form and connecting
each other. x3800.

Fig. 5. Electron micrograph of the transversaly sectioned hair cells. Fine fibrous substances are
observed between the cells (*). x6000.

Fig. 6. Longitudinal figures of the hair cells. Although well developed Golgi body (G) and
mitochondria (M) are observed, the lamellar bands in chloroplast are poorly developed (1). x17000.

Fig. 7. Longitudinaly sectioned hair cells at the basal part. The hair cells are developed from
epidermal layer cells of the hair conceptacle. x3300.
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ERE 047 pm FHROBMER 1ERLIZHELS
v (Fig.” 6),

EREX 1 EOMBEMET 3~ 4@hd, £WLHoD
T5~6EROI, MIABECE\ LB RO BT
B T%, TOKEJXER L7 pm, HE 0.7~0.8
pm BB THEARELTEY, AHC1~3&0F5
af Ko AV IpgEIhs (Fig. 6, KE), ¥ERG
1BERBE, EBHERAOKEIZIERAKRTHSMN, KX
BT, RE, KB#RoZThOWN1/2THD,
to, EB, KBMROEREIXI~IEEOFT 2L ¥
e RV FEELORI LT, FORENE,

$hav ) TREORECED bR, Ml EY

D, ZVWHOTIEBEREIh, b2V FIT7OD
HRRIKER, BER, <OFEELTED, NI
OTHERZE 04pm, XEVWLOTER 25pm, GF
0.35um HbH, HEZR XM REEEZLTWS
(Fig. 6), &8, ZEHBEO $ b2 v F I 7IFEHL
THREFLEL, FOAEXIRER 0.5pm, HR 0.3
pm BT, BHRIF—ELLBAFTHHOIHLT,
FMED I b2V F Y 7TIREOHLEHCEROM R
DAEWIDMRRELI B,

BCEBEL T v — AR bh, KiRbBEEE
hi (Fig. 6),

EORE  EBHEEMN Som i EMAETIE, EO
REDMMOBRMEN R Wi, BIXEBMRO 1028
MaEinh, BcHsB L CEIISHROELK
FTH55LLWZEERRLTWS (Fig. ), ZhitEE
M BOMa~NGER L TW S RBE B THE L
Yenpo (1911) DOfER & 12IF—FT %,

EOBE : RERCBELFTHL0MHE 40
hTW22, BRPEOBEMNERIITHLENS,
BB Lo B 0RERHIL, FOREMIOERRGK L
BEAEEDLLY, NNIDOEET, APDOF5 a4

s AV FH1I~3ELLRDLRTRREETHD, ¥
fo, BREEROL HHIROEREIREEL TRV,
T, Bb XOBRBEHIRIC I TSR
HEOERCITEbhThWiWE#ERIEhS, —7,
$ ba v FY TIRBEOHOEMETION, BB L
POTIOREBE I WD, ¥h, EMlEDO I b=V
Y 7TIRER, KBfRoThcHELTEFT, Lh
YARBOLONRD Y, TORIH - Ehb, =Fn
F-RBEIBERCTRDbR TS EEL DR 3,
DEnz b, BOBERXEERERAIVILL
AYWEORYPBEb> TWARETHA S LB ESH
Bo

AR L, MEEERVCARLEREX, )
EuvozEE, FROMEMEE - LAMKE, TR
BEE RERBHER HRCHLTEXOEEY
3o THRWCAKIRED, MAEIE#RSE, EkES
BB IR < e L B 5, BURHRE I Z B 2 I]
W SR B BERRER S O LU R LA b JE I HLER
L ki3,

5] B X #
MELcHIOR, H. 1954, Phaeophyta. Braunalgen
(Melanophyceae). In MeLcHION, H. and

WERDERMANN, E. (ed.) A. Engler’s syllabus
der pflanzenfamilien. gebriider Borntraeger,
Berlin-Nikolassee.

R SRR 1936. HA¥EEE, AEEBE R

BWEGAR: 1980. v 4 2 BEEG O BT EESENEE,
HIeRB, KBEHAR X ORSKIR OS>
WT, ¥ 28: 255-263.

YenDo, K. 1911. The development of Costaria,
Undaria and Laminaria. Ann. Bot. 25: 706..
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SHiHIRA-ISHIKAWA, I. 1982. Gigantic primary nucleus.in Acetabularia.
30: 241-255.

Jap. J. Phycol..

The research on gigantic primary nucleus in Acetabularia has advanced since last 50
years both physiologically and cytologically. The physiological studies originated from
Hémmerling’s concept of ‘morphogenetic substance(s)’ stated that this substance(s) is
released from primary nucleus and is capable to express genetic information. The aim of
physiological studies is to prove biochemically what morphogenetic substance is and to
know the mechamism of gene expression in Acetabularia. The cytological works started
due to the interest in ploidy and division of primary nucleus.

Recently, owing to the advancement of electron microscopy, these two branches of
studies were joined. The production of rRNA in nucleolus was shown visually. Moreover,
the release of rRNA from nucleus was mostly elucidated as a result of full observation
of perinuclear zone.

However, the gigantic primary nucleus still poses various unsolved problems. The
location of messenger RNA in the primary nucleus is still not fully known, though
lampbrush chromosomes were found there. Meiosis has neither been confirmed under
microscope, although its occurrence in primary nucleus has been proved by determining
DNA content.

The young gigantic primary nucleus in a young stalk, measuring 8-10 mm in length,
might release all information necessary for cap morphogenesis, as well as rRNA.. After
some pause, probably the division of primary nucleus would take place following the
completion of cap. Besides that there is another: possibility that the primary nucleus
might release some small nuclei soon after the release of information. The above hypo-
thesis will be presented through the author’s observations.

Ikuko Shihira-Ishikawa, Department of Biology, College of General Education,.

Osaka University, Toyonaka-shi, Osaka, 560 Japan.

1. EXBEHRORH

187741z #%» T de BARY and STRASBURGER IZ
X 5T, Acetabularia mediterranea HLiKIh,
1895%Eicit SoLMs-LAUBACH X B A4/ Y DE/
75 7hY viELhrbHEhic (Figs. 1), SoLMs-
LAUBACH I ABE LA, Thit cyst TURUICER
LTHEbh D white spot & LTTHH, T (D
1) RRBET BEHAT — VDB TH -7

FOWIERET KA ¥ Ofy2%E HAMMERLING

* IR AEI4 No. 564226 12 X 5,

2 A. mediterranea % ¥23% L, FEMICE DR

o EEEHERHYEE L, £ LTINBLELY /7 YA
ExicIBOR% (Fig. 2) %12, TORERERED
HFcHEOZ LA REL, ARCEELBLORERE
BhIER2PVWTIHSOBERRELYHELL
(HAMMERLING 1931, 1953, 1963a, b), Z DRICH
+ 7 ) DEAEOPIZEIE HAMMERLING I X - T%
DE—HEHFERH S i,



242 SHIHIRA-ISHIKAWA, I

N y

Acetabularia rynkyuensis (left) and
A. calyculus (right). x1

Fig. 1.

Gigantic primary nucleus of A.
NP : nucleoplasm, NUC: nucleolus,
CY : cytoplasm, CW : cell wall. x450.

Fig. 2.
calyculus.

A. »Y Y OTREZRAE (Morphogenetic sub-
stance, M.S.)

1. o3k

HAMMERLING % % TR LA RTO 284 % U L,
B G U (U A MU v 7o AR (R 1 VR 1 U
T Mlalst 2 1154 U & o i8] & 4 E el 7oy,
PCEDEUMCIEH Te i B L (Fig. 3a), Lo
b L OAVERERR M A HERE L QL 2 O TR RO
O, BETOFEE LT ORI B\ lE

MERAEZT b ELrExbRiksr o,

=T
&

|— <
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— %, [
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Fig. 3.

Illustration of HAMMERLING’S
early works.

HAMMERLING (12 O#7e LOBERS % HHPT 57
Wiz “morphogenetic substance (JERETZRAME, LA
# M.S. LEE)” HHE Lico M.S. i3 THE R,
M &k, R M B i s h .
HAMMERLING (X1, 4/ ) EAOZEIA UM L,
B fe iR R o e B E DU R A LT REE Y
Lol ek, MLS. RSO H AT S %<,
(AR - Tk A Te B 2 xR L7 (apico-
basal gradient) (Fig. 3b), —7i, &k UikRET %
EEIIAEA AT B, HE Licgi b 5 — UM
LTh Hogs l+sz & (Fig. 3c-1), Fi,
Bt Gt IR A B 2 U C b D IR LA T
B L (Fig. 3¢-2) 72256, M.S. b3t U
TR BRI SRS 2 ExWbaic L (HAm-
MERLING 1934, 1943)

Z OWE DFFAEEA 4 T ERERC X » C—faH
b & e » 1o (Fig. 4) (HAMMERLING 1940), A
X B % I FlkaE
ERFLM0FIC I Tinbhic, A4/ ) OERA G
L, 2AKDEMHHKP CTHESCHICEESHED LM
JaE A LTk & LTE SR D5,

TRt 2f DDy 2 Y OEHRISA B X2

XﬁmL®20UL®&x%atMMzALmLﬁ
5L EDHEkED, A mediterranea L A. crenulata

I 2 GHED B o T H U T %, A. mediterranea
mﬁm@kvrmwﬁ¥MMKMﬂLtmﬂ®$f®

mediterranea » A. crenulata |z
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Bh, A. crenulata IBED B - - FEIEIT R
i 2P FROBRIR - T B, 1) ZOfE
DRIBHEREEDLED LERANOERYHAEL,
Z DI A. mediterranea » A. crenulata Drh
B ofxtE Ui, 2) A. crenulata DB 2E L
A. mediterranea D{FIRE 1 ELBE S5 & A.
crenulata WIEV R OfY £ Uic, 3) A. medi-
terranea DRRIRL A. crenulata DXL (R
REEGDHED LFHEEN PR A, mediterranea 1=
HCExRE TR, LrL, ZOLXETMLTY 55—
£H DO BbEB LWALMC A mediterranea DT
Bote, Ele, BITMBELEXELZ E0NHEN, &
DRSS BifiRls A, mediteranea Oz ic s =
ERRbRI, BEKRFERNDS, KOMEILELEH
RO M.S. OFHEBERICIBZ EAHELMERD, &k
DX 5EENL I (HAMMERLING 1953), a)
BREELY IO M.S. s To{bh%b; b) 2%H
ROBREOEEARCHMB oL O Bz ki, &
BHERDO2ED M.S. Bi—EOEE ) FE-TWB &
ERTS;0) 2OA Y VEAWESHEERT
ZEAFET A EICE R &R D Z L1k M.S.
DEIEPBOBKIFETHZ L2 EWRTS; d) B
BERCREFACIFEL T M.S. & itk
Lt I hicBED M.S. 0BEDOHE D& Lic- T
MEl %4 UBA, RHCTEED M. S. o i -
THICILEI OO M.S. HMESH LI, ERFERD
RMCEEDOREYE LD XI55,

INDDERNOKRD X 5 IR IHE i,

BEFOLREYZT THALEDEI KL TARIh
MlREcX Y HIhs, filNEF T OLEHEI—
EBOWEEIF IV HTRBFRECTWL, LrdZo
CEHBIR—HEH 5 7 " 2 RARES E X sy
7YV DffE Lo s TLHRME I hEFATSC &
KB, §H, 277V 7T TCHEMRILEYFIAF
7= hERBREROER L LTEMBI R T2,
HAMMERLING (3% ® 1/4 #4Z 8TCBEC A7 YV ©
BEERERY B U TKROBRERVME~BTTS
ZEFFEH LTI,

%0t HAMMERLING ZBFDHEIA—+ T2
A5 71X>T M.S. #8KR L% (STIcH et al.
1953), ¥EHhSERA ¥R P REBLLZOELL
BEVEABCAY, LR TERCHRECKE IR T
WS DORBE L, HDBETF ThHhS SCHWEIGER HiX
Yalyhbe vkl F—RITXVEEFORNAE
HPE LI, RNA BERERCED >, DD

Fig. 4. Shape of caps as an indicator of
nuclear information in HAMMERLINGS’s inter-
specific graft experiments. 1. Normal cap of A.
mediterranea ; 2. Intermediate cap of A. mediter-
ranea and A. crenulata. Thallus posseses two
nuclei belonging to each species; 3. Intermediate
cap form close to A. crenulata. Thallus contains
two cren-nuclei and only one med-nuclei; 4. Two
normal caps of A. crenulata. (HAMMERLING 1953)

BEHIIEZ O RNA ZEwIcd L2 LT le ik
* EUEB L OB ET 5 L T OHMIEbEL
L7 (Fig. 5), —7, A#A%10AMBETCES &
RNA BRZLETLE, 08Bz 0FKI%
B LT EBREL, COERF ¥ ERBETS
LiEG RS RNA »3UfinL7: (SCHWEIGER ef
al. 1961), WE#Rici3f%An RNA #ightk (7) At
S TERERCERTTHM, ThrXBHE ST T
cytoplasmic RNA %% ¢ HAMMERLING (3% %
7= (1963a), =D RNA oO%EhifF¥EEz3e ULTH
Iohic M.S. D%HE—HTHDOT M.S.=RNA
v hEERICEIELL (Fig. 6),

2. M.S. iz mRNA 2

HAMMERLING DOEBRIEABARCHEOTKLE
oteDit, 5—ADAAF =T, AF—DRAEE
% BRACHET D FHER LTUXH Y Bl » 72
BRACHET (11940 EBWRIRAC KT 288 L EH
AR OBEA RS LT\, it HAMMERLING D
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Decrease
of RNA

Release
of 'RNA'

Fig. 5. Schweiger’s early work
shown in a diagram.

? \‘;
Nucleus
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Cytopl, l
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carr. genet. Light
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Fig. 6. Tentative sheme by HAMMERLING of
the possible relations between morphogenetic
substances and RNA and their precursors. ‘RNA’:
substances released from the nucleus and inducing
cytoplasmic RNA synthesis. RNA: RNA syn-
thesized in the cytoplasm, which is assumed to
obtain genetic information via ‘RNA’. ‘MS’:
precursors of morphogenetic substances released
from the nucleus. MS: active morphogenetic
substances. The pararells between the left and
the right side of the scheme depend on the
results of independent studies.

ERFERICHEBILE I E, 19554 CHANTRENNE
L M.S. o4 bEHRITce 2R sz e
Teots, BEFEIGD, EHAEIEELTEALEARE
R, ERFACEWCVTERINZEBEEIL L
FRT™TII 2GR LB 2 La Mo TV, L)
BARINCEAEDOFIIL, W 20DFEELEER
Tote, —BEFE—BETF Bk THS &5 BEADLE
DHCHE L THELLCHEPRZ L THD, —fk, B
FOFELRVEZAOMRETTED XD X 51 E
HEEXMEZERT S Oh2bhblhst
(BRACHET 1970),

M.S. 13%€7’ RNA 3 Lh/c\] & BRACHET
HE Z IR DR195TEEN B TH -7, FRMERDER
fifa & DFELME KRS\l dTH B, =D RNA 1
BTlEbh, MlRERCBTL, BHTRERF TR
2bhTws, ZLTEVH, BOBEHEyHERL

foth, BROLEAAGRYFET S, o, X
BEz 32 ytvyYey— RNA BAHXERBOTC
2~3ELHDZ L THho7zo BRACHET (I mRNA
LW AR T TR Wi o e’ E L Hix2<@ L
Chotee THE—D2RD Sk »4/ VD “mRNA”
3E L BHATHh-T. SHERMIRO mRNA
BEEME D mRNA KHERTRELLD O THS
LRS- TWBN, Ay Y OBREHERIELREY
PBEAIE3 ¥ BLAIREACHERIhTW5D0THS
(SCHWEIGER et al. 1977), BRaAcHET 3 Z D%, [
EF& LT M.S. 28 mRNA TH5% = &wED
BT A L Bdicd, A7 7Y TR KRR
mRNA L iHRI 5 G EBBETH T Il
mbHY 7 VidH L OREEOREVEREEL D > T
B, EHFNTH>THERE DNA HEMIH,
RNA ROERBGEANAR IR DI0DLTHS
(BRACHET 1967), B &M BXTVBHkK, TOHK
+%4, M.S.=mRNA ¥ sfciz bhicll
e LTHERT,

3. M.S. D4 ALEAYEER

OB LTHY 7 Y OREWEOEBEHEIL
7 K4 ¥ ® HAMMERLING % & X/ ¥ — @ BRACHET
ROWRENZHEH > CSHLE -, HAMMER-
LING DEHFRDEFThH SCHWEIGER D% M. S.
DFFA ZIT Wk ¥1973~T75%C, KLOPPSTECH & &
bichy, VOEENSYVAEY —ARNA L2, 2V
Y y— RNA RO HTZ LTI Lic, IR EZD
mRNA 1t M.S. & —FUicEdErRLi, RL, #
LOfFle - ER L LTHIEN LD TH D,
mRNA & M.S. RXEA—#HHETH5 L\ 5 BKHIRER
MNELRICR TRV,

a. AytvYe— RNA

KLoppsTECH and ScHWEIGER |3 1975k 4
mediterranea % poly (A) RNA 7527 5 v
BT 5 - LT L (1975a), (%< DEZMERD
mRNA 3 3’ K¥iz50~200fED poly (A) H&EMHF
T%), EXBFELET C RNA RiEb#E % poly (A)
RNA i R EhD 23 %BRET D LHRA TS
f£Bz &b poly (A) RNA &R TaERIhS
MR (Fig. 7). 4FEZX 0.5~3%X10° &
A bV EHEZh, FHIODR 7 VAF FE#ETH S,
BRTERIhi poly (A) RNA (3#-# b HilaE
TR L, REIIE poly (A) RNA i1#ifasfk
TIEAt ) HAMMERLING % M. S. THEE Lo e TEH
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B HETHANRTTOREREL R bhic (SCHWEIGER
1977),

ZDHZ D poly (A) RNA I X3 BHAROHEE
7 cell free RTEIFEXh, mRNA ThHr o Litiz
SN TH B & &hi, KLoppsTECH (1976) B3R
FNENSB LR cell free ZE AV, —hies ¥
7 Vb & otz poly (A) RNA #in% T90H1 v+
2a_X—tL, BS-2FF=vDRYRTF FADEGR
Z%&ME LI (Table 1), ®MWE L T 23244
7940 A RNA ¥l v 9FEh b Eoks/mrEy
mRNA #inzx <, HADBACRFHRIRTFV
D S DEGAAK KB LI, 4/ Y D poly (A)
RNA B LICHUA L% (R SR Tch, BRI/ m
79 v mRNA D128 Th-t, BFNEDORTIE
BEc\vA\v5ic mRNA oBAEROERYfTebh
TwW5h, K&\ mRNA BEAEGROGRI DB
Vo Y VEBTBHRODLZILHSTFEXRML
TWBHDEEZ bR,

Z D%, MaFa R LT poly (A) RNA B4
LT & ¥8- 235 =vDRY <75 F~DGA
HITHRREC G LT s 2 BAG R OB E ¥ BT
(Fig. 8); LirL, ThbOERIZA VI TV 7 40
£ — FTD poly (A) RNA g i cllbhicd DT

rd

J

L3

:“"'A
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Molecular weight (daltons)

-
L

[

Fig. 7. Synthesis of polyadenylated RNA in
nucleate and anucleate cells. Two hundred cells
were ligated and enucleated 78h prior to incu-
bation with 3H-uridine. Two hundred nucleate
cells of the same culture were uses as control.
The RNA was extracted and purified by adsorp-
tion to oligo (dT) cellulose. After polyacrylamide
gel electrophoresis, 1.16 mm slice of gel have been
estimated for radioactivity. Cross-bar indicates
the posi- tions of E. coli 23S and 16S RNA.
—O— nucleate cells, —@— anucleate cells.
(KrLoppsTECH and SCHWEIGER 1975)

Table 1. Incorporation of 33S-methionine into
polypeptides. The indicated amounts of RNA
were added to the cell-free system. The reaction
was stopped after 90 min of incubation. The
counts represent the TCA insoluble fraction of
40 pl reaction mixture. In the experiments 2
through 4 the incorporation values have been
corrected for imcorporation which takes place
in the absence of added RNA. (KLoPPSTECH et
al. 1976)

%IYE igxscsorporlzlltion of
. adde -methionine
Specles pg per (counts X min~!x
40 pl 10-4)
1 no — 3.2
TMV RNA 3 329
2 TMV RNA 3.6 189
globin mRNA 1.0 117
3 TMV RNA 3.6 277
poly (A) RNA
from Acetabularia * 62
4 TMV RNA 3.6 190
mengo virus RNA 2.0 0.8
mengo virus RNA  10.0 0.1
*equivalent to 400 cells
& 60 *
2
':E
i
g 201 /’
I‘It‘)oll ‘.2!'70‘ T '360" l.4(')0

RNA equivalents (number of cells)

Fig. 8. Poly (A) RNA depending incorpo-
ration of *S-methionine into polypeptides. Poly
(A) RNA from Acetabularia equeivalent to the
number of cells was added to the assay. After
an incubation of 90 min the radioactivity was
determined in the TCA insoluble fraction.
(KLoPPSTECH and SCHWEIGER 1976)

b b invivo TREAEDZ LT3 &\ 5 EIRHT
e\,

b. Y&V —4 RNA

A4/ ) OfilaERcFEETS 80S VRV —&ik
mRNA » @4, KLopPSTECH & SCHWEIGER (1973)
CXoTRER, BohREAKEET COAR *H-
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uridine (3 80S Y £ Y —ad RNA Az hs
Emb, EABOBTEREh, HRECBHLLD
DTHBHZ LRI hI, MlaE+To 80S YK
YV — ADBFEFEG—HASAERL, & HHITRRTC
B\ WD T &k Ted o fo (KLOPPSTECH et al.
1975b), °H-uridine -C22W§fEI5 <4 LicDd Efk%
BE#L, 3HBLUABCERSY ERETHCHTH
2D 80S VEY—aho K EESEY NETS L
Fig. 9 0 X5 iR L, YV HV —adll A2~
4mm SOELLIEMCHE - TBEIT5 2 AR
hic, X, rRNA (3808 MO E R T
RBMEEET B = L2 1, Fic KLOPPSTECH b D
HEC XD EEABKY Y ER 4X10" 7 VA F Fi
RNAKEAIhTWB 2 bikid, HHRMEHIcYD
RY 25 —EOPIBHERECLI VAT r v EDY
1008 & 8% X h T\ 5 (HamkorLo and MILLER
1973) OT, hIESWTHETS L 1IEDOHAY »
S—BREW I X7 vAF F2EETHC LItk 5,
ZOfEIRA 7T Y TIRENB L 1070 b EVv, BEX
Bt R s e BEHREIC L 5 LARCHES A
oYV AV —2 DNA #4 5TWBDT rRNA v 2 ¢
vy OEIL FEFC S, RO HENDL, S b
104 Ll koD rDNA (=rRNA v 2 b r V) 2R LT
¥b, 1EOEATRMCEFEITibh T2 LF
FREXhb (SHWEIGER 1977),

80S VA Y —AEEOHEEITREADOREC X - TE
5o BlziE, EMETWRE L THERORRBERD
B RIE554, RNA O4RHEEIT—EY
it %, Fig. 10 wiRIhatkic, YKE3AEE
iz ®H-uridine ® Y £V — A~OEUARILRE I B,
Z DR DO ABGEE VIR O20(5 e b ET S, —H,
R rRNA o ARUEES ¥/ BT 52 filaE
rRNA L 9EhT, 6HBBRY—2IRETS, 2D
REBEEDREL A L r v M hDRY 25 —¥D
BOBIMZLBLDES B, RLHEY 2 5—EDH
BORERHEIMLICHERTHS 50 BEBARCLS L
1AM v EDRY 25 —E5TFIREWCED TE
ELTHED, ThEEEAMINT5C L% L8,
—7i, BRGEEDHMEEET D LIXTERLVD,
ThE THREE R IR Lol 0280 ng
HOEIBEL T AT » 7OERMEVNRH I
VIR D2 REUL eV, FTREEDH B —2o D% 2 Fik
HFD rRNA A b e vgids bifoTuicdn
52 &THY, RoTwik rRNA v R b r vpififs
INBDICENSI L THD, BREEABCLIBLHD

o 5

2] Qe

T T :

] 2 X

g %32 ! \\\\ %

£, 3.l \k\ 1

{ ER: s

MJ\_
fraction number fraction number

‘i"” .;“\

%0 %AA

3 S [

{ ANEE S “w~§
g = 38

L ASAT DARCIMAE JA TN )
fraction number

Fig. 9. Intracellular transportation of 80S
ribosomes in A. major. Cells were labelled for
22 hours with S®H-uridine and incubated for 3
days (left side) and 24 days (right side) re-
spectively in “cold” medium. Cells were homo-
genized and subjected to sucrose density gradient
centrifugation, the 80S peak was isolated and
after fixation recentrifuged in CsCl gradient.
Upper curves: Apical fragment, lower curves:
basal fragments. (KLoOPPSTECH and SCHWEIGER
1975)

R AAE YORE - YAE YR A A
fraction number

DB IR T\ v A b r v (spacer) 2% A
bhp (#%ik) (BERGER et al. 1975a, b), R LEE
i, 20f5ibET 5 rRNA w4 ET 500 -
o IRNA YA b v vDFEETBhEWS &, HEL
W RRTHD EEHE B 1B\ (SCEWEIGER
1977), % 5 —oDTHEM L LT, rDNA DiEH 5
%, SCHWEIGER (I8 k2B & OTHEMEA R 3R
LiBRTWB, BIbEEOBE L e » TEHEK
rDNA ##iEL, rRNA v R bt r v FHERLTY H
Vb EERREIED EIHTH B,

A% 7 YD rRNA & mRNA OFEEZTEHI N
7%, rRNA ET poly (A) RNA »EAAER¥FHET
BEv5 in vivo DFEBILICV, BAAROFEMRH
BAEOTEMTE THRTEV SV 3 BEII<20db
% (D’EmiLio et al. 1977), &, D’EmMiLio Bt
BiE B T OBEAARO—IMIAEHRT de novo
AREhs mRNA C k5o La R L, BMEEEGE
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Fig. 10. Incorporation of SH-uridine into
ribosomes during regeneration of A. mediterranea
cells. Cells were labelled for 24 hours with SH-
uridine 0 (left), 3 (middle) and 6 (right) days
after cell surgery in “cold” medium. The
position of the 80S ribosomes is marked. The
two subunits of the 70S organelle ribosomes
show maximum activity on day 6. (KLoPPSTECH
and SCHWEIGER 1973)

NUCLEUS

2.\

nDNA

/ "ENAN
“\mRNA/»

80S-RIBOSOMES

l
PROTEIN

CHLOROPLAST

Fig. 11. Séhema illustrating the intergenomic
co-operation in the synthesis of chloroplast
proteins. (D’EMiLIo et al. 1979)

DEEA RIS TE THTEL S L2 #E LT
V3, (Fig. 11 2R) o '

B. EABOKE LS80

HAMMERLING ® BRACHET & ¥#.46d5—ADH
Sy A VEFFEEE ScHULZE THD, SCHULZE
1319394 A. mediterranea t A. wettsteinii O

FREIB R T, FOEFRR EFHAOEMEZEY
%3 L, HAMMERLING #|X Ud & LTHEAD »
7 VIFREZIRVEZ O ScHULZE i X 5 ffasm
BED LI - THERED TR,

1. 4ER

EAT 1BFEEL W —RBEREEDOREC A
Tt THARL, RIBRATEAB L5, ZEMNERLT
BOBRIc 2 L BRI L C ke R T 5, /b
IRZRBIARDU LY LEMERBCD - TE
HaeERLTHE (FEB) A3,

FEOMRRE I, kBRI LCEEBE A
white spot & LTEHD OB B, R TH
BN E 42 DB AHRIAA T cyst T %, cyst
OFTIREBTHR E TIRI0EA b OO E K
Ih BN A mediterranea TIHRREDHUYEI-D
B20~30% L - TIRIR e A 5 (Puiseux-Dao
1966), cyst S I hcERORBEBEBTFIIES
LT 2n k& VEBIIEFREIET 5,

2. BESZT IR S b

ScuuLzE (1939) it A. mediterranea o cyst &
TRESUNR > THB B LWEERLTEY, B
BERERBEFURORBOBHIUTESD & L, BH%H
BRIz 10@ O % i L Rea kA FE L, 2n=20T
bbEHE L (Fig. 13), cyst WoOREEGIIHK
YA I LDLBBYBELTRDLIZ-ZDLTNBDT

" Breakdown of
primary nucleus,
primar

— migration of ez
Cap . secondary
¢orphog¢ne515 nuclei :
Cyst
H formation
VRS
(&)
f Vegetative ,é‘_’,o‘;i:
growth 259
Uninuclear cysts
in cap ray
Germling ..
Nuclear divisions
Dormancy
q%oo . More nuclear
8 re
Zygote (2n) °°e°°¢, o:e dwn's-ons
1
Nuclear + [ o: Gamete release
fusion A9 - Gametes(n)
Gamete
fusion
Fig. 12. Life-cycle of A. mediterranea.

Not drawn to scale. Gametes are about 10 ym
diameter ; mature cell is 25-30 mm long with cap
of diameter 6-10mm; cysts are 100-200 gm
diameter. (GREEN 1976)
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ScruLzE D#dH % OBEEM = DR ORELR
k¥ LT\ 5, Puiseux-Dao (1966) it 2n=8~10
LiE®m 1, Woopcock (1973) BIIEAWHBAT
10, ZWEET20E BT W5, BEHIXFIFIAT20L
#x T35 (YaBuU et al. 1981),

WIhiZLThr4 /7 ) OEERIEBTCHLE
B2 B\ CTEIETH B & ScHULZE I3fER Lic, €
S>TEXEE 2n ThHbH mitosis ik »T 2n O
wEERET 5 Ltinb, TO%, cyst ATRES
BEAULEETHHEL2, SHI ATV BN
(Puiseux-Dao, 1970, Woobcock et al. 1973), 1973
40 GREEN DK LEIE SCHULZE DFUTBIE IR T
BELESTWS,

GREEN (1973) (XF— cyst £ UHEBTO
mating type HFBL, £H4D cyst #HELTE
R bE UARBTOEGENLHANL L, Th
¥ TOHROBBEHZN cyst O TRS LThE,
Rl— cyst NCE{BFIL 220 mating type ¥ b
5 50DT cyst HOBBFREDEAIC L -~ THEED
WlEr o B LA HEDETHD, RLERORER,
—@D cyst MBI FFEHLBOAILh T, BB
cyst NOEEFILE— mating type THBZ &t
FHEh, cyst A TORBHUIEBFEIhic, cyst
FRBAMAC Y » T, )k MBS @ ¥ h 5 AT EE
B> T Wihithidk 5w (GREEN 1973),
Koop (1975) it Feulgen %ufa L7:#%D DNA E#%
BAaYMEETH D, cyst NO—BIEBTOKE

Fig. 13. The first nuclear division in cyst
of A. mediterranea. Chromosomes in the two
putative anaphse groups are numbered 1 to 10,
and 1’/ to 10/, respectively. The border between
the two possible anaphase groups is indicated by
the broken line. nm: nuclear membrane. (after
ScuuLze 1939) (Koop 1979).

FUDNAE%* &b, EATFIIEBETO 2 EEDODNA
Ao LRMELE, i Koor XEXMN LA
LT LV, FIRAOZKBIIS0% M BEETHS
Liht, (EELEEFEYE, BHEROBIELH
< UV B X h EFAO K LEBTF ORI
IFFED DNA %40z LEHERLR),

BB ZIMEE D 5 BUTEEMIL cyst 2 DEXKCH
Hr it ot RUEHD,
EACORABEIBREIL L XV EBETTHLD
BULHRSEORTHREALMCER T,

ScuuLzE 11939 DR DR TEREL bk
PHEERARERLTWAN, TRIZATHE LY
EZxbhitv, EABIBER ECEAHO5Eh,
B E» B LRI IL » e MER Il Eh s T
Lh D, SCHULZE DOFEIIIBR O LD IDOTH
55, FhLk, BEXE»LO_KREKRHIZIEED
bR Tt ot B Koop XA+ Y OFE
BE Y RETB V1978 EARDO A WUB X RE L,
Koor (1979) & k3 LEXREELEICR.SHFERY
SlkBEXESHBIREN: (Fig. 15), KL zh
13 A, cliftoni BT ALDTH-T, RARCTRDL
Hic A. mediterranea DEETILZ WERELE
BRIRTWEW, —fF, ZOHHENE DM DORE
TR R—TBRbh Tty ZOicEKX
DG A VEBOBRRE LTEFCROIS
EThiE, $ETELCHREENREL T DR
5HO5h, BETORFHE DLV —KBITHALITH
ANy VREIRDPERD 7 e =F v b o TS
7, BhORR L IIC—KkZKX2500(85 1 b EXILT S

A. mediterranea ®

Fig. 14. Division of the primary nucleus in
A. mediterranea. (after ScHULzE 1939) (PUISEUX-
Dao 1969).
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e =9

FC e
4
et

Fig. 15. Intranuclear spindle in a dividing
nucleus of A. cliftonii. x1200. pg: polypho-
sphate granules. (Koopr et al. 1979)

DTN THMAEN A2 I, A1y v
FHT 4TI, BN OGB4 0 R e i
HTHD, WTFhicLTdh, =D Koor k- TiR
SNIFE R Y7 ) BO—fEE LTtz e
WHR XL Eig,

3. BB RSB

Puiseux-Dao (1970) 1 cymopolia = Batophora
DEZENHAY 7 ) FDOEKFIL endomitosis 12
X 5T polyploidy &ic->T WBEEAD & HEI L,
polyploid & LiEd 7 b DI 4 XDk,
IMEDIER RO E KRR DNA ~ADF 3 & v ORUART
Hotco BERILLIE—®BEDOPCHFET 5 EX e/
k1% endomitosis 1T X » CTH A HETYLa T hIn L
THAMLIcb D EE X bk, VIRTY (1965) 1XE
KPS To DNA DfFBI%ZFH~ S/ *H-thymidine
D FUAZE Htc, itk KAy RNase-sensitive
7357 q VIC ABN, [T < 20 DNase-
sensitive 7eHUAZR b —kEHIIORE TR S & Lo
ALl, BEREIEEETHD LS FERIRE RIS
WAL - 1ehy, 197841 SPRING  bikhsis b IERE
TeHifi Co A BFE L, ScHULZE AMOERTIC~7e
IO —KBERIL Y 2n THDHZ LRI L,
iz %4 propidium iodine THNYLfa L7z gamete
L zygote ® DNA # cytoflucorometry THlE L,
Hae14h 092pg & 1.85pg L THAZ EXIRL
Foo WCHBEBBOE AL CEEL, YA 7R
~t+7%74C DNA E#JEL, DNA HixE
KM 2.6pg THotce TORT 2n LHWL B

DB D oA RIS S DT b polyploidy o7
REMERTE S hic, EABIL 2n EIES i, AL
ZRBEIREARTD & & Tl 5 T fel g i S g
meiosis [IMEHR E LTHLMA TR,

. HEOEXEHZE

EREHIE D REICIL 2 DN B - Tce — 2l
B © AL T 2 B O E OB B OB K
THH, b5—20%, JHEEFER « Al b o
R EDFHAECE T A HFIECTH » 7o MBEDHFZER
FDOWGHENTE > IeH DT OWEET X » THl 2 D4
Z BT TR e VR X B i E S X - ¢,
A BEEEROMII & TR & D& e S, Fil
WHIBLE (GO & &L Ts o 7o,

A. EXBEOfME L e

1. Bk (2) : tTRNA Ao

FeFh 2 ~ 3 W - TR O — k% % M E BRI EE
CTHZTH L BRCIED - etk o fiie DNA o
Bl (DNA-body) »fZEEh D CRJIKRFEZR), H
t FeolE#R AL, NOR (nucleolar organizer) 7%
TR L S TR R T\ T OFE A UreihMk > A
FevORTHB, —KEDOHK Lkicz © DNA-
body 7% rDNA (V) £ ' —2a DNA) O—AKHHf#E
FHUTEEREA D, Zo rDNA o ki rRNA f#ij
EhfkAi> < s (transcription), #/MAl: rDNA
wiihE Lick&Eo rRNA §itifkoED ThH, Th
M RA o> THEI DR, ¥ —t— OB/
fk (£) Thd (Fig. 2), B/MELDDGETII
B050% L L% 558G S HH0ET 5 L s
DHTa2=y bEHh TR -TLE S,

BoMRZEBE T oML B2 EZEh bE - T
% (Fig. 16), QEFHizEET 20Oz,
OIS e E A R B D, @ o fE Tl
B b ohfWRARNCER O 2 G - TR A%,
®@/Hilo cortex LIFEN SN TEE 50my FO
MR Ci ST\ B (SPRING 1974),

SEMBIT T oML, (KR, 0.1mM
sodium borate buffer 1= L C10~1541 v &F =~
— M LEDOBEEEY 5 =7 ATHREL, £y v 20k
IR CEBE RS & Fig. 17 WRIKBHELHAR
OB ENEZE S D (MILLAR et al. 1969),
ifiia 7c3 rDNA LiEFICifst Lo>25h 5 pre-rRNA
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Fig. 16.
mediterranea.
gf: granulofibrillar zone, 1i:
nuclear membrane, p: perinuclear cytoplasmic

Aspect of the nucleus of A.
nuc: nucleolus, C: cortex zone,
internal zone, m:
layer, b: perinuclear body, v: vaculoe. x40000
(Photo. from Puiseux-Dao 1970)

.. s

% i;\;‘ _a r,
s 3 3#,,,

—

’z?la{ss‘%& kpj’k)}{tﬂ_.“ " - " A‘.

5 um

Fig. 17.
unit. The regular arrangement of fibril-covered
(“matrix”) and fibril-free (“spacer”) regions on
the axes. (SPRING et al. 1974)

Extended part of the nucleolar sub-

Fig. 18. The normal, extremely dense packing of insertion points of the lateral fibrils,

which show terminal dense knobs (indicated by the arrowheads).

(SPRING et al. 1974)

OFIRIERE (matrix unit) &, spacer &ITEi 5 iR
FeS gy tDNA fHnbl-> T b, 120Nk
FRX100~115DEHER 2 2 B TR D 1 v A b
7 v i2100~115D0iF L e RNA R Y 2 5 —+&
»y rDNA DO EMRGaTIc> TWB T EMN 5, H
WA KT 5 &, %20 pre-RNA §40 40 5
KA LTunwaific x5 (Fig. 18), =ik pre-
rRNA D Jelin i &AL AtRD T 5B 2 LR FEkL,

The bar indicates 1 ym

1YA e vniffgidinsd &—Eo rRNA FF29%
REND MR HEEHEFEORE P CEE 5~10 pm
DBV 7 ==, VELIBBAD DS, O
FHIC X - TR D —E TV, 130~160 &\ 5 i
bhBMNERLTWDHELHD, 1V T ==,
2 ORI (matrix unit) (X120~150777E L,

M A T te & - T B2 3UTi%E S RCiTI S h
TWDH Ly, & OB/ IMED TR DI RE
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Moz Abh2b0ER U ThH, XK &k
matrix unit DL 2 e FLr v I e~ OREHR
DHDOIHL LT3,

W Ehic rRNA (XETFHEEOR VR & 7c - T
BMAD cortex HHE MR T 5, ZhbATEMIK
—f%D rRNA B ORACLD - T 265 & 185 Y
AV —2A RNA Lico THIFBEMNT 80S Y AV —A
T D THA S & EZFHRD & 5 A ALEFER
BHb, WTRCLTLEARBE AR S rRNAX
Ml ECBE Lishudicbitws, o@EaiE 5%
FBZE o0 H D, SPRING B (1974) |% cortex
AR T A BRI L DA LR E WKL (50 nm) A%/
fkd cortex zone DT ITEAEL, FR BT
ARohadolRULThs odriiL T %, BoL-
OUKHERE (1970) (X% MAk D S & 1o - THkHEE
DML THZ ERRL, TO—IRILEHE L CTcortex
zone IZ7e%A, —ixEREE DL - TR THITL &
LA R Lic, SRR SERLIR O 8 FH 1 O i\ Bk
bBlbhic, ThbOREIBEDOFZBEIL, K
WIS E AL THORGETEEI SR BH L
WA TORE L 7r > TRIEOARCBiZT 5 L5,
Z D 2ffinEk{k (spheroid globule) % FRANKE &
LRTE D, HEOHFEL L UIEEELHHL, &
fps rRNA @ transmission TH5H &\ 5 ffEEIL e
W (Fig. 19),

2. Fv7T7 T o4mlk
SPRING B 2197541 (T AHZEFH MR IC &  BE R
7777 R EAED Uiy BRI L, 1978

AR s 2 W MNT

Fig. 19. When the spherules (sp; and sps)
are located near the nuclear membrane (mn)
they are in contact with two new types of
spherules chracterized by a coarser fibred texture
(sps and spy). x18000 (BoLouxkHERE 1970)

LN T v 77T oY tatkl LCTHEIR L — 7
WA b Yo fh{§ A 7842 Lic, SPRING B iz
Fpit MOULLER (1974) /b -TASA KI5 A
LU ER R D, BN EATI VST
AWCIRF CHMEM e« T -cdbnThs (Fig.
20).

BAROMEC b » TRIFCE 2B L, S8
haEfl, TOROWERRYBETS L, HE
Bk R R O O HRIE 2 TEABDSER LT
25 1A DN Ml A sE e i v b
tnZ kicied (FKRFER) . 16> TERBKIIG
MiEOR & A ENEPIC ki mRNA %4
L, MilEC®kY HE T binwEThs, B
KN T v 777 Y la kTR END & LT
WEIhDZ ETHoT,

e B DI IR TR TRic 7 v 7
75 Rt fhiiF 7 XA~ THifE Lic 2 RoR @ kT
WREhTwb, &AL, EXBEDT v 777 v §fafk
—AOREAEN SR > TV BB EZRS (Fig.
20, L, XX LI 2KORESEALKD &F
E, BEABD A 0RRAIE & R Uiy 2 0
ThHI ENEREIND, KL, —HTHEELN
Blannd L R—2%% & bl iuls b
KRiEIc, T v 77T R RIS AT
BT L0 MiFoMleErRzBRThH-ThhE
o7\,

SPRING & (1978) XHC, FEH0ADS v 77 F
SHEED 5 HO L ORI TR ME= =, b
Lo TNBH T xR, Bk EYadk s OBk,

S

Fig. 20. Lampbrush-type chromosomes in
primary nucleus. X630 (SpRING et al. 1978)
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Bibyetafk o NOR O FEHEW BT L T,
X SPRING B (1974) VXEBH L7cB/MEy v 7 (i
yk) iz, Vs matrix unit 234%< BBbhB T LR
EIMLTWA, chbix MLeEr b (1972) Ak
HoJRHan 7 v 77 7 YRk TRl Licr— 7
Lo transcription 2 & T\ B 2 &b, BTk E
SRS, mRNA FilREDREEE 2L bR C
LRSI LT 5B, KL, B/MF matrix unit ©
&G o b D THDAREME D BHE L TWigly,

3. PEARBIA(K (Synaptonemal complex)

— YN DIEK LI EMED FIHR Lo0 b B H,
TickHOMIROVA S IR &S A BRI Hid
5D EFETRL, BETFHEERTHLN L
W e Lie (Fig. 21), 4 FHE A RS 2
Hic o> T2 RKDMAGEEON IR B 2 &I
AL S hickiETh b, A THAEERIMIEZ T
®, WEH, Bl X Oy OMBZcElEShT
Wb, b DX LIcBBRG I T G AR G R
DORE L LV, L, SPRING Bk haELic
DROMBIEh - EME L TR Y, KELOHFMEL
MEERTe b DTikicLy, AL ZMAHET

72 DIEXE KA T ORI ZHI WG B ie b L8
b,

Fig. 21. Chromosomes (a) and synaptonemal
complex (b) in the nucleoplasm. SC: synaptone-
mal complex. (TikHOMIROVA el al. 1979)

4. ER#E &I E o5 AR

EABER AT IR 5 B 0 FE AR A B
P UCHAET 5o B SR MR B o0 JE 53 B 2,
W F O Ml perinuclear zone & IMEE A A H Ik
FREERCA VAR HIBEOE? 55 (Fig. 22),
SR oMl B g, (Junction) T ZE U
BoT B, Bl 1 pm? 24 H70~80D %L1 H
DMK &3 U T B LSRRI ELS L7 8 flil o
Tk & o ek E W LEofR LR R Bbh 5,
ik pore complex LIS, O NI DYED
B ihic = o pore complex 2BHL- LT\5H D & B
N5, BHI B G LTz odulf HUL
7R i b, pore complex %k THINWEIIC & D
WR2BET 22 L E2 b5, 4L, perinuclear
zone TikHE b L Ol Rtz &b, B
BERILZ D zone A THM LT < OTHL
e EE 2 bR Tuwb, fijgkio spheroid globule
b F AL AR T A EA L L iy,
globule 7 &k D %A% pore complex 1CHENNT
WA TR ST B, B Sl o S e E
B L BT E L perinuclear zone o i A5
W LT b e, SRR O IR FR o ik

spheroid

an Acetabularia measuring 8 mm in length. PB:
perinuclear dense body, n: nucleus, Nu: nucleolus,
FC: frontier complex (perinuclear cytoplasm)
(TikHOMIROV A et al. 1979)



Gigantic nucleus in Acetabularia 253

PREIhLY, LECRBMIFBEIALVTED
TEAEIDOMEDOBIHNZ DBERE LML TS
Z LIRIERR I, 2 OGRS A & AT
ONEBHEHET BB THBTHEMSL 55,

SE4E, perinuclear zone A bHih b perinuclear
dense body (PB &B&3) Wi B -7 (Fig. 22),
PB %, A. mediterranea D#fhH: 8mm IZE L1
B (%% 2~ A), perinuclear zone DB LM
Esiz B h 3 (FRANKE ef al. 1974, TICKHOMIROVA
1979), PB oBuiZbr/bda L &, BbiadH
REEHRT B EESL B EAN DD, *H-uridine
PRV — S S5 7 TIREBEDOFC T L
R U & 5447 T PB shicgBlr 7o 8bh, #&E»D
BHEEREHETH 5 = & HBFFBRE (Tick-
HOMIROVA 1979), PB %, V"5 =17 57— 17
7YVCvALvveSTre=F v ER LI ORREIH
%, %> T PB Dhiciz%s DNAWEETHTHA
5z LhHERIE N, T YR DNase AET
PB Mz -5 84 H 5, perinuclear zone D
SholbcRbhs PB CiiEx, SEERORELE
YROBEEH PR TS X 5 B IhFAKIE D
BT Y £V — 20BN R bhi, Z 0ERO (1
2000/ &\ 545 H 5, FRANKE 1974) PB i1t
CHHEIhABMET, BATHAER Y XY — AR
BT oTCOBDOTIRAEVES S kv ), BEREEH,
BIiEARFE LIcHERIS 7 ¥ h Tv% (BERGER et al.
1975),

perinuclear zone |I{ifad age LIREEIC X » THE
HrRT 5, BEOSELE LRI b
BT MRERIE /eh, WHBHEEL TV,
CHhxb, RL, BHUEINETTHE, ZORBIEL
T, ThilboHBEBHZHIETINICREL 5,
A. mediterranea Ttz DHIREROINE Y EXK
SAUORMMNETIHG H 5,

perinuclear zone % 8 LIcEHEL, VW5 ETDH
T HIRREMEIC D » TEMlBER I h T <,

B. EX# L HifRE MLk

BEOEAKOWEIL, EOKOMMELE LD
Ritthbifgdbhtc, AL, MlRED ¥, B
YEXBZ L ToHRIhB L THY, —HilaA
s 5 MR E & AR O H A B R BEEORER D
12k/c>T\ %, BELHE L LT transcription O
35 & translation OIE L ORICED X 5 il 2 7

ANEE, DX v /I ANFFEIRSES, B
ABDOEHOBRETH D,

TARE LicEithn b, EAKYIUEL, BEH%E
ERGERICOWT, HADHBEY I TELTARS,
SCHWEIGER b (1975) 1 X Auid BABERZ I B T dk b
T 24N F DI EEY b T ETT AL L -
Tk, RBET IR VOEENN S D Z LML
BHahic, RL—F, EZKEGA (WRE) fEkdbT
Foort Xk, Bl rckic, B THEMLKRD
Y5 KBEHREYEAT VB, ORE EHEHBICLE ]
FXTD component ¥fFx T\ %, @it
DHOFRILELC D D 2> TV 5, (B> TH
B 5 TR DIk Ehsd mRNA
CXBLDOTIRAL), ORERED 2 v B, &
BERGEUTAKRT B, (%< 0 BV EZNMREST
ARENBZENTEBINRTHD : TAHY 7 4 A7
7 2 —EIIBRERIOB 7o > Th LI LEAD T,
faBE DSBS TS UDPG R 7 2 R7 4 ¥ 55—
L ESARE R TRBR OB LT THINT 5
MNEO#INL puromycin THE I hic,)

1. BoMlEZE

Z ORI o R LcEEOMREREEC, &0oX
A ER CHE OB L ED TV LENIE b2,
BREEAPEBIHICI D, BHDAIhICRED
ik mRNA # A4 LCHIlRBERBENLTChEBELD
HFROPIE X TLE 5, SCHWEIGER LIZREHKD
HMREYEY S TFVvLr TRz X 5 & VERKERE
TRBHEAIEO7 1 V41 A% L, Efkrey
= % — b OXkE) & — VIZHLNCHIC X 5 TEVAS
B Rt sk 2 ~ 3 B0 LB I h ik
FoAx—veEb L, EBREBLEAL-TF 7 b —
APk EREFE L U v BB ERERIE LK, I
RELT, 74 7¥1 20kB~5—v H"ELLE
(SCHWEIGER 1975), % DIEERMAEB & v 7R, 3
BkV £V —sEALVMRKY /) 222~ FEh T
B ENEHIRTWS, A4/ ) OEGEDEK,
B&D¥ ) 2% b b, transcription % translation
CHBELEERY L ->TWB LT, £ 0HS
BEABOYEREAYZTTWAZ LIXBELNTHS,
STBEIhCRERKT, HYOERTEECERME
YYETHZENTES,

2. MIRREOTE :
HAMMERLING (3 WD EER TS b - ElEN b
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fxET D EEREINEL I Ll LT,
ZOWMKITFOLELYHRL, ObIC cyst BHATS
T EDBEREC I VNI ol SRR LT
5, ¥ age ORLFA—MEEMAEOEERTIR, Fu
B DR & A TR LIcEER DR Z Dl & LR
WA OO EHICEL L TkBER TR L, i
A% R LI D AR 2 35 Wk 0 R ic o7 <
AL TOIBIEERE D, HEAER I e oL
HECTURBIERA RS 2 EAHZE I, TR,
BERGER B (1976c) (XTEHE%Z Tz oE KD
b & HHE D ic BT A REMZE L% FEC #i~ 1, Fig.
23R & 5 WA LR T A B D JE A R e T
<, BMEILY — e — ST h - T B A, #{b
LIS TRREDOENFELLELS b, BMEX1Eo
HAEfH LR b 2L 51K, ThbOJFjEY
TR E LT, BBAR, MIECES A &,
B B A E B e 3R b, g
i, BHOBAELEEl, O AIRE O EA
ED X5 HAEERIC L > TEliRIhs D, WE
MR ST ey,

FEAHE & D B R L os@fRc 3 v, BRI
HE LIc— Kk ETERETHA 5, HlkH 8~10
mm (ZFE LT A, (A mediterranea TILIEHH 2
7 1, DT 5 A calyculus T35 HE) —
YT RIS 40~50 pm &g b, PRI YWY e
BMEDTER 8D, FOB—KBTTITK & Sa i
LAEMREAIEL 705 & (A. mediterranea —Tii3if
% 8~107 A, A.calyculus Tl 7~ 8], 100~
120 pm & 78 ) ERBE LS8 S LW e e
tich, A. mediterranea TILiHi(k» 8~10mm o

Nucleoli of young (1) and old (2)

Fig. 23.

cells in A. mediterranea.

Ui, i perinuclear zone 2 FEFEL, Z DEH®D
B v 77 5o iR TE D B L, 4
calyculus TRz DN D, B i L Cb M504
DEMHREY LD X 51cicd, R Lic—kB,
My EREOEaoERC i -lcs b, 3T, £
WRICE S ¥ COFENEE (tRNA L mRNA) %
TARTHECZELTLE SO bahicu, &L,
ZThitbif, ZOHEO—KK VWHhWYpbEAKZKLfI%
LTWBDIEA 5 hve — UKL AR Lic & E T
xR BB TRNEF-TwWb L, X ZhHSERS
NEF-Tw3 C &R~ &R LATECRED
EIWR D O rRNA %25 < b il 5 B3iin X
%51, BEMeY bk (DNA) »{RFF L CHMAE O
BWIEZHKIEER DR A% R > T B D0 Lhdsly,
LEDMIRERIET B &, & ORI RGED R
RTIe, Ly LEEEROE T OB o fd %
CADIRCHFEZ SO > T LE o7z, A. calyculus
TREN e &, BERBEEEFE L UM ek
Fr#igshic, FRERBIELZOFHRCIBRY,
FEHLTNCHEZ DD S otc, Thboifd
2 Al calyculus O—EREFRGMET CON R L,

HEVIEHOFHEAHZ WL T hE bt d
DAy, BHETHE, HELBELY OO0 5 LNz
Bohitnw B st s,

TR Y o THE R A TE R =R 0 »
W/ U BEGE D BT & B B0 B IE A & LU
Eoiy

5 R X wmk
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HWHREBR(ICE(¥E Hiromu KOBAYASI: A guide to the

citation of plant names in a paper or report

HELAEED Y A b—2%EB R LTI HAHN
FHAL TV WER LAVEELH Y, FREHD
(BT LWEDKEEB-TWD, LaLishib,
SLTRENLRE DB L §REL XTI\ var.
cryptocephala O X 5 kB EH &g T 500 T Lb,
BLELY et TOHRSDITbMBD ex T2/HRSD
DRSS, ERABLLER T 70 H
BELTH LU ? il wd o LiErh30T, &
ho0 I I EREC OV TETOHERY Lich
LR,

1. HREROBRVWERESL EHE HEY G4 80526
4 1HT “BOELD 21 7 ELRBUTOLEFO
LFL, TOBRKIGE LTI LR UM R RS
LY OFTENTIED, £0D X 5 KBEUTOLEFHD
FED& A 7RBDELD XA FTLERALTHD” &
50MhD, i, FOFIE LT, “Lobelia spicata
LaM. ® # 4 7% &t Lobelia spicatavar. originalis
McVaucH &5 A&t Lobelia spicata
LaM. var. spicata rEhRiEbiVW” EWvWH 0D
ATt - T B,

BE T, CORFEYBECFIEENSL, RO
HFLTHEEOHFTL, PaTrick and REIMER
(1966) : Diatoms of the United States 7g & Tli,
BEAETRTOBEOD LI, ZOHROEELH
s Twb, Bz Navicula radiosa D= %
wHhBELUTOL S 3BELEI BN,

® Navicula radiosa KTz, var. radiosa

® Navicula radiosa var. parva WALLACE

® Navicula radiosa var. tenella (BREB. ex

KuTz.) GRUN.

OV H@ L EAEE EINEERITTVD0E
nominate variety) ¥7:i¥, RHEMCHEE (BB
CIELNHEFOE : autonym) & Li¥hs 30T
WERBE LTS REECH DD THS,

RO XS RREENTHIh5 X 5 Tic-fenid,
“BOEZDZA T EEVBUTO YEHOLMK
DEFOEYLHIRL, BOELD R A ThER,
DREDES LR U/hA% b of USROS 2 DR
DHEFVE BB T 5" &\ 58264 2 FHicikeR
LTW3,

LofioBE 1, 188551 var. tenella k5%
fEn Grunow 1T X » TEYK HAR I hichy & T var.
radiosa &\~5 ABYEMA (FNREEER) HiE
TNtz tieieb, FDi®, Navicula radiosa
KiTz. 024 7% U ERHYRET 55681, N
radiosa KTz, var. radiosa LEhiclHiudicbic
WODTH 5,

Z T, var. radiosa b X5 nLEET
BB, TOEIL, HF254 “GREOHHOLDIRIL,
WELRMOED X 5 HBUTOMROSERD, D
Ld TRo 2L 2kD, Thbo el
TR RMT 2L NT EB, Tibb, Navicula
radiosa Kutz. &12J&EL &, £O T @ var.
radiosa, @ var. parva, @ var. tenella HH5% D
T, ZO32DLDORTERFA LI LTl d,

T THDIEF 2658 1 HIL S £ - TR Ly,
EELLFhdabivor, Zo4&E [EoES
DEA TREL, BUTOHEE] oW TDOLDT,
RS, Fishh, EECEBECIER IR WE
W ROV TTH D, H2652HDBLBALL 5,
¥, Lesquerella lasiocarpa (Hook ex A. GRAY)
Wats LW 58RHY, Thic subsp. berlandieri
(A. GrRAY) RoLLINS and SHAW &\ 5 BFEA AR
ShickLLd, ZORAT FBLXIHC LD
subsp. lasiocarpa &\ 5 BEYEI BT T B, LasL,
subsp. berlandieri (A. GRAY) ROLLINS and SHAW
DTEHF LWEEN HIRShick £ic, subsp. ber-
landieri LRI CE 4 7R b OBBRIIE > L BDORA
5, ThIEBBDLEXEA LT, var. berlandieri
(BBERILL) LTIV AEG, ZOBE
W, B0 BRTO KES4 THH var. hispida
Watrs NIELWVWDTH B,

2. ex [CDWT LETEIFTE k¥4 icd Bres.
ex KuTz. &%, Hook ex A. GRAY Dk 57 ex
(~BRTBDE) TORWE GRELAMNHETL S
DTHEEEFHTLHF LS EEBS5, ZOEL, 546
SIEC “BANCH DAL EYI AR Lo,
FhEMAOHEET S L &ix, TOFIATREEL
WERAL, ERCTOAHYHIR L EELTH D,
L LEURHIE LW HEER DR, flio A%



eX O THALTY LW hbET%, ¥k
D, Gossypium tomentosum SEEM T3 Gos-
Sypium tomentosum NwTT. ex SEEM T X\s,

Lithocarpus polj;stochya (A. DC) REHDER T3
Lithocarpus polystochya (WaLL. ex A. DC)
REHDER TH X\, &) DT3B,

Zhdb, ex OfFVHL, ¥, LWL &R
eX OFIDAZBITE T I Ehbhs, HicY
AMED DL B ETREEL o iedd, Ebbh
~HeBELGEELH, BEST ex 0B LDE
FEREEB LU,

3. EMOBDGHRESR Navicula radiosa Kitz.
var. tenella (BREB. ex KuTz.) GRUN. &\ 5%
BTG ERV, E58Y) A MELSERDOFEE
WCLEBRIDEEZDDLABES LD TH S,
Lirl, RAB0BEWSHEHEBETY IR TS b
R TR 59K “IBE T Th LT OO
BHT, MOEEY LW TEOSE EORELE
FLILE, BROZFZEZIEM T > TBILT
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LY
R b EBEEIRTWS, Tibb tenella

LW 5 /NBD F41x Navicula tenelle BREB. ex
KoTz. Th%so #-T, Zhat N. radiose OEEK
GRUNOW (T k » THiEx % SR 5h T £ DEE
% THh% BrREB. ex KuTz. ¥izik KuTz. i2EM D
FRAR TR T bW DOTH S, i /)
H[OEEX LT, ] & BivBEiEcics,
EofT, Navicula tenella © 2 4 FHFHR, Zhh
Navicula radiosa DEDORECA D2, F0 var.
HEEES L5384, T Tk Naviculu radiosa iz
var. tenello DAHAHIBEIRTLE > Tl )
ZLHVELILTHB, TD LIk &,
tenella D/NZIL(FE % 7o\ D TH L\ /4 (nom. nov.)
G hEe b, CO—XXZ DX 5 B s
HEZTOMOIBELMLTIV,

L ETYUDOFEDORL ) ORREK 1D THD
2, ISR SFIC E - THARBILTE LA EHBFITE
WOT, BRELZOMBRMNEDORCOWTIRMALY
L SHTR WIS B L, (K « £PHE)

wE—%: hEEZHRT (2) Kazutosi NISIZAWA : A short visit to China (2)

R KEWRL, BERERHLET -4 500
whh, 1937FEITZZh, 3B0ADEED 5 H186 AN
BB, FEIA KETRESZCYSB), EBIEFI5
A (RETHBIERIC YD), @0 HER (K¥T
ILEEMI S X UBIF YD) 93 A, EBEZE, By, B’
HRE, BEEE MEE (KEDDRES, BF,
Macrocystis 1o & ORBEHE ELr), BFERE, AR
E®R, T, ‘&0 8FMIOHIEmMIIAH D, 378 b
VOM2EELOPLVAEVRBRBETHS, HARZ
—IMEERHFINEKERBRB Y QE L THVIOBER
K (TAF¥FvBomRiLd LTw5) RmLEED
REFELY, MEFMAX—@BIEAL T, =
COBRBEOPRIIFCHEANRTNB L5 T, L
Do T OIROPFRL EBLITR - T, fix L
HEEDETERKEZFEL 55 b, HOEERID
I e ot Bod B b b D TREAEL
Holeh, TZTRTAFVEBOEINMZEIE=LT
Aa—n (PVA) igEdRAAZTE Y, BEDOLTIIIE
TERAEEWS, BHL PVARBALTWS LR
hh B BEEEOETIRILIA 5h ZOWEFTOIE

WEECIL, =v=1r—n, TAFY, KEEDOH
ERRY LTk D, 7TA¥ VEBERORRREECIX
B o Tuvic,

FETORKE, EHKBEMBOFCHD T V¥
VEBBETSHY RF¥E LI, X&RIBRLARIIER
NEALT A, HETHAIRETRCEER
MNhotebEoTHRLVWEDZ T, —ERAARTI,
BOELCEOBMMENEE L UE- TR LD
ET, BERDZZDOTH L IR Y FTH o1,
L LEED b OMEEOFBTIENAK Y Rk »
Too LM FETEMPT L2V 7OLPETAF YV
BBECE> TV B LW KT, BREYETTW3
DHE LV, TRIZ 300 A BT, —RRNEEF
TN TV B X5 AL, T OEFHTIL, 0
WA h, TOE, cx2TFTHL, =EEDOBERX-
Tk D, 2ETIRI00A, SORERN VB, ZOT
BTHEEIRTWAT7AF VBT TXCREARERE L
Tkbh, AE20F Vb, FrY4bhOEMTI700M
fir & D,

FED LRSI EECE LR T LB VD
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FRbE A TR O Y e 7 1 — 7
fevin + BREHERFIE B, £ oA« R R, A
S+ BAAHRIRZE A

i, 11A 4 HBEL THhote, 3 HEIOWAED 5 b,
1 B23hs b TR B Ol A LR e 2 St Iz
#) Rhodopseudomonas capsulata GE i) # 8
WCHTF= ey Fr—ER7 -V FEv VORfEL L
T 2 RSB HIRR 2 % T O A 3 L
THEot, BIZEL LTHRAER IV — T OMEdixFEL
SHE, HEix—ih JAET5 2 Lic Lk, Anabaena
cylindrica » N, Fﬂﬁ’ﬁflli%ﬁlf% LTWAREKA, &
DOEEFAFI L CRDORELX L L 5 &L 525E h &
i LTS RICDIEHRINTH ey AR IV —F D
FEERAN IR A 714 FLRIE A L <, Sorghum
(v, Cffify) L=aax (Cfily) DRMBEER
FhAk=/) —ALELEViE (PEP) hAAF5—+
DIEF7EAFHIAL T { ity FILL 2> THRED
ZOFEFROWIER Utz 72 1 Bk I s o,
Sorgham T3z ORFFEEMEEL, ¥ 2071
VYA AHBFEEL, EHEROR 22 —2-6-0) ViR
(G6P) 7' ) v v (Gly) LSAMRIES DM &3E
(PEP) %fE&TAM027Widbb, Fizopkit
IEHRENGME (1-4° C D JiA'30° C & h REE) ok L,
G6P % Gly iEncREILT %, EEPLILY v
HEPBEELTWBDL LWy, [{ 70— 7 DBIEHENS

v N R MDﬁMDWLT
e SO IR PERT IR LAE R, et o AR
WERT R, KoL : RERF M TEET,

Uk, MERETE A A TG Y v Lo e A X, ¥
TEBEEER (20 AR AAGED EF) 2 bidifiEsio
FLO A B oD SR I 1 0 35 % [ 7
WHIRKEDFETRE Cle 2 E72Y, ZOWEFNLA
KD 17 7 ADKELRAEORM BB L, »ich
FWIFE VAL D XS THAHL, ZIhbIhbL
BR72 IR AN D EBR T2 L3R ETH
%, FETH BAMRRC (Zor2 Ly Mok Sk A
KI5, BROFECIETAERL, i
WL ZDORREZFEY ART WS X5 THBHA, AR
@:@@@&ﬁ#&kv:&ummféaoﬂﬁh$
momimmfméma, b o & [EGE O R A 3%
, PEEEEZDD X O TREND L,

_I:mm-zi, A B FFERT H2f oz A, 1
RHREME, T, W LR oM R Sicaih
THT » TH » 7o, SHFRAERAFRE, WEESE LRk
FAARGERE AR L COEBIA LW 5 ELAT,
TR AEOOTAAA507C (H A D 65001 14Y) <
BHHTEL DA, AAGED RSB D
£5TC, Rio T hicE#HTORBELE TV S
B d, AAGEREgEROED = & it EHIC e
B U, R EBERF LT
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fE—% : # Tore LEVRING #iZ2%{ES

Kazutosi NISIZAWA : To the

memory of the late Professor Tore LEVRING

Goteborg KEEUEFEERIBIZET > Tore LEVRING
BEOTHEYMoT-DIL, EB2ADPHTH-1
2%, FEBRE L AEREL ebhTwb, MEEEL 7
7 AN D OBEICIE U TG BRI, FOHE
BB HBREOIDITER L TUERR (i)
ﬁ;%'ﬂ: LfC% 5 Tbéo

LEVRING ##% (1913.2.21~1982.1.30) © Z#Hfq
WAL, 19335ED “A Y » —F VIEHEROEE 7 = 77
DL HIEE D, 19814 Goteborg T LML
FoEE10Mm EERES: ~ v FE 2w A (ISS) o proceedings
DFEHX KL D ET, ELEVHFEFEDORBEDI-DIC
Ak S o, FEroddng, R4 (721X Seweden,
Norway O #Hiyis:, Chili @ Juan Fernandez £,
Italy o Adria = Sicily J, Singapore < Cele-
bes i, 1 v FiE®d Crozet = Kerguelen [, Aus-
tralia, Tasmania %> New Zealand o %/, Por-
tugal © Madeira FE7c L) DEED 7 v 5 D%
T EDIFFEFIRTH o fehd, — IR REF N T
MED DD, Pl2E, HWEPHEDO S KA
AL (EARICEWTZrr 7 4 LD XL
AT 2X) »fIHTERwoT, Zofkh7,42¢
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