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日本藻類学会秋季シンポジウムのお知らせ

日本総類学会では，日本植物学会第54回大会(仙台，東北大学)の前日に，秋季シンポジウムおよび懇親会を

下記の通り開催します。

日 時 ・1989年 9月26日(火)

・/ンポジウム 1 5 : 30~ 1 7:30 

懇親会 1 8:00~20 ・00

シンポジウム会場 :東北大学教養部講義棟(仙台市川内)，参加無料

東北大学教養部への交通案内等については， r生物科学ニュースJNo. 208， p. 14-16 (1989年 3月号)をご参照
下さL、。タクシーですと，JR 1111台駅から10分 (700円程度)です。

演者・演題 安部守(山形大学):褐藻卵の受精と発生

川嶋昭二(前北海道水産試験場)

漁場におけるコソプの生活研究と漁場造成妓術への展開

座 長 谷口和也(東北区水産研究所)

懇親会会場 ・会費 東北大学教養部構内 川内厚生会館経食堂

工場見学 :

3，000円(当日./ンポジウム受付でお支払い下さい。)

出席ご希望の方は，会場準備の都合がありますので 8月末日までに下記宛に葉13でお申

込み願います。

仙台市近郊に大規模なワカメ加工工場があります。見学をご希望の方は 8月末日までに下記宛にお申込み

下さL、。なお，人数に制限 (30名)がありますので，定員に達し次第締切らせていただきます。工場見学は 9

月26日午後 l時から約 1時間です。 u寺聞に遅れた方は見学できないことがありますのでご注意下さい。

交通は， JR仙石線で多賀城駅下車(仙台から約20分)，駅前より !J!Jシーを利用(工場まで約10分， 700円程

度)することになります。

当日，工場見学をされても午後 31時30分からのシンポジウムには充分間に合います。

工場 干985多賀成市宮内 2丁日 5番60号

理研食品株式会社

福話 022-365-6446

シンポジウム・ 懇親会・工場見学 申込先

〒980仙台市背葉区縫通雨宮町1ー1

東北大学段学部水産学科

小 河久 朗

篭話 022-272-4321 内線 304
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Studies on diurnal photosynthetic performance of Sargassum thunbergii 1. 

Changes in photosynthesis under natural sunlight 

Kunshan GAO* and 1samu UMEZAKI 

Laboratory of F，仙のResources，Division of Tropical Agriculture， Graduate School of Agricultu眠時'oto
Universii仇め'oto，606 Japan 

GAO， K. and UMEZAKI. 1. 1989. Studies on diurnal photosynthetic performance of Sargassum thunbe智ii1. 
Changes in photosynthesis under natural sunlight. jpn. j. Phycol. 37: 89-98. 

A f1ow-through system was established to carry out photosynthetic measurements of macroalgae under 
natural sunlight. Changes in photosynthesis of Sargassum thunbergii with changes in solar radiation under 
different weather conditions were measured with the f1ow-through system. It was found that photosynthetic 
rate was higher in the morning也anin出eafternoon on fine days and showed litde difference between the 
morning and the afternoon on a rainy day. Midday， or afternoon， photosynthetic depression observed on 
fine days could not be accounted for by an increase in dark respiration. Despite midday or afternoon 
photosynthetic depression， daily net and gross productions were found to increase linearly with an increase 
of daily photosyn出eticallyactive solar radiation. 

Key lndex Words: Photosynthesis-dark re.砂iration-PAR-Sargassumthunbergii 

1n coastal areas， seaweeds play an impor-

tant role as primary producers. Estimations 

of the primary production of seaweeds often 

rely on photosynthesis-light and solar radia-

tion curves. Seaweeds are usually subjected 

to dramatic changes of solar radiation 

throughout a day. Are the changes in 

photosynthesis with the solar radiation in-

dependent oflight histories? 1s the estimated 

photosynthetic production cIose to the actual 
diurnal production? It is possible that P max 
and initial slope of a photosynthesis-light 

curve differ when a seaweed has been exposed 

to different light histories， or at different times 
of day under natural sunlight. Diurnal 

photosynthesis has been found to show higher 

morning photosynthetic rates and afternoon 

depression in tropical grasses (lTo et al. 1973)， 
freshwater submerged angiosperms 

(GOULDER 1970， HOUGH 1974) and phy-
toplankton (DOTY and OGURI 1957， YENTSCH 
and RYTHER 1957， HARRIS 1973， SOURNIA 

* Present address: Kansai Environmental Engineering 
Center， Nakazaki-nishi 2-3-39， Kita-ku， Osaka， 530 
japan 

1974， MARRA 1978). But there are few 
reports on the diurnal photosynthesis of 

seaweeds. RAMUS and ROSENBERG (1980) 

measured the diurnal photosynthesis of 

seaweeds and reported that photosynthesis-

light curves measured in the laboratory show-

ed a great difference from natural diurnal 

photosynthesis. However， SMITH (1981) 
reported no depression of diurnal photosyn-

thetic pattern in Codium carolinianum and 

Lodophora variegata calculated from an in situ 

study. MAEGAWA and ARUGA (1983)， study-
ing on a cultivated Monostroma latissimum 

population， also reported that no midday or 
afternoon depression of photosynthesis was 

observed， even on fine days. Therefore， it is 
important to follow photosynthetic changes 

under natural sunlight to make clear whether 

seaweeds exhibit a pattern of diurnal 

photosynthetic variation similar to higher 

plants and phytoplankton， or not. 
Sargassum， a genus in the Phaeophyceae， 
constitutes an important pa口 ofthe marine 

flora， forming an extensive vegetation in the 
coastal areas of J apan and playing an impor-
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tant role in the coastal ecosystem. Sargassum 

thunbergii is a perennial species growing on 
rocks at middle to lower level in the intertidal 

zone， forming a conspicuous belt in places not 
exposed to strong wave action， and is 
distributed on the coasts of both the Sea of 

J apan and the Pacific Ocean throughout the 

Archipelago of J apan. The knowledge of 
photosynthesis is important for the estimation 
of productivity of Sargassum. Although there 

are several reports on photosynthesis in 

Sargassum up to now (THOMAS and TREGUNNA 
1968， YOKOHAMA 1977， MIZUSAWA et al. 
1978， GAO and UMEZAKI 1988)， nothing has 
been reported on diurnal photosynthesis and 

daily photosynthetic production of plants in 

this genus. 1n the present study it was intend-
ed to fol1ow the photosynthetic changes of 
Sargassum thunbergii under natural sunlight to 

make clear its diurnal photosynthesis pattern. 

Materials and Methods 

The present study was carried out at the 

Fisheries Research Station ofKyoto Universi-

ty situated at the head of Maizuru Bay， one of 
the branch bays ofWakasa Bay facing the Sea 

of Japan. Here， S. thunbergii forms a con-
spicuous zone at approximately -10 to + 15 
cm tide level and matures in J uly. After 

maturation， the main branches decay away 
and newly germinated main branches and 

juveniles appear about two months later. 

The measurements of diurnal photosyn-

thesis were carried out in October and 

December 1986. Whole juveniles or young 

plants derived from naturally-occurring 

germlings were col1ected and cleaned of ob-
vious epiphytes before use. Samples used for 

measurements of diurnal photosynthesis or 

dark respiration were about 1.5 and 3 cm long 

in October and December， respectively. 
Five to ten samples were used for each 

measurement of diurnal photosynthesis or 
dark respiration. 

Fi肝re1 shows the fiow-through system for 

measuring photosynthesis and respiration. 

The ends of the pipe are cone-shaped， which 
gives a uniform water fiow through the pipe 

(P). Transparent and opaque pipes， 70 cm 
long and 3 cm in inner diameter， were used 
for measurements of photosynthesis and dark 

respiration， respectively. Samples (Th) were 
fi.xed by inserting their holdfasts into a cord 
and kept erect in the pipe. Water fiow 

through the pipe was tested with uranine 
dye. The fiow rate of the filtered seawater 

(臼teredthrough sand and coal particles) was 
control1ed with a fiow meter (Kojima， RK 
1200). 

Fig. 1. Outline of the system for measuring diurnal photosynthesis and dark respiration. T， water 
tank for supplying創teredseawater; F， f10w meter; P， assimilation pipe; Th， thallus; S， underwater quantum 
sensor; R，回corder;WS， water sampling tube; B， water box. 
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Inflowing and outflowing seawater were 

sampled almost simultaneously in D. O. bot-

tles of about 100 ml in duplicate each time. 

Water sampling was made once every hour or 

every two hours for photosynthetic or 

respiratory measurements， respectively. The 
dissolved oxygen concentration of seawater 

was determined by the もザinklertitration 

technique. The titration was made within 3 

to 4 hours after water sampling. Photosyn-

thesis (P) or respiration (R) rate [ml O2 
g(d.W.)-lh-l] was calculated by the follow-

mg equatlOn: 

P or R=(A-B)XFX60X l/W， 

where A and B represent D. O. concentra-

tions (mll-I， OOC and 760 mmHg) of outflow-
ing and inflowing seawater， respectively; F， 
flow rate (l min -1) of filtered seawater sup-
plied into the pipe; W， dry weight (g) of 
samples determined after drying at 850C for 

20 hours. Different samples were used for 

the measurements of photosynthesis and dark 

respiration. During the daytime， dark 
respiration was measured by placing samples 

in an opaque pipe for about 20 minutes. 

After the dark respiration measurement， 
samples were taken out of the pipe and expos-

ed to solar radiation under the same condi-

tions as those for photosynthetic measure-

ments. 

Photosynthetically active radiation (PAR， 
400-700 nm) of incident solar light was 

measured continuously from sunrise to sunset 

with an underwater quantum sensor (LI-

COR， LI・1925)linked with a recorder (TOA 
Electronics Ltd.， FBR・253A). Water temper-
ature in the pipe， which was maintained 
in a water tank， was in harmony with that in 
the sea. Water temperature was in ranges of 

21-230C and 13-140C during the expemri-

ment periods in October and December， 
respectively. 

In order to value diurnal photosynthesis 

measured under different temperatures in Oc-

tober and December， it was necessary to 
know the relationships of photosynthesis and 

respiration to temperature. Photosynthesis 

and respiration versus temperature curves 
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were obtained in March and September in the 

laboratory with a differential gas-volumeter， 
“Productmeter" (Nikko Kagaku Ltd.)， devis-
ed by YOKOHAMA and ICHIMURA (1969) and 

improved by YOKOHAMA et al. (1986). Light 

was supplied by incandescent “high beam 

bulbs" (National， 110V 150W). The water 
temperature was controlled by using a Taiyo 

Coolnit (CL-30). Dark respiration was 

measured by covering the reaction vessel com-

pletely with opaque plastic. 

Results 

The system for measuring photosynthesis 

and respiration in the present study kept 

samples erect in flowing seawater， and this 
made it possible to measure photosynthesis or 

respiration under conditions close to those in 

the sea. However， the time lag for detecting 
oxygen evolved or consumed by samples kept 

in the pipe， which may be related to the flow 
rate， the inner diameter and length of the 
pipe， should be considered. In preliminary 
experiments， changes of D. O. concentration 
of outflowing seawater were measured in the 

laboratory under constant light and 

temperature conditions at different flow rates 

after samples had been put into the pipe. As 

shown in Figure 2， it took about 8， 6， 5 and 2 
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Fig. 2. Time courses ofD. O. concentrations 
in the outflowing seawater at different flow rates 
(0.2，0.3，0.4 and 0.5Imin-l) after 8 individuals of 
S. thunbergii were put into the transparent assimila-
tion pipe at 1000μE m-'s-I and 160C in the 
laboratory. Solid triangles show D. O. concentra-
tions in the inflowing seawater. 
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minutes for D. O. concentrations to level off 

at flow rate of 0.2， 0.3， 0.4 and 0.51 min--I， 
respectively. The D. O. concentration was 

levelled in a shorter time as flow rate increas-

ed. Photosynthetic rates at different flow rates 

were calculated from data ofFigure 2. As in-

dicated in Figure 3， photosynthetic rate was 
not influenced by flow rate although the 

D. O. saturation decreased as flow rate in-

creased within the range investigated. Fresh 

weight and dry weight of the samples used for 

these measurements were 5.394 and 0.794 g， 
respectively. Influences of flow rate on 

photosynthetic rate might have occurred if 

more samples were used at any one time. 

A relationship of dry weight of samples to 

relative net photosynthesis is shown in Figure 

4. Relative net photosynthesis showed con-

stant values ti11 0.9 g as the dry weight of 
samples increased， and was reduced at 1.6 g 
dry weight of samples， while D. O. saturation 
increased with an increase of weight of 

samples. 

Based on the results ofFigures 2-4， the diur-
nal photosynthesis and dark respiration 

measurements of S. thunbergii were carried out 
on condition that the weight of samples was 

←5 g fresh weight (0.59-0.74 g dry weight) 
and the flow rate was 0.2 1 min -1 for 

respiratory measurement and within a range 
of 0.2-0.41 min-I for photosynthetic mea-
surement. 

Figure 5 shows the diurnal net photosyn-
thetic performance and the daily dark respira-

∞
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and lQoC with a flow rate ofO.3Imin- l • 

tion of S. thunbergii juveniles on a fine day in 
October (A)， and a fine day (B)， a cloudy day 
(D) and a rainy day (C) in December. As in-
dicated in Figure 5(A)， net photosynthesis in-
creased in early morning to reach a maximum 

at about 8 o'clock， decreased in late morning 
as solar radiation increased， increased again 
at noon and finally declined as sol訂 radiation

decreased in late afternoon. Dark respira-

tion， which was measured with different 
samples kept under almost the same condi-

tions as those for photosynthetic measure-

ment， was found to be higher in daytime than 
at night， with the former about twice the lat-
ter on average. Daytime dark respiration 

was lower in morning and highest near mid-

day when photosynthetic depression occurred 

(Fig. 5A). On a fine day in December (Fig. 

5B)， net photosynthesis increased to reach a 
maximum at about 10 o'clock in morning as 

solar radiation increascd， and decreased in 
late afternoon as solar radiation decreased. 
Maximum of net photosynthesis was main-
tained for about 4 hours from late morning to 

early afternoon. Little difference in dark 

respiration was found between morning and 

afternoon. On a cloudy day (Fig. 5D)， net 
photosynthesis increased with an increase in 
solar radiation in morning and decreased 
with a decrease in solar radiation in afternoon 

despite fluctuations in solar radiation. Dark 
respiration measured in early morning was 



93 Diurnal photosynthesis of Sargassum thunbergii 1 

DJ~142 
【-，Jn-EE
副
弓

-uaqι

削
∞

m

K

8

4

 

-

o

a

。
aa司
内

4

7
4
T
{
-
E
-
ヱ国
N
O
-
E

6Ldy-
二戸山
N
1
5
3
2

3

1

似

mm

∞
ω

2

2

h

t

a

a

 

W.T. 

也

。。。
Rd 
ーム

18 22 
Time(h) 

10 14 
Dec.19 Time (h) 

-2 
6 。2 

Ocl.15 

{u
。
-
'

.
a
E
a
t
o
E
圭

-
F
I
何
t
E幽
3
a
g

∞
m

o

 

M

3

M

凶

銅

山

柑

10 

W.T. 
B 

-

e

A

w

a

a

宅

内

，

.

T
S
T『・
E
・
司
}
回

N
o
-
E 。。

a 

52 
14 ': 2:. 
13望

主

18 10 14 
Dec.9 

6 
Time(h) 

2 22 
o..c.8 

-2 
18 

T師
向
日

γ
E幽
弓
}
匡
〈
a
h

ぬ

∞

A
幽

甲

町

4

。
W.T. 

C -・
4

e

a

a
司

内

4

《

U

T
f
'
{
-
E
d
}国
制

O
-
E 。

22 2 6 
N酬 .30 Time (hl 

Fig. 5. Diurnal changes in net photosynthetic rate (P n) and dark respiration rate (恥)of S. thunbergii on a 
fine day in October (A) and December (B)， and on a rainy day (C) and on a c10udy day (D) in December. Solid 
circles are pl叫 osyntheticallyactive solar radiation (PAR) measured with a sensor set c10se to the assimilation 
pipe. W.T. is water temperature in the pipe. 
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taking into account time lags for detecting 

evolved oxygen in outfl.owing seawater (Fig. 

2). Dark respiration rates measured in early 

morning after sunrise and in late afternoon 

before sunset were used for construction of 

photosynthesis-light curves. As indicated in 

Figure 6， two photosynthesis-light curves 
resulted from each curve of diurnal photosyn-

thesis; one for increasing solar radiation 

preceding local noon and the other for decreas-

ing solar radiation after noon. Net photosyn-

thesis was higher in morning than in after-

noon， even for the same photosynthetically ac-
tive solar radiation (P AR)， on fine or cloudy-

almost the same as that in evening. This is in 

agreement with that on a fine day (Fig. 5B). 

On a rainy day in December (Fig. 5C)， net 
photosynthesis varied with solar radiation. 

Dark respiration varied little throughout the 

day， which was in accordance with those on a 
fine day (Fig. 5B) and a cloudy day (Fig. 5D). 

For detailed analysis of the diurnal 

photosynthesis of S. thunbergii， photosyn-
thesis-light curves were derived from the data 

in Figure 5. PAR for constructing photosyn-

thesis-light curves were determined from 

averaged values for 8， 6 and 5 minutes at fl.ow 
rates ofO.2， 0.3 and 0.4l min-1， respectively， 
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fine days in December. Net photosynthesis 

increased， saturated at about 300μE 
m-2s-1 and then decreased as the solar radia-

tion increased in the morning on a fine day in 

October (Fig. 6A). Soon after noon， a 
recovery from the midday photosynthetic 

depression was observed. A considerable dif-

ference was found in the initial slopes of the 

curves derived from morning and afternoon 

photosynthesis， with slope much higher in 
morning than in afternoon. On a fine day in 

December (Fig. 6B)， net photosynthesis in-

16~ A 、'3'自由• 

600 1800 1200 
5010r Rad iation (PAR) 
(JlE m-2.-1) 

Fig. 6. Photosynthesis vs. sol訂 radiation
(PAR) curves of S. thunbergii obtained from Fig. 5. 
Open circles are for data before noon and filled 
circles are for data after noon. Numbers a10ng the 
Iines indicate the time of the day. 

creased as solar radiation increased and 

saturated at irradiances above 600μE m-2s-1 

in the morning， with the rate in morning 
higher compa問 dwith that in afternoon. On 

a cloudy-fine day in December (Fig. 6C)， net 
photosynthesis was saturated at almost the 

same P AR as that on也efine day (Fig. 6B). 
Similarly， net photosynthetic rate was higher 
in the morning than in the afternoon. 

However， net photosynthesis was not 
saturated on the rainy day because of the 

much lower solar radiation， and little dif-
ference was found between morning and 

afternoon (Fig. 6D). Initial slope equations 

and P max values for the curves of Figure 6 are 
shown in Table 1. Light compensation 

points of morning and afternoon curves were 
respectively 8 and 34μE m-2s-1 on October 

14，21 and 22μE m-2s-1 on December 1， 22 
and 29μE m-2s-1 on December 9， and 14 
and 23μE m-2s-1 on December 19. When 
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Fig. 7. Photosynthesis-temperature curves at 
600μEm-2s-t如 drespiration-temperatu四 curves
in dark of S. thunbtl苫'ii. Measurements were made 
with four young plants about 3 cm long (A) and with 
six young plants 1-2佃 long(B). Mean of也問e
measurements with SD. 
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Table 1. Initial slope equations and P m副 forphotosynthesis-light curves in 
Figure 6. P in ml02 g(d.W.)-lh-1 and 1 in μE m-2s- 1• 

Initial slope equation Pm副
Date 

Morning Afternoon ml O2 g(d.w.)出 1

Oct. 14 P=0.116I-0.93 P=0.0431-1.48 12.6 

Dec.1 P=0.045I-1.03 P=0.0431-1.01 

Dec.9 P=0.045I-1.00 P=0.0351-1.00 7.8 

Dec. 19 P=0.069I-0.97 P=0.043I-0.97 8.3 

afternoon photosynthetic depressions were 

observed， light compensation point of morn-
ing curves was higher than that of afternoon 

ones. 

Daily gross and net production of S. 

thunbergii were calculated from diurnal net 
phot9synthesis and dark respiration in 

dayiime and nighttime， as summarized in 
Table 2. Daytime net photosynthesis， gross 
and net production and respiration expressed 

in mL O2 were converted to those in dry 

weight as 1 mg O2 (0.7 mL O2) is equivalent to 

0.84 mg dry matter (IKUSIMA 1967). 

Although PAR values were similar (36.6 and 

33.2 E m-2 day-l) on October 14 and 
December 9， daytime net photosynthesis， dai-
ly net production and daily gross production 

on the former day were 1.8， 1.7 and 2.1 times 
the values on the latter， respectively. 
Photosynthesis-temperature curves were 

determined to see how photosynthesis of S. 

thunbergii was insuenced by temperature. 
Light-saturated net photosynthesis for the 

young plants in March (Fig. 7 A) increased to 

reach a maximum near 250C and decreased 

at higher temperatures. Photosynthesis in 

juveniles with primaηleaves in September 

(Fig. 7B) increased to reach a maximum near 

280C and decreased at higher temperatures as 

well. Net photosynthesis at 220C was 1.39 

and 1.46 times that at 140C in March and 

September， respectively. Light-saturated net 
photosynthetic rate in the morning on Oc-

tober 14 was about 1.64 times that on 
December 9; it is a little higher than the rate 

in Figure 7. Dark respiration increased 

linearly with an increase in temperature in 

both months. ~o was about 1.42 and 1.67 in 
March and September， respectively. 
The great difference in daytime net 

photosynthesis， daily net production and dai-
ly gross production between October 14 and 

December 9 might be attributed to the dif-

ferences of temperature and growth stage. 

Juvenile plants used for photosynthesis and 

respiration measurements had primary leaves 

in October but only filiform ones in 

December. Total daily dark respiration on 

October 14 was about 5-10% higher com-

pared with those on days in Decem)>er (Table 

Table 2. Daytime net photosynthesis (Pnd) ， daytime dark respiration (Rdd) ， 
nighttime respiration (~n)， daily gross production (Pg) and daily net production (Pn) 
of S. thunbergii， with temperature and PAR. 

T(e。mCp).PAR  
[mg(d.w.) g(d.W.)-I) 

Date (E m-2day-l) 
Pnd Rdd ~n Pg Pn 

Oct 14. 22 36.6 125.3 14.8 14.9 140.1 110.4 

(87.6)* (11均車 (11.3)市 (98.8)* (76.3)牟

Dec.1 14 4.2 38.8 10.1 17.3 48.9 21.5 

Dec.9 14 33.2 69.7 11.6 16.8 81.3 52.9 

Dec. 19 14 17.9 57.6 9.7 16.2 67.3 41.4 

* Estimated values at 140C in consideration of a temperature factor on the basis of 
the curves in Fig. 7. 
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Fig. 8. Relationships of daytime net pho・
tosynthesis (P nd)， daily net production (P n) and daily 
gross production (P .) to P AR in S. thunb吋 iiat140C. 

2)， and this must be due to higher 
temperature on the former than on the latter 

(Fig. 7). Daytime photosynthesis， daily net 
production and daily gross production on Oc-

tober 14 at 220C were converted to those at 

140C by averaged factors (1.43 for net 
photosynthesis and 1.32 for respiration) from 
the photosynthesis-temperature and respira-

tion-temperature curves determined in 

March (Fig. 7 A) and September (Fig. 7B). 

Converted values for October 14 are higher in 

daytime net photosynthesis， daily gross and 
net production but lower in daytime and 

nighttime respiration compared to data for 

December 9. Disregarding the differences in 

growth stage， daytime net photosynthesis， dai-
ly net production and daily gross production 

were plotted as functions of P AR in Figure 

8. As shown， these all increased almost 
linearly with increases in PAR during the 

period of investigation. 

Discussion 

Diurnal photosynthetic performance of S. 

thunbergii showed asymmetrical variation: that 
is， diurnal photosynthesis was found to show 
higher values in the morning and reduced 
rates in the afternoon， even for the same P AR 
on fine or cloudy-fine days (Fig. 6A， B & C). 
This is similar to patterns which were found 

in higher land plants (Piω'fJalum dilatatum and 

P. notatum) in summer (lTo et al. 1973)， 
freshwater submerged angiosperms (GOUL-

DER 1970， HOUGH 1974) and phyto・
plankton populations (HARRIS and LOTT 

1973， ]ASSBY 1978， MARRA， 1978). 
However， MARRA (1978) showed in the 
laboratory with three different light regimes 

(constant， simulated diurnal variation， and 
fluctuating) that the afternoon depression can 

be largely removed by superimposing a light 

fluctuation on the diurnal regime， and sug-
gested that purported endogenous rhythms 

can not be solely responsible for the afternoon 

photosynthetic depression. In the present 

study， the magnitude of the increase in dark 
respiration was not great enough to account 

for the photosynthetic depression. This is 

similar to the results reported for 

phytoplankton by LORENZEN (1963) and HAR-

RIS (1973). Furthermore， afternoon depres-
sions in net photosynthesis of S. thunbergii 
were found in December on moderately 

bright days (Fig. 6B & C)， but the dark 
respiration showed almost no change (Fig. 5B 

& D). Therefore， the afternoon photosyn-
thetic depression of S. thunbergii can not be 

due to an increase in dark respiration. 

In the present study， when light saturation 
did not occur on a rainy day， little difference 
in the photosynthetic response to light was 

found between morning and afternoon (Fig. 

6D). RAMUS and ROSENBERG (1980) reported 

that diurnal photosynthesis of two green 

algae， Ulva curvata組 dCodium decorticatum， a 
brown alga， Dictyota dichotoma， and a red alga， 
Gracilaria foli俳ra，showed asymmetrical varia-
tion on fine days but symmetrical variation on 

a cloudy day. This is in agreement with 

results for S. thunbergii・inthe present study. 
However， the midday or afternoon photosyn-
thetic depression was much smaller in the pres-

ent study compared with that reported by 

RAMUS and ROSENBERG (1980). On October 

14 the increase in the dark respiration in mid-

day can be considered as being stimulated by 

the build-up of photosynthates as suggested 

by ]ASSBY (1978). Dark respiration of S. 
thunbergii maintained almost constant values 
in the day and night even on bright days in 
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December (Fig. 5B & D)， although an after-
noon photosynthetic depression was observed 

(Fig. 6B & C). This could be caused by the 

lower solar radiation and lower water 

temperature in December compared to Oc-

tober. Therefore， midday or afternoon 
photosynthetic depressions do not always coin-

cide with increases in dark respiration. 

MAEGAWA (1980) and MAEGAWA and 

ARUGA (1983) reported that Monostroma 

latissimum population photosynthesis showed 
no midday or afternoon depression even on 

fine days. In a natural population of 

seaweed， shading effects must be considered. 
In the community of Sargassum thunbergii， 
where plants shade each other， light condi-
tions within the population will determine the 

diurnal photosynthesis of the plant. In the 

present study， plants maitained in the pipe 
were not shaded. 

Estimation of daily primary production of 

seaweeds often depends on integration of 

photosynthesis -light curves determined in the 

laboratorγwith records of ambient solar radia-

tion (e.g. BRINKHUIS 1977). However， data 
estimated in such a way may give rise to 

significant errors because of midday or after-

noon photosynthetic depression. Whether 

photosynthesis-light curves determined in the 

laboratory at different times in a day are dif-

ferent or not， and to what degree daytime 
photosynthesis measured under natural 

sunlight is different from that estimated by 

the photosynthesis-light curves determined in 

the laboratory， should be considered in order 
to establish accurate estimates of primary pro-

duction by seaweeds. 

In the present study， differences in 
photosynthetic performance of S. thunbergii 
between morning and afternoon were confirm-

ed on fine or cloudy-fine days. Such different 

diurnal photosynthetic performance patterns 

in S. thunbergii訂 edi伍cultto explain without 
further investigations. 
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高坤山・梅崎勇:ウミトラノオの光合成に関する研究1.太陽光下での光合成の日変化

大型海藻の光合成を流水中で測定する流水調Ij定法を検討し，ウミトラノオの光合成が日射の変化に伴いどのよ

うに変化するかを，同一藻体群を用いて継続的に測定した。ウミトラノオの光合成は晴天下では同じ強さの日射

に対して，午前は高い速度を示し，午後は低下を示した。しかし，雨の日にはこのような差が認められなかった。

晴天下に認められた午後の光合成の低下は，暗呼吸の増加によるものではない。午後の低下にもかかわらず，ウ

ミトラノオの日生産力は日射量の増加とともに直線的に増加した。 (606京都市左京区北白川追分町京都大学

大学院農学研究科熱帯農学専攻水産資源学研究室)
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Studies on diurnal photosynthetic performance of Sargassum 

thunbergii 11. E玄planationof diurnal photosynthesis 

patterns from examinations in the laboratory 

Kunshan GAO* and Isamu UMEZAKI 

Laboral町 01FishのResources，Division 01 Tropical Agricullure， Graduale School of Agricullure， Kyoω 
University，的。10，606 Japan 

GAO， K.血 dUMEZAKI， 1. 1989. Studies on diurnal photosynthetic performance of Sargassum Ihunbergii 
11. Explanation of diurnal photosyn曲目ispatterns from examinations in the laboratory. Jpn. J. Phycol. 
37: 99・104.

Higher morning photosynthetic rates and afternoon photosyn出eticdepression of Sargassum Ihunbergii 
on morderately bright days reported in a previous paper has been also observed in the laboratory. A 
photosynthesis-light curve obtained in morning showed values much higher than that obtained in afternoon 
on a fine day in November. Such afternoon photosynthetic depression could not be attributed to variations 
in chlorophyIl concentration. Photosynthesis showed constant value under a constant lower (unsaωrated) 
photon fiux density， while it showed highest values at the beginning of the iIIumination period and出en
decreased with time under a higher (saturated) photon fiux density. The afternoon depression in the diur-
nal photos戸E也esismay be explained by postulating the existence of photosynthate pool size regulation. 

Key lndex Words: Chlorop砂ll-d/lrkrespiralion-photosynlhesis-Sargassum thunbergii. 

In a previous paper (GAO and UMEZAKI 

1989)， diurnal photosynthesis of Sargassum 
thunbergii showed higher morning values and 

afternoon depression on moderately bright 

days in October and December. Such diur-

nal photosynthetic variation in S. thunbergii is 

similar to that found in higher plants (ho et 

al. 1973， GOULDER 1970， HOUGH 1974) and 
phytoplankton (DOTY and OGURI 1957， YENT-
SCH and RYTHER 1957， LORENZEN 1963， HAR-
RIS 1973， HARRIS and LOTT 1973， SOURNIA 
1974， MARRA 1978). 
From results of the previous study (GAO 

and UMEZAKI 1989)， it can be expected that 
P max， or the initial slope， of a photosyn-
thesis-light curve of S. thunbergii differs be-
tween morning and afternoon on a day when 

a丘ernoonphotosynthetic depression exists. 

The reason for diurnal photosynthetic 

variatioin in S. thunbergii is unknown. The 

* Present address: Kansai Environmental Engineering 
Center， Nakazaki-nishi 2・3・39，Kita-ku， Osaka， 530 
Japan 

main purpose of this study is to make clear 

whether the difference in photosynthesis of S. 

thunbergii between morning and afternoon 

on bright days can be also observed in the 

laboratory and be related to any fl.uctuations 

in chlorophyll content. 

Materials and Methods 

J eveniles of丘 thunbergiiabout 2 cm long 
were collected in November 1987 from the 

Maizuru Bay， one of the branch bays of 
Wakasa Bay facing the Sea of Japan. Follow-

ing collection， samples were cleaned of ob-
vious epiphytes before use. 

Measurements of photosynthesis and 

respiration were carried out in the laboratory 

with a differential gas-volumeter (Product-

meter， Nikko Kagaku Ltd.)， which has eight 
pairs of reaction and compensation vessels kept 

in a water bath equipped with a motor to shake 

the vessels. Photosynthetic， or respiratory， 
rate was determined from volumes of oxygen 



100 GAO， K. and UMEZAKI， 1. 

evolved， or consumed， by samples， as 
reported by YOKOHAMA et al. (1986). For 
photosynthesis-light curves， various photon 
fl.ux densities were attained in a stepwise 
fashion from the lowest to the highest by 

changing paper filters. Light was supplied 
with halogen lamps of slide projectors (Twin 

Cabin Super， Cabin Industry). Dark respira-
tion was measured by covering the reaction 

vessel completely with opaque plastic. 

On the basis of the previous study (GAO 

and UMEZAKI 1989)， we determined to carry 
out measurements for the photosynthesis-

light curves from 9:00 in the morning and 
from 16:00 in the afternoon to see if any dif-

ference can be found between morning and 

afternoon. It took two to three hours to finish 

measurements in morning or in afternoon. 

Samples were maintained under natural 

sunlight in fl.owing seawater (filtered through 
sand and coal particles) in a fl.ow-through 
water box from evening of the day before the 

experiment. On the experiment day， as soon 
as measurements had been finished in morn-

ing， samples were returned to the water box 
and exposed to sunlight until a氏ernoon

measurements. Water temperature in the 

water box was similar to that in the sea. 

For samples exposed to two constant light 

regimes of 150 and 1000μE m-2 8-1 supplied 

with incandescent lamps (National， 110V 
150W)， photosynthesis and dark respiration 
were measured with the differential gas-

volumeter every hour or two in the 

laboratory. Different samples were used for 

photosynthesis and dark respiration 

measurements. Samples were maintained in 

fl.owing seawater during the intervals of 
measurements under the same light and 

temperature conditions as for photosynthesis 
measurements. Photosynthesis and dark 

respiration were measured at 160C. 

Chlorophylls were extracted with 90% 

acetone a庇ergrinding samples frozen at 

-200C with sea sand， and extracts were 
filtered through absorbent cotton. Absor-
bances of acetone extracts were measured at 

750， 664 and 630 nm with a spec-
trophotometer (Hitachi， Model100-2). Con-

centrations of chlorophylls a and c were 

calculated by the formulae of JEFFREY and 

HUMPHREY (1975). 

Results 

Variation in solar radiation on the day 

when photosynthesis-light curves were obtain-

ed is shown in Figure 1. Photosynthesis-light 

curves determined in the laboratory in morn-

ing and afternoon on that day showed results 

(Fig. 2) similar to those derived from diurnal 

photosynthesis reported in a preceding paper 

(GAO and UMEZAKI 1989)， i.e. higher morn-
ing photosynthetic rate and afternoon depres-

sion. Such a difference in photosynthesis-

light curve between morning and afternoon 

determined in the laboratory must be related 

with the variation in diurnal photosynthesis. 

As compared in Figure2， photosynthesis in 
afternoon measured in the laboratory was 

similarly reduced under natural sunlight， 
although the values measured under sunlight 

in fl.owing seawater were higher than those 
determined under artificial light with the dif-

ferential gas-volumeter. 

Samples used for determination of 

chlorophyll content were maintained under 

the same conditions as for photosynthesis 

24∞ 
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Fig. 1. Diurnal curve of solar radiation on 
November21， 1987， a 白百day.The vertical dotted 
lines show the beginning of photosynthesis 
measurements. 
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Fig. 2. Photosynthesis-light curves of S. 
tkunbergii. Solid lines are curves in morning 
(9:00-11:00) and in afternoon (16:00-18:00) on a fine 
day (see Fig. 1)， November 21， 1987， measured in 
the laboratory at 160C with副 artificiallightsource. 
Each value is the mean of five samples ::t standard 
deviation. Dotted lines are curves measured under 
natural sunlight in f10wing seawater at 140C; each 
value is the mean of data obtained on December 
9 and 19， 1987::t standard deviation (GAO and 
UMEZAKI 1989). 

900 o 

values were slightly lower than morning ones， 
andc辺 ratiosshowed slightly higher values in 

afternoon. However， as can be seen from the 
standard deviations or by t-test analysis， 
values are not significantly (P > 0.2) different 
between morning and afternoon. 

measurements. Collection of samples from 

the flow-through water box was carried out in 

morning and in afternoon on the same day， at 
almost the same time (Fig. 1) as determina-
tions of photosynthesis-light curves. As in-

dicated in Table 1， afternoon chlorophyll a 

Table 1. Comparisons of chlorophyll contents [mg g(f.W.)-'] of S. tkunbergii between morn-
ing and afternoon on a fine day， November 21. 

p.m. (16:00) a.m. (9:30) 

c:a 

0.117 

0.135 

0.131 

0.127 

Chl. c 

0.065 

0.076 

0.079 

0.074 

Chl. a 

0.556 

0.561 

0.605 

0.582 

c:a 

0.127 

0.116 

0.124 

0.110 

0.110 

Chl. c 

0.085 

0.063 

0.076 

0.072 

0.077 

Chl. a 

0.668 

0.541 

0.611 

0.654 

0.702 

-ー-"-
0.635 

0.072 

No. 

咽

且

内

4

0

3

a

'

R

J

0.128 

0.008 

0.074 

0.006 

0.576 

0.022 

0.117 

0.008 

0.075 

0.008 

X 

SD 
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Figure 3 shows differences in photosyn-

thesis and dark respiration of S. thunbergii 
maintained under low and high light condi-

tions. At the beginning of the experiment， 
the response to 1000μE m-2 S-I showed 

much higher values and a gradual decrease 

with time. In contrast， the response to 
150μE m-2 S-I showed almost constant 

values from the beginning to the end of the ex-

periment (Fig. 3 A & B). Nevertheless， dark 
respiration of samples kept under the two con-

stant light regimes showed almost constant 
values throughout the experiment， and a dif-
ference in dark respiration was not found be-

tween the two light regimes (Fig. 3 C). 

Discussion 

From the present study it is clear that the 

difference in the photosynthetic response of S. 

thunbergii to light between morning and after-
noon observed in the laboratory was similar 

to that derived from diurnal photosynthesis 

measured under natural sunlight. However， 
net photosynthetic rate under natural 

sunlight measured with the flow-through 

system was higher than that in the laboratory 

with a gas-volumeter. This may be due to 
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Fig. 4. Relative net photosynthesis-light 
curves measured in the laboratory， replotted from 
data obtained on November 21， 1987. 

differences in the two kinds of photosynthesis 

measurements and in light sources. The 

flow-through system keeps samples in flowing 

fresh seawater， which may enhance photosyn-
thesis of S. thunbergii. Spectrum differences 
between sunlight and artificial light of in-

candescent lamps may also contribute to the 

results. As indicated in Fig. 4， the photosyn-
thesis-light curve obtained in morning from 

9:00 to 11 :00 was about 30% (at low light 
levels) and 15-20% (at high light levels) 

higher than that in afternoon from 16:00 to 
18:00. However， no difference was found in 
chlorophyll contents between morning and 

afternoon (Table 1). Therefore， it can be con-
cluded that the higher morning rate and after-

noon depression of photosynthesis of S. 

thunbergii did not result from diurnal varia-
tion of chlorophyll contents. PALMER et al. 
(1964)， working on photosynthetic rhythms in 
the marine diatom Phaeodactylum tricornutum， 
found no change in chlorophyll content in the 

cell. MARRA (1978) reported that afternoon 

depression of photosynthesis in the marine 

diatom Lauderia borealis was not related to 
chlorophyll content in the cell. It seems that 

there are no variations in chlorophyll content 

coincident with diurnal photosynthetic varia-

tion in both micro-and macroalgae. 

The afternoon photosynthetic depression of 

S. thun卸売giimay be related， in the same way as 
suggested by MARRA (1978) for phyto・
plankton， with saturation of the pool of 
Calvin cycle intermediate on moderately 

bright days when photosynthesis is very ac-

tive. Regulation of photosynthesis should be 

expected to match biosynthetic activity of the 

plant. MISHKIND et al. (1979) reported that 
diurnal variation of photosynthetic capacity 
in Ulva lactuca was not attributable to changes 
in chloroplast orientation， in photosynthetic 
unit size and in the turnover time of the reac-

tion center; they suggested that it might be 

caused by a dark reaction. In the present 

study， photosynthesis of S. thunbergii was at its 
maximum at the beginning of the exposure to 
a saturating photon flux density and gradual-

ly decreased with time; however， it maintain-
ed almost constant values when exposed to an 
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unsaturating photon flux density (Fig. 3). 
This agrees with results reported for a marine 

diatom Lauderia borealis grown in axenic con-

tinuous culture by MARRA (1978). These 
results might be eXplained by Calvin cycle in-

termediate pools getting saturated fast when 

photosynthesis is performed actively under a 

saturating photon flux density and the dark 

reaction which empties the pools remaining 

unchanged (without changes of tempera-

ture). Under a non-saturating photon flux 

density， photosynthesis proceeds slowly and 
is not su伍cientto saturate the pool of photo-

synthates. Therefore， photosynthetic depres-
sion could not be observed. This also is 

supported by the fact that afternoon 

depression was not found on a rainy day， 
as shown in the previous paper (GAO and 

UMEZAKI 1989). 

Since relative net photosynthesis of 

Sargassum thunbergii was 15-30% higher in 
morning than in afternoon， estimated values 
for its daily productivity will be equi-

valently higher (within the phton flux densi-

ty range investigated) if the morning 

photosynthesis-light curve is used for calcula-

tions. Therefore， more attention should be 
paid to diurnal variation in P max and initial 

slopes of a photosynthesis-light curve for the 

estimation of the prima町 productionbased 

on photosynthesis. 
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高坤山・梅崎勇:ウミトラノオの光合成に関する研究11.

実験室内での結果に基づく考察

前報のウミトラノオの光合成に見られた晴天下における午後の低下はグロロフィル含量の日変化によるもので

はないことが分かつた。 11月の晴れの日に室内で午前中に測定した光合成光曲線は午後に測定したものより高

かった。また，室内において一定の光強度下にウミノトラノオを維持すると，弱い光強度 (150μEm-2s-1)の場

合には光合成は一定の速度を維持したが，強い光強度 (1000pEm-2s-1)の場合には最初高い速度を示した後に

低下していった。このような低下は光合成産物の蓄積が原因と考えられる。 (606京都市左京区北白川追分町

京都大学大学院農学研究科熱帯農学専攻水産資源学研究室)
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U1trastructural study of sperm in Laminaria angωtata 

(Laminariales， Phaeophyta)， especially 
on the sagellar apparatus* 

Taizo MOTOMURA 

lnstitute r.if Algological Research， Facul，伊ofScience， Hokkaido University， Muroran， 051 Japan 

MOTOMURA， T. 1989. Ultrastructural study of sperm in Laminaria angustata (Laminariales， Phaeophyta)， 
especially on the f1agellar apparatus. Jpn. J. Phycol. 37: 105-116. 

The ultrastructure of sperm in Laminaria ang出 tataKJELLMAN， especially its f1agellar apparatus， was 
observed by SEM and TEM， and comp訂 edwith L. anglιrtata zoospore and zoospores of the Laminariales 
previouslyexamined. In addition to a long posterior f1agellum， the sperm h.as the characteristic feature in 
that出eb白血f1agellaprotrude through an anterior gullet and a posterior one respectively. Two or three 
chloroplasts are located in the cell periphery. They are not associated with the f1agellar basal bodies. Four 
f1agellar rootlets exist; m司joranterior rootlet (MAR)， minor anterior rootlet (mar)， minor posterior rootlet 
(皿.pr)and bypassing rootlet (BR). The number of microtubules consisting the MAR and the BR is five 
and four respectively. The mar and the mpr respectively consist of a single microtubule. The BR extends 
posteriorly along the nuclear membrane. Both f1agellar basal bodies are connected to each other by an elec-
tron-dense， connecting band. These features are unique among the brown algal motile cells and different 
from zoospores of this species 

Key lndex Words: Flagellar apparat山一Laminariaangustata-Phaeophyta-sperm-ultrastructure. 

Almost all swarmers in the Phaeophyta 

have common features; 1) a longer， 
mastigonemes-bearing anterior flagellum and 

a shorter， undecorated posterior one with a 
lateral， ventral insertion ofthe flagella and 2) 
one bilobed chloroplast containing an 

eyespot. However， sperms of several groups 
in the Phaeophyta in which oogamy is 

prevalent (Dictyotales， Sporochnales， 
Desmarestiales， Laminariales and Fucales) 
are different from these typical 

characteristics. HENRY and COLE (1982a， 
b) observed zoospores of 17 species and 

sperms of 13 species belonging to the 

Laminariaceae， Alariaceae and Lessoniaceae 
of the Laminariales. They showed that the 

characteristic aspects oflaminarialean sperms 

本 Dedicatedto the memory of the late Dr. Munenao 
KUROGI (1921-1988)， Professor Emeritus of Hokkaido 
University. This work was pa口iallysupported by Grant-
in-Aid for Scientific Research from the Ministry of Educa-
tion， Science and Culture ofJapan (Nos. 60480013 and 
61790189). 

(except for Chorda sperm) are as follows: 1) a 

very long and tapering posterior flagellum 

(the anterior flagellum of laminarialean 

sperm appears identical to that of the 

zoospore)， 2) two or three chloroplasts per 
sperm， and 3) the lack of an eyespot 
(zoospores of most laminarialean plants also 

lack eyespots). Recently， CLAYTON (1984b) 
reviewed phylogenetically close relationships 

between the Sporochnales， Desmarestiales 
and Laminariales based on the physiological 

characteristics of fertilization (their sexual 

pheromones secreted from eggs have a sperm-

releasing function as well as a sperm-attract-

ing one)， the manner of gametogenesis which 
is influenced by blue and red light (LUNING 

and DRING 1972， MULLER and Lun王E1981) 
or by the iron concentration in the medium 

(MOTOMURA and SAKAI 1984a)， and especially， 
characteristic features of their sperms as 

mentioned above. 

Recently， O'KELLY and FLOYD (1984) 
determined the absolute configuration of the 
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flagellar apparatus of zoospores of Laminaria 

拘itataand Nereocystis luetkeana. They sug-
gested that the flagellar apparatus in brown 

algal motile cells might possess basically an ab-

solute configuration with minor variations in 

component array which could be contributed 

to phylogenetic studies on the Phaeophyta. 

In this study， the ultrastructure of 
Laminaria angustata sperm， especially its 
flagellar apparatus is investigated， and the 
differences in flagellar apparatus features 

between zoospores and sperms are discussed. 

Materials and methods 

Culture 

Sporophytes of Laminaria angustata 

KJELLMAN were collected at Charatsunai， 
Muroran， Hokkaido， ]apan in November 
and December of 1984 and 1985. Cultured 

specimens of female and male gametophytes 

were obtained from germlings of zoospores 

and maintained in Fe-free ASP12NTA 

medium (MOTOMURA and SAKAI 1984a， b). 
To induce gametogenesis， small tufts (ca. 
0.5-1.0 mm  diam.) of female and male 

vegetative gametophytes were inoculated into 

PESI medium (TATEWAKI 1966) s巴parately.

Cultures were incubated at lOoC， 14:10 LD 
cyde and 55μmol m-2s一1from cool-white 

fluorescent lamps. 

Eleclron microscopy 

Preparation ofliberated sperms for electron 

microscopy was conducted as follows: About 

one week a丘erthe separate inoculation of the 

male and female gametophytes into PESI 

medium， eggs and oogonia of female 
gametophytes and antheridia of male 

gametophytes were matured in respective 

cultures. At this time， many sperms were 

liberated within seconds by the addition of 

one or two drops of conditioned medium from 

the female gametophyte culture to the mature 

male gametophytes (the effect of this 

phenomenon is presumed to be by “lamox-

irene"， LUNING and MULLER 1978，恥1ULLERet 

al. 1979， MARNER et al. 1984). Liberated 
sperms around the mature male 

gametophytes were immediately fixed for 

about 15 min. in 1% glutaraldehyde and 

0.5% OS04 in PESI medium. After block 

staining in 0.5% uranyl acetate solution for 

15 min. at 40C， specimens were dehydrated 
in an acetone series and embedded in Spurr's 

epoxy resin. Serial sectionings were done 

with a diamond knife on a Porter-Blum MT-1 

ultramicrotome， and sections were mounted 
on formvar-coated slot grids with careful 

monitoring of the orientation and sequence of 

the sections. Sections were stained with 

uranyl acetate and lead citrate， or only lead 
citrate， and observed with a Hitachi H・300
electron microscope. Following O'KELLY 

and FLOYD (1983)， analysis of basal body 
triplet implication in micrograph of serial 

sections confirmed the absolute orientations 

derived from section mapping 

For whole-mount preparations， a drop of 
suspension containing liberated sperms was 

placed on formvar-coated grids， and fixed in a 
vapor of OS04 for 30-60 sec. A丘町 nnsmg

and drying， the grids were shadowed with 
platinum. 

For SEM specimens， liberated zoospores 
and sperms fixed as above were placed on 

TOYO membrane filters (regenerated 

cellulose type， with 1.0μm and 0.2μm pore 
sizes)， and dehydrated in an acetone series. 
They were critical-point-dried using dry ice， 
coated with gold， and observed with a Hitachi 
S-51O electron microscope. 

Fig. 1. TEM micrograph of a liberated sperm of Laminan"a angustata by whole-mount preparation. Note an 
anterior flagellum (AF) decorated with mastigonemes and a long posterior flagellum (PF) 
Fig. 2. SEM micrograph of a zoospore of L. angustata bearing AF and PF. Arrow shows the cytoplasmic 
hollow along the AF 
Fig. 3. SEM micrograph of a sperm of L. angustata bearing AF and PF. The bases ofboth flagella are sur-
rounded by the cytoplasm (arrows). Mastigonemes on an anterior flagellum are wavy or detached 
Fig. 4. TEM micrograph of a sperm of L. angustata. The nucleus (N) and Golgi body (G) ex凶 nearthe basal 
body of anterior flagellum (AF) but the chloroplast (C) does not. Note that the AF protrudes through the anterior 
gullet. 
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Flagellar apparatus absolute configuration Results 

conventions and terminology are those of 

O'KELLY and FLOYD (1984)， and BARR and GeneraL uLtmstruclure 01 L伽 mtedsterm 
ALLAN (1985). Gen巴凶 ultrastructure (Fig. 4) of liberated 
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sperm (ca. 5μmX3μm) of Laminaria 
angustata， including a heterochromatin-rich 
nucleus， several small chloroplasts， mitochon-
dria and the Golgi body， is fundamentally con-
sistent with those of previous investigations 

about the related organisms by HENRY and 

COLE (1982 b). Therefore， it is not necessary 
to report it in detail. However， differences of 
extemal appearance between zoospores and 

sperms of L. angustata newly found by SEM 
observation will be shown. As mentioned 

by HENRY and COLE (1982 b)， the sperm of 
this species has an anterior flagellum (ca. 

15μm long) bearing mastigonemes and a 

long tapering posterior flagellum (ca. 40μm 

long) (Fig. 1). The zoospore does not have 

such a lc;>ng posterior flagellum (Fig. 2). Both 

flagella are inserted asymmetrically and a 

shallow groove extends anteriorly with the 

anterior flagellum. On the contrary， this 
groove can not be observed on the sperm sur-

face. The appearance of sperm is not so 

uniform as that of zoospore. However， it is 
confi.rmed that both flagella of almost all 
sperms protrude through an anterior gullet 

and a posterior gullet respectively (Fig. 3). 
This arrangement can also be observed in 

thin sections (Figs. 4， 5， 8-11， 24， 25). 

The fiagellar apparatus 

The arrangement of the two basal bodies in 

L. angustata sperm is definite， namely， the 
proximal end of the posterior basal body bor-

dering on the proximalleft side of the anterior 

basal body， and the angle between them is 
about 1100 (Figs. 41， 42). This is one ofthe 
typical basal body confi.gurations in brown 
algal motile cells (O'KELLY and FLOYD 1984， 
1985， O'KELLY， personal communieation). 
The two basal bodies are closely associated 
with the nucleus and the Golgi body， but not 
with any ofthe chloroplasts (Figs. 4， 6， 9-11). 
The four sets of flagellar rootlets are observ-

ed near the flagellar basal bodies. They run 

along the inner membrane surface of anterior 

and posterior gullets (Figs. 8-11， 12，24，25). 
The MAR of sperm consists of fi.ve 
microtubules (Figs. 12， 13， 23) (vs. seven in a 
zoospore of L. angustata (MOTOMURA， un-

published data.) and other Laminariales 

(O'KELLY and FLOYD 1984) and runs anteriorly 

through the right side of sperm froIP the 

proximal part of the anterior basal body 

(Figs. 5-8，21-23，41，42). TheMARisclosely 
associated with the surface of a mitochon-

drion (Figs. 19-21) and forms an arc at the tip 

of the sperm before terminating in this 

region. The mar and mpr rootlets run 

respectively along the anterior and posterior 

gullets. The mar originates from the prox-

imal part of the anterior basal body (Figs. 6， 
10， 39). It runs anteriorly along the left side 
of the sperm and terminates posteriorly to the 

apex. It consists of one microtubule and is 

associated with a mitochondrion located at 

the anterior cytoplasm (Fig. 24). The mpr 

extends posteriorly from the proximal part of 

the posterior basal body (Fig. 9). It consists 
of a single microtubule， and is also associated 
with a mitochondrion (Fig. 25). The BR 

which is composed offour microtubules (Figs. 

12-14) originates near the anterior end of the 

MAR and extends posteriorly， passing im-
mediately ventral to the basal bodies and ap-

parently terminating in the cytoplasm ventral 

to the nucleus (Fig. 5). No associations ofthe 

rootlets with any chloroplasts are seen. A 

posterior fi.brous band， which extends from 
the posterior basal body to the anterior end of 

the nucleus， connects the BR to the posterior 
basal body(Figs. 11， 15-17). TheMPR(m司or
posterior rootlet)， which extends posteriorly 
with the BR from the posterior basal body， 
does not exist (Figs. 12-18). 

In zoospores of Laminaria d;な出ta and 
Nereocystis luetkeana， O'KELLY and FLOYD 
(1984) reported a set of three striated bands 

that connect the basal bodies to each other， 
namely a deltoid striated band， a strap-
shaped striated band and a button-shaped 

striated band. In the sperm of L. angustata， 
these structure connecting both basal bodies 

can not be distinguished. Instead， an elec-
tron-dense and partially striated band (Fig. 

22) connects both basal bodies. The 

ultrastructure and confi.guration of basal 
bodies and their associated components were 
observed by serial section in the views from 
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Figs. 5-i. TEM micrograph of non-consecutive seriaJ longiludinal seclions of a liberated sperm. The 
bypassing root1et (BR)， m句oranterior rootlel (MAR) and minor anterior rootlel (mar) are visible. The nucleus 
(N) and Golgi body (G) exiSI near the anlerior flagellar basal body (As) and posleriol日agellarbasal body (Ps). In 
lhis case， lhree chloroplasts (C) are observed in lhe cyLOplasm， bUI lhey do nOI CXiSI near the basal bodies 
Fig. 8. MAR runs anteriorly from lhe proximal side of lhe anterior basal body. Arrow shows 

masligonemes on the anterior f1agellum 

Fig. 9. Note that minor poslerior rootlet (mpr) runs from the proximal part ofthe posterior basal body and il 
is associated with the mitochondria (M). Arrow shows the MAR and al"l・owheadshows the BR. 
Figs. 10 and 11. Non-conseculivc serial sections. In Fig. 10， lhe minor anlcrior rootlet (mar) runs anteriorly 

from lhe proximal part of the anterior basal body and is associated with lhe mitochondria. In Fig. 11， the BR and 
lhe posteriOl自brousband (arrow) arc visible. Note that the poslcrior自brousband is associated with the nuclear 
membrane. 
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Fig. 44. Diagrammatic回 presentationof a 
sperm in ventral view. 

Fig. 45. Diagrammatic representation of the 
basal bodies and associated llagelIar apparatus com-
ponents. 

the top of the anterior basal body to the bot-

tom (Figs. 26-33)， from the top of the 
posterior basal body to the bottom (Figs. 34-

39) and from one side of both basal bodies 

(Figs. 40-42). Figure 27 shows the 

transverse section of the basal plate at the top 

of the anterior flagellum. The curved fibrils 

typically found at the distal end of basal 

bodies are shown in Fi伊ues28 and 34. The 

connecting band covers the half round of the 

proximal side of the posterior basal body 

(Figs. 31-33， 36， 37， 41) and is three-Iobed 
(Figs. 36， 37， 43). Electron dense material 

Figs. 12-18. Non-consecutive serial sections of the BR. In Figs. 12 and 13， the BR consisted of four 
microtubules and the MAR consisted of five microtubules a問 visible. Arrow indicates the posterior fibrous band 
which is associated with the nuclear membrane. It is also noted that MPR does not occur. 
Figs. 19 and 20. Consecutive serial sections grazing the MAR. It is noted that the MAR is associated with 
the mitochondria. 
Figs. 21-23. Non-consecutive serial sections of出eMAR. The MAR composed of five microtubules is 
deviated from tbe proximal side oftbe anterior basal body (Fig. 23) and associated with the mitochondria. In Fig. 
22， striation of the connecting structure is visible (世rowhead)'
Fig. 24. Transverse section ofthe anterior llagelIum. The MAR and mpr (arrow) are visible and they are 

associated with the mitochondria. 
Fig. 25. Transverse section of tbe posterior llagelIum. It is noted that the mpr (arrow) is associated with 
the mitochondria. 
Figs. 26-33. Non-consecutive (Figs. 26-28， 30-33 are consecutive) cross sections through the anterior 
sagelIum (AF) and basal body (AB). Arrow shows the MAR and arrowhead shows the BR. Fig. 27 shows the 
curved fibrils. Profiles of the connecting band are observed in Figs. 30-33. 
Figs. 3←39. Non-consecutive (Figs. 36-39 are ∞nsecutive) cross sections through the posterior ba叫 body

32ii:ご322it232:咋LTおと?tL52e都民泊認J22M:r;tzzrZ3ittfit
Figs. 36 and 37， the profiles of the connecting band are observed. In Fig. 39， the anterior basal body (AB) and 
mar ~ppea~: 

imal出-2t;ムtzr::::::;;7お;222::i122121:IZ1t:17;:LJ;zr;足立2Y224tt22
body (AB)， and the angle between PB and AB is about 1100 • Note that the connecting band attaches to the 
nuclear membrane (Fig. 40). 
Fig. 43. Connecting band between the anterior basal body (AB) and the posterior basal body is visible as 

three-lobed. Electron-dense material is seen in each lobe of connecting structure. 
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can be observed in each lobe between the con-

necting band and the posterior basal body 

(Figs. 36， 37， 41， 43). This band also covers 
the proximal end of the posterior basal body 

(Fig. 32) and the side of the anterior basal 

body adjacent to the posterior basal body 

(Figs. 30-32). The nuclear protrusion ex-

tends to the basal bodies and attaches to the 

connecting band (Figs. 6， 40， 41). Based on 
the results， schematic diagrams showing the 
confi.guration of flagellar apparatus of 

Laminaria angustata sperms and its position in 

the cell were presented in Figures 44 and 45， 
respectively. 

Discussion 

In zoospores of Laminaria aπ!gustata， a 
shallow groove extends with the anterior 

flagellum from the flagellar base to the 

anterior top ofthe cell. Similar grooves have 

been found in TEM photographs of zoospores 

of Laminaria digitata (O'KELLY and FLOYD 

1984)， gametes of Scytosiμon sp. (CLAYTON 
1984a)， zoospores of Desmarestia viridis， D. 
1なulataand several species of the Laminariales 
(MOTOMURA， unpublished). It seems that 
these structures exist in many phaeophycean 

swarmers which have a typical flagellation. 

On the contrary， sperms of this species have 
no such groove， but both flagella protrude 
through an anterior伊 lletand a posterior 

one respectively. These structures have not 

been reported in the brown algal swarmers. 

It is probably an important characteristic of 

Laminaria that the structural differences of 

flagellar insertion between zoospore and 

sperm are possessed. 

It has been demonstrated that a chloroplast 

with or without an eyespot always exists near 

the basal bodies in many swarmers of 

phaeophycean algae: zoospores and gametes 

of Ectocゆ ωand乃laiella(BAKER and EVANS 
1973a， b， LOFTHOUSE and CAPON 1975， 
MARKEY and WILCE 1976a， b)， gametes of 
SりItoS!μon(MANTON 1964， CLAYTON 1984a)， 
male gametes of Cutleria (LA CLAIRE and 

WEST 1979)， and zoospores ofthe Laminariales 
(TOTH 1976， HENRY and COLE 1982a， O'KELLY 

and FLOYD 1984). Female gametes of 

Cutleria have many chloroplasts， but one of 
them is close to the basal bodies (LA CLAIRE 

and WEST 1978). Even in the Fucales， the 
sperm has one small chloroplast near the 

basal bodies (MANTON and CLARKE 1956， 
MANTON 1964， BOUCK 1969， BERKALOFF and 
ROUSSEAU 1979). A sperm of L. angustata has 
two or three small chloroplasts which are 

located in the cell periphery. No connection 

between the nuclear envelope and the 

chloroplast endoplasmic reticulum could be 

detected. Despite the existence of a nucleus 

and a Golgi body near the flagellar basal 

bodies， intimate relationship between 
chloroplasts and the flagellar basal bodies is 

not present. Therefore， it is a ve町 unique
character that no chloroplast is associated 

with the basal bodies in Laminaria sperm. 

There have been few repoロsof detailed 

observations on the flagellar apparatus in the 

brown algal swarmers. But it is now clear 

that fi.ve flagellar rootlets (MAR， mar， MPR， 
mpr and BR) compose the flagellar apparatus 

and their confi.gurations are nearly identical 

(O'KELLY and FLOYD 1984， 1985). Among 

them， the MPR is observed in many 
phaeophycean swarmers having an eyespot 

(O'KELLY， personal communication) and 
sperms of several species of the Fucales， 

Hali均人む のstoseiraand Bグurcaria(MANTON 
1964) and p，砂llostora (MOESTRUP 1982). 
However， O'KELLY and FLOYD (1985) 
reported that there are several variations in 

the number of microtubules of flagellar 

rootlets. They suggested that the number of 

microtubules in both the MAR and BR of 

almost all brown algal motile cells is basically 

seven and variations from “seven and seven" 
in sperms of the Fucales and zoospores of the 

Laminariales . probably represent a derived 

status. Therefore， such variations may be 
useful in determining the phylogenetic rela-

tionships within and among the more ad-

vanced brown algal orders. Additionally， it 
must be noticed that especially in the 

oogamous groups， for example in the 
Laminariales in this experiment， gamete 
ultrastructure di釘"ers considerably from 
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almost typical zoospore ultrastructure. 

Therefore， it is also necessary to observe 
reproductive celIs derived from both the 
gametophytic and the sporophytic genera-

tions throughout the life history ofthe species. 

Compared with ultrastructures of phaeo-

phycean reproductive celIs examined so far， 
it has become c1ear that those of Laminaria 
have several unique characters as folIows: 1) 
MPR does not exist in zoospore and sperm of 

Laminaria angustata; 2) the rootlet formula of 

MAR and BR of Laminaria sperm is 百veand 
four"， differing from “seven and five" of 
laminarialean zoospores and “seven and 
seven" of most other phaeophycean 

swarmers; 3) sperm has two or three smalI 
chloroplasts， which do not exist near the 
flagelIar basal bodies; 4) the BR of Laminaria 
sperm extends posteriorly along the nuclear 

envelope， even though in almost alI brown 
algal swarmers， including laminarialean 
zoospores， it extends posteriorly along the ven司
tral surface of the chloroplast; 5) an electron-

dense band with partial striation connects the 

basal bodies to each other in Laminaria 

angustata sperms like other laminarialean 

sperms (HENRY 1982b)， while in zoospore， a 
set of three striated bands connects the basal 

bodies (O'KELLY and FLOYD 1984); 6) sperm 

has a long tapering posterior flagelIum; 7) 
both flagelIa of sperm protrude through the 

gulIets respectively; 8) mar and mpr of 
sperms are associated with mitochondria; and 

9) egg has the vestigial flagelIa and unique 
flagelIar apparatus (MOTOMU臥 andSAKAI 
1988). These characters ofreproductive celIs 
of Laminaria would be important to consider 

the phylogenetic position of the members of 

the Laminariales within the brown algae. 

CLA YTON (1984b) hypothesized a c10se 
phylogenetic relationships among the Spo-

rochnales， Desmarestiales and Laminari-
ales based on possessing their common 

features in that their sperms have several 

chloroplasts and no eyespot. ActualIy， it is 
also obvious that sperms of Perithalia caudata 

(Sporochnales) (MむLLERet al. 1985) and 

Desmarestia spp. (RAMIREZ et al. 1986) and Ar-

throcladia villosa (Desmarestiales) (MULLER 

and MEEL 1982) have a long， tapering 
posterior flagelIum like sperms of the 

Laminariales. Then， it might be possible to 
be more precise about the phylogenetic rela-

tionships among these three orders by examin-

ing the detailed ultrastructures of sperms and 

eggs on the above-mentioned features. 
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本村泰三:ミツイシコンブ(褐藻，コンブ目)の精子の微細構造，特に鞭毛基部構造について

ミツイシコンプの精子の微細構造，特にその鞭毛基部構造を透過型・走査型電子顕微鏡を用いて明らかにし

その遊走子および今までに報告されている褐藻類の遊走細胞との比較を行った。精子は長い後鞭毛を有してお

り，両鞭毛の付け根付近を細胞質が襟状となって取り囲んで九、る。細胞質中には2-3個の葉緑体が存在してい

るが，それらと鞭毛基部構造との密接な関係は見られない。 4組の鞭毛根(MAR，mar， mpr， BR)が観察でき，

それぞれ5，1， 1， 4本の微小管からなる。 BRは精子前方より核践に沿って後方に伸び， MAR， mar， mprはそ

れぞれミトコンドリアとの連結が認められた。 2本の鞭毛基部は特徴的な形態をした電子密度の高L、1枚の帯状

構造物でつながれている。上記の微細構造のいくつかは他の褐藻類の遊走細胞では報告されていない特徴であり，

今後，褐藻植物内でのコンブ類植物の系統関係を考える上で重要であると考えられる。 (051北海道室蘭市母恋

南町1-13 北海道大学理学部附属海藻研究施設)
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Seasonal suctuation of Chrysochromulina parva (Prymnesiophyceae) 

in four ponds and lakes in the Kinki district， Japan 

Hiroyuki 1 TO 

Water Quality Laboratoザ"Kobe α伊 Wal仰 orksBureau， 37-1， Kusutani-cho，均匂0・ku，Kobe， 652 Japan 

lTo， H. 1989. Seasonal suctuation of ChりIsochromulinaparva (Prymnesiophyceae) in four ponds and lakes 
in the Kinki district， Japan. Jpn. J. Phycol. 37: 117-122. 

Chrysochromulina parva LACKEY (1939) was collected in spring from Sengari Reservoir， Karasuhara 
Reservoir and Yasuba-ike Pond in Hyogo Prefecture， while in winter and spring from Lake Biwa in Shiga 
Prefecture， Japan. It appeared at}匂hdensity of21 ，000 cells/ml on 13 April1982 in S町19ariReservoir and 
59，000 cells/ml on 14 March 1983 in Yasuba-ike Pond. The distinctive feature ofthis species is its rapid in-
crease and subsequent decrease in a short time. C. parva seems to prefer eutrophic waters and is classified 
as eurythermal. 

Key 1ndex ~的地・ Cell number-Chrysochromulina parva-lake-pond一均'mnesiophyceae一間er-
voir-seasonal.fluctuation. 

Chてysochromulinaparva is a small organism 

with three appendages， two equal 
acronematic fiagella and a haptonema. This 

species was fi.rst recorded from the Scioto 
River， U.S.A. (LACKEY 1939)・ Thereafterthe 
worldwide distribution of this species has 

been proved by many workers (PARKE， LUND 
and MANTON 1962， HEYNIG 1963， THOMPSON 
and HALlCKl 1965， MEYER and BROOK 1969， 
KRlSTlANSEN 1971， CRONBERG 1982， BAILEY-
WATTS 1986， DUTHIE and STOUT 1986， 
MUNAWER and MUNAWER 1986， POLLlNGHER 
1986， REYNOLDS 1986). In ]apan it is 
distributed in three localities (INOUYE and 

CHIHARA 1987)， but its seasonal fiuctuation 
has not been studied. The purpose of this 

paper is to make clear the seasonal fiuctuation 

of C. parva and its character in four ponds and 

lakes in the Kinki district. 

Materials and Methods 

Study sites were: Sengari Reservoir 

situated over three cities， Kobe， Sanda and 
Takarazuka， Hyogo Prefecture; Karasuhara 
Reservoir， Kobe City; Yasuba-ike Pond， an 
irrigation pond in Takarazuka City; and Lake 

Biwa， Shiga Prefecture， the largest lake in 
]apan. Physicochemical characteristics of 

these ponds and lakes are summarized in 

Table 1. Total phosphorus and total 

nitrogen were determined according to pro-

cedures recommended by the ] apanese En-

vironmental Agency. Other chemical 

analyses were done by the methods of] apan 

Water Works Association (1985). 

Investigations were made once or twice a 

week in Sengari Reservoir (March 1979・June

1987) and once a month in Yasuba-ike Pond 

(March 1980-]une 1983)， Karasuhara Reser-
voir (April 1978・March1988) and the south 

basin of Lake Biwa (January 1981， May 
1986・April 1987). Sampling stations in 

Sengari Reservoir are shown in Fig. 5. In 

Yasuba-ike Pond， water samples were taken 
at a station 1 m off the shore where the depth 

was 50 cm and in Karasuhara Reservoir at a 

station 3 m off the dam where the depth was 

about 17 m. In the south basin of Lake 

Biwa， water samples were taken at a station 
about 200 m off Yamada Habor and at a sta-

tion about 2 km off the intake of the Lake 

Biwa Waterway No. 2 of Kyoto City. 

Samples were collected in 1 l bottles from 
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Table 1. Physicochemical characteristics (mean values) of Sengari Reservoir， 
Karasuhara Reservoir， Yasuba-ike Pond and the south basin of Lake Biwa in the Kinki 
distr附，Japan. 

Locality Sengari 
Reservoir 

Prefecture Hyogo 

Area (m2) 1.12XI0. 

Volume (m3) 1.16 X 107 

Maximum depth (m) 31.0 

Karasuhara 
Reservoir 

Hyogo 

1.15 X 105 

1.32 x 10. 

19.0 

Yasuba-ike 
Pond 

Hyogo 

2.50 x 10' 

4.00 x 10' 

2.0 

South basin of 
LakeBiwa 

Shiga 

5.68x 107 

2.00 X 108 

7.6 

Period of ApM r.1979-
investigation ar. 1987 

ApM r1979-
ar. 1987 

Jan. 1979-
Jan. 1988 

May 1986-
Apr. 1987 

Chlorophyll a (μg/l) 8.7 

Total phosphorus (mg/l) 0.019 

Total nitrogen (mg/l) 0.54 

Total hardness (mg/l) 22.8 

Alkalinity (mg/。 19.5 
COD (mg/。 2.7 
Conductivity (μS/cm) 86.2 

pH 7.6 

* Data from TEZUKA (1984). 

the surface at all stations. Water sample of 

0.5 l each was fixed immediately with 0.5% 

Lugol's solution and subsequently with 2% 

formalin. The fixed sample was settled for a 

week and concentrated to 10 ml. Unfixed 
sample of 0.5l each was centrifuged at 

3，000 r.p.m. for 10 min. and concentrated to 
1 ml. Both fixed and unfixed concentrated 

samples were used for examinations of C. par-
va with optical and electron microscopes. 
The cell number per ml of C. parva and other 
phytoplankton at each sampling time was 

estimated under an optical microscope by 

counting whole cells in 111000 ml of the fixed 

concentrated samples using a Fuchs Rosental 

hemacytometer. The method used to 

observe C. parva with a transmission electron 
microscope (JEM  100B) is described in a 
previous paper (lTo 1988). 

Results 

A veη， small organism with three append-
ages and two brown chloroplasts was col-

lected from four ponds and lakes in the Kinki 

district， ]apan. It was observed by electron 
microscopy and identified as Chヮ'sochromulina
parva by its very long haptonema. and struc-

18.4 

0.037 

0.81 

64.7 

60.3 

4.3 

223 

8.5 

24.5 

0.086 

0.99 

29.7 

25.7 

9.2 

125 

6.7 

10.1傘

0.017* 

7.7 

ture of scales lying above the cell surface. 

The haptonema is 7-15 times as long as the 

cell length. Scales are circular or oval with 

concentric striations and widely spaced 

radiating ridges (Figs. 1-3). 

Sengari Reservoir 

C. parva appeared from March to May (Fig. 

4). The maximum peak in each year was 

observed on 27 April 1979， 13 April 1982， 2 
May 1983， 7 May 1984， 7 May 1985， 21 April 
1986 and 18 May 1987 at St. 5. The density 

ofeach peak was 6，800，21，000，3，700，5，800， 
2，800，7，700 and 6，200 cells/ml， respectively， 
and their percentage to the total 

phytoplankton cell number was 57.1， 87.1， 
45.4， 82.3， 42.4， 88.5 and 31.5%， respective-
ly. C. parva was dominant at each time ex-
cept for 1987 when it was subdominant next 

to Uroglena americana. It occurred at a 
temperature range from 7 to 230C， and the 
densest population was encountered at 12-

170C. High density lasted for a short time. 
It appeared for a month or less except in 1983 

and 1986. In 1982， for example， the max-
imum density observed on 13 April was reach-

ed in four days from a population of 

840 cells/ml on 9 April. The high density 
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Figs. 1-3. CI/.1ysochromulilla戸arva. Fig. 1. A desiccared cell. Figs. 2 & 3. Sc九lesdetached fi.om a 
c1esiccatecl cell. (Scale bars: 2μIII in Fig. 1; 0.1μIII in Figs. 2 & 3) 

lasted for a very short time and the number 

fell to 150 cells/ml by 26 April. 

The density of C. tarva was di仔erentfrom 

station to station. 1n 1979， the density at St. 
1 and St. 3 was 2，500 ancl 13，000 cells/ml 

respectively on 27 April， while on 4 May it 

was 13，000 and 1，500 cells/ml resp巴ctively.
C. taTva was not uniformly distributed in 

Se時 ariReservoir (Fig. 5) 

Yasuba-ike POπd 

C. taTva appeared also [rom恥1archLO May 

(Fig. 6). It was dominant on 23 April 1980，9 
April 1981， and 14 March and 13 April 

1983. The density at each time was 19，000， 
58，000，59，000 and 25，000 cells/ml respective-

Iy， and th巴ir percen tage to th巴 EωOtヨal

pコhytωopμlan可ktωon cell nu山iμm百1b巴引rwas 56.1， 78.3， 

63.9 and 3引1.2% r閃巴白sp戸コ光ect小F吃rel匂y. The児巴 wa町
t印巴mpe町ra引tur巴a剖tthe time when t出hemax幻1mη1um

d巴nsityin each year was recorded was 17. OOC 
in 1980， 14.70C in 1981 ancl 7.80C in 1983. 
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reservoir， although the quantitative study was 
not done. At that time the water temper-

ature was 21.90C， and pH 9.6. 

The south b仏ωrz仇nqザfLak，ルeBiω 

c.ρarva was subdominant next to Fragilaria 
crotonensis at a station about 200 m offYamada 

Harbor on 23 J anuary 1981. The density at 

Karasuhara Reservoir 

c. parva was observed only once on 23 May 
1979 during ten years from April 1978 to 
March 1988. The high density ofthis species 
was readily imagined because the water color 

changed from green to brown over the whole 
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Fig. 6. Seasonal Huctuation of Chヮso-
ch叩mulinaparva in Yasuba・ikePond from March 
1980 toJune 1983 (solid circles) in relation to changes 
in surface water temperature (open circles) and pH 
(open squares) 

Fig. 5. Map showing five sampling stations 
and Huctuation in the cell number of ChヮISO-
chromulina parva in Sengari Reservoir from 16 April 
to 7 May in 1979. 
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Fig. 7. Seasonal Huctuation of Chryso-
chromulina ta叩ain the south basin of Lake Biwa 
from May 1986ωApril1987 (solid circles) in 町lation
，to changes in surfa四 watertemperature (open c町 les)
阻 dpH (open squ&r白).

that time was 3，500 cells/ml， and the water 
temperature was 3. OOC. In the period from 

13 May 1986 to 14 April 1987， C. parva ap-
peared on 13 May and 17 December 1986 and 

on 17 February and 14 April1987 at a station 

about 2 km off the intake of the Lake Biwa 

Waterway No. 2. The density at each time 

was verγlow， but on 17 February 1987 it was 
790 cells/ml and C. parva became dominant， 
occupying 44.6% of the total phytoplankton 

cell number (Fig. 7). 

Discussion 

In Sengari Reservoir and Yasuba-ike Pond， 
ChヮIsochromulinaparva rapidly increased and 
subsequently decreased in a short time. A 

similar phenomenon has been reported: The 

highest density of 32，000 cells/ml was observ-
ed in ]une 1960 in an English lake (PARKE， 
LUND and MANTON 1962). It was reached in 

two weeks from a population of 300 cells/ml， 
and two weeks later the density fell to 

1，000 cells/ml. The high density of C. parva 
reaching 50，000 cells/ml was also observed in 
a small Danish lake in ]uly 1969 (KRIS-

TIANSEN 1971). From these results it is ap-

parent that C. paTva rapidly increases and 

subsequently decreases in a short time， its 
characteristically high population density 

lasting for a very short time. 

In the present study， C. paTva occurred in a 
wide temperature range from 3 to 230C and 

high densities above 10，000 cells/ml were 
reached at temperatures from 8 to 170C. In 

two ]apanese lakes， Kasumigaura and 
Hinuma， water blooms of this species occur-
red in December (INOUYE 阻 d CH凹即n臥 R貼A 
1987η). In a subtropical Israeli lake， C. parva 
appeared at high temperatures up to 300C 

and maxirqum development was established 

at 14-180C (POLLINGHER 1986). In a Danish 

lake， a high density of C. paTva was observed 
at 15.80C (KRISTIANSEN 1971). Based on all 

available data， C. paTva is classified as 
eurythermal with high abundance at low 

temperatures below 180C. In Sengari Reser-

vior and Yasuba-ike Pond， C. parva increased 
as water temperature became high and it 

decreased or disappeared at temperatures 

above 20oC. It is considered that water 

temperature is the major factor controlling 

seasonal fluctuation of C. paTva. 

Sengari Reservoir， Karasuhara Reservoir 
and Yasuba-ike Pond are eutrophic in terms 

oftotal phosphorus and total nitrogen concen-

trations (SA臥 MOTO1966)， while Lake Biwa is 
intermediate between mesotrophic and 

eutrophic (TEZUKA 1984). The maximum 

density of C. paTva in Yasuba-ike Pond was 

2.8 times higher than that in Sengari Reser-

voir， and 6 times higher than that in Lake 

Biwa. This implies that the C. parva biomass 

becomes larger as eutrophication progresses. 

C.ρaTva has been reported from eutrophic 

ponds and lakes in England (PARKE， LUND 
and MANTON 1962， REYNOLD 1986)， Scotland 
(BAILEY-WATTS 1986)， Sweden (CRONBERG 
1982)， Germany (HEYNIG 1963)， Canada 
(MUNAWER and MUNAWER 1986) and Israel 

(POLLINGHER 1986) but not from oligotrophic 

lakes. It is inferred that C. paTva prefers 

eutrophic waters. 

In ] apan C. paTva has been recorded from 

Lake Kasumigaura， Lake Hinuma and 
Osaka Bay (INOUYE and CHIHARA 1987). In 

this paper it is clearly shown that C. parva 

rapidly increases and subsequently decreases 

in a short time in four ponds and lakes having 
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different water quality. C.ρarva will be com-

monly collected from more localities in J apan 
by samplings at short intervals. 
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伊藤裕之:近畿地方の 4湖沼における Chrysochromulinaparva LACKEY 

(プリムネシウム藻綱)の季節的消長

Chrysochromulinaμrva(プリムネシウム藻網)が兵庫県の千苅貯水池，鳥原貯水池，安場池から春期に，滋

賀県の琵琶湖から冬~春期に採集された。千苅貯水池では1982年4月13日に最大 1ml当たり， 21，000細胞，

安場池では1983年3月14日に59，000細胞といった高密度で出現した。本種は短期間に速く増減し，また富栄

養の水界を好み広温性である。 (652神戸市兵庫区楠谷町37-1 神戸市水道局水質試験所)
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Notes on Uroゆorapenicilliformis ARESCHOUG from 

Hakodate， Hokkaido 

Hiroshi Y ABU 

Faculi伊ofFisheries， HokkairJo Universゆ"Hakodate， 041 Japan 

Y油 U，H. 1989. Notes on Uro.ゆorapenicilliformis ARESCHOUG from Hakodate， Hokkaido. Jpn. J. Phycol. 
37: 123-128. 

Observations were made with reference to the chromosomes of Urospora penicilliformis Areschoug 
(Chlorophyta， Cladophorales) from Hakロdate，Hokkaido. The chromosome counts were 12 in the zygote-
germlings， and 6 or 12 in the zoospore-germlings， indicating to have haploid and diploid zoospo問sreleased 
仕omthe創出nents.

J匂 1ndexU匂rds: Chromosome-Cladophorales-cytology-U rospora penicilliformis. 

The species in the genus Urospora 

(Cladophoraceae， Chlorophyta) is of interest 
in having Codiolum stage in the life history 

(JORDE 1933， KORNMANN 1961a， b， 1966， 
NAGATA 1971). This genus comprises more 

than 10 species in the world， but none of the 
cytological events have been given except 

some mitotic figures in the vegetative cells of 

ιincrassa by KANNO (1936). 
The present paper informs some observa-

tions with reference to cytology for U. 
penωl扮rmisARESCHOUG at Hakodate， Hok-
kaido. This species is distributed widely 

along the coasts generally in the north of the 

northern hemisphere (COLLlNS 1909， SET-
CHELL and GARDNER 1920， TAYLOR 1937， 
NAGAI 1940， TOKIDA 1954， ABOTT and 
HOLLENBERG 1976， etc.). 
In my observations at Hakodate， the fertile 
filaments of ιpenicilliformis showed to pre-
sent always plenty of sporophytes， but scanty 
gametophytes. For instance， 500 fertile 
filaments collected from Shinori on May 28， 
1979， were made up of 412 zoosporophytes， 
26 males， 30 females and 32 zoosporophytes 
with gametangia. The filaments are quite 
varied in thickness not beyond ca. 100μand 

the number of zoospores or gametes in the 

cells considerably differs by their thickness 

(Figs. 1-4). The zoospores and gametes are 

released en mass or one by one through a 

pore. In the latter case， zoospores are always 
released from po此ionofthe tail， and on libera-
tion (Fig. 3) they turn round quickly to begin 

active swimming. Zoosporangia and 

gametangia are easily distinguishable even in 

the juvenile stage; the formers are darker 

green in colour and coarse in structure， but 
the latters are yellowish green and more or 

less fine. 

The materials used for cytology were ob-

tained at Shinori in May 1979. After collec-

tion， the materials were brought to the 
laboratory in the Faculty of Fisheries， Hok-
kaido University. In the laboratory， well-
mature sporophytes and gametophytes were 

selected for fixing and for culture. Zoospores 

or zygotes of male and female gametes which 

were obtained from those shown in Figs. 5 

and 6 had been cultured in ESP medium at 

100C under 30001ux. In my culture， all of 
their germlings developed into young thin 

filaments. 
Both the fertile filaments collected and the 

spore-germlings in culture were fi.xed in aceto 
alcohol (1 :3) and stained with aceto-iron-

haematoxylin-chloral hydrate solution (WITT-

MANN 1965). 
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24 
Figs. 1-24. Uros.戸oratenlclllzjormis ARESCI-IOUG collected from Hakodate， Hokkaido. Fig. 1， x 310; Figs. 

2-24， x 560 
1. Two自lamentsin different thickness. The filament in lhe left side is a sporophyte bearing cells leading lO 

zoospore-formation 
2 & 3. Liberation of zoospores lhrough a pore of cells 
4. Part of sporophyte beari時 zoosporangium(upper portion) and male gametangium (lower ponion) 
5 & 6. Liberated female (Fig. 5) and male (Fig. 6) gametes. Zygotes from those gametes were used for culture 
7. Cell of sporophyte， in which pyrenoids turn to weak in staining at the beginning of nuclear divisions 
8 & 9. Cell with prophase nuclei leading lO zoospore-formalion 
10. Cell with prophase nuclei leading to gamete-formation 
11. Cells w凶 div凶 ngnuclei leading lO zoospore (left in the figure) and gamete-formation (right in lhe figure) 
12-14. Metaphase nuclei in the zoospore-germlings 
15. Side view of metaphase nucleus in one-celled stage of zoospore-gennling 
16. Metaphase nucleus in one-celled stage of zygote-germling 
17-19. Metaphase nuclei in the cells of zygote-germlings 
12'ー14'&16'ー19: Drawings of 12-14 & 16-19， respecti、，ely
20. Side view of metaphase nuclei in the young日ilamentof zygote-germling 
21-24. Cells with melaphase nuclei leading lo zoospore-fol'mation 
21' & 22: Drawing of Figs. 21 & 22， respectively. 
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In both the vegetative and reproductive 

cells， the nuclear divisions occurred 
simultaneously (Figs. 7-11 & 21-24). In the 

germlings composed of less than about 

20 cells， the same nuclear phases appe訂 edoc-
casionally in all of the cells (Fig. 20). When 

the nuclear divisions set in， pyrenoids came to 
weak in staining and. nuclei began to grow 

larger (Figs. 7 & 8). With advance of the divi-
sions， the pyrenoids completely disappeared， 
and the nuclei tumed to be more and more 

stained well (Fig. 10). The metaphase nuclei 

in which chromosomes were countable were 

encounterd in the vegetative cells of the spore-

germlings and in the zoosporangial cells. 

Each chromosome was uniform， minute， 
subspherical with diameter of ca. 1.5μmm 

vegetative cells， but smaller in zoosporangia. 
Of the materials with metaphase nuclei， 1 
found either 6 or 12 chromosomes in both the 

zoospore-germlings and zoosporangia， but 12 
chromosomes in the zygote-germlings (Figs. 

12-24). 

Thus， the filaments of U. penicilliformis 
growing at Hakodate are obvious to have two 

kinds of zoospores， diploid or haploid. The 
chromosome numbers could not be ascertain-

ed in the gametangia， but it was suggested 
that the diploid filaments would be derived 

from either zoospores or zygotes. From the 

tables of 1. 6 shown by GODW ARD (1966) it is 

recognized that U. penicilliformis (n=6; 
2n = 12) has the smallest chromosome 

number in the species of Cladophorales hither-

to reported， which is identical to Cladophora 
flexuosa HARV.， Cl. sericea KUTZ.， Cl. rupestrむ
KむTZ.，Spongomoψha lanosa KUTZ.， Acro-
siphonia traillei BATT.， Chaetomorpha area 
KUTZ.， and Ch. metagonium KUTZ. In the pres-
ent study， 1 could not succeed to obtain 
Codiolum stage in the culture of zoospores 

and zygotes perhaps due to the unsuitable 

culture conditions， and also to ascertain the 
occurrence of meiosis in any zoosporangial 

cell in the filaments. It is thinkable that出e

meiosis of this alga would take place at the for-

mation of zoospores within the Codiolum 

stage. This is an interesting problem to be 

solved. 
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薮 燕:北海道函館産のシリオミド口について

北海道函館産の緑藻シリオミドロについて主として細胞学的研究によって得た知見を記述した。採集した藻体

並びに遊走子と接合子を培養して生じた発生体とを酷酸・アルコールで、固定し，酷酸・鉄・ヘマトキシリン・抱

水クロラール液で‘染色し，藻体の遊走子嚢内核分裂で6又は12個，遊走子発芽体で同じく 6又は12個の染色体を，

接合子発芽体では12個の染色体を観察し，遊走子には n又は 2nの核を有する 2種類があることを確かめた。

(041函館市港町3-1-1 北海道大学水産学部)
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Method for quick evaluation of cell viability in 

marine macroalgae * 

Naotsune SAGA， Yoshihiko SAKANISHI and Takashi OGISHIMA 

Hokkaido Regional Fisheries Research Laboralory， Fisheries Agency， Kushiro， Hokkaido， 085 Japan 

SAGA， N.， SAKANISHI， Y. and OGlSHIMA， T. 1989. Method for quick evaluation of cell viability in marine 
macroalgae. Jpn. J. Phycol. 37: 129-136. 

Various staining-dyes were tested with cultured cells ofthe economically valuable marine macroalgae， 
Enleromoゆ，hainteslinalis， POゆかayezoensis and Macrocyslis pyrifera in order to develop a rapid， simple and 
reliable technique for determining a1gal cell viability. Pieces of the tissue were immersed in the dye solu-
tions of the cell viability checking kit and observed wi出 amicroscope after 10 min. The most suitable dyes 
tested were FDA for detection of viable cells and phenosa仕aninfor dead cells in Enleromorpha inleslinalis 
gametophyte， and neutral red for viable cells and Evans blue for dead cells in Macrocyslis pyrife叩
gametophyte. The most suitable dye tested was Evans blue for detection of dead cells， and 
autofluorescence of phycoerythrin was useful for detection of viable cells in Porp，砂叩yezoensisconchocelis. 

Keyln伽陥油 Cellviability-Chlorophyla-Enteromorpha intestinalis-Macrocystis pyrifera-
Phaeo.仰向-Porphyra yezoensis-Rhodophyla-slaining-tissue culture. 

Accurate evaluation of cell viability is a 

veηr important step in studies on algal tissue 
culture in many ways. Determining cell 

viability is essential to development of effi-

cient methods for mutagenesis and freeze 

preservation in cultured algal cells. Usually 

cell viability is determined by microscopic 

assessment of cytoplasmic features or 

plasmolysis capacity in our laboratory. 

However， sometimes these methods are in-
sufficient to clear-cut evaluation of cell viabili-

ty. Various staining methods have been used 

to detect live or dead higher plant cells 

(WHITHERS 1980)， and a few 蜘 ining
methods have been used to detect live or dead 

macroalgal cells. TTC (OGATA 1956) and 

neutral red (TERUMOTO 1960， SAKAI and 
SUGAWARA 1978) were used to detect live algal 

cells， while erγthrosine (MIGITA 1967) was 
used to dead algal cells. 

The purpose of the present paper is to ex-

Abbreviations: FDA，自uoresceindiacetate; TTC， 
triphenyl tetrazolium chloride. 
傘 Thisstudy was partly supported by a Grant-in-Aid 
ゐrthe Prior Basic Research Project from Science and 
Technology Agency ofJapan. 

amine various staining dyes in order to 

develop a rapid， simple and reliable technique 
for determining cell viability in marine 

macroalgae. 

Materials and Methods 

The materials used in this study were an 

axenic strain of Enteromoψha intestinalis 
(gametophyte)， HRFRL culture collection 
no. EI-OOl， an axenic strain of Porphyrayezoen-
sis (conchocelis)， HRFRL culture collection 
no. PY-401 and axenic male and female 

strains of Macrocystis pyr砕ra(gametophyte)， 
HRFRL culture collection no. MP-101 (male 

strain) and no. MP-201 (female strain). 

They were obtained by the one step antibiotic 

disk method described previously (SAGA and 

SA臥 11982). Ten colonies of the organisms 

which developed into a mass， 1.0 mm  in 
diameter， were inoculated into plastic vessels 
(Tissue Culture Flask # 25100， Corning) con-
taining 30 ml of ASS 1 medium (Table 1). 
The cultures were kept for 1 month on a 

horizontal reciprocal shaker (Thermoshaker 

Model XY-ll， Thermonics Co.; amplitude 
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Composition of ASS 1 per 100 ml， pH 8.0. 

2.5 g 

1.0g 

70mg 

1l0mg 

10mg 

2mg 

IOmg 

0.1 ml 

1 ml 

100mg 

Na2・glycerophosphate

NaHC03 
Vitamin mix ASS* 

Metal mix ASS紳

HEPES 

Table 1. 

NaCl 

MgSO..7H20 

KCl 

CaCl2・2H20

NaN03 

* 1 ml vitamin mix ASS contains: thiamine HCl 100μg， nicotinic acid 100μg， 
putrescine ・2HCl10μg， Ca.pantothenate 100μg， ribosavin 10 f.lg， pyridoxine・2HCl
10 f.lg， pyridoxamine.2HCl10μg， p-aminobenzoic acid 10μg， biotin 1 f.lg， inositol 1 mg， 
choline-H2-citrate 100 f.lg， thymine 100μg， orotic acid 100μg， cyanocobalamine 1μg， 
folic acid 1μg， folinic acid 0.1 f.lg. 
判 1ml ofmetal mix ASS contains: Fe (as Fe-sequestren) 100μg， B (as H3B03) 100 f.lg， 
Mn (as Cl一)100μg， Zn (as Cl-) 10月，Co(as Cl一)1μg，Mo (as Na2MoO.) 10μg， Cu 
(as Cl-) 1μg， Br (as K+) 1 mg， Sr (as Cl-) 100μg， Rb (as Cl-) 10μg， Li (as Cl-) 10μg， 
1 (asK+)1μg. 

Co.)， neutral red (Kanto Chemical Co.) and 
FDA (Aldrich Chemical Co.). After immer-

sion， the organisms were rinsed several times 
with autoclaved seawater and transferred on-

to a glass slide. Then， a coverglass was 
lowered over the organisms and the slide was 

observed with a microscope (Vanox T Model-

AHBT， Olympus). The FDA-treated 
organisms were observed with the same 

microscope using a fl.uorescence system 
(Vanox T Model-AH2RFL， Olympus). A 
mercury-vapor lamp (HBO・200W12， Osram) 
was used in combination with a dichroic mir-

ror (DM・500，Olympus)， exciter filter (BP・
490， Olympus) and absorber filter (AFC & 0・
515， Olympus). 

Results 

40 mm， 40 strokes/min) in an incubator 
(Cultivation Chamber Model CU-250， Tomy 
Seiko Co.) which was regulated at 150C， 
14:10hr L:D cycle and ca. 60μmol m-2s-1 

provided by cool white fl.uorescent lamps. 
The dead organisms were prepared by heat-

killing at 700C for 5 min. 

The live and dead organisms were trans-

ferred into a CVC-kit (cell viability checking kit) 

and immersed in the dye solutions for 

10 min. The CVC-kit was prepared by the 

following procedures: the staining-dyes were 

dissolved， in a concentration of 0.01%， in 
autoclaved seawater; adjusted the pH to 8.0 

and put into each well of a plastic vessel (Cell 

Wells # 25860， Coming) up to 0.25 ml. The 
compounds tested were Evans blue (Merk 

Co.)， phenosafranin (Katayama Chemical 
Co.)， eosin Y (Wako Pure Chemical In-
dustries)， erythrosine (Tokushu Chemical Evans blue， phenosafranin， eosin Y and 

Table 2. Staining of live and dead gametophyte ceJls with various dyes in 
Enleromoゆ'00inleslinalis. 

Dead ceJls Live ceJls 

PTS 

Evans blue 

Phenosafranin 

Eosin Y 

Erythrosine 

Neutral red 

FDA 

CW 

州

±

土

土

土

PTS 

+ 
ttt 

+ 
t+ 

CW 

山

市

土

±

±

±

Staining dyes 

村+

判+

判tstained deeply; t+ stained moderately; + stained lightly; ::!: stained infrequently; 
-not stained; PTS=protoplasts; CW=ceJl walls. 
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Fig. 1. Live Enteromortlza intestinalis gametophyte cells treated with phenosa什anin. Fig. 2. Dead 
Enteromortha intestinalis gametophyte cells lreated with phenosafranin. Fig. 3. Live EnleromoゆIwintestlnalis 
gametophYle cells treated wilh FDA. Fig. 4. Dead Enleromortha ilZtestlllalis gametophyte cells treated wilh 
FDA. Fig. 5. Livc POl世hyra)lCzoellsis conchocelis cells lreated with Evans blue. Fig. 6. Dead Porthyra )Iezoensis 
conchocelis cells treated with Evans bllle. Fig. i. Autofluorescence of live POゆ紗rayezoelZsis conchocelis cells 
Fig. 8. AlI【ofluorescenceof dcad Porthyra yezoellsis conchocelis cells 
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Table 3. Staining of live and dead conchocelis cells with various dyes in Por-
phyra yezoe即日.

Live cells Dead cells 
Staining dyes 

PTS CW PTS CW 

Evans blue ± 件+ + 

Phenosafranin + 
Eosin Y 朴

Erythrosine tt 

Neutral red 判+

FDA 

件+stained deeply; tt stained moderate¥y; + stained lightly;土 stainedinfrequently; 
-not stained; PTS=protoplasts; CW=cell walls. 

erythrosine stained protoplasts of dead 

Enteromoψha intestinalis cells， and pheno-
safranin stained them especially deeply 

(Fig. 2). But these dyes did not stain pro-

toplasts of live E. intestinalis cells (Fig. 1). 
Evans blue stained cell walls of both live and 

dead cells deeply， and phenosafranin， eosin Y 
and erythrosine stained them infrequently. 

On the other hand， neutral red and FDA 
stained protoplasts of the live cells deeply 

(Fig. 3)， but they did not stain protopla山 of
the dead cells (Fig. 4). Neutral red stained 
cell walls of both live and dead cells infre-

quently， but FDA did not stain them at all. 
The results obtained by the present study are 

summarized in Table 2. 

Evans blue， phenosa仕anin，eosin Y and 
erythrosine stained protoplasts of dead Por-

phyra yezoensis cells， and Evans blue stained 
them especially deeply (Fig. 6). But these 
dyes did not stain protoplasts of live P. yezoen-

sis cells (Fig. 5). On the other hand， neutral 
red stained protoplasts of the live cells. The 

color of autofiuorescence of live P. yezoensis 
cells is orange (Fig. 7)， and the color of 
autofiuorescence of dead P. yezoensis cells is 
yellow (Fig. 8). All the dyes tested did not 
stain cell walls of both live and dead P. yezoen-

sis cells except Evans blue. The results 
aforementioned are summarized in Table 3. 

Evans blue， phenosafranin， eosin Y and 
erythrosine stained protoplasts of dead male 

Macrocystis pynJera cells， and Evans blue stain-
ed them especially deeply (Fig. 10). But 
these dyes did not stain protoplasts of live 

male M. pyr俳racells (Fig. 9). On the other 
hand， neutral red stained protoplasts of the 
live cells deeply (Fig. 11)， but it did not stain 
protoplasts of the dead cells .(Fig. 12). All 
the dyes tested did not stain cell walls of both 

live and dead male M. pyrifera cells. The 
results aforementioned are summarized in 

Table 4. 

Evans blue， phenosafranin， eosin Y and 
erythrosine stained protoplasts of dead female 

M. pyrifera cells， and Evans blue stained them 
especially deeply (Fig. 14). But these dyes 
did not stain protoplasts of live female M. 

pyr俳racells (Fig. 13). On the other hand， 
neutral red stained protoplasts of the live cells 

deeply (Fig. 15)， but it did not stain pro-
toplasts of the dead cells (Fig. 16). AlI the 
dyes tested did not stain cell walls of both live 

and dead female M. pyr俳racells. The results 
aforementioned are summarized in Table 5. 

Fig. 9. Live Macrocystis pyrifera gametophyte cells treated wi出 Evansblue (male strain). Fig. 10. Dead 
Macrocystis pyrifera gametophyte cells treated with Evans blue (male strain). Fig. 11. Live Macrocystis tJげ俳m
gametophyte cells treated with neutral目d(male strain). Fig. 12. Dead Macrocystis tyr.抑agametophyte cells 
treated with neutral red (male strain). Fig. 13. Live Macrocystis pyr俳ragametophyte cells treated with Evans 
blue (female strain). Fig. 14. Dead Macrocystis止yrijもragametophyte cells treated with Evans blue (female 
strain). Fig. 15. Live Macrocystis pyriftra gametophyte cells treated with neutral 問 d(female strain). Fig. 16. 
Dead Macrocystis tyrifera gametophyte cells tr.eated wi出 neutralred (female strain) 
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Table 4. Staining of live and dead gametophyte cells with various dyes in 
MaCTocystis妙r俳ra(male strain). 

Dead cells Live cells 

CW 

Evans blue 

Phenosafranin 

Eosin Y 

Erythrosine 

Neutral red 

FDA 

PTS 

品
川
+
+
一
+

CW PTS 
Staining dyes 

+件

+件staineddeeply;朴stainedmoderately; + stained lightly; :t stained infrequently; 
-not stained; PTS=protoplasts; CW=cell walls 

Table 5. Staining of live and dead gametophyte cells with various dyes in 
MaCTOり1St!・styゆTa(female strain). 

Dead cells Live cells 

CW 

Evans blue 

Phenosafranin 

Eosin Y 

Erythrosine 

Neutral red 

FDA 

PTS 

川
市
+
±
朴

CW PTS 
Staining dyes 

+件

ttt stained deeply;朴stainedmoderately; + stained lightly; :t stained infrequently; 
-not stained; PTS=protoplasts; CW=cell walls 

detection of li:ve P. yezoensis cells. The most 
suitable staining-dye tested in the present 

study was Evans blue for detection of dead 

cells， and the autofluorescence was useful for 
detection of live cells in P. yezoensis. 

Evans blue， phenosafranin and erythrosine 
were suitable for detection of dead MacroりIstis

pyr俳racells， and neutral red was suitable for 
detection of live M. pyriρra cells. The most 
suitable staining-dyes tested in the present 

study were Evans blue for detection of dead 

cells and neutral red for detection live cells in 

M. pyrifera. 

FDA to date has been applied as a staining-

dye for determining of cell viability in animal 

cells (ROTMAN and P APERMASTER 1966) and 
plant cells (WIDHOLM 1972， NAG and STREET 
1973， WITHERS and KING 1979， SIMINOVITCH 
1979). FDA probably stains live algal cells in 
the same manner that it does animal cells 

Discussion 

According to the results of the present 

study， phenosafranin， eosin Y and 
erythrosine were suitable for detection of 

Enteromorpha intestinalis dead cells， and neutral 
red and FDA were suitable for detection of 

live E. intestinalis cells. Evans blue was un-

suitable for determining cell viability， since 
Evans blue stained cell walls deeply and it is 

difficult to evaluate the staining condition of 

protoplasts. The most suitable staining-dyes 

tested in the present study were FDA for 

detection of the live cells and phenosafranin 

for detection of the dead cells in E. intestinalis. 

Evans blue， phenosafranin， eosin Y and 
erythrosine were suitable for detection of dead 

POψ紗rayezoensis cells， and neutral red and 
autofluorescence of the cells were suitable for 
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(ROTMAN and PAPERMASTER 1966) and plant 
cells (WIDHOLM 1972). FDA， the nonpolar 
molecule， enters into the live cells where 
esterase cleaves off the acetate residues leav-

ing fluorescein which then accumulates. FDA 

itself can not fluoresce but these fluorescein 

molecules can fluoresce. Neutral red has 

been applied as staining-dye for determining 

cell viability in animal cells (ETOH 1978) and 
plant cells (SIMINOVITCH 1979)， and it prob-
ably stains live algal cells in the following 

manner: the live cells take up neutral red and 

concentrate it in their vacuoles (SIMINOVITCH 

1979). 

Evans blue， phenosafranin， eosin Y and 
e町throsinehave been applied as staining-

dyes for determining cell viability in many 

kinds of plant cells (GAFF and OKONG'O-

OGOLA 1971， WIDHOLM 1972， HAUPTMANN 
and WIDHOLM 1982). These staining-dyes 

stain only dead protoplasts and are probably 

excluded from live protoplasts by the intact 

plasma membrane (WIDHOLM 1972). 

The color change of the autofluorescence in 

POψhyra cells probably represents fluorescence 
from the red algal pigment phycoerythrin 

(POLNE and GIBOR 1982). 
In the present study， a rapid， simple and 
reliable technique for determining cell viabili-

ty was established employing the CVC-kit in 

the marine macroalgae. Although we have 

applied this method to a few species of 

economically valuable marine algae， it should 
be useful with other marine macroalgae. 
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嵯峨直恒・坂酉芳彦・荻島隆:大型海産藻類の細臨生存率の簡易評価法

細胞の生存率を正確かつ簡便に評価することは，海藻の組織培養の種々の局面において必要な技術である。ボ

ウアオノリ，マグロシスティス・ピリフェラ，スサピノリの緑褐紅にわたる有用海藻の無菌培養細胞を材料とし

て，種々の染色剤による生細胞と死細胞の染め分けを検討した。ボウアオノリ(配偶体)では生細胞の検出には

フルオレセインジアセテートが，死細胞の検出にはフェノサフラニンが有効であった。マクロシスティス・ピリ

フェラ(配偶体)では生細胞の検出作はニュートラルレッドが，死細胞の検出にはエパンスブルーが有効であっ

た。スサピノリ(コンコセリス)では生細胞の検出にはフィコエリスリンの自家蛍光が，死細胞の検出にはェパ

ンスプルーが有効であった。また，染め分けに有効な数種の染色剤の入ったマルチプレート CVC-kit(細胞生存

率評価キット)を作製し，大型海産藻類の細胞生存率の簡易評価法を開発した。 (085北海道釧路市桂恋116 水

産庁北海道区水産研究所)
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IOEl， M. and KOBAYASl， H. 1989. Examination of the type material of Diploneis boldtiana CL. 
(Bacillariophyceae). Jpn. J. Phycol. 37: 137-143 

The type mater阻 1of Diploneis boldtiana CL. in the P. T. CLEVE Collection was examined by LM and 
SEM together with recent material仕umFinnish lakes. D. boldtiana has following features; the outer wall of 
the alveolus is composed of double rows of areolae， but near the margin it has three rows of areolae; the last 
two alveoli are wide， and form a triangular shape; a small round opening is present at the margin of each 
alveolus. 

』匂 lndexW匂rds: Diatomー Diploneis-Diploneisboldtiana-j伽estructure-ty.μmaterial 

The fi.rst total systematic treatment of the 
genus Diploneis was iiccomplished by CLEVE 

(1894) who described many new species and 

transferred many taxa to this genus， mainly 
from Navicula. The name Dがloneiswas fi.rst 
given by EHRENBERG (1844). Diploneis bold-

tiana was also described by CLEVE (1891) 

from Finnish material (no口hemSavolaks) col-

lected by R. BOLDT. Since these early 

reports， information about D. boldtiana has 
come mostly from Finland (HUSTEDT 1937， 
MOLDER and TYNNI 1973， KRAMMER and 
LANGE-BERTALOT 1986). We have already 

reported the fi.ne structure of D. parma CL.， 
which was described at the same time with D. 

boldtiana in CLEVE'S paper of 1891， based on 
the type material (IDEI & KOBAYASI 1988a). 

CLEVE (1891) examined only a few specimens 

for his original description. We also examin-

ed a part ofthe same sample， but unfortunate-
ly found only one valve. However， we were 
able to get some valuable information in 

characterizing this taxon from this 

specimen. We have also found many 

specimens from three Finnish lakes and have 

been able to carry out more detailed investiga-

tlOns. 

Material and Methods 

The material used in this observation is 

listed as follows: 

(1) U nmounted type material from Lake 

Viando (Sb. 4， No. 12:4， Savonia borealis， 

Viando) housed in the Swedish Museum of 

Natural History， Stockholm. 
(2) Recent material from Finland: sediment 

from Lake Paajarvi on 11 August 1986， K・
6331; sediment from Lake Mekrijarvi on 12 

Au♂1St 1986， K・6338;sediment from Lake 
Isolampi on 12 August 1986， K-6345. 
These specimens were treated with 

sulphuric acid and potassium nitrate to 

remove organic matter， and then washed in 
disti11ed water. For LM， the cleaned valves 
were embedded in Pleurax. Valves for SEM 

were prepared by air drying on glass 

coverslips which were then fixed to metal 

stubs. They were coated with gold-

palladium using a Fine Coat ]FC・1100and 

observed with a]EOL-F15 fi.eld emission type 
SEM. The specimens for TEM were placed 

on formvar-coated 50・meshcopper grids and 

observed using a]EOL-100C. 

The terminology follows ANONYMOUS 
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(1975)， Ross et al. (1979)， VON STOSCH (1975) 
and MANN (1981). 

Observations and Discussion 

The type material of D. boldtiana in the 

Swedish Museum was very scarce and we 

were able to examine only a small part of it. 

Only one valve specimen was found (Figs. 2， 
6， 8-10). It is linear-elliptic， 30μm long and 
11μm wide. The longitudinal canals are nar-

row and almost straight except at the central 

area. The transapical striae are 14 in 

10μm. These values are fully consistent 

with the original description and figure (Fig. 

1). Valves in the町 centmaterial from Fin-

nish lakes are 20-30μm long and 11-12μm 

wide (Figs. 3-5). .There is a small range of 
variation of the valve width. Valve shape is 

linear-elliptic in large specimens and elliptic 

in small ones. The striae are constantly 13 or 

14 in 10μm. They are parallel near the 

center and gradually radiate toward the 

apices， though in the ori♂nal figure they are 
radiate throughout the valve. The last stria 

is parallel to the apical砿 is. We regard this 

feature as one of the criteria for this taxon. 

According to HUSTEDT (1937) the striae are 

composed of two rows of areolae (27-30 in 

10μm)， but they are not visible by LM. 
However， TEM and SEM observations show-
ed that the striae are basically two rows of 

areolae， as mentioned by HUSTEDT (1937)， 
but the number ofthe areolae is denser (35-38 

in 10μm) than that ofthe HUSTEDT'S descrip-

tion. This density is beyond the resolving 

power ofLM. 

The specimen obtained from type material 

was observed without acid treatment， so it 
was covered with a lot of inorganic and 

organic material， and the external surface was 
almost entirely covered with organic 

material. However， it gave us some impor-
tant information for taxonomy (Figs. 2， 6， 8-
10). The longitudinal canals are constantly 

narrow over their length as seen by LM， and 
do not have openings on their inner walls 

(Figs. 6， 7). In Diploneis generally， trans-
apical costae are straight and slightly curved 

near the poles. In D. boldtiana the second 

costa from the last is strongly curved. As a 

result the last two alveoli are apparently wide， 
and form a triangular shape (Figs. 9， 12). 
The external raphe fissure is narrow and 

straight. The central and terminal fissures 

are short and curved at nearly right angles in 

the same direction (Figs. 11， 13). In Diploneis 
curved central and terminal raphe endings 

have not been reported except marine species 

D. crabro (SIMS and PADDOCK 1979， NAVARRO 
1982). D. oculata， D. minutaβDEI and 
KOBAYASI 1986) and D. marginestriata (IDEI 

and KOBAYASI 1988b) have straight fissures 

at both ends. D. papula (GERLOFF and 

HELMCKE 1975) and D.メnnicahave a straight 
central fissure and a curved terminal one. 

The internal raphe fissure is narrow straight 

slits which terminate simply at both central 

and terminal ends (Fig. 12). 

The outer wall of the alveolus is composed 

of double rows of areolae (Figs. 12， 15， 17， 

18)， but near the margin it has three rows of 
areolae (Fig. 12). Moreover， the second 
alveolus from the last has several rows of 

areolae (Fig. 12). The outside of each areola 

is occluded by a cribrum (Figs. 11， 13， 14)・
The perforations of the cribra are densely and 

regularly scattered， but those of the central 
region surrounding the central nodule are 

scarce due to the small areolae (Figs. 13， 14， 
18). Externally the hyaline lines showing the 

boundaries of alveolus are present， even 
though they are not apparent at the margin 

(Figs. 11， 14)， as seen in D. parma (IDEI and 

Fig. 1. P. T. CLEVE'S original五gureof D砂loneisboldtiana. Fig. 2. Light micrograph of the isotype 
specimen coated with gold-palladium used for SEM observation. Sb. 4. Fig. 3. The large Iinear-elliptic valve. 
K-6345. Fig. 4. The medium sized valve. K司6331. Fig. 5. The small elliptic valve. K-6345. Fig. 6. Inter-
nal view ofthe valve which is the same as Fig. 2. Fig. 7. Internal view ofthe valve. K-6345. Fig. 8. Enlarge-
ment ofFig. 6 showingthe broken edge ofthe alveoli and tr阻 sapicalcostae. Fig. 9. Enlargement ofFig. 6 show-
ing the internal valve end. Fig. 10. Enlargement of Fig. 6 showing the openings of alveoli at the valve margin 
(arrowheads). Bar in Figs. 6， 7= 10μm， in Figs. 9， 10= 1μm. Figs. 6-10. SEM. 
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Fig. 16. Internal broken valve showing出einner occlusion oflhe alveoli. K・6345. Fig. 1 i. The inner oc-
c1usions Wilh perforations arranged in an hexagonal array. TEM. K-6345. Fig. 18. Smaller areolae of lhe 
alveoli surround the central nodule. TEM. K-6345. Fig. 19. External valve cnd showing the open ends of lhe 
valvocopula and the ligula of lhe pleura. K-6331. Bars= 1 11m 
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KOBAYASI 1988a). 

A small round opening is present externally 

at the margin of each alveolus (Fig. 10 ar 

rowhead， Figs. 11， 14). We  regard this 

feature as one of the important taxonomic 

criteria for this species. The same feature， 

Fig. 11. External valve end showing lhc cur、ecllerminalraphc fissure. K-6331. l'ig. 12. Internal valve 
end showing lhe alveoli lacking inner occlusions， and the two sets of triangular-shaped alveoli at the valve pole. K・
6345. Fig. 13. External central valve showing the curved central raphe fiss山 es.Kー6331. Fig. 14. Detailof 
the valve showing the areolae occludecl by cribra and the opening at the end of each alveolus. K-6331. Fig. 15 
Internal valve showing the detail of a broken cdge of the transapical costae， and the ぃ¥'0rows of areolae and the 
eroded innner occlusions of the alveoli. K・63'f5.Bars= 111m 
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but different in shape， is present in D. finnica 
(manuscript under review). 

Marginal granules are also present at the 

valve margin (Fig. 14). There are 12 or 

13 granules in 1μm as in D. parma (IDEI and 
KOBAYASI 1988a). The shape of the trans-

apical costa in cross-section is obovate， being 
narrow externally and broadly rounded inter-

nally (Figs. 8， 15， 16). Internally each 
alveolus is occluded by a thin siliceous layer 

with perforations arranged in a hexagonal 

array (Figs. 10， 16， 17). This inne occlusion 
of the alveolus is attached to the widest por-

tions ofthe transapical costae. The cingulum 

is composed of two bands， one valvocopula 
and one pleura (Fig. 19)， but their details 
were not observed. 
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出井雅彦キ・小林 弘**: DiPloneis boldtiana CL.のタイプ材料の調査

スウェーデンの自然史博物館所蔵の P.T. Cleveのコレクションの中のDip伽 cisboldtianaのタイプ材料を光顕及

び走査電顕を用いて調査した。また同時にこの種の原産国であるフィンランドの現生の試料についても調査した。

その結果以下のような特徴がみられた。長胞条線の外壁は2列の胞紋からなるが，殻縁近くでは3列となる。殻

端の2つの長胞条線は特に広く三角形となる。各長胞の外側の殻縁側末端には 1個の開口がある。 (*305茨城県

つくば市天王台1-1-1 筑波大学生物科学系 材 184東京都小金井市貫井北町←1ー1 東京学芸大学生物学教室)
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新刊紹介

ABBOTT， 1. A. (Ed.): Taxonomy of Economic 席出来ずに，論文のみの参加になっている。そのため

Seaweeds with Reference to Some Pacific and Carib- にほぼ同じ海域のテングサ目が，別々の著者によって

bean Species， vol.lI. xv+264pp. California SeaGrant 論文として発表されている。このグループについては，

College Program， University of California， La Jolla， 今年 LaJollaで関かれる第3回のワークショップに期

California. 1988. $10.00 待しよう。 RODRiGUIZ& SANTELlCESのテングサ属とオ

亜熱帯と熱帯に生育する有用海藻の分類学に関する パクサ属の区別に関する論文も収録されており，今後

国際的なワークショップが開かれていることを御存じ の問題提起として興味深い内容を含んでいる。オゴノ

の方も多いと思われる。第 1回は1984年にグアム島で リ属と PO砂cavernosa 属に関する 3篇を含む第E章は

開かれ，翌年に論文集が出版されている。第2閲は中 vol. Iの補遺的な意味が強L、。また， vol. Iのオゴノリ

国の青島で1986年に開催された。本書はそのワークシ 属に関する章は繁雑すぎて分かりにくい。この属全体

ヨップの成果を纏めたもので，昨年末に出版された。 についての纏まった総説をこのワークショップに期待

今回のワークショップにはアメリカ合衆国(6名)， したL、。第N章では2名の論文参加者によってキリン

チリ(1名)，中国(5名)及び日本(吉田忠生博士 サイ属と Kappaphycus属が扱われている。 DOTY と

1名)から研究者が参加している。 CHENEYの2篇はL、ずれも優れた論文であるが(前者

今回は褐藻ホンダワラ属ホンダワラ亜属，紅藻テン のアマタサキリンサイの命名上の記述には問題があ

グサ目，オゴノリ属・ Polycavernosa属，キリンサイ属 る)，このような参加形式はワークショップ本来の意

・新たに提唱された Ka仲aphycus属及びソゾ属の 5グ 義と矛盾する。第V章ではハワイ諸島と中国沿岸のソ

ノレープが扱われている。ソゾ属は第 1回のワークショ ゾ属が扱われている。本属の分類学に多くの貢献をさ

ップでは扱われていないが，最近寒天を生成する種が れている斎藤譲博士が参加されなかったのは残念であ

この属に見つかったことで今回加えられた。何れのグ る。斎藤氏はハワイ諸島のソゾ属の論文を発表され

ループも多くの種が記載されているが，種の把握も十 (今回の McDERMIDの論文との聞にはいくつかの異同

分でない場合があることから，命名上と分類学上の諸 が認められる)，中国沿岸には日本との共通種も多い。

問題を生じており，それらを解決する試みとしてこの この章の McDERMIDによる Introductionはソゾ属の

ワークショップが企画された。このようなグループに 分類学的研究の簡潔な総説として優れている。

おいては，ある地域のみを対象にした個人的な研究で、 本書ではまた多くの新分類群が記載されており，文

は自ずから限界があり(あるいは新たな問題を生じか 献としての価値も高L、。残念ながらいくつかについて

ねないが)，それぞれの専門家が標本とデータを持ち は，解剖図もなく現代の新分類群の発表形式として望

寄って討議を行うことは，そのような問題解明に向け ましくなL、。折角の試みを安易な新分類群の発表の場

て大変望ましいことである。その成果として， vol. I として欲しくなL、。

に収録された Polycavernosa属の確立や様々な海域から 苦言も呈したが，分かりやすい総説的な論文と優れ

報告されてきた Gracilariaverrucosaの異同の確認が挙げ た原著論文が含まれており，これらのグループの専攻

られよう。 以外の方にもご一読をお勧めする。

本書では先に述べた5グループが5章に分かれて報 注文は下記宛に直接されたい。 Check あるいは

じられている。第I章では日本・台湾，中国， ミクロ money orderで送金可能である。

ネシア，及びハワイ海域のホンダワラ亜属が扱われ CommunicationsDepartment 

それぞれの海域ごとに分かりやすい総説的な論文とし Californnia Sea Grant College Program 

て発表されている。み'!focarpzcae節に限って報告した University of California， San Diego A-032 

TSENG & Luの論文は力作である。第E章では中国と LaJolla， California 92093・0232

台湾海域のテングサ目が扱われているが，チリの U. S. A. 

SANTELlCESは病気のため実際のワークショップには出 (北海道大学理学部植物学教室増田道夫)
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日本新産紅藻ヒメベニヤパネグサ(新称)Membranoρtera spinulosa (RUPRECHT) 

KUNTZE (紅藻 コノハノリ科)について

松本正喜・吉田忠生

北海道大学理学部植物学教室 (060 札幌市北区北10条西8丁目)

MATSUMOTO， M. and YOSHIDA， T. 1989. On Membranotlera stinulosa (RUPRECHT) KUNTZE (Delesseriaceae， 

Rhodophyta) new to Japan. Jpn. J. PhycoI. 37: 145-149. 

Membranotlera stinulosa (RUPRECHT) KUNTZE is reported from Nemuro Peninsula， eastern pa口ofHok-
kaido in Japan. The thalli are small， marginally and a1ternately branched with conspicuous midribs and 
with dentate and crisped margins. Intercalary cell divisions are absent in every cell row. Initials of third-

order cell rows do not a1ways reach the margin. Alae are monostromatic and provided with microscopic 

side-veins. Procarps are born on the primary cell rows. Each procarp is composed of a carpogonial branch 

and two groups of sterile ceIls. Cystocarps are arranged on surface of midrib. Carposporangia are formed 

in chain. Tetrasporangial sori extend from ultimate branchlets to main branches， except the midrib and 
marginal portion. 

Key index即ords: Delesseriaceae-昂okkaido-jatan-Membranoptera spinulosa-Rhodothylι 

Masaki Malsumolo and Tadao おshida，Dφarlmenl of Bolany， Faculty 01 Science， Hokkaido University， 
Sattoro， 060 jatan 

北海道東部の根室半島太平洋岸において小型のコノ 観察結果

ハノリ科の一種を採集した。この藻体の生長点やプロ

カノレプ，嚢果，四分胞子体などの形態的特徴から，コ 藻体は紅色，小型で体高数 mmから 2cm程度，幅

ノハノリ亜科，ベニヤパネグサ群の Membranotlerastin- は 1-1.5mmで，枝は互生的に縁辺から生じ，藻体全

ulosa (RUPRECHT) KUNTZEと同定した。この種はカム 体に明瞭な中肋が見られる。中肋の両側にはー細胞層

チャッカ半島やアリューシャン列島など北太平洋から からなる翼状部があり，その縁辺には鋭い鋸歯がみら

報告されているが (WYNNE1970)，日本からの報告は れ (Fig.1)，藻体下部では縮れている。雌雄の配偶体

ない。また， NAGAI (1941)が，千島列島から M.denー と四分胞子体の末端校の形態を比較すると，幾らかの

liculala (MONTACNE) KYLlNとして記録している藻体は， 違いがみられた。配偶体の末端枝は，その幅が広く縁

脂葉標本の比較によりこの種とは別種と認められたの 辺はほぼ全縁で鋸衡は小さく少なL、。四分胞子体の末

で，Membranotleraゆinulosaを日本新産種とし，和名と 端技は細く，縁辺には明らかな鋸歯が上に向かつて狭

してヒメベニヤパネグサを提案する。 い角度で生じている。翼状部には中肋から縁辺部にか

材 料

けて単条，もしくは稀に分岐する顕微鏡的側脈が見ら

れる (Fig.2)。中肋部分は中心細胞をとりまく髄層と，

小型の細胞からなる皮層があり，髄層細胞にはソゾ属

観察には根室半島先端部の納沙布岬で1978年5月に に見られるような半月型の肥厚(It)が認められるもの

打揚げとして得た雌性配偶体と，近接したトリトエウ がある (Fig.4)。

ス沖で1988年4月に潜水により得た貝の体上に付着し 生長点では頂端細胞 (a)が横に関節し，第一位細胞

ていた雄性配偶体，雌性配偶体，四分胞子体を用いた。 列，第二位細胞列，第三位細胞列のいずれの細胞列に

外部形態の観察に用いた服薬標本は北大理学部の標本 も介生分裂は見られなL、。そして，第二位細胞列の

室に保管されている (SAP034546， SAP 051704)0 initial cell (i2)はその全てが縁辺に達するが，第三位細

胞列の initialcell (i3)は，必ずしも縁辺に達するとは



146 l¥1ATSUMOTO， NI. and YOSHIDA， T 

2cm 
Figs. 1-2. Membrano戸terastI71ulosa (RUPRECHT) KUNTZE. 1. Tetrasporophyte (SAP 051704) collected from 

Nemu，:c， Peninsula. 2. Mieroscopic side-vein on alae. mv， microscopic side-vein 

6 

-50~m 
Figs. 3-7. Mcmbranottcra stInulosa. 3. Apex ofthllus showing apical segmentation. 4. Cross section ofthallus 

5. Apical part of thallus with tetrasporangial sorus. 6. Surface view 01" tetrasporangial sorus. 7. Longitudinal sec-
tion of thallus with tetrasporangia. a， apical cell; cc， central cell; i" i" inilials of seconcl-ancl thircl-orcler cell rows; 
lt， lenticular thickening; p， tetrasporangial primordium; t， tetrasporangium 
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Figs. 8-13. Membranoptera spinulosa. 8. The procarps arranged on the primarγcell row. 9. Srages in develop-

ment of procarps. 10. Apical portion of female thallus with cystocarps. 11. Cross section of young cystocarp. 12. 
Carposporangia formed in chain. 13. Surface view of young spermatangial sorus. a， apical cell; ca， car-
pospor阻 gium;cbt_3， first， second and third cell of carpogonial branch; cbi， initial cell of carpogonial branch; cc， 
central cell; cp， carpogonium; cy， cystocarp; fc， fusion cell; g， gonimoblast; pc， pericentral cell; po， ostiole; pro， 
procarp; rc， rhizoidal cell; sc， supporting cell; st，mc， st2mc， mother cells of first and second groups of sterile cells; 
stc" first group of sterile cells; tr， trichogyne. 

限らない (Fig.3)。

四分胞子議斑は線状で，末端技から主枝にかけて縁

辺を除く中肋の両側に，求頂的に密な状態で形成され

る (Fig.5)。四分胞子褒とその原基は第二位細胞列，

第三位細胞列の primarycellから切り出され，皮層細

胞と同等の位置を占めるため皮層細胞に覆われること
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なく形成される。四分胞子嚢の分裂様式は原則的に三

角錐型である (F耶・ 5，6)。

プロカノレプは第一位細胞列上に形成される (Fig.8)。

その発達過程を Fig.9に示した。第一位細胞列上に

生じた周心細胞 (pc)から，まず，第一次中性母細胞

(st，mc) が切り出され，その後，周心細胞は支持細胞

(sc)と造果校母細胞 (cbi)に分裂する。支持細胞から

はさらに第二次中性母細胞 (st2mc)が生ずる。造果枝

母細胞は，造果枝の細胞を cb" cb2の順に切り出し，

最後に cb3と造果器 (cp)を作り， 4細胞性の造果枝を

完成する。第一次中性母細胞は受精前に分裂し，プロ

カルプは 2群3個の中性細胞を伴うことが多L、。礎果

は末端枝の中肋上にできる (Fig.10)。中央部に融合細

胞 (fc)があり，この細胞から出る造果枝 (g)から，果

胞子嚢 (ca)が鎖状に連なって形成される (Figs. 11， 

12)。融合細胞をささえる細胞からは仮根状細胞 (rc)

が伸び，皮層細胞に連絡している (Fig.11)。

雄性配偶体は雌性配偶体に比べて小さく，体高は 5

mm，幅 0.5mm程度しかなL、。精子襲斑は藻体中部に

中肋と縁辺を除いて生じる。今回得られた材料では精

子嚢の原基は出来ていたが，成熟したものは非常に少

なかった (Fig.13)。

考 察

ノハノリ亜科，ベニヤパネグサ群に属する。さらに褒

果を直接体上に生じ，一細胞層の翼状部をもつのでベ

ニヤパネグサ (Membranottera)属であることが認められ

た (WYNNE1983)。ベニヤパネグサ属は，北半球北部

より 12種類報告されており，種のレベルで区別する形

質として，縁辺の形態，鋸歯の形状，顕微鏡的側脈の

有無，藻体のサイズ，中肋の状態，四分胞子嚢斑の形

態などが用いられる (WYNNE 1970)。このうち，縁辺

の鋸歯と顕微鏡的側脈のあるものとしては，M. 

st仇ulosa，M. serrata (POSTELS et RUPRECHT) ZINOVA， M 

denticulataの3種類がある (MONTAGNE 1849， ZINOVA 

1965， WYNNE 1970)0 M. denticulataは，藻体のサイズが

大型で，縁辺も縮れず，四分胞子嚢斑は，末端枝にの

み形成され，線室産 Membranottera とは異なる

(RUPRECHT 1851， HARVEY 1853， KUTZING 1866) (Table 

1)0 ZINOVA (1965)は，M. stinulosaをM.serrataから，

藻体のサイズが小型であることと，中肋が細いことで

区別し，四分胞子褒斑の位置については，M. serrata 

で全ての順位の枝に形成されると記載している。一方，

RUPRECHT (1851)は，M. stinulosaの四分胞子嚢斑が先

端から離れて形成されることを指摘している。根室産

Membranottera は，藻体が極めて小型であり，細い中肋

をもちながら，四分胞子嚢斑が末端技にも形成される

など，M. stinulosaとM目 serrataとの中間的な位置にあ

る。 WYNNE(1970)は，両種の中間的な形質を持つ標

プロカノレプを第一位細胞列上に生じ，いずれの細胞 本を得ていることと，M. stinulosaの中肋の状態が，

列にも介生分裂がなく，第三位細胞列の initialcellが 藻体の発達程度や世代によって変化することから， 2 

必ずしも縁辺に達しないなどの特徴から，この藻はコ 種を同一種ではないかと提案しているが， ZINOVA 

Table 1. Comparisons of the species of genus Membranottera provided with dentate margins and microscopic 
side-veins on the a1ae. 

H(cemlgh) t Breadth Position oftetra- Nature of Shape of 
恥fidrib

(mm) sporangial sori margms dentations 

A4.frs0p1 znulosa 0.5-2 1-1.5 whole length crisped in small and sharp consplcuoUS 
om Nemuro of branches lower portion narrow 

Ad(RspUanPuElRoCsa HT1851) 
<2 farther down crisped small and sharp 

from apex 

A4-(W宅IPYinNuNfoEsa1970) 3-7 1-3 
dmbIrsaaarnpgcpihneeaas l r where cnsped or 

small and sharp conSplCUQUS 
smooth narrow 

S occur 

M. serrata 15 3-5 whole nlecnhegs th large veηr broad 
(ZINOVA 1965) ofbra 

M. denticulata 3.5-12 1-4 within often more or small and sharp杓 cbornoasdpi判CUQUS 
(NAGAI 1941) branchlets判 less crisped 

M 目 denticulata 10-12.5 6.4-13 near abpreax E of small or large consplcuoUS 
(HARVEY 1853) small branchlets linear， acute 

*1Our observation on Nagai's specimens，tetrasporang*ia2， l sori also developed in main and secondary branches， 
but sparser than those of the 'pecimens from Nemuro. "'2，3 Results of our observation目
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(1965)の概念に基づき，別々の分類群にとどめている。

筆者等もこの扱いに従い，M 抑制/osaとM.serrataを

別種とみなしそのうえで，板室産 Membranopteraは

藻体が極めて小型で，細い中肋を持ち，鋸歯が小さく

鋭利であることからM.spinu/osaと同定した(Table1)。

そして，M. spinu/osaを日本新産種とし，その和名と

してヒメベニヤパネグサを提案する。

NAGAI (1941)が千島列島から M.denticu/ataを報告し

ているので，根室産 M ゅinu/osaとの関係を調べるた

め北大農学部に保管されている開業標本を観察した。

その結果，この藻体は大型であり，四分胞子褒は，末

端枝から主枝にかけて形成されるが密度が低く，特に

主枝の下部ではほとんど形成されず，根室産 M

ψinu/osaとは別種と認められた (Table1)。また，M. 

dentic山 ta において，末端枝以外に四分胞子嚢斑が形

成されるという報告はなく，さらに，縁辺が縮れるこ

となどから，千島産 Membranopteraは M.dent削 /ataと

は別種と思われる。ただし標本が不足しており，種

については特定できない。

最後に，助言をくださった札幌大学 三上日出夫教

授，永井氏の標本閲覧を許可してくださった北大農学

部 四方英四郎教授，並びに採集に協力してくださっ

た釧路水産試験場 鳥居茂樹氏に深く感謝致します。
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Masakazu TATEWA区1，WANGXiao・Yangand Isamu W AKANA: 
A simple method of red seaweed axenic 

culture by spore-washing* 

Key Index WorlU: Antibiotic mixture一副:enicculture-red seaweed-spore-washing medium 
Masakazu Tate即>aki，Wang Xiao・Yangand Isamu Wakana， Institute of Algological Research， Faculty of 
Science， Hokkaido University， Muroran， Hokkaido， 051 Japan 

The axenic culture is an essential of 

biological research including tissue culture， 
protoplast isolation and fusion， and gene 
transfer. In green and brown seaweeds， it is 
generally possible to obtain axenic cultures by 

washing the motile reproductive cells in a 

series of sterile medium (CHAPMAN 1973). 

However， establishing ofaxenic cultures in 
red seaweeds is hard because of the absence of 

motile cells throughout the life cycles. Earlier 

methods usually used small pieces ofvegetative 

thalli for sterilization. The wounded part， 
resulting from cutting into small pieces， is con-
taminated by microorganisms， which also 
makes itdi伍cultto obtain axenic cultures. Ex-

ceptionally， the sterilization， using the dip 
and drag on agar plates containing antibiotics 

(TATEWAKI and PROVASOLI 1964)， is only suc-
cessful for thalli with smooth surfaces or sim-

ple thallus organization， but not with rough 
and complex thalli. 

Although the surface of red seaweeds have 

luxuriant microbial growth， the spores are 
generally produced under aseptic conditions 

in tetrasporangia and carposporangia. Thus， 
if freshly liberated spores are axenic while 

mechanically isolating by capillary pipettes， it 
should be possible to obtain axenic cultures. 
However， normally spores ofred seaweeds set-
tle and attach to the substratum soon after 
liberation， and a few times of serial washing 
of spores in plain seawater lower the percent-

age of spore germination. In this paper， a 
new and simple method ofaxenic culture， in 
conjunction with impeding spore settlement， 

* !~is r~~ea!:ch was.suyport~d i~_pa.rt by C!r~~t-in-.Aid 
for Scientific Research from the Ministry of Education， 
Science and Culture (58540442加 d60480013). 

the mechanical washing and the antibiotic 

treatment of spores in red seaweeds is 

reported. 
Neorhodomela aculeata (PEREST.) MASUDA， 
Sy7ψ紗>ocladia latiusczぬ (HARV.) YAMADA， 
Ceramium japonicum 0臥 MURA，Ptilota serrata 
KEUTZING， Palmaria palmata (L.) KUNTZE， 
Chondrus yendoi Y AMADA et MI臥 MIand Dumon-

tia simplex COTTON were used in this study. 

Small pieces of fertile branches (2-4 cm) or 

blades (2-4 cm2) bearing tetrasporangia or car-

posporangia were excised from freshly col-

lected thalli. They were cleaned by brushing 

with a soft paint-brush， rinsed several times 
in sterile (autoclaved) seawater， and placed in 
a Petri dish (9 x 2 cm) containing 30 ml of 

sterile seawater. Most pieces liberated spores 

within 30 min (Fig. 1A). Newly liberated 

spores were taken up with a capillary pipette 
under a stereo-microscope (X 40-80) and 
washed 3-5 times in a depression glass slide 

containing 1-2 ml of the spore-washing 
medium (Fig. 1B). This medium， containing 
extracellular substances of spore-producing 

thalli， was prepared as follows: 1) 10 g offresh 
thalli was soaked in 50-100 ml of seawater for 

1 hr and then the seawater was filter-sterilized 

through a 0.22μm pore size membrane filter， 
or 2) 100 mg of fresh thalli was placed in a test 
tube containing 10 ml of seawater and 
autoclaved for a few minutes， then 1-2 drops 
of the decoction were diluted with 10 ml of 
sterile seawater. In the spore-washing 

medium， the rapid settling and attachment 
to substratum of spores in most species were 

delayed for a few hours without any adverse 

effects by washing and isolation. However， 
normal attachment occurred soon after 
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Washing medium 

A B c 

-・・・

ST3/STP PES 

D E F G 
Fig. 1. Simple method of obtaining red seaweed axenic culture. A. Place a piece of c1eaned fertile thallus in 
sterile seawater to get newly liberated spores. B. Wash spores 3-5 times in the spore-washing medium containing 
extracellular substances ofthe spore-producing thallus and once in seawater. C. Inoculate 10-20 spores to culture 
medium (PES). D. CuIture under the optimum condition for 10-15 days until sporelings recognized with the 
naked eyes. E. Add ←5 drops of antibiotic mixture to the medium. F. CuIture for 7-14 days in the medium with 
antibiotics (replace with new cuIture medium). G. Inoculate young sporelings into sterility-test media and maintain 
them 200C for 20 days-When confirmed axenic culture， inoculate them into desired culture media. 

transfer to plain seawater or culture media. 

Following the wash with the spore-washing 

medium， the spores were rinsed in plain 
seawater and then 10-20 spores were introduc-

ed into a screw cap test tube containing 10 ml 
ofPES medium (PROVASOLI 1966) to establish 

unialgal culture. The above-mentioned isola-

tion and washing procedures were done at low 

temperatures; sterile media or seawater used 

for washing were kept at lO-140C. The 

isolated algae were maintained under op-

timum culture conditions for each species 

(usually 1←180C， 12-18 W/m2， 14 L: 10 D cy-
cle) (Fig. lD). Some of the sporelings which 

were developed from the serial washed spores， 
were axenic. For example， with tetraspores of 
Palmariaρalmata and Ptilota serrata， axenic 
cultures were obtained at 10-20% of the 
trials. Sterility was tested by transferring a 

few sporelings into ST3 or STP sterility-test 

medium (TATEWAKI and PROVASOLI 1964) 
and maintaining them for at least 20 days at 

approximately 20oC. Confirmed axenic 
sporelings were transferred into the desired 

culture media (Fig. lG). 

In addition， 10-15 days after establishing 
unialgal cultures， when the sporelings first 
become visible to the naked eyes，←5 drops 
(75-100μりofthe antibiotic mixture were add-
ed aseptically to each culture tube containing 

10 ml of PES medium (Fig. lE). The an-
tibiotic mixture contained 100，000 units 
penicillin G potassium， 250 mg streptomycin 
sulfate， 25，000 units polymyxin B sulfate and 
1 mg chloramphenicol per 10 ml of distilled 
water (modifying the formula of the mixture 

developed by PROVASOLI 1958， TATEWAKI and 
PROVASOLI 1964， and TATEWAKI 1981). The 



152 TATEWAKI， M.， WANG， X.-Y.組 dWAKANA， 1 

mixture was fi.lter-sterilized and could be 
preserved by freezing in 1-2 ml aliquots for 
one week， although it is best to prepare the 
mixture just before using. The sporelings 

were left in the medium with antibiotics for 7-
14 days under optimal culture conditions and 

then the medium was replaced with fresh PES 

(Fig. 1F). Axenic cultures were thus obtained 

with high percentagl'; (>90%) of success for 
the species examined. When spores and 

sporelings younger than 5 days were dosed 

with the aitibiotic mixture， they were killed or 
stunted even by 3-5 days antibiotic treat-

ment. Thus， we recommend that lO-day or 
older sporelings are treated by antibiotics 

after the spore-washing procedure. Such 

sporelings which are visible to the naked eyes， 
survive and develop into healthy axenic 

cultures. 

The spore-washing media presumably con-

tain extracellular substances originating from 

spore-producing plants (tetrasporophytes or 

female gametophytes). These substances 

which delay spore settlement， may assure 
spore dispersal from the site of the sporulating 

plants. We are presently investigating the 

biological and chemical nature of these 

substances. 
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舘脇正和・王暁陽・若菜勇:胞子洗浄を利用した簡易な紅藻の無菌培養法

胞子の機械的洗浄と，それに続く発芽体の抗生物質処理の併用による，簡単かつ確実な紅藻の無菌化法を報告

する。まず，放出直後の四分胞子及び果胞子を，胞子放出藻体の溶出液からなる無菌化済みの胞子洗浄液中で洗

浄する。この洗浄液は胞子の基質着生時期を遅延させる働きを示し，洗浄操作に伴う胞子の損傷を軽減するのに

役立つ。数回の洗浄によって，胞子は正常な発芽能を備えたまま単藻培養株として得られ，その一部はこの洗浄

処理だけで無菌となる。さらに，生長した発芽体が肉眼で認められるようになる培養開始10ー15日後に，洗浄だ

けで、は無菌化されなかった培養に抗生物質を添加することによって，効果的に無菌株が得られた。 (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)
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Mitsuo KAjIMURA : Lectotypification of PredaeαtokidaeJ Predaea bisporifera 

(Nemastomataceae， Rhodophyta) and Antithamnion okiense 
(Ceramiaceae， Rhodophyta)* 

Key lndex WOTds: Antithamnion okiense-lectorypijication-Predaea bisporifera-Predaea tokidae 
Mitsuo KajimuTa， Marine Biological Station， Shimane Universiry， Kamo， Saぜ.0，Oki-gun， 685 Japan 

Holotypes of the three red algal species 

Predaea tokidae KAJIMURA (KAJIMURA 1987a)， 
Predaea bispor;伽 KAJIMURA(KAJIMURA 1987a) 
and Antithamnion okiense KAJIMURA (KAJIMURA 

1987b) have been destroyed by mail acci-

dent. Lectotypification of each species with 

isotype specimens therefore has been made by 

the present author in accordance with Article 

7.4 of the International Code of Botanical 

Nomenclature (GREUTER et al. 1988) as 

follows: 

Predaea tokidae KAJIMURA， Phycologia 26: 419， 
figs. 1-12， 1987. 
Lectotype (Fig. 1): OS 9876 (male)， 
deposited in the Phycological Herbarium of 

the National Science Museum， Tokyo (TNS-
AL-37403). 

Predaea bispor;βra KAJIMURA， Phycologia 26: 
421， figs. 13-23， 1987. 
Lectotype (Fig. 2): OS 9836 (male)， 
deposited in the Phycological Herbarium of 

the National Science Museum， Tokyo (TNS-
AL-37402). 

Antithamnion okiense KAJIMURA， Bot. Mar. 30: 
178， figs. 7-19， 22， 23， 1987. 

Lectotype (Figs. 3， 4): OS 9938 (sterile)， 
deposited in the Phycological Herbarium of 

the National Science Museum， Tokyo (TNS-

AL・37401).

牢 ContributionNo. 43 from Oki Marine Biological Sta-
tion， Shimane University. 

Acknowledgements 

The present author wishes to acknowledge 

his indebtedness to Dr. P.C. SILVA， Depart-
ment of Botany， U niversity of California and 
Dr. Wm. J. WOELKERLING， Department of 
Botany， La Trobe University， for their helpful 
suggestions. The present author also wishes 

to acknowledge his indebtedness to Dr. G.T. 

KRAFT， Schoo¥ of Botany， University of 
Melbourne， for his helpful suggestions and 
critical reading of the manuscript. 

References 

KへjlMURA，M. 1987a. Two new species of PTedaea 
(Nemastomataceae， Rhodophyta) from the Sea of 
]apan. Phycologia 26: 419-428 
KへJIMU臥， M. 1987b. CladophoTOpsis cOTalli町 olasp. 
nov. and Antithamnion okiense sp. nov.・Twodeep-
water a1gae from the Sea of ]apan. Bot. Mar. 30: 
177-186. 
GREUTER， W.， BURDET， H.M.， CHALONER， W.G.， 
DEMOULIN， V.， GROLLE， R.， HAWKS-WORTH， D.L.， 
NICOLSON， D.H.， SILVA， P.C.， STAFLEU， F.A.， 
VOSS， E.G. and McNEILL，]. (Eds.) 1988. Interna-
tional Code of Botanical Nomenclature， adopted by 
the 14出 InternationalBotanical Congress， Ber1in， 
]uly-August 1987. Regnum Veg. 118， xiv+328 pp. 
Koeltz Scientific Books， K凸nigstein.



KAJIMURA， M 154 

1111 1¥'111111111111 111111111 1lI1111111111J 11111111111111I1 1'111111 

120ιm 

ω
ω
O
E
ロ

Predaea lok油 eKAJlMURA. Lectotype， co!lected at 40 m depth off Tsudo， the Oki Islands on 10 J une， 

Predaea bis戸oriferaKAJIMURA. Lectotype， co!lected at 20 m depth 0汀Tsudo，the Oki Islands on 18 

Fig. 1 
1985 
Fig. 2 

April， 1979 
Figs. 3 & 4. Anlilhamnioll okiense KAJIMURA 
3. Lectotype， co!lected at 40 m depth off Tsudo， the Oki Islancls， on 31 May， 1986 
4. Pan of the lectotype showing somc whorl-branches bearing glancl cells commonly on the adaxial sicle 



Lectotypification 

梶村光男:Predaea tokidae， Pre伽 ab坤or俳ra(ヒカゲノイト科，紅藻植物門)及び

Antitham7巾nokiense (イギス科，紅藻植物門)の選定基準標本の選定

155 

Predsea tokidse， Pre，伽 'abisporifera及びAntithamnionokienseの正基準標本が破損した為，国際植物命名規約第 7.4条

に従って，上記3種の複基準標本を選定基準標本として選定した。 (685島根県隠岐郡西郷町大字加茂 194 島

根大学理学部附属臨海実験所)
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一学会録事ー

1. 日本藻類学会第四回大会

1989年3月30日・ 31日の両日，東京女子体育大学2

号館において，第13回大会を開催した。大会会長は福

島博氏(東女体大)で，参加者は153名であった。講

演は50題の一般講演(うち展示5題)と， L.J. Goff 

女史(米国カリフォルニア大)による特別講演“The

Origins and Evolution ofRed Algal Parasites"があった。

大会第 1日目に同会場において総会を開催し，引続

き同大学6号館食堂で約2時間にわたって懇親会を開

催した。懇親会は吉武佐紀子(日女衛生短大) ・大野

正夫(高知大海洋生物センター)両氏の司会，印東弘

玄氏(東教大名誉教授)の乾杯の音頭で始まった。宴

を飾る料理は，そのすべてが福島氏と関係諸氏による

心のこもった手作りで，終始和やかな雰囲気の中，盛

会裡に終了した。また，大会第2日目の昼休みには，

同大学7号館第3体育館にて，同大学生による新体操

のエキジビジョンが約 1時間にわたって行われた。そ

の華麗なる演技に， しばし目を奪われ，心和やむ一時

であった。東京女子体育大学の教官諸氏および学生諸

君，ならびに横浜市立大学の小林艶子女史および学生

諸君には大会運営にあたっていろいろご協力頂き，厚

く御礼申し上げる。

懇親会参加者

秋山 優，鯵坂哲郎，新井章吾，有賀祐勝，飯凹高明

飯間雅文，石井明子，石川依久子，石田健一郎，石田勇人

猪口真実，市村輝宣，出井雅彦，井上勲，印東弘玄

上杉伸子，榎本幸人，江原友子，大沢賢司，大谷修司

大塚春江，大野正夫，大葉英雄，大森長朗，岡崎恵視

奥田武雄，長訟哲斎， C.A. オロスコ，甲斐貴子

笠井文絵，加崎英男，片山静康，勝山志乃， 111口栄男

川嶋昭二，北原節子，木村憲司，北山太樹，倉島彰

栗原美香，黒田充恵，桑野和可，小亀一弘，小林艶子

小林 弘，L. Goff， A. Coleman，今野敏徳

斎藤議，坂井厚子，坂西芳彦，坂元忠明，坂本照正

佐藤恵美，佐藤博雄，清水晃，申宗岩，杉田美成子

杉原実奈子，与座功子，高橋永治，竹下俊治，立沢秀高

田中次郎，田村美砂子，千原光雄，張暁明，筒井功

寺尾公子，寺脇利信，中井末松，中嶋泰，中山真理

長島秀行，中田由和，南雲保，名畑進一，西脇優子

野崎久義，能登谷正浩，野呂忠秀，長谷栄二，演田 仁

馬場将輔，林歪宏，林田文郎，原慶明，半田信司

坂東忠司，福島悟，福島博，福永公平，藤田大介

古角正晴，星野淳，堀輝三，堀口健雄，本田大輔

前川行幸，増田道夫，松本正喜，真部永地，真山茂樹

丸山晃，三浦昭雄，御園生拓，峰一朗，宮村新一

D.M.Y. Yano，山岸高旺，山本秀一，山本館子，横浜康継

吉崎誠，吉武佐紀子，吉田忠生，渡辺信，渡辺里香

綿貫和彦，和田直也，安井肇

2. 編集委員会・評議員会

第13回大会の前日 3月29日に東京女子体育大学2

号館5階会議室において編集委員会 (14:00-15:30)

および評議員会 (15:30-19:30)を開催し， 1989年度

総会に提出する報告事項・議題などの審議を行った。

報告事項・議題については総会の項を参照されたL、。

編集委員会出席者:有賀祐勝編集委員長，能登谷正浩

編集幹事，田中次郎，堀輝三編集実行委員，石川依

久子，複本幸人，奥田武男，鬼頭鈎，吉田J忠生の各

編集委員，小林 弘会長および片山智康，真山茂樹各

幹事。

評議員会出席者:小林弘会長，有賀祐勝(編集委員

長を兼任)，石川依久子，大森長朗，小河久朗，奥田

武男，原慶明，増田道夫，三浦昭雄，渡辺信の各

評議員，片山吉子康，真山茂樹各幹事。

3. 1989年度総会

1989年3月30日(大会第 1日目)の特別講演終了後，

東京女子体育大学2号館225教室において総会を開催

した。小林 弘会長の挨拶に続いて，加崎英男氏を議

長に選出して議事に入った。

I.報告事項

1. 庶務関係

(1)会員状況 (1989年3月現在名誉会員3名，普

通会員540名，学生会員45名，団体会員42名，賛助会

員11名，外国会員86名，購読93件，寄贈・交換27件。

(2)昭和63年度文部省科学研究費刊行助成金「研究成果

公開促進費」交付額は930千円で，責任頁は300頁であ

る。なお，昭和64年度(平成元年度)分として補助要

求額1，897千円，責任頁300頁を申請した。 (3)第13回大

会後 (4月 1日)にワ -!lショップ(藻類分類基礎講

座，講師:高橋永治氏，加崎英男氏)を東京女子体育

大学で実施する。 (4)故黒木宗尚氏の遺志により，黒木



家から山田基金へ40万円の寄付があった。

2. 会計関係

(1)12月31日現在の昭和63年度の会費納入率は，普通

会員87%，学生会員87%，賛助会員79%，団体会員

1009-6，外国会員50%である。 (2)昭和63年度一般会計
と岡山田幸男博士記念事業基金特別会計の決算報告は，

1989年3月3日，瀬戸良三(神戸女学続大学)，清水

晃(奈良女子大学)の両会計幹事により適正である

と承認された。

3. 編集関係

(1)昭和63年度に発行した第36巻1-4号は，総頁数

341頁，掲載論文数26編，短報10編，総説2編，広告

14頁であった。頁当りの平均経費は， 12，576円であっ

た。掲載論文の超過頁は32頁，カラー頁は2頁であっ

た。(2)今年度から会誌の印刷を中西印刷脚に依頼した。

1989年3月10日に発行した第37巻 1号は，掲載論文数

9編，短報2編， ニュース 3編，言ト報，第13回大会講

演要旨などを含めて88頁であった。 (3)1989年3月20日

現在の投稿論文数は25編で，内10編が第37巻2号に掲

載予定である。

4 その他

昭和63年度秋季シンポジウムを日本植物学会大会前

日の昭和63年10月12日午後に，岡山市の山陽学国短期

大学で開催した。

II.審議事項

1. 庶務関係

以下のことが審議され，承認された。 (1)本年度秋季

シンポジウムを日本植物学会第54回大会の前日 (9月

26日)に，小河久朗氏(東北大学)を世話人として仙

台市で開催する。 (2)日本藻類学会第14回大会は1990年

3月29日・ 30日に坪 由宏氏(神戸大学)を世話人と

して神戸大学教養部で開催する。また， 1991年の第15

回大会は，沖縄(琉球大学)に開催をお引受け願う。

(3)1989-1990年度の会計監事を岡崎恵視(東京学芸大

学)，加藤季夫(国学院大学)の両氏に委嘱する。 (4)

1990年度より学会事務委託先を(財)学会事務センター

から中西印制闘に変更する。 (5)会費.~Ij刷代・パック

ナンパー代のカード支払制を来年度から導入する。 (6)

日本藻類学会会則第8条中，外国会員の会費8，500円

を7，000円に改訂する。なお，これの施行は来年度以

降とする。 (7)山田幸男博士記念事業基金の運用につい

ては，昭和62年度総会(第11回大会)の決定にしたが

って，学会賞を設ける。持ち回り評議員会，臨時評議

員会で具体的内容をつめる。 (8)寄付金の受け入れ規定

を作成する。
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2. 会計関係

(1)昭和63年度一般会計決算報告及び同監査報告は表・1

のとおり承認された。

(2)昭和63年度山田幸男博士記念事業基金特別会計の

決算報告及び同監査報告は表・2 のとおり承認され

た。 (3)1989年度一般会計予算案は表・3 のように可決

承認された。

3. 編集関係

以下のことが審議され，承認された。 (1)論文などの

開始頁を奇数頁に統一する。 (2)大会講演要旨は次回か

ら1頁あたり 4題とし，専用の原稿用紙に書いてもら

いオフセット印刷する。参加申し込み者には，プログ

ラムをゲラの段階でコピーして配布する。 (3)投稿され

た論文などの版権は，日本藻類学会に帰属する。これ

の取扱は，編集委員長が責任をもって対処する。 (4)和

文及び応用分野の論文の投稿を歓迎する。

4. その他

(1)韓国穫類学会李会長から，将来日韓合同大会を開

催したいとの申し入れがあった。執行部で具体化を検

討する。 (2)今大会の世話人福島博氏から大会の運営

方法などの問題点、を改善してほしい旨の発言があっ

た。執行部で，改善策を検討する。

4. 日本藻類学会藻類分類基礎講座(第4回ワーク

ショヴプ)報告

1989年4月1日同 日本藻類学会第13回大会の翌日，

東京女子体育大学4号館生物実習室にて，藻類分類基

礎講座を開催した。高橋永治氏と加崎英男氏を講師に，

下記の20名が参加した。午前は高橋氏による黄金藻の

分類の講義がスライドを使って行われ，午後は加崎氏

による，車軸藻の講義および実体顕微鏡による観察が

行われた。なお，本藻類分類基礎講座の内容と詳細は

笠井文絵女史(国立公害研)の参加記(次号掲載予定)

を参照されたL、。

参加者:大沢啓志(横浜市大)，大塚春江(神奈川

公街試)，笠井文絵(国立公害研)，栗原美香(横浜市

大)，小林艶子(横浜市大)，小林弘(東京珪藻研)， 

坂本忠明(横浜市大)，高村典子(国立公害研)，根本

隆夫(鹿児島大)，野呂忠秀(鹿児島大)，橋本達夫，

坂東忠司(京都教大)，福島博(東京女体大)，真山

茂樹(東学大)，丸山晃(東大応徴研)，渡辺信(富

山大)，宮地重遠(東大町、徴研)，演田 仁(富山医大)， 

本国大輔(筑波大)，和田直也(横浜市大)
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表-1 昭和63年度一般会計決算 (63.1. 1-63.12.31) 日本藻類学会

収 入

会 費

生会員

国会員

体会員

助会員

販 売

〔定パッ期クナ購ンバ読ー

別 届1] 代

超過頁負担金

広 告 代

利 子

プログラム代

雑 収 入

刊行助成金

計

前年度繰越金

A 
口

貸借対照表

計

借

普通預金(第一勧銀)

の

普通預金(山梨中央銀)

学会センター預け金

郵便振替

小口現金

未収金

仮払い金

ぷロ込 言十

1989年3月3日

部 (円)

4，784，331 

3，561，000 

220，000 

420，931 

302，400 

280，000 

676，500 

163，50 

763，822 

348，000 

170，000 

6，046 

36，000 

172，948 

930，000 

7，887，647 

4，457，390 

12，345，037 

方 (円)

433，668 

1，900，000 

2，865，508 

50，290 

17，781 

801，910 

100，000 

6，169，157 

本会計決算報告は適正である事を認める。

1989年 3月3日

支 出 の

印 席。 費

周t 代
届t 代

編 集 費

集補助費

信連絡費

会誌発送費

庶 務 費

事務用品費

~ 議 費

通信・印刷費

事務整理補助費

諸 雑 費

幹事旅費補助

幹事手当

学会センター業務委託費

第12回大会補助

秋季シンポジウム会場費

計

次年度繰越金

メ斗
口 計

貸

未払金

前受会費

前期繰越金

当期繰越金

次期繰越金

i口L 計

日本藻類学会会長

部 (円)

5，187，800 

744，430 

436，230 

50，000 

286，230 

247，930 

1，123，148 

4，890 

43，380 

272，398 

16，000 

562，480 

24，000 

200，000 

785，872 

100，000 

50，000 

7，930，980 

4，414，057 

12，345，037 

方 (円)

32，100 

1，723，000 

4，457，390 

-43，333 

4，414，057 

6，169，157 

梅崎 勇⑨

日本藻類学会会計幹事鯵坂哲郎⑪

日本藻類学会会計監事瀬戸良三⑨

日本藻類学会会計監事清水 晃@
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表ー2 昭和63年度山田幸男博士記念事業特別基金会計決算 (63.1.1-63.12.31) 日本藻類学会

収入の部(円)

山田幸男博士追悼号 (4冊 28，000

支出の部(円)

学会出版物売上金

〔コンブ論文集(3冊)

日米セミナー(2冊)

寄付

利子

計

3 ， 000~ 

8，000) 

400，000 

56，312 

495，312 

。
計 。

前年度繰越金 1，466，522 次年度繰越金 1，961，834 

A 
口 計 1，961，834 A 

口 計 1，961，834 

貸借対照表

借方(円)

定期預金(住友銀行 1，900，000

普通預金(住友銀行 61，834

貸
一

金

金

越

越
繰

繰

期

期

前
…
虫
「
コ

方(円)

1，466，522 

495，312 

次期繰越金 1，961，834 

ぷ口込 計 1，961，834 ぷ口込 計 1，961，834 

1989年3月3日 日本藻類学会会長 梅崎 勇⑪

日本藻類学会会計幹事鯵坂哲郎⑮

本会計決算報告は適正であることを認める。

1989年3月3日 日本藻類学会会計監事瀬戸良三⑮

日本藻類学会会計監事清水 晃⑮
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収入の

会費

[普通会員 (486)
学生会員 (40)

外国会員 (51)

団体会員 (33)

賛助会員 (10)

販売

〔定期購読(臼)

パックナンパー

別刷代

超過頁負担金

広告代

利子

プログラム代

雑収入

刊行助成金

表-3 198θ年度一般会計予算

部(円 支出の

費

刷代

刷代

編集費

(英文校閲料
編集補助費

通信連絡費

会誌発送費

庶務費

事務用品費

会議費

通信・印刷費

事務整理補助費

諸雑費

幹事旅費補助

幹事手当

学会センター業務委託費

第12回大会補助

4，631，500 

3，402，000i 

200，000 I 

433，500 I 
396，000 I 
200 ，000~ 

361，040 

700，000 

200，000 

150，000 

5，000 

36，000 

30，000 

930，000 

印刷

〔印
}JIJ 

ム一
A

一

学
一
類
一
藻
一
本
一
日
H

一、1.円(
 

部

5，200，000 

4，500，000') 

700，000) 

407，000 

100，000、
50，000 I 
257，000' 

257，000 

617，000 

40，000 

50，000 
155，000 

60，000 

100，000 

52，000 

160，000 

850，000 

120，000 

秋季シンポジウム会場費 50，000 

小計

前年度繰越金

A 
ロ 計

7，043，540 

4，414，057 

11，457，597 

小計

予備費

ぷ込
口 -+l a--一ロ

7，501，000 

3，956，597 

11，457，597 

表-4 日本藻類学会第13回大会会計報告 日本藻類学会大会準備委員会

収 入 の 部 (円) 支 出 の 部 (円)

大会参加費 プログラム代 26，260 

予約 (68名) 161，500 懇親会費 248，847 

当日 (59名) 140，000 通 信 費 8，273 

懇親会費 アルバイト代・謝金 208，303 

予約 (62名) 155，000 雑 費 188，833 

当日 (33名) 82，500 学会返還金 484 

学会補助金 120，000 

講座受講料(11名) 22，000 

d口L 計 681，000 lロh 計 618，000 

1989年4月5日 第13回大会会計幹事福島 博⑮
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新人会
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住所変更

言ト 報

本会会員 阪井輿志雄氏は去る1989年4月14日逝去されました。

謹んで哀悼の意を表します。 日本藻類学会

退 会

佐々木潤(北海道)，須田彰一郎(茨城県)，北島 親(栃木県)，窪田英夫(長野県)，原田昇(長野県)， 

佐々木正人(東京都)，篠村知子(東京都)，島松秀典(東京都)，下回正雄(東京都)，山本海苔研究所(東京都)， 

加藤光秋(埼玉県)，倉掛武雄(愛知県)，今津達夫(兵庫県)



日本藻類学会々則

第1条本会は日本藻類学会と称する。

第2条 本会は藻学の進歩普及を図り，併せて会員相互の連絡並に親睦を図ることを目的とする。

第3条 本会は前条の目的を達するために次の事業を行なう。

1. 総会の開催(年 1回)

2. 藻類に関する研究会，講習会，採集会等の開催

3. 定期刊行物の発刊

4. その他前条の目的を達するために必要な事業

第4条本会の事務所は会長が適当と認める場所に置く。

第5条本会の事業年度は 1月1臼に始まり，同年12月31日に終わる。

第6条会員は次の4種とする。

1. 普通会員(藻類に関心をもち，本会の趣旨に賛同する個人で，役員会の承認するもの)

2. 団体会員(本会の趣旨に賛同する団体で，役員会の承認するもの)

3. 名誉会員(藻学の発達に貢献があり，本会の趣旨に賛同する個人で，役員会の推薦するもの)
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4. 賛助会員(本会の趣旨に賛同し，賛助会員会費を納入する個人文は団体で，役員会の推薦するもの)

第7条 本会に入会するには，住所，氏名(団体名)，職業を記入した入会申込書を会長に差出すものとする。

第8条普通会員は毎年会費7，000円(学生は5，000円)を前納するものとする。但し，名誉会員(次条に定める

名誉会長を含む)は会費を要しない。外国会員の会費は8，500円とする。会長の承認を得た外国人留学

生は帰国前に学生会費の10年分を前納することができる。団体会員の会費は12，000円とする。賛助会員

の会費は 1口20，000円とする。

第9条本会には次の役員を置く。

会長 1名 幹事若干名 評議員若干名 会計監事 2名

役員の任期は2カ年とし重任することが出来る。但し，会長と評議員は引続き 3期選出されることは出

来ない。役員選出の規定は別に定める(付則第1条~第4条)。本会に名誉会長を置くことが出来る。

第10条 会長は会を代表し，会務の全体を統べる。幹事は会長の意を受けて日常の会務を行う。会計監事は前年

度の決算財産の状況などを監査する。

第11条 評議員は評議員会を構成し，会の要務に関し会長の諮問にあずかる。評議員会は会長が招集し，また文

書をもって，これに代えることが出来る。

第12条 1. 本会は定期刊行物「言葉類」を年4回刊行し，会員に無料で頒布する。

2. r藻類」の編集・刊行のために編集委員会を置く。
3. 編集委員会の構成・運営などについては別に定める内規による。

(付則)

第1条 会長は圏内在住の全会員の投票により，会員の互選で定める(その際評議員会は参考のため若干名の候

補者を推薦することが出来る)。幹事は会長が会員中よりこれを指名委嘱する。会計監事は評議員会の

協議により会員中から選ぴ総会において承認を受ける。

第2条評議員選出は次の二方法による。

1. 各地区別に会員中より選出される。その定員は各地区 l名とし，会員数が50名を越える地区では50名

までごとに 1名を加える。

2. 総会において会長が会員中より若干名を推薦する。但し，その数は全評議員の 1/3を越えることは出
来なL、。
地区割は次の8地区とする。北海道地区，東北地区，関東地区，東京地区，中部地区(三重を含む)， 

近畿地区，中国・四園地区，九州地区(沖縄を含む)。

第3条 会長，幹事及び会計監事は評議員を兼任することは出来ない。

第4条 会長および地区選出の評議員に欠員を生じた場合は，前任者の残余期間次点者をもって充当する。

第5条 会員がパックナンバーを求めるときは各号1，750円とし，非会員の予約購読料は各号3，000円とする。

第6条本会則は昭和63年3月31日より改正施行する。
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投稿案内

I.編集の方針 本誌には藻学と応用藻学に関する会員の未発表の，論文・総説・短報(短い調査報告など)・

速報・雑録(採集地案内・分布資料・ニュース・所見・新刊紹介など)を掲載します。論文はデータや考察の独

創性の有無に重点を置いた編集委員会の審査を経たのち受理されます。原稿の取捨，掲載順序，体裁などは編集

委員会および編集幹事で決めます。原稿は和文または英文とし，論文は刷上り英文10頁，和文6頁，総説15頁，

短報3頁，雑録 l頁以内を無料とします。頁の超過は制限しませんが，超過頁分については 1頁当たり 12，000円

が必要です。折り込み，色刷りなどの費用は著者負担となります。また，速報は2頁以内と制限があり，有料で

1頁12，000円の掲載料が必要です。和文原稿では5枚(ワープロでは2枚)が，英文原稿では2枚が刷上り 1頁

となる見当です。

1I.報文の書き方 和文原稿は400字詰原稿用紙(横書き B5またはA4)に，当用漢字，新仮名使い(生物名

は片仮名)を用い横書体で書き，ワープロの場合は 1行35字， 28行に明瞭に印字して下さし、。英文原稿は厚手タ

イプ用紙を用い，ダプルスペースで1行65字， 28行にタイプまたはワープロで印字し，十分な英文添削または校

聞を経たのち提出して下さし、。新種の発表や学名の記載に当たっては国際植物命名規約に従って下さい。なお，

アラビア数字・メートル法・摂氏温度を用い，学名などのイタリック体には下線 1本，人名などのスモールキャ

ピタルには下線2本，ゴシック体には波状線 1本を記入して下さL、。

例 :Batrachospermum竺笠竺盟主主S旦ι包mm主立，開c，min， hr， nm， !:!.m， mm， cm， m， !:!.!' m!， !' !:!.g， mg， g， N， 
M， ppm， lux， g (gravity)， 25・Cなど。

原稿は，標題・英文要約(和文・英文原稿共)・本文・引用文献・和文摘要(英文原稿のみ)・表と図とその説

明(英文)の順にまとめて 1組としコピー共3組(写真は現物 1組と現物または写真コピー 2組，電子複

写などは不可)にしてお送り下さい。

(1) 標題と要約英文原稿では，欄外見出し・標題・著者名・宛先・要約の順に，和文原稿では，側外見出し(英)

・標題と著者名(和と英)・要約(英)の順に記入してください。要約は著者名・標題・雑誌名・まとめ

(200字・必要に応じて400字まで)・アルファベット順のキーワード (5-10語)の順に記入し，研究費に対

する謝辞は脚注に入れて下さい。

(2) 本文 標題紙に記した以外の謝辞は，なるべく本文の末尾に入れて下さい。表と図は必ず本文中に引用し

(Fig. 1， Table 1のように)，文献の引用は次の例にならって，著者名と出版年および必要に応じて頁(単行

本の場合)を明示して下さい。

例.• . • aquatic e∞systems (WE凶 H1972， 1974)， Liebig's (1840 p. 23)“lowof山崎minimum"is....， ..・・が知
られている (YAMADA1949)，岡村 (1907p. 56)は，

(3) 引用文献 本文中で引用した文献のみを，別紙にアルファベット順に列挙して下さい。引用は，①原著の引

用と，②図書目録を見て目的の書物を捜し当てるための引用の2本立てとし，それぞれが イ)著者名 ロ)

出版年 ハ)標題(巻次を含む) ニ)対照事項(頁・図など) ホ)出版事項(出版者・出版地)のうちの

必要部分からなるよう順を追って下例にならって記入して下さL、。

(単行本) ①，②共通 広瀬弘幸イ) 1959.叫藻類学総説.ハ}内田老鶴園，東京.制

(単行本中の 1章) ①DRE阻 s，G.イ) 1977." 1 Sexuality. ，，) p. 25Cト283.叶 ②'In D. WERNER [ed.)イ) The 

biology of diatoms.ぺ BlackwellSci. Publ.， London. *i 

(叢書中の分冊) ①HUSTEDT， F.イ 1930.ロ) Bacillariophyta. ，，) ②ln A. PASCHER [ed.)イ) Suswぉiser.

Flora Mitteleuropas. ed. 2. No. 10.川 GustavFischer， Jena.判
(雑誌の中の 1論文) ①森 通保イ) 1970.同 Batr，帥吋ermumecωcartum SIROD.の分類学的研究.ハ)②藻類

8ハ) : 1-8.~) 

①MORI， M.イ) 1975.叫 St凶ieson the genus Bat胤 hostermumin Japan.ハ)②tJap.
Journ. Bot. 20") : 461-485.叫

(4) 和文摘要英文原稿の場合のみ，和文で，著者名・標題・宛先も入れ400字以内にまとめて下さい。

(5) 表と図およびその説明 英文で書き，表と図は原寸大(印刷頁の寸法は 14X20.5 cm，片段のときは幅6.6

cm)またはA4版程度に仕上げ，図には倍率を示すスケールを入れ，線や記号，文字，数字はレタリング用

具などを用いて鮮明に記入し，そのまま印刷に廻せる
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Information for Authors (Revised March 1988) 

Members of the Society are invited to contribute original research reports， short com-
munications， review articles and rapid communications inJapanese or English on all aspects of 
phycology. Every research paper is read and criticized by reviewers on the basis of its originality 
and the discussion presented. Where appropriate， reviewers other than those on the Editorial 
Board are consulted. Final responsibility for selection and published order of papers rests with 
the Editor. Research reports not longer than 10 printed pages in English and 6 printed pages in 
Japanese including figures and tables， short communications within 3 printed pages and review 
articles within 15 printed pages will be published without excess charge (exclusive ofreprints); 
additional published pages will be charged to the author (12，000 Yen per single printed page). 
Rapid communications acceptable within 2 printed pages will be published in the possible 
earliest issue with charge at 12，000 Yen per single printed page. 
The manuscript should conform exactly to the following instructions. The manuscript 

should be typewritten， double-spaced in 65 letters per line and 28 lines， on thick paper of 
21.5 x 28 cm or A4 size. Symbols， units and nomenclature should conform to international 
usage. The S. 1. metric system should be used for all numerical data. Words to be printed in 
italics should be underlined. The original copy and two duplicates are required. The first page 
should have only the title， full name(s) of the author(s) and institution with address， and any 
necessary footnote. A short running title should be included. Acknowledgements preferably 
follow the text but precede the references. Tables and legends for figures should be on separate 
pages and be placed after the references. 
An abstract of not more than 200 words is required. At the end of the abstract， 5-10 Key 

Index Words should be given alphabetically for aid in indexing. AJ apanese abstract will be pro-
vided by the Editor from translation of the abstract. 
References. Citations in the text should read thus: LIEBIG'S (1840 p. 23) ... or ... 

(WELCH 1972， 1974). In the list at the end of the paper， references should be typed in 
alphabetical order. Each reference should be given in the following order: Name， Initials， Date， 
Title， Journal Volume: first page-last page. Example: 

Mll<AMI， H. 1978. On Laingia hookeri (Rhodophyceae， Delesseriaceae) from New 
Zealand. Jap. J. P 
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造成、利用法、海外での養殖、新しい海藻

の養殖法、新品横形成の環状まで、実に幅

広い観点から論じ尽した海藻入門の決定版。

研究者・学生・養殖業者の熱い要望に応え

て遂に刊行グ
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