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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 cyc1e 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 dec1ine 
in plants exposed to continuous light for a long period (more than 60 h) and to continuous 
darkness of more than 36 h， but in the former case， one dark break of more than 4 h 
recovers the rhythm. The process of gametogenesis itself may help entrainment of the 
circadian rhythm. A 4 h 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 lndex 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-
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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 

r hythms 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， inc1uding those mentioned 
above， most data are not c1ear 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 conc1usive 
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 (泊。28'N;129・43'E)，
Amami-Oshima， Japan in 1977 by Dr. S. 
ENOMOTO. and were maintained as axenic 
unialgal stock cultures grown in an artificial 
medium ASP 12 (PROV ASOLI 1963) under 22・c
and 14: 10h L:D cyc1e. 
Monosiphonous steri1e 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 4-5 mm in 
length. Fifteen fragments were grown 
unialgally (but not axenically) as a pre-
culture in a petri-dish (65x80 mm) contain-
ing 150 ml ASP12 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: 10 h L: D 
cyc1e (14L/10D); 22・C，10: 14 h L: D (10L/ 
14D); 22・C，17.5: 12.5 h L: D (17.5L/12.5D); 
22・C，continuous light (L/L); 26・Cfor 14h 
and 22・Cfor 10h in continuous light (14TH/ 

10TL-L/L). l11umination was provided by 
Toshiba“cool white" fluorescent lamps (ca. 
3000-40001ux). 
For periodicity experiments， the basal parts 

of two steri1e (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 ml of a modification 
of ASP12 medium (a modification containing 
nine-tenths di1ution of NaCl， MgS04， MgC12， 
KCl， CaCI2， Na2SiOa， and Tris， and one-
thirtieth concentration of Na2g1yceroPO， and 
KaPO，). The test tubes were placed in a 
water bath (50 x 28 x 26 cm) made of trans-
parent plastic (acrylic resin) boards contain-
ing about 251 tap water. The water in the 
bath was stirred and kept at 26:1:0.1・Cusing 
a portable thermo・regulator(T -80， Tokyo 
Rikakikai Co. Ltdふ Culturetest 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 Wx2) and a constant light inten-
sity of about 60001ux was maintained at 
the surface of the test tubes in the water. 
In general， gametogenesis of this plant 

could be induced by cutting the steri1e 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 
q uickly 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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F'ig. 1. The proc巴ssof 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: 
50μm. 

intensity of color (Fig. 1B). It dev巴loped

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 gam巴tangium

formation， the number of stage B and C 

gametangia were counted as an index. Plants 

which attained reproductive maturity under 

14L/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. On巴 ramulluson th巴 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-cultur巴din 14L/10D 

were given an induction treatment and 

placed in an L/L condition， and the number 

of gam巴tanglaat巴achstage (stag巴 A，B， C 

and D of Fig. 1) was counted and plotted 

at 3 h intervals (Fig. 2). Among the four 
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F'ig. 2. Time course of gametangium forma. 
tion. Point of intersection of decr巴asingline 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 s巴riesof 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 th巴gametangIUm

which separated it completely from its stalk 

as m巴ntionedabove. 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 inters巴ct巴dnearly at 

31 h (b巴tween30 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 

3 h intervals in the present巴xperim巴nt.

To observ巴 theeffects of an inhibitor of 

rhythmical gametangium formation， DCMU 

was added to a modified medium at various 

concentrations and finally a concentration of 

10-0 M was employed in this experim巴nt.

Plants were given induction treatments and 

cultured in the medium with 10-0 M DCMU 

for certain p巴riods. Then DCMU was re-

moved by washing them 3 times in fresh 

medium. 

Results 

F1'ee-running rhythm 01 gametangium 
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Fig. 3. Endogenous rhythm of gametangium 
formation of plants grown under 3 di笹erentlight 
and dark cycles in pre・culture. Open and dark 
bar， I = light and dark period in pre-cultures; 
open bar，二二=continuouslight 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. 

formatio~ in plants ρre-cultured under 3 dif-

ferent light-dark cycles: Plants pre-cultured 
under conditions of 14Lj10D， 10Lj14D and 
17.5Lj12.5D， respectively were given induc-
tion treatments at 2 h intervals and trans-
ferred into test tubes incubated in a water 
bath with an LjL 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 14Lj10D or 10Lj14D， the 
plants induced before 12 h after initiation 
exhibited the first phase at about the same 
time (30-33 h). The second phase occurred 
at 52-56 h in these populations. The third 
and subsequent phases also occurred approx-
imately at 76-81 h 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 
17.5Lj12.5D， 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. 
Ti・mingby one dark break: In plants pre-

cultured under LjL， 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 

ト臥.Il"Safter initiation 
24 48 72 96 
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ー- • 。 • • Ohr dark 
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B • • 。 • • 2tvs dark 。
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Fig. 4. Synchronous circadian rhyttm 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 16 h 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 20 h appeared simultaneously (Fig. 4C). 
Also the populations of plants given 6 and 
16 h dark periods showed the same results 
as plants given 4 h darkness (Fig. 4D-E). 
These results were quite similar to those 
obtained for plants pre-cultured in 14L/lOD 
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 4 h 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/lOTL-L/L (pre・culturalcon-
dition) for 14 days were transferred into L/L 
with a constant high temperature (26・C，
experimental condition) with induction treat-
ments at 3 h intervals. The first phase of 
gametangium formation in the groups of 
plants given induction treatments from 0 
till 12 h appeared at about the same time 
{36-40 h)， but was delayed in other groups 
after 15 h， and appeared 31-33 h later (Fig . 
.5A). In some groups (those induced at 9 
and 18 h)， 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・culturalcondition induces 

A 

B 
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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 O. 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・culturedunder an L/L condition 

were given a single dark break for 6 h or 
12 h 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 6 h or 12 h， 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 12 h)， 
the occurrence of phas回 alsonearly cor-
responded with that of the former (before 
the dark break). 50， 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. 
Dz.sappearance of synchronous rhythms in 

gametangium formation: Plants grown under 
14L/lOD 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 3 h 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 33 h or 
less， the plants maintained their synchronous 
phas悶 ofgametangium formation. In plants 
exposed to the dark for more than 36 h， the 
phases did not appear simultaneously (Fig. 

H山 rsafter initiation 
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Fig. 6. Duration of endogenous rhythm 

under continuous light or dark conditions in 
plants. Dots in Fig. 68 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 36 h 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 4 h 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 infl.uenced 
by a free-running circadian rhythm when 
exposed to a 4 h dark period at different 
times during an L/L condition. Plants grown 
in 14L/I0D 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 4 h dark period at 2 h 
intervals from 0 h till 48 h (Fig. 7). In出is
population， the phases of gametangium 
formation were disturbed in the groups of 

Hours after initiation 
o 24 48 72 96 120 144 

• • • • • 厄 • • • • • • ー • • • • • ー • • • • ー • ー • • • • • ー • • • • 14L110D ー・ • • • • -・ • • • • • -・ • • • • • • • • • • • • • • • • • ー • • • • ー a" -• 1--・ _e  ↓_e e_ 
-ーe - • .圃 • • • e ・ • • • • e • • • • e • • • 

Fig. 7. Effect of a 4 h dark break at dif-
ferent times on the free running circadian 
rhythm. Short horizontal bar =4 h dark break 
given to each group at 2 h 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 14 h and 24 h the occurrence 
of phases was not greatly disturbed. How-
ever， in plants exposed to the dark between 
26 h and 30 h 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 O2 evolution during photosynthesis， 
it also suppressed gametangium formation at 
a concentration of 10-6 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 14Lj10D. DCMU at 10-6 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. 

-• • • • 
Fig. 8. Effect of DCMU on the phases of 

gametangium formation. 一一ー=periodof plants 
exposed to DCMU at 1Q-6M 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 4-5 day 
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 pr関 entstudy， 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 
17.5Lj12.5D cycle (30 h photoperiod) shows a 
24 h period of gametangium formation under 
the LjL 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 inc1uding 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 osci11ator to the “hand" (gametan-
gium formation) in plants grown under L/L 
conditions (cf. Fig. 4A)， whereas it may act 
onlyas 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， 
60 h in Fig. 6A， and 42 h and 48 h in Fig. 
6B) given the treatments. Therefore， the 
e貨ectof induction treatments may be vari-
able according to the amplitude of the basic 
osci11ator， with an increase and a decrease 
at respective time， especially as it induces 
an entrainment of the basic osci11ator when 
the amplitude decreases. 
In a leaf of Viaa fava grown under a 

llL/13D cyc1e， the movement and change in 
nuc1ear 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 (W ASSERMANN 1959). In Pseudobry・
opsis sp. the population of plants pre・cultured
in an L/D cyc1e 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 Viaa 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 W ASSERMANN (1959)， in Phaseolus 
multzjlorus 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 Pseudobryopsz"s 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 Vz'cia 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 

Bηopsis 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. Similar1y， 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 (RUDDAT 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 4 h. 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. 

Acknowledgement 

We are much indebted to Dr. S. ENOMOTO， 
Kobe University， for collecting the culture 
material from the field. We also wish to 
express our gratitude to Prof. Y. SAKAI， 
Hokkaido University， for his critical reading 
of the manuscript. 

References 

BUHNEMANN， F. 1955. Die rhythmische Sporen・
bildung von Oedogonium cardiacum Wittr. 
Biol. Zbl. 74: 1-54. 

BUNNING， E. und MULLER， D. 1961. Wie messen 
Organismen lunare Zyklen? Z. Naturforschg. 
16b: 391-395. 

MULLER， D. 1962. Uber jahres. und lunarperio・
dische Erscheinungen bei einigen Braunalgen. 
Bot. Mar. 4: 140-155. 

OKADA， M.， INouE， M. and IKEDA， T. 1978. 
Circadian rhythm in photosynthesis of the 
green alga Bryopsis maxima. Plant and 
Cell Physiol. 19: 197-202. 

PAGE， J.Z. and KINGSBURY， J.M. 1968. Culture 
studies on the marine green alga Halicystis 
parvula.Derbesia tenuissima. 11. Synchrony 
and periodicity in gamete formation and 
release. Amer. J. Bot. 55(1): 1-11. 

P AGE， J. Z. and SWEENEY， B. M. 1968. Culture 
studies on the marine green alga Halicystis 
parvula.Derbesia tenuissima. III. Control of 
gamete formation by an endogenous rhythm. 
J. Phycol. 4: 235-260. 

PROV ASOLI， L. 1963. Growing marine seaweeds. 
In Proc. IV Int. Seaweed Symp. Pergamon 
Press. pp. 9-17. 

RUDDAT， M. 1960. Versuche zur Beeinflussung 
und Auslosung der endogenen Tagesrhythmik 
bei Oedogonium cardiacum WITTR. Z. Bot. 
49: 23-46. 

VIELHABEN， V. 1963. Zur Deutung des semilu. 
naren Fortpflanzungszyklus von Dictyota 
dichotoma. Z. Bot. 51 : 156-173. 

WASSERMANN， L. 1959. Die Auslosung endogen. 
tagesperiodischer Vorgange bei Pflanzen 
durch einmalige Reize. Planta 53:臼7-669.



180 OKUDA， K. and TATEWAKI， M. 

奥田一雄・舘脇正和:Poeudobryopoio sp. (緑藻類ミ JI，.目)の配偶子墨形成の概日リズム

海産多核緑藻 Pseudobryopsissp.を種々の環境条件下で培養し，配偶子形成が概日リズムの制御によって向

調的にしかも周期的に起こることを明らかにした。配偶子形成を誘導する条件， 明暗交代および温度変化は，こ

の内在リズムの同調因子として作用する.配偶子形成の概日リズムは60時間以上の連続明期下，または36時間以

上の連続暗期下で向調性を失ってくるが，前者の場合4時間以上の暗中断によって回復する。 自由継続する概日

リズムは， 4時間の暗中断によって位相変移(前進または後退)を起こす時間帯を有する。 DCMUは配偶子形成

の過程を阻害するが，内在リズム自体には影響を与えない。 (051室蘭市母恋南町 1-13，北海道大学理学部附属

海藻研究施設)




