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日 本藻類学会
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る。本会は定期刊行物「務類」をjl"4回刊行し，会員fC111(料で頒布する。瞥通会員は本年度の年会費7，000円(学

生は5，000円)を前納するものとする。団体会員の会賀は 12，000円， t当日b会員の会IJ'l.は i口20，000円とする。
入会，退会，会費の納入およひ‘住所変更等についての通信は 113東京都文京区弥生2-4・16r学会センターピ
ル内」日本学会事務センター宛lζ，K(杭の送付は 657神戸市灘区六甲台町1・1神戸大学理学部生物学教室内，日

本藻類学会編集委員会宛fC，また，lIL務一般およびパックナンバ一等については，606京都市左京区北白川追分

町京都大学農学部熱帯農学専攻内，日本藻類学会宛にされたい。

The Japanese Society of Phycology 

The ]apanese Sociely or Phycology， rounclecl in 1952， is open to all who arc i川eres!eclin any aspcct 01 
phycology. Either inclivicluals or orb'anizations n'.ay become membcls or the Society. The .Japancsc ]ournal 
01' Phycology (SORUI) is published qLlarlerly ancl d!s:ributcd to lr巴:nbersfree 01' charge・ Theannu.al dues 
(1987) for overseas members are 8，500 Yen (sencl the 1巴mlttanc巴 tothe Business Center for AcadeIn.ic 
Societies Japan， 4-16， Yayoi 2-choIn.e， Bunkyo・ku，Tokyo， 113 Japan). 
Manuscript for pllblication ShOllld bc sub:ntttecl clirectly to thc Eclitor-in-chief， Prof. Y. Tsubo， Depart-

In.ent of Biology， College of Liberal Arts， Kobe University， Tsurukabuto 1-2-1， Nada-ku， Kobe， 657 
Japan. lnqlliries and other inrormation regarclin雪thesociety should be aclclressecl to the japanese Society 
of Phycology， c/o Division of Tropical Agriculture， Faculty of Agriculture， Kyoto University， Kita-
shirakawa・oiwakecho，Sakyo-ku， Kyoto， 606 japan. 
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お知らせ

会員名簿作成について

日本務類学会では昭和63年度IC.会員名泌を刊行する

予定にしております。つきましては，会員の所属機関

その他のデータを正般にするため，会員の皆様Iζ会日

カートーをお送りし，必要事項を記入して頂く乙とに致

しました。会員カードは近LI~I~ Iζお送りいたしますの

で，昭和62年JJ) J末までにど返送くださいますようど

協力をお願いします。
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Loricate and scale回bearingprotists from L面tzow-HolmBay， 
Antarctica 11. Four marine species of Paraphysomonas 

(Chrysophyceae) including two new species from the 

fast-ice covered coastal area* 

Eiji TA貼 HASHI

Dψ'artmentザBiolog.p，Faculty of Science， Kobe University， Nada-ku， Kobe 657 Jatan 

T雌 AHASHI，E. (1987) Loricate and sca1e-bearing protists from Lutzow-Ho1m Bay， Antarctica 11. 
Four marine species of Parathysomonas (Chrysophyceae) including two new species from the fast-ice 
covered coasta1 area. J ap. J. Phycol. 35: 155-166. 

In a one year survey carried out from February 1983 to January 1984 at four samp1ing sites in 
the fast・icecovered coぉta1area north of East Ongu1 1s1and (69000'S， 39035'E)， Antarctica， four 
marine species of Parathysomo.附 (Paraphysomonadaceae，Chrysophyceae) we閃 found. They were 
recorded for the first time in the Antarctic， and two of these species are new to science. One of th筒、
P. antarctica n. sp.， belongs to出eηψ乙(oratagroup， and the other， P. oligocycla n. sp.， to the foram-
in依ragroup. The two previous1y described species are P. vestita and P. butcheri. 

J巴りIIndexWord: Antarctic Ocean; Fast-ice covered 何回1;Chrysothyceae; East Ongul Island; 
ルwmarine伊.cies;Paraphysomonas; Taxono砂・

8ince the time that two new marine 

species of the originally monospecific genus 

Paraphysomonas were described by LUCAS 

in 1967 (LUCAS 1967)， many freshwater 
and marine species of this genus have been 

found in many parts of the world. Until 

now， 48 taxa in total have been described. 
Among them， 39 have been found in 
freshwater， 6 in seawater， and 3 in both 
fresh and sea-water (REES et al. 1974; 

PREISIG and HIBBERD 1982a， 1982b; 
WUJEK 1983). They were cla凶ifiedinto 

11 groups based on their scale structures 

(PREISIG and HIBBERD 1982b， 1983). One 
of the marine ta虫色 P.imper:forata is widely 
distributed in brackish water and seawater 

from the coast of Norway in the Northern 

hemisphere (LEADBEATER 1972) to the 

申 Thisresearch was supported in part by the 
Grant in Aid for Scientific Research No. 59540421 
from the Ministry of Education. 

coast of New Zealand in the 80uthern 

hemisphere (MOESTRUP 1979). This or-

ganism， showing IittIe variation in scale 
structure， have been recorded 合om企esh-
water lakes and ponds in many countries 

between 8weden in the Northern hemi-

sphere (CRONBERG and KRISTIANSEN 1980) 

and Chile in the 80uthern hemisphere 

(DURRSCHMIDT 1980). The type species of 

this genus， P. vestita， is also recorded from 
many freshwater and some seawater 10-

calities throughout the world (PREISIG and 

HIBBERD 1982a). Altogether， this genus 
is widely distributed in both freshwater 

and seawater all over the world from ca. 

650N to 4008. 

Furthermore， four marine species of thi'! 
genus， two of them new to science， were 
found in the fast-ice covered coastal area 

north of East Ongul Island， Antarctic 
Ocean. One of the new species belongs 
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100， 150， 200， 400 and 600 m at 8t. 5. In 
addition to these samples， surface water 
samples were taken in 0.5 l polyethylene 

bottles from a depth of ca. 10 cm at the 

sampling hole at each station. Fast-ice 

cores were taken with a 8IPRE electric 

ice core sampler from each sampling sta-

tion. The thickness of sea ice varied 

from ca. 50 to 120 cm. Except for one 

day， May 3 1983， when the pack ice was 
blown offshore， the Ongul Islands remained 
icebound. 

The climatic and oceanographic condi-

tions in this area have been described in 

another paper (WATANABE et al. 1986). 

The method used to examine the sea-

water and sea ice samples by use of the 

scanning electron microscope (8EM) is 

described in a previous paper (TAKAHASHI 

et al. 1986). For transmission electron 

microscopy (TEM)， both live and fixed 
concentrated water samples were mounted 

collodion carbon coated grids (ca. 
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8eawater and sea ice core samples were 

col1ected at four sampling sites (8tations 1， 
3， 4 and 5) on the fast-ice at the coastal 
area north of the 8yowa 8tation， East 
Ongul Island (69000'8， 39035'E) in the 
Lutzow・HolmBay， from February 1983 
to January 1984 (Map. 1). The depth to 

the sea bottom at 8tations 1， 3， 4 and 5 
were ca. 12， 38， 160， and more than 700 
meters respectively. 8eawater samples 

were collected with a Van Done bottle 

from the following depths at each station: 

2， 5， 8 and 11 m at 8t. 1; 2， 5， 10， 15， 25 
and 35 m at 8t. 3; 2，5， 10，25，50， 75， 100 
and 150 m at 8t. 4; 2， 5， 10， 25， 50， 75， 

to the imteげもratagroup and other to the 

foramini斥ragroup. 
Their characteristics are described 

the taxonomy of the imteφrata 
discussed in this paper. 

Materials and Me曲。ds
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Map showing four sampling sites on the fast-ice in the coastal area north of East Ongul Island， Map. I. 
Antarctica. 



Four marine species of Parathysoll7O/削
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Figs. 1-3. Paratlrysoll1ollas anlarclIca n. sp.; Fig. 1. an intact cell， Fig. 2. typical scales， Fig. 3固

めaftsand rod-like t伊 ofspines. (all scale bar shows 1μm) 
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0.02 ml on each)， desiccated in an electric 
oven and shadowed by Pt-Pd al10y at an 

angle of ca. 200 • These grids were ex-

amined with a ]E恥ι100BTEM. Part 

of the samples were examined by ]8M・T・

1008EM. 

Results and Discussion 

Four species of Paraphysomonas were 

found in these water samples: two new 

species， P. antarctica n. sp. and P. oligocycla 
n. sp.， and two described species， P. vestita 
and P. butcheri. 

Paraphysomonas antarctica sp. nov. (Figs. 

1-5) 

Cel1ulae mobiles incolorata， sphaericae 
3.1μm (2-4.3μm) in diametro. Flagel1a 

duo， inaequalia; alterum 6 (4-8)-plo lon-
gius cel1ulae longitudine et 19.3μm (12.5-

27μm) 10時um，alterum brevius 2.9μm 
(1.8-4.5μm). Corpus cel1ulae squamis 

numerosis tectum. 8quamae e discis bas-

alibus orbicularibus sine margine incrassato， 
1.38μm (0.9-1.75μm) in diametro et e 

spinis centribus cylindricis 2.4μm (1-3.25 

μm) totis longis apice baci11iformi 0.52μm 

(0.3-0.7μm) longo compositae. Cystae 

ellipsoideae col1o simplici， 5.58μm (5.0-
6.3μm) in axe maiore， 5.47μm (4.6-5.9 
μm) in axe minore， 5.31μm (4.9-5.8μm) 
altae excludentes col1o. Col1um humile 

1.16μm (1.06-1.27μm) in externo diam-

etro， 0.24μm (0.2-0.3μm) altum， poro 
centrali sine annulo 0.56μm (0.55-0.65μm) 

in diametro. 

Lecta ab autore ipso in mari glaciolento 

in area septentrionali insulae Ongul ori-

entalis， Antarctica: holotypus in herb. Inst. 
Biol. Kobe Univ. conservatus. 

Iconotypus: Fig. 1. 

Cell motile， colourless， spherical， 3.1μm 
(2-4.3μm) in diameter. Flagella two， 
unequal; the longer ftagellum pleurone-

matic， the length about 6 (4-8) times that 

of the diameter of the cell body， 19.3μm 
(12.5-27μm) in length; the shorter one 

acronematic， 2.9μm (1.8-4.5μm) long. 
Cell body covered with scales consisting of 

a basal plate and a central spine. Basal 

plate of scale spherical without upturned 

or thickened margin， 1.38μm (0.9-1.75 
μm) in diameter; central spine consists of 

tubular and cylindrical shaft， 1.88μm 
(0.7-2.55μm) long， and thinner apical rod 
terminating in a round tip， 0.52μm (0.3-
0.7μm) long. Cyst slightly ellipsoidal， 
smooth， with a low col1ar， 5.58μm (5.0-
6.3μm) in major axis， 5.47μm (4.6-5.9 
μm) in minor axis， 5.31μm (4.9-5.8μm) 
high excluding collar height. Collar sim-

ple， 1.16μm (1.06-1.27μm) in outside 
diameter and 0.24μm (0.2-0.3μm) high 

with a pore without annulus 0.56μm 

(0.55-0.65μm) in diameter. 

This species was collected 企om the 

fast-ice covered coastal area north of East 

Ongul Island， Antarctica. 

Type figure: Fig. 1. 

This species was collected from seawater 

and sometimes企omthe bottom portion 

of sea ice at every station in the fol1owing 

months; from seawater， April 1983 and 
]anuary 1984 at 8t. 1; March， ]une and 
8eptember to December 1983 and ]anuary 

1984 at 8t. 3; March 1983 at 8t. 4; ]une， 
]uly and 8eptember to December 1983 and 

]anuary 1984 at 8t. 5;仕omthe bottom 

portion of sea ice， April 1983 at 8t. 1， and 
]anuary 1984 at 8t. 3. It appeared in 

every sampling site and was found through-

out the year in this coastal area. At 

8tations 3 and 5， it appeared as a dominant 
phytoplankton during the period from 

August to December 1983. 

As all the cells col1ected from every 

sampling site during the period surveyed 

were covered with monotypic scales of a 

homogeneous structure， this scale structure 
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Figs. 4， 5. a cysはtof P. 削 t似rα肝仰tげ川r阿川C
Figs. 6， 7. P. imteifoTala; Fig. 6. scales fl'om L. Sal'oma， Japan， Fig. 7. scales fl"ol11 ¥tVestern Australia. 
(all scale bar shows 1μm) 
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can be considered stab1e. 

P. antarctica is classifi.ed in the imperforata 

group based on a sca1e structure consisting 

of a basa1 disc p1ate without a thickened or 

upturned margin and a centra1 spine 

with a basally thickened portion and a 

distally thinner portion. It can be dis圃

tinguished from P. imperforata by the 

following charactenstics: 1) in P. an-

tarctica， the diameters of the cyst and the 
basa1 p1ate， and the 1ength of the spine 
are twice as much as those in P. imperforata; 

2) the spine consists of a cy1indrica1 shaft 

and a thin rod-1ike tip， the ratio of tip to 
spine in 1ength being 1/4.6， whereas it is 
1/2 in P. imperforata; 3) the thickness of 

the spine at the median portion， in between 
the basa1 and the dista1 portions， changes 
abruptly， whereas in P. imperforata this 
happens gradually within a 1ength of ca 

0.1 μm; 4) taxonomica1 weight of such 

features as cell size and flagellar 1ength is 

not as great as sca1e structure， as these 
features vary under different environ圃

menta1 conditions. However， the 10ng 
flagellum of P. antarctica is s1ightly 10nger 

than that of P. imperforata and is 4 to 8 

times the diametre of its cell， whereas that 
of P. imperforata 3 to 4 times the diameter 

of its cell. 
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In the Northern hemisphere， P. impeト
forata s. str. has been recorded from sea-

water in Norway (LEADBEATER 1972)， 
Denmark (THOMSEN 1975， except for his 
group 2)， Eng1and (Lu凹CAS 1967; HIB 
B国E即 l叩979)町)， Israel (THOMSEN 1978)， Fin-
land (THOMSEN 1979)， and ]apan (TA臥・
HASHI 1981). In the Southern hemisphere， 
it has been recorded in New Zealand 

(MOESTRUP 1979) and Western Australia 

(this paper). Among cells and scales 

found in Denmark and designated as P. 

wψφωa by THOMSEN (1975)， a cell (his 
figure 11) and a scale (his figure 8) differ 
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from other scales described部 P.imperforata 

and resemble more those of P. antarctica 

than those of P. imperforata. His scales 

have the same three dimensional char-

acteristics邸 scalesof P. antarctica (Table 

1) . This suggests the existence of an 

antarctica-like taxon in the Northern polar 

reglOn. 

Besides the above seawater localities， 
scales and cells of P. impeψrata have been 
recorded from many freshwater localities 

(ANDERSEN 1978; CRONBERG and KRIs-

TIANSEN 1980; DURRSCHMIDT 1980; HIB-

BERD 1979; ]ACOBSEN 1985; KLING and 

KRISτ'IANSEN 1983; KRISτ'IANSEN 1976， 
1978， 1980， 1983， 1985， 1986; NICHOLLS 
1981a; PREISIG and HIBBERD 1982a; ROI-

JACKERS 1981; ROIJACKERS and KESSELS 

1981; SKOGSTAD 1982; TAKAHASHI 1976， 
1978; W A WRZYNIAK and .ANDERSEN 1985; 

WEE 1982; WUJEK 1983， 1984). These 
企eshwater specimens designated as p， 

impeφrata deviate from the type by dis-
tinctive differences in scale structure. 

They are divided into three groups based 

on scale structure; Forma no. 1 contains 

scales consisting of a circular plate and a 

long curved spine terminating in a round 

tip; Forma no. 2 contains scales consisting 

of an elliptical plate and a long， straight， 
cylindrical spine terminating in an abrupt-

ly and acutely pointed minute tip (T AKA・

HASHI 1976， 1978); and Forma no. 3， 
which consists of an elliptical base plate 

and a curved 10ng spine terminating in a 

round tip， has been found in Canada by 
KLING and KRIS'τ'IANSEN (1983). PREISIG 

and HIBBERD (1982a)， the first to examine 
cells of Forma no. 2， considered that this 
organism might be a separate taxon. 

Whereas， THOMSEN (1975) and LEE (1978) 
questioned the separation of species of P. 

vestita and P. imperforata because scale and 

spine structure shows a gradual transition 

from one species to the other. In another 

study many cells of P. impeφrata Forma 
no. 2 which were collected 企omlakes and 

ponds in Alaska were examined. It is 

concluded that Forma no. 2 should be 

considered a separate species because all 

the scales of examined cells were homo-

geneous and stable in structure. A t砿・

onomic treatment of Forma no. 2 will be 

published in a subsequent paper. As for 

Forma no. 1 and Forma no. 3， two different 
kinds of scales may characterize two 

separate species. Further investigation is 

necessary. 

The cyst shown in a previous paper 

(TAKAHASHI et al. 1986， figure 24) is not 
that of P. imperforata but belongs to P. 

antarctica. 

Paraphysomonas oligocycla sp. nov. (Figs. 

8，9) 
Cellulae mobiles incoloratae， sphaericae， 
6.2μm (6-6.5μm) in diametro. Corpus 

cellulae squamis numerosis tectum. Squa-

mae e discis basalibus orbicularibus mar-

gine complanato vel leviter incr副 sato

0.6μm (0.47-0.8μm) in diametro a duobus 

ad quattuor annulis concentricis paribus 

constantibus numerosis foraminibus per・

foratis et e spinis centralibus deminutis 

apice rotundato 0.78μm (0.5-0.9μm) lon-

gis compositae. Lecta ab autore ipso in 

mari glaciolento in area septentrionali 

insulae Ongul orientalis， Antarctica: holo-
typus in herb. Inst. Biol. Kobe Univ. 

conservatus. 

Iconotypus: Fig. 8. 

Cells spherical to slightly ovoidal， 6.2 
μm (6-6.5μm) in diameter， covered with 
scales. Scale consists of a spherical basal 

plate and a central spine; basal plate with 

or without slightly thickened margin， 0.6 
μm (0.47-0.8μm) in diameter， ornamented 
with two to four concentric rings of ir・

regularly shaped perforations; spine slight-
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Figs. 8， 9. P. oligoC)'cla n. sp.; Fig. 8. typical scales， Fig. 9. scales with spine having swollen basal 
portion. (all scale bar shows 1μm) 
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1y tapering， with or without swoIlen basa1 
part， terminating in a round tip， 0.78μm 
(0.5-0.9μm) in 1ength. Cyst unknown. 

1 t was coIlected from the fast・icecovered 

coasta1 area north of East Ongu1 Is1and， 
Antarctica. 

Type figure: Fig. 8. 

This species was coIlected from seawater 

in ]anuary 1984 at St. 1 and St. 5， and in 
March 1983 at St. 4， and a1so from the 
bottom portion of sea ice in April 1983 at 

St. 1. 

P. oligocycla is p1aced in the foraminifera 

group together with P. foraminiρra LUCAS 
1967， P. circumforaminifera WUJEK 1983， 
and P. takahashii CRONBERG et KRISTIANSEN 

emend. THOMSEN et al. 1981. It is dis-

tinguished from the others by structura1 

differences of the sca1es: three outer and 

five inner rings of perforations in the 

basal p1ate in P. foraminifera; only one ring 

of perforations just inside the upturned 

margin in P. circumforaminifera; and evenly 

and closely distributed perforations in the 

basal p1ate and three-forked spine base 

in P. takahashii. 

Between two to four rings of perforations 

were found in the basal plate of P. oligo-

cycla. A basal p1ate with three rings of 

perforations was 54.3% of aIl sca1es ex-

amined， that with two rings 34.3%， and 
that with four rings 11.3%. The number 

of perforations in the outer ring of the 

basa1 plate with three rings of perforations 

was 27 (20-30)， that in the middle ring 18 
(6-22)， and that in the innermost one 13 
(←16). The perforations in the middle 

and innermost rings were arranged ir-

regularly and varied in number. Scales 

of some ceIls possessed a central spine 

with a swoIlen basal portion as observed 
in Spin併romonω bourrellyi (NrcHoLLs 
1981 b). The swol1en portion varied from 
8 to 41 % (mean 24%) of the whole spinc 
1ength. 

Paraphysomonas vestita (STOKES) DE 

SAEDELEER 1929 

(Figs. 10， 11) 
This species， one of the most widely 
distributed species of this genus， has been 
recorded main1y in freshwater. At Sta-

tion 1， many sca1es were collected from 
the middle and bottom parts of sea ice in 

Apri1 1983， and from seawater in ApriI 
1983 and ]anuary 1984. Cysts were col-

1ected from the midd1e part of sea ice in 

April 1983. 

The scale consists of a circular basa1 

p1ate with a wide upturned margin and a 

tapering centra1 spine terminating in a 

pointed tip. Spines of Antarctic specimens 

varied from 0.1μm to 4.2μm in 1ength， 
which was shorter than those in other 

1oca1ities; e.g. ]apanese specimens varied 

from 1.3μm to 7.0μm in 1ength (T AKA-

HASHI 1978). The cyst， 8.6μm in di-
ameter in the Antarctic materia1， was also 
smaller than that in ]apanese material 

( 11μm in diameter， TAKAHASHI 1978). 
Although LEE (1978) found that P. vestita 

is capable of euryhaline growth in a wide 

range of salinities， records for this species 
in seawater are very few (LEADBEATER 

1972; THOMSEN 1975， 1978; LEE 1978; 
T AKAHASHI 1981) . The sa1inity of sea-

water at Station 1 was 3.296-3.407% 

throughout the year. 

This is the first record of P. vestita in the 

Antarctic. 

Paraphysomonas butcheri PENNICK et 

CLARKE 1972 

(Fig. 12) 

A few cel1s of this specie's were coIlected 

from seawater in March 1983 at Stations 1 

and 4. AIl of them were covered with 

plate scales only. Cel1s were spherical 

and 2.85μm (2.4-3.2μm) in diameter， 
and plate sca1es were elliptical and 0.79 

μm (0.7-0.82μm) xO.55μm (0.5-0.63μm). 
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Figs. 10， 11. P. vestita; scalcs (Fig. 10， TEM) anc¥ a引C¥Cview OfCYSl (Fig. 11， SEM). Fig. 12. SE1Vr 
imagc of P. butcheri. (all scale bar shows 1μm) 
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The scales were slightly smal1er than those 

in the type material (PENNICK and CLARKE 

1972). 

This is the first record of P. butcheri in 

the Antarctic. 

The distribution of marine species of 

Paraphysomonas in the Southern hemisphere 

has not been ful1y described. Prior to 

1984， only two records of this genus had 
been made in this area. P. vestita was 

discovered at Durban， Natal， RSA (LEE 
1978)， and P. imperforata s. str. and P. 
butcheri in the coast of N ew Zealand by 

MOESTRUP in 1979 (MOESTRUP 1979). 

The four species recorded in this paper and 

col1ected from the Antarctic Ocean， and 
P. imperforata s. str. col1ected from the 

Mundura Estuary near Bunbury， Western 
Australia， comprise the third and most 
recent record of this genus in the Southern 

hemisphere. These collections suggest a 

distribution of this genus as wide in the 

Southern hemisphere as in the Northern 

hemisphere. If adaptation to severe en-

vironmental conditions promotes a wide 

distribution， then the four marine species， 
reported in this paper as living under low 

water temperature and low light intensity 

beneath the Antarctic fast・ice，must indeed 
be widely distributed. 

In the past， they were overlooked be-
cause they are easily destroyed or trans-

formed by fixatives， and too small to be 
examined alive under a light microscope. 
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高橋永治:南極，リュツオ・ホルム湾産の有殻・有鱗片原生生物 11。

2新種を含む4種の氷海産パラピソ毛ナス

オングノレ島，昭和基地北方の氷海産の黄金泌綱パラピソモナス科，パラピソモナス鼠の2新種を含む4種を記

載し，インベjレフォラータ詳の分類について論議した。本報告は本属の海底廊についての南半球から 3番目の記

録であり，南極海域からの最初の記録である。新種の一つ，パラピソモナス アンタノレクチカはほぼ周年にわた

って出現した。 (657神戸市灘区六ql台1-1 神戸大学理学部生物学科)
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Culture studies on Caule伊a(Caulerpales， Chlorophyceae) 1. 
Reproduction and development of C. racemosa var. laetevirens 

Sachito ENOMOTO and Hideo OHBA * 

Marine Biological Station， Faculty tif Science， Kobe University， /1即aya，Awaji-cho，功。>go・ken，656.・24Japan 

ENOMOTO， S. and OHBA， H. 1987. Cu1ture studies on Cauleゆ'a(Caulerpales， Chlorophyceae) I. 
Reproduction and development of C. racemosa var. laetellirens. Jap. J. Phycol. 35: 167-177. 

Reproduction and development of the marine green alga Cauleゆaracemosa var. laetevirens from 

two 10calities of the southern part of Japan were studied in laboratory culture experiments. 

Wild mature plants collected during May and July and kept in autoclaved seawater produced 
gametes within about one month in culture under the following conditions: 250C， 1.0-3.0 klux， 
and 14L/IOD cycle. 
Both sexes of biflagellate gametes were produced in the same plant. Gametes are anisogamous. 

A stigma was founcl. in the relatively large female gametes， but not in the relatively small male gametes. 
Copulation was observed between gametes from the same plant. Settled zygotes became spherical 

and increased their volume for five weeks while retaining their spherical shape. 
After five weeks， each spherical germling attained a diameter of about 120μm and formed two 
germ tubes bipolarly. A五neprimary germ tube was formed on the side away from the light. After 

about a week a thick secondary tube was formed on the side facing the light. Both tubes elongated 

and branched， resulting in creeping， filamentous， protonema-like plants. These creeping plants 
formed也ickprimary shoots which differentiated into creeping rhizomes and upright shoots. 

The upright shoot formed ramuli and developed into an assimilator. Three types of assimi-

lators were produced under different cu1ture conditions -laetevirens-type under 20.0oC， 5.0 klux， 
peltata-type under 25.0oC， 1.5 klux， and intermediate-type under 20.0oC， 1.5 klux or 25.0oC， 5.0 kl皿.
After 4--5 month~， germlings developed into mature plants. After 5-6 months， they became fertile 
and produced both male and female gametes on the same plant. No quadriflageIlate or stephano-

kontic zooids were observed. 

Kり/ndexWords: Caulerpa， Caulerpa racemosa var. laetevirens， Cauleψa!es， Chlorophyceae， 
culture， development， 1約-histoヮ1，rjψroduct必n.

The coenocytic marine green alga Cau-

Leψa is widely distributed in the littoral 
and sublittoral waters of tropical and 

subtropical seas. Several speci('s are uti-

lized 出 food，and mariculture has been 
started in some Asian countries. 

Much information concerning the struc-

ture of the gametangium and the copula-

tion of gametes in Cauleψa has accumulated 
from the work of many investigators 

* Present address: Laboratory of Phycology， To・
kyo University of Fisheries， Konan， Minato-ku， 
Tokyo， 108 Japan. 

(MONTAGNE 1838， DERBES & SOLIER 1850， 
WEBER-VAN BOSSE 1898， DOSTAL 1928a， 
1928b， 1929， SCHUSSNIG 1929a， 1929b， 

1939， SCHWARTZ & SCHWARTZ 1930， AR-
WIDSSON 1930， ERNST 1931， 1 YENGAR 1933， 

1940， YAMADA 1934， MIYAKE & KUNIEDA 
1937， HAGIHARA & HIROSE 1969， KA]IMURA 
1969， 1970， 1976， 1977， and GOLDSTEIN & 

MORRALL 1970). GOLDSTEIN & MORRALL 

(1970) gave a historical review of these 

results. However， the development of the 
thallus of CauLeψa has been reported 
preliminarily in only two species， C. 
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serrulata from Australia (PRICE 1972) and 

C. okamurae from Japan (ISHIWARA et al. 

1981 ). 

Our research concerns the reproduction 

and development of several species of 

Caulerpa in laboratory culture experiments. 

The present paper presents the results of 

our studies of C. racemosa var. laetevirens 

from two localities of the southern part of 

Japan. 

Materials and Me曲。ds

Plants of Caulerpa racemosa var. laetevirens 

were coUected from the lower part of the 

littoral zone at Muroto・misaki(33016'N， 
134014'E) in Shikoku and the upper 

sublittoral zone in the outer fringe of coral 

reef flats at Ayamaru-misaki (28028'N， 
129043'E) in Amami-oshima. The collec-

tions were made from May to July of 

1981-1985. Materials were kept at 13-

150C and immediately brought to the 

laboratory. Aft巴rthe 企ondswere freed 

from epiphytes and small animals， they 
were rinsed with filtered (Toyo filter 

paper No. 4A and No. 5C) and autoclaved 

(1250C， 20 min) seawater. Each frond 
was placed in a separate glass vessel con-

taining 350 ml of sterilized seawater. For 

prevention of the luxuriant growth of 

algal epiphytes， no nutrients were added. 
The seawater was changed 'every 5 days. 

The plants were kept under 250C， 1.0-3.0 
klux， 14LjlOD (06:0ι20 :00Lj20 :00-06 :00 
D) cycle. Gametes were discharged about 

one month after the beginning of pre-

culture， in the early morning within 
1-2 hr a氏erillumination. They were dis-

charged through liberation tubes as a 

highly viscous， dark green material， which 
precipitated onto the bottom of the vessel. 

With a slight agitation of the medium， 
male and female gametes swarmed out 

from the viscous material and immediately 

copulated. About 0.5 ml of suspension of 

z勾ygo叫te白swas diluted with 300 ml of steri-

liz配ed s託eawa剖te世r¥One or two drops of 

diluted suspension were inoculat句ed into 

s舵cr陀ew圃C印appedglass tubes containing 15 ml 

of PROVAS叩OL日I内 ES medium (prepared 

according to McLACl王LAN，1973) with a 
micropipette. In another series of experi司

ments， one or two drops of the suspension 
were inoculated onto glass coverslips (20 

x 20 x 1 mm) covered with 1 ml of sea-
water， and placed in petri dishes. The 
zygotes attached themselves to the cover-

slips within 30 min， whereas uncopulated 
gametes continued swimming. An hour 

after being placed in petri dishes， the 
coverslips were rinsed with running sea-

water to remove the uncopulated gametes 

and then transferred into glass vessels 

(60 mm  diam.， 90 mm  high) containing 
150 ml of the same medium. These cover-

slips were used for observation of zygote 

development. Zygotes were cultured at 

first under the above-mentioned condi-

tions. When germlings grew to 1-2 mm  

in length， they were isolated and trans-
planted into separate glass tubes. Two 

months after inoculation， germlings had 
grown to 10 mm  in length and then were 

transferred into glass vessels (90 mm  diam.， 
90 mm  high) containing 350 ml of the 

same medium. These vessels were placed 

under the following four conditions: 1) 

20.00C， 1.5 klux; 2) 20.0oC， 5.0 kl山;3) 
25.0oC， 1.5 klux; and 4) 25.0oC， 5.0 klux. 
A daylength of 14 hr (06:00-20:00) w出

employed. In the field， the present alga 
appeared luxuriantly in April-May and 

gradually disappeared in July-August. 

The water temperature of the habitats in 

April was about 200C and that of July 

about 250C. The culture medium was 

changed every 2 weeks. Cultures were 

not axenic， but they were strictly unialgal. 
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1. NIatul'aI'ioll OJρlanls: Within about 

/ 
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Figs. 1ー12.Reproduction o[ C. race川osavar. lae/evI叩 IS. 1. lVlalllre vegetative plant [rom IVIlIroto・

misaki. 2. A part o[ a vegclative assi，百ilalor. 3. Fertile plant Wilh protoplasmic nelworks， one day be[OI巴
liberation. 4. Protoplasmie network in [ertile assimilator. 5. Liberalion tllbe on a ramllllls. 6. Bi旧i円1agel司

latc ma討legamete (いarrω司0仇、W、V斗F
pコlanozygote and c∞om羽1pl巴tぼ凶elyc∞0叩pコ1I1atcα吋CIqllaclr円.，日agelリlateplan叩lozygoles(arro 、ws). 10. Settlecl zygole， after 3 
hr copulation. 11. Spherical body， after 15 days. 12. Spherical boclics incrcasing cell volllme， a[ter 24 
days. Scal巴 (Figs.1，3)=20 mr刊 (Figs.2， 4)=5 mm， (Fig. 5)=1 mm， (Figs.6-10)=10μm， (Fig. 11)= 
20μ町 (Fig.12)=50μm. 
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one month a氏er the beginning of the 

laboratory culture， vegetative plants from 
the field (Figs. 1 and 2) became fertile 

under 25.00C， 1.0-3.0 klux， 14LjlOD con-
ditions. Although the light intensity was 

far lower in culture than in the field， the 
plants produced gametes. 

In the southern part of Japan， C. bra-
chypus (MIYAKE & KUNIEDA 1937) and 

C. okamurae (KAJIMURA 1969， ISHIWARA 
et al. 1981) became fertile and produced 

gametes during July and August. Our 

results suggest that C. racemosa var. laefe圃

virens also becomes fertile in summer 

(June and July). GOLDSTEIN & MORRALL 

(1970) observed an apparent correlation 

between gametogenesis in some Caribbean 

Caulerpa and the period of extreme spring 

tides during full moon. Our study does 

not provide information on whether there 

is a similar correlation in C. racemosa var. 

lae tevirens. 

2. Gamete formation: The first sign of the 

incipient maturation of plants was rec-

ognized in the evening of the third day 

before the liberation of the gametes as a 

loss of homogeneity of protoplasmic dis-

tribution throughout the thallus except for 

rhizoids. In the evening of the second day 

before liberation， protoplasmic streaming 
slowed down and numerous small trans-

parent spots appeared in the protoplasm. 

Subsequently， the spots in the protoplasm 
enlarged and the protoplasmic masses 

formed an irregular network (Figs. 3 and 

4). In the evening before liberation， the 
upper portion of the protoplasmic network 

of each ramulus changed in color from 

green to dark yellowish-green， while the 
networks of lower portions of ramuli， up-
right shoots and rhizomes remained green. 

Just before liberation， the contrast between 
the colors of the network increas巴d. By 

dissection， it was confirmed that the male 

gametes were formed in the green portion， 
while the fcmale gametes， each of which 
had a reddish stigma， were formed in the 
dark yellowish-green portion. Such a sex-

ual localization in a frond has been re-

ported in C. cupressoideら C.serrulata (GOLD-

STEIN & MORRALL 1970) and C. okamurae 

(IsHIwARA et al. 1981). It seems that the 

difference in color of the protoplasmic 

networks is caused by the reddish stigmata 

in female gametes. 

GOLDSTEIN & MORRALL (1970) observed 

that in some Caribbean Cauleψa a large 
cytoplasmic mass of the erect frond cleaved 

into numerous smaller cytoplasmic units， 
each of which developed into a spherical 

gametangium bounded by a thin gametan-

gial membrane and containing either male 

or female gametes. During our investi-

gation， such spherical gametangia were 
not observed. 

3. Gamete liberation: The formation of 

liberation tubes (papillae) started in the 

evening of the second day before liberation 

at the apical portions of upright shoots， 
the upper surfaces of ramuli and rhizomes. 

At first they appeared as tiny whitish 

outgrowths. The outgrowths elongated 

swiftly and developed into fine cylindrical 

liberation tubes， 170・220・250μmin diam.， 
1.0-1.5・1.8mm in length (Fig. 5). No 

trabeculae were observed in any liberation 

tube. 

Liberation did not occur during the 

dark period， but always occurred about 
1-2 hr after illumination in the early 

morning. When the apices of liberation 

tubes burst， the protoplasmic network 
broke down rapidly into dark green viscous 

material. The viscous material liberated 

through the liberation tubes and precipi-

tated on the bottom of the vessel. Libera-

tion continued for about 15 min， the mother 
plant losing its contents and fading. Nu-
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etes swam out from the viscous mass， males 
copulated with females and became quad-

riflagellate planozygotes， each with two 
chloroplasts and a stigma (Figs. 8 and 9). 

The planozygotes had a weak negative 

phototactic response and swam vivaciously 

at first， then gradually slowed down and 
came to rest on the substratum， becoming 
spherical (Fig. 10). Within a few hours 

after settling， zygotes had become com-
pletely spherical and their flagella had 

disappeared. Twenty-four hr after set-

tling， zygotes had developed into spherical 
bodies， 3.5-4.5μm diam.， surrounded by 
thin cell walls and containing two chloro-

plasts and a stigma. The swimming period 

of planozygotes was shorter than that 

of uncopulated gametes， which contin-
ued to swim ten hr after liberation. 

Twenty-four hr after liberation， uncopu-
lated gametes followed the pattern of 

zygotes in settling and becoming spherical 

on the substratum， but faded away within 
a few days. No parthenogenetic repro-

duction was observed. 

6. Germination and develotment oj砂'gotes:

The spherical bodies did not immediately 

produce germ tubes， but continued to 
enlarge for about one month. Five days 

after settling， the number of chloroplasts 
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Development of C，四hゆaracemosa var. laetevirens 
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Fig. 13. Growth curve and germination time of 
spherical bodies of C. racemosa var. laelevirens under 
25.00C， 3.0 kl田.14L110D hr cycle. Bars reprf'.sent 
standard deviations. A. Beginning of germination. 
B. Beginning of secondary germ tube formation. 

50 ' g 

merous gametes swam out from the viscous 

material with a slight agitation of the 

medium. 

Liberation in the early morning was 

reported also in C. brac，わltus(MIY AKE & 
KUNIEDA 1937) and C. okamurae (IsHIwARA 

et al. 1981). It was possible to postpone 

liberation two or three hr by extension of 

the dark period. These facts suggest that 

illumination probably triggers liberation. 

4. Male and jもmalegametes: Two types 

of gametes were recognized. One (male) 

was relatively small， 4.5-6.0μm in length， 
and 2.0-2.5μm in breadth， and lacked a 
stigma (Fig. 6). The other (female) was 

larger， 5.5-7.5μm long and 2.5-3.0μm 
broad， and contained a reddish stigma 
(Fig. 7). Both sexes of gametes were 

biflagellate， 7.5-10.0μm long， and tear-
drop-shaped or slender pear-shaped， being 
pointed at the anterior and rounded at the 

posterior. They showed a weak positive 

phototactic response. The motion of the 

female gamete was rather slow， while the 
male gamete was more active. The swim-

ming period of female gametes was shorter 

than that of male gametes. 

The present alga always produced both 

sexes of gametes on the same 仕ondand 

therefore is considered to be monoecIous. 

Other monoecious taxa of Cauleψa that 
have been reported are C. racemosa var. 

uv!斥ra (IYENGAR 1940)， C. mexicana， C. 
racemosa， C. serrulata， C. sertularioides， and C. 
taxifolia (GOLDSTEIN & MORRALL 1970)， 
and C. okamurae (ISHIWARA et al. 1981)， 
while dioecious taxa include C. clavifera 

(ERNST 1931) and C. brac砂>tus(MIYAKE & 

KUNIEDA 1937). Concerning C. trol併ra，
SCHUSSNIG (1939) reported that the 

Mediterranean plants were dioecious， while 
GOLDSTEIN & MORRALL (1970) de~cribed 

the Caribbean plants as monoecious. 

Cotulation and zygotes: When the gam-5. 
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had increased to 3-6， and the stigma had 
disappeared. After 15 days， the spherical 
bodi巴s had enlarged further， contained 
nU111巴rouschlorop1asts， and appear巴d to 

have a d山 nctivecell walI (Fig. 11). After 

24. days， they attain巴d a diamet巴r of 
55一6白5μm(Fig. 12幻).Th巴 chlorop戸1a山 an
other 内 organelleswer巴 distributedalong the 

巴ntireinner surface of the spherica1 bodies. 

After about 35 clays， th巴 sphericalbod-

Figs. l'ト20. Germination ancl clevelopment of C 印刷osavar. laelevirens. 14.. Primary germ tube 
formation， 35 clays after sel:tling. 15. Primary germ tube elongation， after 37 clays. 16. After 39 clays. 
17. After 42 clays. 18. Germling with a fine primary germ tube ancl a thick seconclary one， after 47 clays. 
19. Protonema-like p1ants with thin ancl thick filaments， origina1 cell shown with an arrow， after 2 1110nths. 
20. Erect shoots frol11 creepi噌日laments，after 3 months. Sca!e: (Figs. 14-17) = 100μm， (Fig. 18)=200 
μm， (1"伊.19，20)=5mm. 
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ies had attained a diameter of 115-140μm 

and began to germinate. Almost all of 

them germinated within five days. The 

growth curve and germination time of 

spherical bodies are shown in Fig. 13. At 

first， spherical bodies produced a primary 
germ tube on the side away from the light 

measuring 30-40μm in diam. (Figs. 14 

and 15). The primary germ tube elon-

gated (Figs. 16 and 17) and no septum 

was observed between spherical bodies 

and germ tubes (Fig. 17). After about 

one week， a secondary germ tube was 
formed on the side facing the light. It 

was thicker than the primary one and 

measured 90-130μm in diameter (Fig. 18). 

Both tubes elongated and branched. A-

bout one month after germination， germ-
lings developed into creeping， filamentous， 
protonema-like plants which consisted of 

branched thick and thin filaments (Fig. 19). 

Trabeculae and vigorous protoplasmic 

streaming were observed inside the thick 

filaments. 

In spite of many culture studies of the 

spherical stage of Caulerta zygotes， their 
germination was not reported unti1 re・

cent1y. In C. sem山ta(PRICE 1972) and 

C. okamurae (ISHIWARA et al. 1981)， zygotes 
germinated bipolarly about seven weeks 

after sett1ing. The zygotes of the present 

alga also germinated bipolarly， five weeks 
after sett1ing. Because the spherical bod-

ies continued to increase their cell volume 

prior to germination， this period is not 
considered as dormancy， but as a pre-
paratory step for germ tube formation. 

In the present alga， a fine primary germ 
tube was formed on the side away from 

the light， whereas a thick secondary one 
was formed on the side facing the light. 

The developmental sequence， as in the 
present alga， has not been clarified in 
other species of Cauleψa， but has been 

observed in Halimeda tuna and Udotea 

tetiolata， which are also members of the 
Caulerpales (MEINESZ 1980). 

Two months after germination， creeping 
filaments increased their diameter and 

produced primary shoots which measured 

300-500μm in diam. (Fig. 20). Most 

of these shoots continued to elongate， 
becoming creeping rhizomes which either 

developed direct1y into upright shoots or， 
more usually， produced upright shoots 
later. An upright shoot produced ramuli 

at its apical portion successively and 

became an assimilator. The shapes of 

ramuli and their arrangement on the 

upright shoot varied with different culture 

conditions. Under 20.0oC， 5.0 klux， cy-
lindrical ramuli with obtuse heads were 

formed in a radial arrangement. The 

form of well-developed assimilators was 

similar to that ofthe mother plant (Fig. 21). 

By contrast， under 25.0oC， 1.5 klux， a 
shield-form ramulus was formed at the 

tip of each erect shoot， the fronds being 
similar to those of C. racemosa var. teltata 

(Fig. 22). Moreover， under 20.0oC， 1.5 
klux or 25.0oC， 5.0 klux trumpet-form 
ramuli were formed alternately on an 

upright shoot. The well-developed as-

similators were not similar to those of the 

mother plant， but were intermediate be-
tween the laetevirens-type and the teltata-

type (Fig. 23). 

When zygotes were inoculated in high 

density， they did not differentiate into 
thick rhizomes， upright shoots and ramuli， 
but developed into tufty， sometimes branch-
ed， filamentous plants which were similar 
to Derbesia or Chlorodesmis (Fig. 24). 

PRICE (1972) pointed out that a germling 

of C. serrulata produced a pinnate branch 

(assimilator) which was very different 

from the mother plant. ISHIWARA et al. 

(1981)， on the other hand， reported that 
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23 

Figs. 21-2'L Plants of C. racemosa var. /aelevirells cultured under different conditions. 21. Laelevirells-
type plant， cullured uncler 20.00C and 5.0 klux， after 6 months. 22. Pellala-type planl， cultured uncler 
25.00C and 1.5 klux， afrer 6 monlhs. 23. Intermediate-type plant， cullured under 20.00C and 1.5 klux， 
after 6 months. 24. Tufty filamentous plant， cultured under 2.5.00C ancl 5.0 klux， after 3 months. Scal巴.
(Figs. 21， 23)=10 111m， (Figs. 22， 24)=20 mm. 

the new plants derived from zygotes of C 

okam.urae were similar to the mother plant. 

111 the present alga， germlings derived from 
the same mother plant produced three 

types of assimilators according to di釘巴rent

culture conditions. 1 t seems that these 

morphological variations are not caus巴d

by genetic polymorphism， but depend on 
culture conditions. The whole process of 

assimilator formation and analysis of the 

morphological variations under various 

conditions will be detailed in a subsequent 

article 

7. Rψrodllction rif cllltllred plants: About 
six months after inocuJation， germlings 
developed into mature plants and became 

f巴rtile. Th巴y produced biflagellate male 

and female gametes on the same plant， 
which copulated with each other. The 

process of gamete formation， gamete liber旬
ation， and developmental s巴quenceswere 
similar to those of th巴 mother plant. 

Quadriflagellate or stephanokontic zooids， 
which have been reported in the sporo-

phytes of some members of the Bryop-

副 ales (HUSTEDE 1964， RIETEMA 1972， 
VAN DEN HOEK et al. 1972， TATEWAKI 
1973， 1977， KOBARA & CI-IIHARA 1978a， 

1978b， 1984， and OKUDA et al. 1979)， were 

not observecl. 

8. Life histoヮ 1nthe present alga， th巴
zygotes CI巴rivedfrom wilcl plants c1evelopecl 
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Fig. 25. Life history of C. mcemosa var. Laelevirells. A. Vegetative plant. B. Fertile plant with pro-
toplasmic networks. C. Male gam巴te. D. Female gamete. E. Planozygote. F. Settled zygote. G. 
Spherical body， 3 weeks after settling. H. Enlarged spherical body， after 5 weeks. 1. GerminalIon， germ-

ling with a primary germ tube， after G weeks. j. Gel・mlingwith a primary and a secondary germ tube. 
K. Pl叫 onema-likeplant. L. Creeping filament with erect shoots. lvI. .Juvenile plant with assimilators. 

directly into macroscopic plants which also 

produced both male and female gametes. 

The resulting zygotes also dev巴lopeddirect-

ly into macroscopic plants. SCHUSSNIG 

(1939) demonstrated melOSlS in gameto-

genesis of C. prolifera. Although the pres-

ent stlldy lacks cytological observations， a 
scheme showing the sllccession of somatic 

stages in th巴 lifehistory of C. racemosa var. 

laetevuens can be drawn (Fig. 25). GOLD-

STEIN and MORRALL (1970) suggested th巴

possibility of an alternation of h巴t巴ro-

morphic generations in CaulelPa， but the 

present study does not sllpport this idea. 
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榎本幸人・大葉英雄*:緑漠スリコギヅタの生殖，発生，体形成について

室戸押および奄美大島産のスリコギヅタの生殖，発生，体形成を単藻培養により観察した。 5-7月lζ採集し

た野生体は両産地のものとも 250C，1.0-3.0 klux， 14LjlODの条件下で 1カ月以内に成熟し， 同一務体l乙2

鞭毛の峰雄配偶子を形成する。雌性配偶子は大型で l倒の眼点をもち，雄性配偶子は小型で限点を欠く。雌雄配

偶子は接合して接合子となり，基物l乙定着し球形化する。その後の生育も両産地のものの聞で差はなく，球形体

は球状のまま肥大生長し，約5週間後lζ二極的lζ発芽する。細胞の反光源側lζ細い第一次発芽管を，次いで光源

側l乙太い第二次発芽管を形成する。発芽管は伸長，分岐し糸状の protonema様体となり.11百勾茎および直立

茎を形成する。直立茎は小枝を形成し直立部l乙発達する。 20OC，5.0 kluxの培養条件下で直立部はスリコギヅタ

状.25OC， 1. 5 kluxではタカツキヅタ状.200C， 1. 5 kluxあるいは25OC，5.0 kluxでは両者の中間型を示す。

4-6ヶ月後，藻体は成熟し同一藻体上lこ2鞭毛の雌雄配偶子を形成する。多鞭毛性の遊走細胞は観察されなか

った。 (656-24兵庫県津名郡淡路町神戸大学理学部臨海実験所。*現住所:108東京都港区港南4-5-7 東京水

産大学植物学教室)
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Culture studies on Caulerpa (Caulerpales， Chlorophyceae) 11. 
Morphological variation of C. racemosa var. laetevirens 

under various culture conditions 

Hideo OHBA * and Sachito ENOMOTO 

Marine Biological Station， Faculty ~f Science， Kobe University， Ii凹aya，A即aji-c1IO，均logo-ken，656.・24Japan 

OHBA， H. and ENOMOTO， S. 1987. Culture studies on Caulerta (Caulerpales， Chlorophyceae) 11. 
Morphological variation of C. racemosa var. laetevirens under various culture conditions. Jap. J. Phycol. 
35: 178-188. 

The e汀ectsof temperature and light intensity on the morphogenesis of Cauleψa racemosa var. 
laetevirens from southern Japan were investigated in unialgal culture under 25 combinations of 5 tem-
peratures (20.00-30.00C) and 5 light intensities (0.5-8.0 klux). The morphological variation of 
the present alga is correlated with environmental factors. The laetevirens-type assimilator observed 
on the mother plants was formed under combinations of low temperatures (20.00， 22.50C) and high 
light intensities (5.0， 8.0 klux). By contrast， under combinations of!ow and high temperatures (20.00-
30.00C) and low light intensities (0.5， 1.5 klux) the teltata・typeassimilator was formed. The interme-
diate-type between these two types of assimilators was formed under the remaining combinations. 
The results suggest that C. racemosa var. laetevirens and C. racemosa var. teltata are morphological 
variations (ecophenes or ecads) of a single species. 

Key lndex Wordc: Caulerpa， Caulerpa racemosa var. laetevirens， Caulerμles， Chlorothyceae， 
culture， morphogenesis， morphological variation， plasticity， southern Japan alga. 

The genus Caulerpa LAMOUROUX is a large 

group of coenocytic siphonous marine 

green algae exhibiting a remarkably high 

degree of morphological variation (plas-

ticity). The thallus is characterized by 

having a prostrate cylindrical rhizome 

with branched filamentous attachment rhi-

zoids and assimilators. The assimilator 

consists of an upright shoot bearing nu-

merous ramuli (branchlets). 

The occurrence of intermediate or transi-

tional growth forms between various taxa 

of Caulerpa has often been reported. More-

over， different parts of the same thallus 
sometimes have features characteristic of 

two or more taxa. Many investigators 

>1< Present address: Laboratory of Phycology、To・
kyo Uni¥'ersity of Fisheries， Konan， Minato-ku， 
Tokyo， I08Japan. 

have suggested that this morphological 

variation may be strongly affected by 

environmental factors (WEBER-VAN BOSSE 

1898， SVEDELIUS 1906， BOERGESEN 1907， 

GILBERT 1942， EUBANK 1946， TAYLOR 
1950， 1960， NIZAMUDDIN 1964， REHM and 

ALMODOVAR 1971). 

T ANDY (1934) made field transplant 

experiments on several taxa of Cauleψα 
and offered evidence that C. peltata and 

C. fastigiata were only forms of C. raαmosa. 

GILBERT (1942) and EGEROD (1975) em-

phasized that the use of cultures should 

prove a most valuable aid to systematic 

studies in the genus. However， there have 
been few culture studies on the relationship 

between morphological variation and巴n・

vironmental factors. 

PETERSON (1972) transplanted and cul-
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tured wild plants o[ several taxa o[ C. 

racemosa in a light-controlled aquarium. 

He demonstrated that wh巴n a single 

specimen o[ C. racemosa var. llvifera was 

exposed to diffi巴rent Jight intensities， it 
formed new assimilators that w巴rechar-

acteristic of other taxa. He st且ted that 

the abiJity of C. racemosa to change growth 

form in altered Jight environm巴ntsprovicl巴S

evidence [or an environm巴ntalcontrol of 

this kind o[ mcrphological variability. 

Moreov巴r，he sugg巴steclthat the varieties 
o[ C. racemosa， such as v己r.ρeltataancl var. 
lam01l1"01lXii， shoulcl be consid巴redccological 
phenotypes (ecophenes or ecacls). CAL-

VERT (1976) confirmecl thes巴 results， show-
ing that when白vetaxa of Call1eljJa w巴re

transferrecl into aquaria and cultured with 

a Iight intensity lower than that typical o[ 

their natural habitat， th巴Irn巴wlyformed 
ramuli changecl in arrangement [rom raclial 

to bilateraJ. 

As mention巴d above， CauleljJa racemosa 
shows 2.n extreme clegree of morphological 

variability， which has lecl to taxonomic 
con[usion. 1n a previous paper on culture 

stuclies of reproduction ancl clevelopment in 

C. racemosa var. laelevire11s (ENOMOTO ancl 

OHBA 1987)， the au tho1's briefly men-
tionecl the morphological variation of this 

alga. The present paper provicles cl巴tails

o[ assimilator formation uncle1' 25 combi-

nations of temperatur巴 andJight intensity 

regimes ancl offiεrs some taxonomic clis-

cusslon. 

Materials and Methods 

Plants of Callleゆaracemosa (FORSK.) J. 
AG. var. laeleviTens (MONT.) WEBER-VAN 

BOSSE (Figs. IA， lB) were co!lectecl at 
Muroto-misaki (33016'N， 134014'E)， Shi-
koku 1sland ancl Ayamaru-misaki (280 

28'N， 129043'E)， Amami-dshima 1slancl 
in the southern part of ]apan. Co!lections 

Fig.卜 1へiildplants of Call1erta raeemosa val 
laelevirells. A. Typical plant from low lidal mark 
at lVIllrolo-misaki; B. Morphologically complex 
plant from 3.0 m deplh at Ayamarll-misaki， wirh 
laet削 rCIルlypeassimilators (single arrow) and telll山ー
type assimilators (dollble ar1"Ow). Scale: 10 mm 
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Fig. 2. Schematic rcpresentation of thc temper-
alllre and light intensity gradients llsed in lhe present 
cllltllre cxperimenls. A symbol is given 10 each com-
binalion 

were macle cl uri暗 Mayancl ]uly o[ 1981-

1985. The proceclures of pre-cultur巴 for

wild plants ancl isolation of zygotes are 

d巴tail巴cl in a previous paper (ENOMOTO 
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and OHBA 1987). All experiments were 

conducted in unialgal culture. Zygotes 

were cultured under the following condi-

tions: 2500， 1ふ 3.0k1山， L:D=14:1O hr 
in screw-capped glass tubes (18 x 130 mm) 
with 15 ml of PROVASOLI'S ES medium. 

After about two months， zygotes grew to 
filamentous germlings (protonema-like 

plants) which were about 10-20 mm long. 

These germlings were used for the present 

experiments. Oulture strains A and B 

were isolated 企om thal1i collected at 

Muroto・misakiand Ayamaru-misaki， re-
spectively. 

For the analysis of morphological varia-

tion 25 sets of culture conditions were used 

by combining 5 temperatures (20.00， 22.50， 
25.00， 27.50， and 30.000) with 5 light 
intensities (0.5， 1.5， 3.0， 5.0 and 8.0 klux). 
These combinations are represented sche-

matically and each is given a symbol in 

Fig. 2. A daylength of 14 hr (06:00-

20:00) was employed. T可o邸sl品h曲 adaylight 

flu∞o町re白sc白en凶tlamps (6100 K; FL40SD開SDL)
were used as the 1ight source. Light 

intensity was measured at the beginning 

and the end of an experiment. When 

germlings reached about 10 mm in length， 
each was transferred to a separate glass 

vessel (90 x 90 mm) containing 350 ml of 
the same medium (PES). Three vessels 

were placed under each set of conditions 

mentioned above. The medium was 

changed every two weeks. After 4 months， 
the germlings were analyzed as to assimi-

lator morphology. 

The wild plants of C. l'acemosa var. laete-

virens from Muroto・misaki(Fig. lA) and 

Ayamaru-misaki were found to agree well 

with the description given by OKAMURA 

(1913， 1936). The rhizome is cylindrical， 
branched， and intricate， 1.0-3.0 mm in 
diameter， 10-30 (-50) cm in length. The 
upright shoots are cylindrical， simple or 

rarely branched diはally，20-60←100) mm  
in height， bearing 20-70ト100or more) 
imbricate ramuli. The ramulus is cylin-

drical with an obtuse or somewhat swollen 

head， 1.2-6.0 (-8.5) mm  in length， 0.5-
2.0 mm  in diameter at its head， 0.3-0.9 
mm  in diameter at its base. 

On the Pacific coast of Japan， this alga 
is common between Bdsd Peninsula (350N， 
1400E) and Amami-dshima Island (280N， 
1290E)， but is rare on Okinawa Island 
(260N， 1280E) (SEGAWA 1935， OKAMURA 
1936， YAMADA and TANAKA 1938). It is 
usually found on sunny rocks in the lower 

intertidal zone， but sometimes it grows at 
a depth of 4--5 m on the waveswept outer 

margin of the reef where light intensity is 

relatively high. 

Sometimes morphologically complex 

plants were found (Fig. lB) in which 

laetevirens-type assimilators were produced 

by rhizomes exposed to the sun while 

teltata-type assimilators were produced in 

the shade. Such plants grow at a sunl 

shade interface， as in hollows and on the 
undersurface of overhanging rocks in shal-

low water. 

Results 

E砂>erimentson strain A 

1. Oross-gradient experiments: 

The germlings that had been cultured 

for two months under 25 different sets of 

conditions began to form assimilators. 

After four months， the assimilators were 
sufficiently mature to allow a morpho-

logical analysis to be carried out. The 

morphology of assimilators varied with 

the culture conditions (Figs. 3 and 5A). 

Three aspects of the assimilators were 

considered for morphological analyses: 

shape of the ramuli， arrangement of the 
ramuli on the upright shoot， and overall 
appearance. In all instances the rhizomes 
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Fig.3. Morphogenetic responsc ofstrain A to the cross-gradients oftempcrature and light intensity. Scale: 2 mm. 

and upright shoots wer巴 cyJindrical.

Three types of assim日atorswer巴 rec-

ognized: 

1) Laetevirens-type: Th巴 r悶aml凶1

lindr‘ical wヘv川、vぺi比thobtuse heads and are ar司r崎anged

in a polystichOl 

cussate， or spiroscaJate phyllotaxis) on th巴

upright shoot. These two characters ap-

pear to be linked. The overall appearance 

of th巴 assimilatorsis similar to that of the 

mother plants. This type develop巴dunder 

3犯 tsof conditions， A(4，5) and B(5)， i.e・3
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10"" temperature and high light intensity. 

This type is shown in Fig. 3 ancl is rep-

rese川eclby the symbol L (C P) in Fig目

5A. 

2) Peltc山 ーtype: The ramuli have the 

form of a shielcl， with flat discoiclal heads， 

and ar巴arrangedin a monosticholls pattern 

(solitary or secuncl) on th巴 uprightshoot 

or the rhizome. The shape of the ramuli 

was linked to th巴irarrangement 011 th巴

upright shoot. The overall appearance 

o[ the assimilators was similar to that o[ 
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Fig. 5. Diagrammatic 閃P陀sentationof the morphogenetic re湿ponseto the cross-
gradients of temperatur官 andlight intensity. A. Strain A， B. Strain B. 

c. racemosa var. peltata. This type de-
veloped under 13記 tsof conditions， A( 1)， 
B(I，2)， C(I，2，3)， D(I，2，3) and E(I，2ム4)，
i.e.， from low to high temperature and 
low light intensity. This type is shown in 

Fig. 3 and is represented by the symbol P 

(8 M) in Fig. 5A. 

3) Intermediate-type: The ramuli are 

trumpet-form with obconical heads. The 

arrangement of the ramuli on the upright 

shoots or the rhizomes varied with the 

culture conditions， allowing the recognition 
of three kinds of intermediate-type as圃

similators， as follows: 
(a) Intermediate-type a羽milatorwith 

polystichous arrangement of ramuli. This 

kind developed under only one set of 

conditions: C(5)， i.e.， moderate tempera-
ture and high light intensity. It is shown 

in Fig. 3 and is represented in Fig. 5A 

by the symbol 1 (T P). 

(b) Intermediate-type a問milatorwith 

distichous (opposite or alternate) arrange-

ment of ramuli. This kind developed 

under 4 sets of conditions: A(3)， B(3，4) 

and C(4)， i.e.， Iow temperature and 
moderate light intensity. It is shown in 

Fig. 3 and is represented in Fig. 5A by 

the symbol 1 (T D). 

(c) Intermediate勾 peas町nilatorwith 

monostichous arrangement of ramuli. 

This kind developed under 4 sets: A(2)， 
D(4，5) and E(5)， i.e.， low temperature 
and low light intensity or high temperature 

and high Iight intensity. It is shown in 

Fig. 3 and is represented by the symbol 1 

(T M) in Fig. 5A. 

The formation of assimilators was in-

hibited at 30.00C， the assimilators being 
dwarfed. 

2. Transplant experiment: 

When a thallus that had formed laete-

virens-type (polystichous arrangement) as-

similators under 22.50C， 5.0 klux was trans-
ferred and cultured under 20.00C， 0.5 klux 
for a month， it formed intermediate-type 
assimilators on its rhizomes and upright 

shoots (Fig. 6A). 

Experiments on strain B 

1. Cross-gradient experiments: 
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A 園田

Fig. 6. Transplant experiments. A. Plant(strain 
A) with Lael四trelルtypcassimilators (single arrows) 
produced in culture uncler 22.50C， 5.0 klux after be-
ing transplanted to 20.0oC， 0.5 klux. Note newly 
formecl intermediate-type assimilators with trumpet-
form ramuli (clouble arrows). B. Plant (strz.in B) 
with a Laeteviwムs-typeassimilator (single arrow) pro・
clucecl in culture uncler 20.0oC， 3.0 klux after being 
transplantecl to 22.50C， 0.5 klux. Note newly日ormecl
ρeLtata-type assimilators (clouble arrow). Scale: 10 
打1m目

The form and arrangement of ramuli 

and the overall appearance of assimilators 

produced in strain B unde1' each of the 25 

sets of conditions corresponded essentially 

with thos巴 ofstrain A， but with several 
minor exceptions. Laetevirens-type assimi-

lato1's occurred under six 1'athe1' than 

th1'ee sets of conditi.ons and typical peltata-

type assimilato1's appea1'ed in only th1'ee 

rathe1' than eight sets of conditions. Re-

sults are shown in Figs. 4 and 5B. 

2. Transplant experiment: 

When a thallus that had formed laete-

virens-type assimilators under 20.00C， 3.0 
klux was transferred and cultured under 

22.50C， 0.5 klux for a month， it fo1'med 
メielLa/a-type assimilators on the o1'iginal 

rI市ome(Fig. 6B). 

Process of assimilaLor jormation 

Th巴 dev巴lopmentof assimilato1's of laete-

virens-type， intermediate-type (with dis-
tichous arrangement)， and peltata-typ巴 1S
shown in Figs. 7 and 8. 

1) Laetev川町ーtype: A conical e1'ect shoot 

was fonnecl on a creepi時 rhizome(Fig. 

8A-a). After 5-7 hr， a pair of tiny whitish 
outgrowths were fo1'mecl opposite one an-

other a little below the apex (growing 

point) of the shoot (Figs. 7A， 8A-b). 

A丘erabout 10 h1'， each outgrowth elon-

gatecl and became an acute， cylindrical， 
lateral branchlet which curved upwa1'd 

slightly (Figs. 7B， 8A-c，c1). Subs巴quently，

it continu巴CIto elongate， attaining a size 
of 0.5 mm c1iam. x 2.0-4.0 mm  long (Figs. 
7C， D， E， 8A叫 f). After about 601叫

its tip enlarged and developed into a 

cylinclrical ramulus with an obtuse head 

(Figs. 7F， 8A-g). About 4-5 hr afte1' the 

appearanc巴 ofth巴 primarypair of out-

growths， a seconclary pair was procluced 
a littl巴belowthe apex of the up1'ight shoot， 
i.e.， a little above the primary pair. It 
was formed at an angle of 600-900 to the 

primary pair in a horizontal plane (Figs. 

7B， 8A-c1， e). A丘erabout 60-70 h1'， the 

seconcla1'Y pair of outgrowths c1eveloped 

into ramuli (Figs. 7F， 8A-h). The for-
mation of successive ramuli proceeded in 

the same sequenc巴(Figs.7G， 8A-i). About 
one week after the appearance of the erect 

shoot， the assimilator had grown to a 
height of 10-20 mm  (Fig. 7H). After 

2 weeks， it had grown to 25-30 mm. 

2) Intermediate-type with trumpet-form 
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Fig. 7. The process of assimilator formation. A-H. Laeleuirens・type，I-M. Peltata-type・ Scale:2 mm 
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Fig. 8. Schematic representation of the process of assimilator formation. A. Laetevi:開ns-type，B. 
Intermediate・typewi出 trumpet・formramuli arranged distichously， C. Peltata・type.

ramu1i: An erect shoot was formed on 

a creeping rhizome and elongated (Fig. 

8B・a). When it grew to a 1ength of 2-3 

mm， it produced 1aterally a tiny whitish 
outgrowth a little below its apex (Fig. 

8B-b). The outgrowth appeared in the 

morning (around 08:00). A長erabout 10-

12 hr， it elongated upward and became a 
cylindrica1 protuberance which measured 

0.5-1.0 mm  in 1e時 th(Fig. 8B吋. Sub-

sequently， its apex expanded and became 
an obconical head (Figs. 8B-d， e). After 
36-48 hr， it developed into a trumpet-form 
ramulus which measured 2-3 mm  in di-

ameter (Figs. 8B-f， g). During the forma-
tion of the primary ramulus， the apex of 
the erect shoot (growing point) continued 

to elongate， producing a secondary ramulus 
in the same sequence (Figs. 8B叫 f). A 

tertiary ramulus and successive ramuli 

were formed in the same way (Figs. 8B-

g， h， i). The ramuli are arranged alter-
nately or nearly opposite one another. 

After about two weeks， the assimilator had 
grown to 20-25 mm  in height. 

3) Peltata-type: First an erect shoot was 

formed on the upper surface of a creeping 

rhizome (Fig. 8C-a). When it grew to 

about 2 mm  in 1ength， a tiny whitish 
outgrowth was formed a 1ittle below its 

apex (growing point) (Fig. 8C・b). This 

outgrowth appeared in the morning (a-

round 08:00)， after which the erect shoot 
ceased to e10ngate. After about 7-8 hr， 
the outgrowth had attained a 1ength of 

0.5ー1.0mm  (Figs. 7I， 8C-c). Subsequent-

1y， it thickened (Figs.刀， 8C-d) and its 
apical portion began to expand into an 

obconica1 head (Figs. 7K， 8C-e). The 
head continued to expand horizontally， 
becoming a disk measuring 2.0-3.0 mm  

in diameter (Figs. 8C-f， g). After about 
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36 hr， the outgrowth had developed into 
a primary peltate or shield-form ramulus 

and its head measured 4.0-5.0 mm  in 

diameter (Figs. 7L， 8C・h). Sometimes， 
when a primary ramulus was completed， 
the apex of the erect shoot began to elon-

gate again (Figs. 7M， 8C・h，i)， producing 

a secondary and a tertiary ramulus in the 

same sequence (Figs. 8C-i， j). 

Discussion 

The present experiments reveal that the 

form and arrangement of ramuli in Caulerpa 

may vary considerably with temperature 

and light intensity. They prove that the 

morphological plasticity of the present 

alga is correlated with environmental fac-

tors rather than with genetic polymorphism. 

All cross-gradient experiments were car-

ried out using thalli derived from the same 

plant at the same time. As shown in 

Figs. 6A and 6B， when a thallus was 
transferred into a different set of conditions 

it developed assimilators of a different 

shape. The fact that the results of the 

cross-gradient experiments in strain A are 

almost identical to those in strain B sug-

gests that morphological plasticity is not 

the expression of a single genotype and 

that similar results could be expected if 

other populations of C. racemosa var. 

laetevirens were investigated. 

PETERSON (1972) reported that when 

wild plants of several taxa in C. racemosa 

were transferred into an aquarium， they 
changed their form in response to d出erent

light conditions， and that C. racemosa var. 
uvifera f. intermedia， after being transferred 
to high light (21.0 klux) ， produced laefe-
virens-type assimilators， which were not 
found on the original plants. CALVERT 

(1976) also showed that when wild plants 

of five taxa in Cauleψa were kept under 
low light， the arrangement of their ramuli 

varied from radial to bilateral. In the 

present study， at 20.00 and 22.50C， the 
assimilators varied in form with increasing 

light intensity from peltata-type with shield 

form ramuli through intermediate-type to 

laetevirens-type with cylindri臼 ramuli.

These results suggest that the laetevirens-type 

assimilator is adapted to high light intensity 

and that the peltata-type is adapted to a 

lower light intensity. SVEDELIUS (1906) 

thought that radial arrangement was adapt-

ed to high light and bilateral arrangement 

to low light. In the present study， a 
polystichous arrangement was favored by 

low temperature and high light intensity. 

In the field， laetevirens・typeassimilators 
were observed on typical plants of C. 

racemosa var. laetevirens growing on sunny 

rocks in shallow water and on morpho-

logically complex plants growing on sunny 

rocks in hollows. Peltata-type assimilators， 
on the other hand， were found on typical 
plants of C. racemosa var. peltata in deep 

water and on morphologically complex 

plants growing on shady rocks in hollows 

and on the undersurface of overhanging 

rocks. Light intensity is probably a factor 

affecting vertical distribution of the three 

types of assimilators. 

In the present experiments， the laete-
virens-type assimilator appeared at rela・

tively low temperatures (20.00， 22.50C)， 

but did not appear at relatively high 

temperatures， whereas the peltata-type ap-
peared at low and high temperatures 

(20.00-30.00C). These results correspond 

with field observations that plants with 

typical laetevirens-type assimilators are com-

mon in relatively cold water at Muroto・

misaki and Ayamaru-misaki， but were not 
observed in warm water at Okinawa 

Island. Seawater temperature is probably 

a factor in the geographical distribution of 

these two types of assimilators. The exist-
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ence of morphologically complex plants 

and the results of the present experiments 

suggest that C. racemosa var. laetevirens and 

C. racemosa var. peltata are probably eco-

phenes (ecads) of a single species. 
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大葉英雄*・笹本幸人:緑漢スリコギヅタの各種設定条件下での発現形態について

室戸岬および奄美大島産のスリコギヅタの単藻培養体を用い，温度および光照度が形態発現に及ぼす影響を調

べた。 20"C-30"Cの5温度と O.5-8. 0 kluxの5照度を組み合わせ， 25の実験区を設定した。低温・高照度

(20"C， 8. 0 klux)では母藻体と同様のスリコギヅタ型直立部が，高温・低照度 (27.5"C， 0.5 klux)では母藻体

とは全く異なるタカツキヅタ型直立部が形成される。他の実験区では両者の中間的あるいは移行的な形態を示す

直立部が発現した。本藻の著しい形態的変異は遺伝的多型性によるものではなく，生育環境条件によるものと考

えられる。またスリコギヅタ，タカツキヅタは生育環境によって生じる同種のエコフェーン(エケード)であ

る可能性が示唆される。 (656-24兵庫県誇名郡淡路町神戸大学理学部臨海実験所。*現住所:108 東京都港区

港南4-5-7 東京水産大学植物学教室)
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OKUDA， K.， ENOMOTO， S. and TATEwAKr， M. 1987. Deve1opmenta1 process of the gametangium in 
Pseudobryopsis Izainanensis TSENG (Codia1es， Chlorophyceae). Jap. J. Phycol. 35: 189-200. 

The deve1opmenta1 process of the gametangium in Pseudobryopsis Izainanensis was investigated by 
synchronized culture using light-and electron-microscope. Cytop1asm in ramelli periodically rni-
grates upward and downward in the vegetative stage， accumulating at ramellus bases during dark 
periods. In the reproductive stage， the cytoplasm aggregates by upward streaming at the site where 
gametangium formation is expected. Gametangium formation starts by protrusion of the ramellus 
wall near the aggregated cytoplasm. The gametangium continues to expand for 12 hrs after pro-
trusion. During this period many interphase nuclei rnigrate from a ramellus into the developing 
gametangium. A papilla is formed at the distal end of the gametangium. The wall around the 
papilla is stained by dyes identifying proteins. A plug which isolates the cytoplasm of the gametan-
gium from that ofthe ramellus is formed in the orifice present in the basal constriction ofthe gametan-
gium. When a large vacuole occupies the basal portion of the gametangium， nuclei begin to divide 
for gamete formation. 

κ'ey lndex Words: coenocytic green aなa;gametangium develop即 nt;Pseudobryopsis hainanensis; 
synchronized cultu陀.

Ultrastructural investigations have con-

tributed to our understanding of reproduc-

tive differentiation in coenocytic green 

algae (BURR and WEST 1970， MARCHANT 
and PICKETT-HEAPS 1970， 1971， WHEELER 
and PAGE 1974， HORI and ENOMOTO 1978). 
These investigations deal only with those 

species in which the vegetative cells direct1y 

differentiate into the reproductive organ. 

For instance， when the thallus of BりIOpsis
hypnoides attains reproductive maturity， the 
side branch is converted into a gam-

etangium by itself (BURR and WEST 1970). 

The ramellus in Pseudobヮopsisis morpho-
logically similar to the side branch in 

Bヮopsisbut the former produces a gam-
etangium on its outer surface. However 

the ultrastructure in developmental stages of 

the aforementioned gametangium remains 

obscure. 

In Pseudobヮopsishainanensis the main axis 
is clavate-cylindrical in shape and is 

surrounded by dense radially arranged 

ramelli. 1 t originates 仕om rhizome-like 

creeping filaments at the basal portion. 

The gametangium born near the proximal 

portion of the ramellus is provided with 

a papilla at the distal end and a plug at 

the base (OKUDA et al. 1979). Therefore 

it is assumed that several morphogenetic 

regulatories such as positional control of 

gametangium， local differentiation for 
papilla and plug formation proceed. The 

present study clarifies the developmental 
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process of the gametangium in P. ha:inanensis 

through light and electron microscopic 

observations 

民1aterialsand Methods 

Eゆerim.entalorganism. 

Gam巴tophytic plants of Pselldobヮopsis
(mainly clone MK-065*) were us巴din the 

present study. This strain， clone MK-065， 
was obtained at Ayamaru Point， Amami 
Oshima， Japan on June 2， 1977 and then 
maintained as unialgal stock culture grown 

in artificial medium ASP12 (PROVASOU， 
1963) at 220C and 14.: 10 hr L:D cycle at 

the 1nstitute of AIgological R巴search，Hok-
kaido University at Muroran. The gam-

etophytic plants in some experiments were 

* Although this strain has been reportecl as Pselldo-
bびψsi.rsp. in our previous papers (OKUDA et al. 
1979， OKU臥 anclTAτEWAKI 1982)， we c1escribe 
here our strain as a synonym of Pselldobヮotsis
hflinanensis TSENG (1936) in accorclance with the 
01コII110nor KOBARA ancl CHlHARA (1978)， working 
on the specimen from the same habitat whel'e we 
collectecl the material. 

newly collected at the same habitat on 

May 22-23， 1985 (Fig. la). The thalli 
from these cultured plants were morpho-

10gically quite simila1' to those of the clone 

MK司065grown in cultu陀 (Fig.lb). 

CllltW官

Methods of cu1ture and induction of 

gametangium formation were essentially 

the same as thos巴describedby OKUDA and 

TATEWAKI (1982). B1'iefly， p1ants， pre-
cultured at 220C and 14: 1 0 h1' L:D cycle 

for 3-4 weeks， w巴r巴 1'e-culturedin a f1'esh 
modified medium at 240C and continuous 

light. Groups of plants under the same 

preculture condition synchronously fo1'med 

gametangia (OKUDA and TATEWAKI 1982). 

Developmental stages of the gametangia 

were defined by hours after th巴 beginning

of light 1'egime independent of the time 

when the plants we1'e induced. 1n the 

present study， plants were fixed and observ-
巴dat 3 hr inte1'vals， commencing at the 
beginning of continuous light 1'egime. 

Specim.en Plψaration 
Plants were fixed in 0.5 % glutaraldehyde 

1cm 

a b 
Fig. 1. Pselldobl)ψsis hauwllellSis TSENG. collectecl at Amami Oshima Islancl in 1985 (a) ancl some or 
thcm culturecl rol' a month (b). 
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in 10 ml cu1ture medium for 5 min. This 

was followed by 5 % gluta1'aldehyde treat-

ment in 0.1 1¥1 sodium cacodylate at pH 

7.2 with 50% major salt solution (0.451 M 

NaCl， 0.052 M MgSOれ 0.018M MgCI2， 
0.008 1¥在 KCIand 0.009 M CaCI2) for 25 

min at 1'oom tempe1'atu1'e， and subsequent-
Iy fo1' 1.5 hr at 50C. After 1'insing b1'ieAy 

in 50% majo1' salt solution， the specimen 
was washed in a series of 50， 40， 30， 20， 
10% major sa1t concent1'ations. Th巴nth巴

plants were postfixed with 2 % OS04 in 

0.05 M sodium cacodylate buffe1' at pH 

7.2， for・ 2hr. Th巴 lat巴ral1'amelli we1'e 
cut off at the base with dissection scis-

so1's in cold pure water. These ramelli 

were dehydrated slowly with an acetone 

series by 10% increments until 80% at 

50C， then plac巴d at 1'oom temperature 
which fol¥owed complete dehydration with 

absolute acetone. The material dehy-

drated in企eshabsolute acetone was first 

add巴ddropwise to 1/10 resin diluted with 

acetone for 2 hr to p1'event collapse of 

cells. Then it was put in a small vial 

(15 mmx40 mm) containi時 3ml of 1/5 

concentration of resin and placed in a 

sealed box containing 3-4 g well dried 

Si出lic凶agel on a ro刀O凶ta剖toαr唱(伊P巴net廿ro刀onMaねl'崎:kIV， 

Sur此 ay Laboαrは"a似toαn穐."ies 1町 )ト. Afi丘tercom-

ple巴t陀ee肝va叩poωr‘司刻a剖tiωonof acetone from t出hi広sr陀E岱叩s幻1nn 1 

m1以x山t山u山r問噌巴久犯巴ve引rは"alchanges of 100 % resin 

were followed to obtain proper帽 p巴netratron

Finally the resin was polymerized at 700C 

for 1 day 

Thin sections were cut with a diamond 

knife on a Solvall Porter-Blum MT・1，
mounted on formva1'-coated slot mesh 

grids， stain巴dwith satu山I日r崎1刻a剖t閃;疋eduranyl ac巴tat匂巴
s叩olu叫I此t

then with lead cα1tr悶‘at匂巴 (REYNOLDS 1963) for 

7 min， and examined in a Hitachi H-300 
electron microscope. 

Some materials were p1'ese1'ved in 50% 

ethanol solution at 50C fo1' several days 

after fixation with gluta1'aldehyde and 

subsequent brief rinsing. These were then 

stai町 d by either 1 % acid fuchsin， 1 % 

amidoblack or 0.5 % fast green FCF on a 

glass slide.. Some were t1'eated with 1 % 

pepsin or 1 % proteas巴 for30 min before 

staWll1g 

Resu1t 

Gan凶angiumform.ation 

The first visual indication of gametangial 

differentiation in Pseudobヮopsishainanensis 
is a local accumulation of the cytoplasm 

around the cent1'al vacuole belovv the apex 

ofa は mellusat 0-9 hr (Figs. 2c， 4a and 4b). 

Many chloroplasts are seen in this area， 

G 

d 
Fig. 2. Changes of cytoplasmic distribution in 
ramellus. Ramelllls bases du日時 light(a) and dark 
periocl (b) in vegetative stage・ Arrowheads吋 lcate
accumulation of cytoplasm cluring clark period. 
Ramelli at 9 hr (c) ancl 18 hr (d) of reprocluctive 
slage. G， gametangillm protrucling at the lower part 
of ramellus. Scale bars in a ancl c apply to b ancl d 
respectively. 
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4c). Most of the chloroplasts are limited 

to the regions adjacent to a central vacuole. 

At about 21 hr the gametangium initial 

begins to prot1'ude upward (Figs. 3d and 

5a)， many small vesicles are produced in 
the cytoplasm just below th巴 wallof the 

gametangium (Fig. 5d). At 24 hr， vacuoles 
in the cytoplasm gradualJy enlarg巴 (Fig.

5d)， concomitant with the expansion of 
a gametang山 m initial (Fig. 3e) which 

develops a stalk (Figs. 3fand 3g). At 27 h1'， 

a large vacuole occupies the cente1' of the 

gametangium and its ramifications in-

tr吋巴sthe periphe1'al cytoplasm (Fig. 5b) 

At 30 h1'， the gametangium completely 

expands (Fig. 3g) and a gametang凶 l

central vacuole shifts towards th巴 basal

part (Fig. 5c). The cytoplasm is divided 

192 

but the numbe1' dec1'eases toward the base. 

They contain no sta1'ch 01' small g1'ains， 

if p1'esent， until 3 h1' (Fig. 4a)， but la1'ge 

ones at about 6 hr (Fig. 4b). Th巴町 at 

12-15 h1' the aggregated cytoplasm gracl-

ually migrates clownward ancl accumulates 

at 1'amellus bases as that cluring the clark 

pe1'iocl in th巴vegetativestage (Fig. 2b). At 

18-21 h1'， the cytoplasm (Fig. 3a) m早.'ates

a little above th巴 ramellusbases where 

gametangium formation initiates (Fig. 2cl). 

The surface view of the initiation of 

gametangium looks like a hyaloicl circle 

(Fig. 3b)， and its lateral view like a convex 
lense (Fig. 3c). The cytoplasm of this 

portion is fenestratecl du巴 toER (enclo-

plasmic reticulum) ancl vacuolar evagina-

tion (Fig. 4cl) ancl contains ma町 nuclei(Fig. 

24 j21 

36 

R
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4
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18 

c b 

27 

a 

斜官

h;) ~・
Fig. 3， Light micrographs showing c1evelopmental stages or a gametangillm. NlImerals at the 
upper right sicle show the time or the clcvelopment in hr. Scale bar in i applies to all ligllres. 

50ドmg. 
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Fig. 4. Electron micJ'ogJ'aphs of longitudinal sections of 1'amellus. Apical portion at 03 h1' (a) and 

06 hr (b)， cytoplasmic aggregation (c) and reticulated cytoplasm (d) at the site where gametangi山 n
fOJ'mation is expected at 18 h1'. Arrow indicates direction of ramellus apcx. 
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~~ 

10ドm

20ドm

20pm 

Fig. 5. Elcctron micrographs showing th巴clevelopmentalstages of a gametangiull1. a， earlv stage of 
gall1etangiull1 forll1ation at 21 hr， showing rcticulatecl cytoplasll1 containir】gll1any nuclci. b， gall1etangiull1 
at 27 hr. Note thc vesiculatc cytoplasll1 locatecl at the distal portion， froll1 where chloroplasts are cxcluclecl. 
c， gall1ctangiull1 at 30 hr. d， ll1any sll1all vesiclcs ancl clictyosoll1cs in periphcral cytoplasll1 of gall1ctangiull1 
at 24 hr. 
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into two parts by the gametangial vacuole; 

a large portion which is later di狂erentiated

into gametes and a small one which is 

later involved in plug formation. 

Plug formation 

By 30 hr the cytoplasm migrates into 

the gametangium through the or泊cewhich 

is plugged at 33-36 hr (Fig. 6e). At 30 

hr， many electron dense， fine granules 
appear in vacuoles present in the stalk 

(Fig. 6b). At 33 hr， the plug material is 
deposited centripetally on the inner side 

of the stalk (Fig. 6a). 1t is successively 

deposited on both gametangium and ramel-

lus side of a plug (Figs. 6c and 6d) and 

eventually results in separating the gam-

etangial cytopl邸 mfrom that of the ramel-

lus at 3ι39 hr (Fig. 6e). 

The forming plug contains electron dense 

granules and bubble-like globules (Figs. 

6c and 6d) which overlie successively and 

form some ordered arrays (Fig.6a). Dense 

vesicles are present in the cytoplasm near 

the plug (Figs. 6c and 6d)， but their role 
in plug formation is unknown. 

Papilla formation 

At 27-30 hr， a papilla di能rentiatesat 
the distal end of a mature gametangium 

(Figs. 3f and 3g). Sooner or later it becomes 

more translucent， because the inner side 
of the cell wall of the papilla is dissolved 

into a loosely disorganized layer of granules 

and the ramifying cytopl剖 m containing 

many vesicles and multivesicular bodies 

intrude it (Figs. 7a and 7b). At 33-36 hr， 
the cytoplasm retracts from the wall of 

the papilla (Fig. 7c) and the apex becomes 

somewhat sat (Fig. 3h). Finally the papil-

la changes to a pore for gamete liberation 

(Fig. 3i). 

The papilla wall is stained by either 

acid fuchsin， fast green or amido black 
(Fig. 7d)， but not when treated with 
pepsin or prote邸 ebefore staining (Fig. 7e). 

A diagramatic representation of the 

gametangial development is given in 

Fig.8. 

Discussion 

1t has been suggested that the photo-

synthesis-dependent accumulation of a large 

amount of starch is prerequisite for the 

induction of sexual cell division in Closte-

rium (1CHIMURA 1971). The accumulation 

of starch grains in chloroplasts of the 

ramellus seems to be essential for the 

cytoplasmic aggregation and subsequent 

induction of gametangium formation in 

Pseudobヮopsishainanensis. 
1n the vegetative stage of P. hainanensis 

and Bヮopsishypnoides (BURR and WEST 
1970) the following periodical changes 

occur due to cytoplasmic streaming: most 

of the cytopl部 m accumulates at ramellus 

bases during the dark period， while it is 
widely distributed in ramelli during the 

light period， though being more aggregated 
at ramellus apices. 1n the reproductive 

stage of P. hainanensis the cytoplasm at the 

ramellus bases gradually migrates towards 

the site where the gametangium is to be 

formed， possibly by upward cytoplasmic 
streaming. Mter that， the change in 
cytoplasmic distribution differs from that in 

the vegetative stage， because the cytoplasm 
seems to be trapped at the site where the 

gametangium is formed so that this cyto・

Fig. 6. Formation of a plug. a-e show electron micrographs of longitudinal sections of gametangial 
stalk. a， centripetal growth of plug resulting in constriction of cytoplasm at 33 hr. R， ramellus side of 
the stalk. b， dense granules (arrows) in cytoplas凶cvacuole at 30 hr. W， stalk wall. c and d， growing 
plug (P) at the side of gametangium (G) and ramellus (R) at 36 hr， showing bubble-like globules (arrows) 
and dense vesicles :(arrowheads). e， a plug formed completely at 36 hr. V， gametangial vacuole; R， 
ramellus side of the stalk. 
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plasm may be subsequently supplied to 

the developing gametangium. In Acetabu-

laria the cytoplasm in the stalk migrates 

into cap rays when the cap attains a 

maximum diameter (SCHULZE 1939). This 

is similar to the migration of the cytoplasm 

into gametangia in Pseudobヮ'otsis，but the 
gametangial development in PseudobワIOtsis

is accompanied by the cytoplasmic migra-

tion， whereas the cap is already formed 
prior to the migration. 

The role assigned to the cytoplasm 

varies depending on the developmental 

stage of gametangium and the position of 

cytoplasm. Thus for non-septate cell dif-

ferentiation， like gametangium formation 
in Pseudobヮotsis，time- and position-de-
pendent functional change of the cytoplasm 

seems to be important. 

In P. hainanensis the gametangium can 

be produced only on the ramellus but not 

on the main axis. The ramellus hardly 

produces branches， so that it is functionally 
di能rentfrom the main axis. Further， 
both the main axis and the ramellus never 

transform into the gametangium. Two 

steps of differentiation， ramellus formation 
and gametangium formation， are necessary 
in reproduction stage of P. hainanensis. 

Caulerta okamurae is an example of zero 

step differentiation. In this alga the entire 

protoplasmic content of the highly di釘er-

entiated vegetative thallus is converted 

into gametes (ISHIWA臥 etal. 1981). 

Derbes匂 andBヮotsisare algae which are 
endowed with one step differentiation. 

In D. marina the sporangia are formed on 

indistinctive， vegetative filaments， being 
separated by a double walled septum 

(SEARS and WILCE 1970); while in B. 
hytnoiゐsthe side branches separated by 

a plug from a main axis are transformed 

into the gametangia (BURR and WEST 

1970). In these species the sporangium 

formation or the side branch formation is a 

differentiation step. However such spo・

rangia and side branches often revert to a 

vegetative stage (SEARS and WILCE 1970， 
BURR and WEST 1970). Therefore， the 
differentiation of the reproductive organs 

of these two algae does not seem to be an 

elaborate differentiation. In Codium the 

gametangia are formed on an utricle 

which is produced on the tip of medullary 

interwoven siphons through two-step differ-

entiation， though the gametangia often 
revert to vegetative daughter utricles in 

C. giraffa (SILVA 1979). 

WERZ (1970) noticed the appearance of 

ER and small vesicles in the early stage 

of the development of whorls or cap rays in 

Acetabularia. According to him， ER is 
specifically associated with the region of 

the cell wall where hydrolysis takes place. 

In P. hainanensis ER is well developed in 

the aggregated cytoplasm when the gam-

etangium formation starts. Subsequently， 
the gametangium protrudes and many 

small vesicles which seem to contribute to 

the cell wall formation appear in the 

peripheral cytoplasm. This suggests that 

expansion of the gametangial wall follows 

hydrolysis of the ramellus wall. 

When expansion of the gametangium is 

almost complete， two kinds of local differ-
entiation occur in the gametangium: papil・

la and plug formations. 

WHEELER and PAGE (1974) reported 

Fig. 7. Formation of papilla. a-c show electron micrographs of papi1Ia at the distal portion of 
gametangium. a， many vesic1es and dictyosomes in cytopl酷mat 27 hr. b， dissolved papi1Ia wall at 30 hr. 
c， swelled papi1Ia wall at 39 hr， showing change in wall structure from homogenous transparent material 
to gran山 rnature. Gametangium stained with acid fuchsin solution after treatment with prote蹴 (e)and 
w地outprot醐 e(d). 
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O 

O 
a c d e 
Fig. 8. Diagram showing changes in the distribution and function of cytoplasm during gametangium 
formation. Cytoplasm absorbing light energy for gametangium formation at upper part of ramellus (a) 
migrates downward and accumulates in ramellus base (b)・ Thenthe cytoplasm migrates upward to the 
site expected for gametangium formation. c-e. Distribution and function of local cytopl俗m. c， cytoplasm 
softening rameIlus waIl at definite point (xed area). d， peripheral cytopJasm (smaIl circ¥es) synthesizing 
waIl ofdeveloping gametangium. e， apical cytoplasm (oblique lines) degenerating papilla waIl and basal 
cytoplasm (dotted area) secreting plug material. 

that in Derbesia gametophytes， the degrada-
tion of the papilla wall takes place prior 

to gamete discharge and that many cluster-

ed small mitochondria and ER appear in 

the cytoplasm adjacent to this portion. 

They have considered that some hydrolytic 

enzyme is produced in the region and 

contributes to the wall degradation. In 

P. hainanensis the papilla wall is disorganized 

and can easily break down at gamete 

discharge. The papilla wall stained with 

dyes identifying protein， suggests that the 
wall contains such protein enzymes. 

The development and fine structure of 

the plug have been described in detail in 

Bヮopsish..脚oides(BURR and WEST 1971) 
and Acetabularia acetabulum (MENZEL 1981). 

The developmental pattern of plug forma-

tion and the ultimate fine structure of 

plugs differ from species to species， although 
the plug of siphonous green algae may be 

homologous in structure on the basis of 

the occurrence of peroxidase (MENZEL 

1980， 1981). The branch plug in Bりゅ'szs
is usually composed of three layers: a 

middle proteinous layer derived from 

vacuolar protein bodies and two poly-

saccharide layers， which are structurally 
similar to the thallus wall (BURR and WEST 

1971). The cap ray plug in Acetabularia 

consists of a voluminous， sponge-like struc-
ture， gaps between which are filled with 
condensed material (MENZEL 1981). Un-

like BりIOpsisand Acetabularia the gametangial 

plug in Pseudobヮopsisconsists of electron 
transparent material with many dense， 
bubble-like globules. The cytopl部 m ln-

volved in the plug formation remains near 

the plug and is never converted into 

gametes. 
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奥田一雄*.榎本幸人料.舘脇正和***:多核緑藻ハネ毛毛ドキの配偶子漢の発達過程

ハネモモドキの配偶子嚢の発達過程を同調培養と光顕及び電顕観察によって解析した。

栄養期の側枝の細胞質の大部分は，明期K.頂端部，暗期lζ基部lζ集積する。配偶子襲形成が誘起されると，側

校基部lζ集積していた細胞質が基部より少し上方の位置に移動する。集合した細胞質は，多数の核と大量の ER

を含んでいる。細胞質が集合してくる位置で側枝の細胞壁が突出し，配偶子褒lζ発達する。配偶子褒の成長拡大

lζ伴って側枝にある細胞質が配偶子褒へ流入する。配偶子褒の細胞墜に接する細胞質lζ多数の小胞が出現する。

配偶子畿の頂端部の細胞壁は電子密度が噌加し，小突起となる。隔壁 (p1ug)は，配偶子褒と側枝の閣の細胞墜

に盛物質が蓄積する乙とによって形成され，配偶子饗の細胞質を側枝から分離する。配偶子襲の細胞質の大部分

が上方l乙集合し，下方部l乙大きな液胞が占めるようになった時，配偶子形成のための核分裂が始まる。

(*780高知市昭町2-5-1 高知大学理学部生物学教室 **656-24兵庫県津名郡淡路町岩屋神戸大学理学部臨海

実験所。紳*051室蘭市母恋南町1-13 北海道大学理学部海藻研究施設)
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Fusion of protoplasts from thalli of two different 

color types in Porphyra yezoensis UEDA and 

development of fusion products* 

Yuji FUJITA and 8eiji MIGITA 

Laboratory Q[ Algal Cultivation， Faculty Q[ Fisheries， Nagasaki・University，1・14Bunわ10・Machi..Nagasakz， 
852 Japan 

FUJITA， Y. and MIGITA， S. 1987. F凶 ionof protoplasts from thalli of two di佐rentcolor types in 
PO判')IrayezoensisUEDA and development offusion products. ]ap.]. Phycol. 35: 201-208. 

Protoplasts isolated enzymatical1y from thal1i of wild type and green type mutant in Porphyra 
yezoensis were fused by polyethylene glycol (PEG) treatment. Many heterokaryocytes (up to 12.0%) 
were formed soon after the addition of washing medium to the protoplast-PEG preparation. Fusion 
products involving one wild type and one green type protoplast grew to form a mass of cel1s after 
regenerating cell walls. When cultured in aerated medium， the masses of cells grew as a callus-
like cell aggregate. Cell aggregates differentiated into a number of ful1-grown thalli. Those thalli 
were microscopically chimeral thalli irregularly variegated with greenish cell and reddish purple 
cell groups. Carpospores released from mature chimeral thalli grew into greenish conchocelis， and 
the greater part of F1 thalli produced from the conchocelis most1y consisted of greenish cells. 

Key lndex陥 rds:Genetic engineering; polyet.わ>leneglycol; Porphyra yezoensis; prot.ψ加tρIsion;
Rhodophyceae. 

Protoplasts produced from different tis-

sues in higher plants and the resulting 

induced callus have been used as tools in 

physiological and cytological studies as 

well as in the research of protopl邸 tfusion 

to produce somatic hybrids in the field 

of plant genetic engineering (GALUN 1981， 
AHUIA 1982， POTRYKUS et al. 1983). 80圃
matic hybridization by protoplast fusion 

offers great promise for achieving wide 

crosses between species that are di伍cultor 

impossible to hybridize conventionally， with 
the hope to produce new crop varieties. 

There have been a large number of suc-

cessful intraspecific and interspecific so・

matic hybrid experiments in higher plants 

reported to date (EVANS 1983， GLEBA 

* This study was supported in part by a Grant in 
Aid for Scientific Research from the Ministry of 
Education， Science and Cu1ture， Japan. 

and 8YTNIC 1984). 

Protoplast researches in algae have been 

limited so far to those of fresh water and 

marine unicellular algae (ADAMICH and 

HEMMINGSEN 1980， BERLINER 1981， BRADLY 
1983)， and only a very few dealing with 
marine multicellular algae (so-called “sea-

weeds") (CHENEY 1986). In the last few 

years， however， the isolation of protoplasts 
from seaweeds has been increasingly re-

ported， and CHENEY (1986) listed a total of 
15 species (nine genera) from which 

protoplasts have been isolated. The num-

ber of algae in which successful protoplast 

fusion has been reported is very limited; 

Po{ゆか'sa (=Acetabularia) cliftonii (PRIM阻
et al. 1978)，勾伊ema印刷ueand Spirogyra 

gracilis (OHIWA 1978)， Chlamydomonas rein-
hardi (MATAGNE et al. 1979)， Ulva linza 
and Monostroma angicava (ZHANG 1983)， and 
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POlアhyrayezoensis and Enteromorpha intesti-
nalis (SAGA et al. 1986) 

The red seaweed Porphyra“Nori" is 
being extensive1y cultured in ]apan as one 

of the important edib1e seaweeds. Re-

cently， however， P01舛yracu1tivation has 
frequently su釘eredfrom damage due to 

pathogenic microorganisms and unusua1 

weather. It is hoped that strains of 

cultivated Porp紗ra can be improved by 

means of genetic engineering. We have 

a1ready reported on the iso1ation and 

culture of the protop1asts in Porpわra
yezoensis (FUJITA and MIGITA 1985). In 

this paper， we will further report on the 
fusion of protoplasts isolated from wi1d 

type and green type thalli in P. yezoensis， 
and on the development of fusion products 

cultured in vitro. 

Materials and Me曲ods

Vegetative thallus of Porphyra yezoensis UEDA 

Two kinds of specimens were used in 

the present study， one of wi1d type (norma1 
co10r) and the other green type (co10r 

mutant). They were both collect巴dfrom 

“Nori-nets" experimentally set at the cu1-
ture farm in Kashima City， Saga Pre-
f巴cture，Western Kyushu， ]apan. Two 
kinds of shell-1iving conchocelis fi1aments 

for making nursery nets were prepared by 

using free-1iving conchocelis filaments kept 

in our laboratory. The thalli， about 10 
cm long， were collected from the“Nori-
nets"， washed with steri1e sea water， 
drained to semi凶dry condition (30-40% 

moisture content) and stored at -20oC 

until used. After thawing， the thalli were 
used for iso1ation of protoplasts. 

Preparation 01 bacterial crude enzyme solution 
Protoplasts 企omthe thalli of the two 

different types were produced by using 

a crude enzyme prepared from the cultured 

supernatant of Pseudomonas sp. strain P-1 

which causes “Gre巴n spot rotting" on 
POψhyra thalli. The crude enzyme solu-
tion was prepared by a slightly modified 

proced ures reported by FUJITA and MIGITA 

(1985). The strain was inoculated in a 

200 ml Erlenmeyer ftask containing 50 ml 

of ZOBELL 2216E broth and precultured 

for 3 days at 20oC. All of the preculture 

was inoculated in 1 1 of medium which was 

composed of 0.1 % potassium nitrate， 
0.01 % yeast extract， 0.01 % potassium 
phosphate (dibasic)， 0.001 % ferric ch10ride， 
0.1% 廿ris(仲hη下yd也也d出むro低xymethy升州l町)aminomethanee 
and 0.2% ‘“‘No町nγ" powder in 7乃5%sea 

water (pH 7.5) in 21 Erlenmeyer自askand 

incubated with stirring for a week at 20oC. 

The culture was centrifuged at 12，000 X g 
for 30 min. Ammonium sulfate (80% 

saturation) was added to the supernatant. . 
The pr町ecip戸it同at旬ewas collected and dis-

solved 泊n 5印oml sea water containing 
O.β訓01% t甘ris(仰hydrox勾ymet出hηly刊州rl司lり)片aminomet出han
(pH 7.2勾). The enzyme solution was dia-

1yzed with the same sea water for 12 hr. 

Protoplast isolation 

Protop1asts from the vegetative thalli of 

the two kinds were produced separately. 

Basal parts of the thalli were removed in 

advance and the remaining parts washed 

severa1 times by shaking in a semi-solid 

agar layer， then in sterile sea water. After 
washing three times in sea water， thalli 
were cut into small pieces (1-2 mm2) 

with a razor blade. About 0.2 g (fresh 

weight) of the small pieces was incubated 

in a test tube (10 X 150 mm) containing 

10 ml of the bacterial crude enzyme solu-

tion containing 0.8 M mannitol， 6，000IU 
penicillin G potassium and 10 mg strepto・

mycin sulfate. The incubation was car-

ried out at 18-20oC on a reciprocating 

shaker， shaking it at about 120 cycles per 
min. After 3-4 hr incubation， the enzyme-
protoplast mixture was passed through a 
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nylon mesh (25μm opening) to remove 

undigested cell wall clumps and cell wall 

debris. The pel1et was washed three times 

with sterile sea water containing 0.8 M 

mannitol. The washed cel1s were re-

suspended at the concentration of 105-6 

cells per ml of the mannitolfsea water. 

Protoplast fusion and culture of fusion producお
To induce protoplast fusion the modified 

method of KAO and MICHAYLUK (1974) 

was used. ApproximateIy 100 μ1 of each 

protoplast suspension was placed on a 

cover slip (24 x 24 mm) in a Petri dish 
(9 x 2 cm) and alIowed to settle for 10 min 
then 200μ1 of polyethylene glycol (PEG) 

solution [30% PEG 4000 or PEG 6000 

(Wako Pure Chem. Indust. Ltd.， Osaka， 
]apan) 0.2 M mannitol in sea water] was 

slowly added. Mter the protoplasts were 

incubated in PEG solution for 20 min， 
10 ml of washing medium (KAMEYA et al. 

1981) was added to the protoplast-PEG 

preparation. The mixture was then dilut-

ed with 10 ml of modified PROVASOLI'S 

enriched sea water (PES) medium (PRO同

VASOLI 1968) containing 0.8 M mannitol， 
1，200IU penicillin G potassium and 2 mg 
streptomycin sulfate. The Petri dishes 

containing protopl出ts were maintained 

under continuous light (I，OOOlux) at 150C 
for a period of 2十48hr. The frequency 

of protoplast fusion was examined micro-

scopically. Identification of heteroplasmic 

fusion was easily possible， since the hetero-
karyocytes contained both reddish purple 

chloroplast(s) from the wild type proto・

plast(s) and green chloroplast(s)仕omthe 

green type protoplast(s). Fusion products 

were transferred by using a fine pipet to 

Petri dish (6 x 2 cm) containing 12 ml of 

PES medium， and the cuItures were 
maintained at 4，000Iux， 12: 12 hr LD， 
180C. After 1-2 months plants developed 

from fusion products were transferred to 

flat bottom flasks containing 200 ml or 1 l 

of PES medium， and the cultures were 
maintained at 6，000Iux， 12:12 hr LD， 
180C and aerated. All cultures were 

changed to fresh medium weekly and 

placed under the “daylight" fluorescent 
lamps. 

Results and Discussion 

Immediately after the addition of PEG 

4000 or PEG 6000 solution to the suspen-

sion of protoplasts of two types， adjacent 
protoplasts began to aggregate and the 

number of aggregates increased with time 

(Fig. lA， B). Aggregates tightly adhered 
to the surface of the cover slip. As long as 

protoplasts were being incubated in PEG 

solution， however， very few fusion occurred. 
The greatest number of fusion occurred as 

the aggregates began to leave the surface 

of the cover slip soon a氏erthe addition of 

washing medium to the protoplast-PEG 

preparation. The celIs that fused had 

initially oval or irregular shape (Fig. 1 C， 
E)， but gradualIy became spherical (Fig. 
lD). The constituents of the chloroplast 

mixture intermixed very slowly even 48 hr 

after the addition of washing medium， 
so there was little difficuIty in identifying 

the fusion products which held two different 

chloroplasts. The frequency of hetero・

karyocyte formation due to PEG 4000 and 

PEG 6000 were 10.4% and 12.0% respec-
tively. The fusion products involved two 

to four or more protoplasts. Seven fusion 

products which involved only one wild 

type and one green type protopl出 twere 

seIected and transferred to PES medium 

in separate Petri dishes for cultivation. 

The two different chloroplasts in the 

fusion products became yellowish brown 

through the gradual mixing. Four of 

seven fusion products perished after a few 

days. The reason for the death of four 
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Fig. 1. Freshly isolatecl protoplaSIS ancl fusion events. 

A. Mixture of wilcl type ancl green 1 yp巴protoplasts.

B. Aggregatecl protoplasts 15 min afler the aclclition of the PEG solution lo protoplast mixture 

C. Fusion cells (1") 20 min after lhe aclclition of the washing meclium to protoplast-PEG preparation. 

D. Neal'匂 sphericalfusion procluct (F) involving four or more protoplasls 12 hr after stage C. Scale bar= 

20μm. 

E. Progressive stages 01" fusion betw巴enone wilcl type ancl one green type protoplast: a-c; 10，25，4.5 min 
after the aclclition of the washing meclium to protoplast-PEG preparalion. Scale bar= 10 μm. 

Arrows in A， B ancl E inclicate wilcl type protoplasts. Scale bar in D applies also to A， B ancl C. 
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A B 

E 

ζ 

Fig. 2. Various stages in development of fusion product involving one wild type and one green type 
protoplast 
A and B. 20-day old and 30司dayo.ld germlings "masses of cells" from fusion product cultured in Petri dish 
C-E. Thalli differentiated from "callus-like cell aggregate" (arrows) induced after transfer "mass of cells" 
stage in B to aerated culture. C; 25 days， D; 65 days， E; 125 days after transfer to aerated culture. 
Scale bar: 20μm for A; 150μm for C; 1 mm for D; 10 cm for E. Scale bar in A applies also to B. 

[usion products may b巴 theincrease of 

bacteria in the culture medium. The 

remammg th1'ee fusion p1'oducts divided 

very slowly after 1'egenerating a cell wall 

and g1'ew to f01'm a mass of 10-30 cells 

a[te1' 20-30 days (Fig. 2A， B). The ma悶 S
we1'e composed of greenish and reddish 

purple cells of various diameters. The 

masses g1'ew as callus-like cell aggregates in 

medium with continuous aeration. The 

callus-like cell aggregates a1'e simila1' to 

the callus-like clumps o[ cells induced 

[rom the isolated cells of POψ伊ajJeljorata 
by POLNE-FuLLER et al. (1984-) 

By maintaining the aerated cultures， 
a la1'ge number of young thal1i diffe1'enti-

ated f1'om the callus-like cell agg1'egates 

(Fig. 2C). Those young thalli grew well 

in aerated culture to the length of 2-5 mm  

afte1' two months (Fig. 2D) and the largest 

of those attained to about 60 cm in length 

after [our months (Fig. 2E). They were 

microscopicall y chime1'al thalli irregularly 

variegated with g1'eenish and reddish pu1'-

p1e cell g1'Oups. 

FOllr months after the diffe1'entiat.lon o[ 

yOllng thalli， some chimeral thalli matured， 
forming ca1'pogonia and spermata噌 ia(Fig. 

3A). Ca1'pospores released f1'om mature 

thalli grew into greenish conchocelis-phase 

filaments which fo1'm巴d conchospo1'angial 

branches (Fig. 3B). The conchospo1'es 
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Fig. 3. Furlhel' c1ev巴lopmentof thallus c1iITerentiatecl from "callus-like cell aggregates". 
A. A portiol1 of mature thallus in fig. 2E showing carpogonia ancl spermatangia 
B. Conchospol'angial branches formecl 011 lhe conchocelis日lamcnlsc1crivccl from the carpospol'CS. 

C. Conchospores releasecl from the conchosporangia. 
D. Fl lhalli arisel1 from the gcrminatecl conchospores. 
Scalc bar: 20μm [01' A-C; I cm for D 

(Fig. 3C) 1'eleased [1'om the concho-

sporangia of wild-lik巴 typeand that of the 

gr巴巴nish type couJd be c1istinguished by 

the diffi巴rence in their coJo1'. COl1cho-

spo1'es attached to synthetic五be1's(“C1'e-

lTIona" mono五laments) of about 4 cm 

le時 thgrew 川othalli (Fj) of oblanceoJate 

or linea1' obJanceoJate shape in aerated 

cultu1'e (Fig. 3D)， simiJar to g巴rr凶 ngs
from conchospol'es of original wiJd and 

gr巴en types. Th巴 greater part of thos巴

thalli was mostly composed of greenish 
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cells， while in thalli derived 仕om the 
conchospores of wild-like type only a few 

cells at the basic part appeared reddish 

purple. There was no appreciable differ-

ence in color and morphology between 

the plants arisen from the three fusion 

products. 

The phenomenon of chimeral thalli 

regenerated from the protoplast fusion 

products is regarded as a resu1t of the 

occurrence of two type of cells with pa-

rental colors. This may be traced back 

to the gradual process of segregation of 

two different colored chloroplasts that had 

once undergone fusion. It is hypothesized 

that during the cell-divisions in the thalli 

and the growth of the conchocelis-phase 

the green type chloroplasts gained pre-

dominance over the wild type ones. As 

a resu1t， in the F 1 thalli the greater part 

W出 replacedby cells of green type. The 

segregation to one or the other parental 

type of chloroplast has been often observed 

in regenerated hybrid plants and in the 

progeny of somatic hybrids of higher 

plants (cf.， GLEBA and EVANS 1983， COCK-
ING 1983). 

OHME et al. (1986) reported that the 

heterozygous conchocelis from the sexual 

cross of the green and wild types in P. 

yezoensis were all the wild type， and fre-
quently produced sectorially variegated 

chimeral thalli composed of parental color 

sectors. The difference between their re-

su1ts and ours suggests that the mechanisms 

of the formation of chimeral thalli and the 

presentation of colors in the progeny are 

different in the protoplast fusion and 

in the sexual cross between the green type 

and the wild type. 

In the present study， only distinct green 
plants were obtained. If many more 

fusion products had been successfully re-

generated， it might have been possible to 

find some that gave the intensive wild 

type color. We plan to engage in con-

tinuous research on further details of new 

fusion products and their regenerated 

plants with respect to the behavior of 

chloroplasts， nuclei and chromosomes and 
to the biochemical characters (e.g.， con・
stituents of pigments). 

The PEG method has been used 

principally for the fusion of protoplasts to 

produce somatic hybrids， especially in 
higher plants. In recent years， attempts 
to accomplish algal protoplast fusion based 

on PEG treatment have been successful in 

Zygnema extenue and Spirogyra gracilis (OHIWA 

1978)， C.α'hlμaTl吻1り汐y戸Idlぬ'omo仰naωsre叩ezn伽1
et al. 1979)， Ulva linza and Monostroma 
angicava (ZHANG 1983)， and Porphyra yezo・
ensis and Enteromoψha intestinalis (SAGA 
et al. 1986). We have shown that the 

PEG method is also suitable for producing 

intraspecific parasexual hybrids of POゆ砂ra

by means of protoplast fusion. 
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藤田雄ニ・右田清治:スサピノリのニつの色彩型禁体から分離されたプ口トプラストの

融合ならびに融合細胞の発生

スサビノリ POゆ，hyrayezoensis UEDAの野生型と緑色型葉体から酵素法によって分離されたプロトプラスト

は，ポリエチレングリコール処理によって融合した。野生型と緑色型の各 l摘のプロトプラストからなる融合細

胞は，細胞墜を再生した後，分裂しか月後lζ約30細胞の細胞小塊となった。その細胞小塊から誘導されたカ

ルス状の細胞塊からは，よく生長する多数の葉体が発生した。それらの葉体は，顕微鏡的lζ赤紫色の細胞群と緑

色がかった細胞群からなるキメラ葉体であった。成熟キメラ葉体からの果胞子は緑色を帯びた糸状体lζ生長し

た。その糸状体からの殻胞子は赤紫色あるいは緑色とみなされたが，いずれも発芽するとほとんど緑色を帯びた

細胞からなる葉体となった。 (852長崎市文教町ト14 長崎大学水産学部藻類増殖学研究室)
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AMPILI， P.， PANIKKAR， M.V.N. and CHAUHAN， V.D. 1987. Attachment of the tetraspores of Padina 
dubia HAUCK (Phaeophyta， Dictyotales)・Jap.J. Phycol. 35: 209-213. 

After liberation， the tetrωpores of Padina dubia secreted an adhesive which firmly attaches them 
to suitable substratum. The secretion started immediately after their liberation around the spores 
and the rhizoids. This secretory substance is of mucopolysaccharide type. It is suggested that the 
synthesis of the bioadhesive has some ecological and physiological importance. 回stochemicals旬d-
ies were carried out to examine the nature of也eextracellular bioadhesive by using spec泊cstains 
like alcian dyes， periodic acid Schiff's (PAS) and toludine blue (TB). From the staining reactions 
it was found that the spores contain large amounts of both acidic and sulfated polysaccharides， while 
the extracellular bioadhesive contains only a sulfated polysaccharide， probably fucoidin. 

JむりIlndex Words: Bioadhesive; Dictyotales; histochemistry; Padina dubia; Phaeophyta; poly-
saccharide; tetraゆores.

Padina dubia HAUCK is a common inter-

tidal alga belonging to the family Dictyo・

taceae of the order Dictyotales. It is a 

tropical alginophyte found plenty in the 

intertidal regions of the Gujarat coast of 

India. The tetr前 poric plants produce 

enormous number of spores and only a 

very few of them may get a chance to 

settle and adhere to suitable substratum. 

The attachment of these non-motile spores 

to the substratum against the tidal current 

is one of the most important events in the 

life history of an intertidal alga (HARDY 

and Moss 1979). Only a very little infor-

mation is available on the nature of the 

extracellular bioadhesive secreted by the 

spores at the time of germination. 

HARDY and Moss (1978， 1979) studied 
the attachment of the zygotes and germ-

lings of Halidrys siliquosa and Pelvetia canali-

ωlata by using specific stains. FORBES and 

HALLAM (1979) investigated the nature of 

the bioadhesive secreted by the zygotes of 

Hormosira banksii at the time of germination. 

The histochemical studies on the extra-

cellular substance in brown algae have 

been carried out by a few researchers 

(MCCULLY 1965， 1966， 1970; FULCHER 
and MCCULLY 1969) and these substances 

were identified as non-sulfated acidic poly-

saccharide (alginic acid) and sulfated poly-

saccharide (fucoidin). 

Materia1s and Methods 

Tetrasporic plants of Padina dubia were 

collected from the Porbander coast of 

Gujarat on 21 December 1982. The plants 

were transported to the laboratory in 

plastic buckets containing seawater， and 
kept in the culture room at 20oC. The 

next day the fertile portions were removed 
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and rinsed with ster.i.lised seawater s巴V巴ral

times. The upp巴rportions of the thallus 

with matu1'巴 bandswe1'e cut into p.i.eces 

and th巴yw巴r巴 placedon glass slides in 

petri dishes containing ster.i.lised seawater. 

The slides w.i.th th巴 spo1'eswereゐαdin 

5 % fo1'maldehyde at 10 minute intervals 
fo1' two days. The spo1'es we1'e stained by 

using differen t stains fo1' histochemical 

studies. Alcian dyes we1'e p1'epa1'ed 

acco1'ding to P ARKER a吋 DmOLL(1966). 

Pe1'.i.odic acid Schiff's (PAS) stain was 

1 

2 

¥ 

/
 

3 

used after the m巴thodof McMANUS (1948). 

The sp01'es we1'e also stained with toluidin巴

blu巴 (MCCULLY 1970). Cultures were 

maintained at 20oC， 14.: 10 hr LD cycle 
and 15001ux. The stainecl spores ancl 

the germlings w巴reobservecl uncler a light 

mlcroscope. 

Results 

The spo1'es sta1'tecl secreting an ext1'a-

cellular substanc巴 after 1-2 hrs of lilコ巴ra-

4 

が・

Figs. 1-5. Paduza dubia tetraspores stainecl in toluidine blue. 
Fig. 1. One hr olcl spore. Fig. 2. Three hrs olcl spore with bioadb巴siveof extraccllular polysac-
charide. Fig. 3. Five hrs olcl germinating spore. Fig. 4. Six hrs olcl germinating spore. Fig. 5 
Eight hrs old germinating spore. AlI with extracellular polysaccharide around the SPOt巴 andthe 
rhizoicl. Bar=25μ111. 
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Table 1. Different stains， their staining reactions on the tetraspores of Padina dubia and 
the polysaccharides identified. 

Stains sRtaeignieod ns Reaction Staining Polysaccharides identi五edcolour reaction 

AIcian YeIIow SP YeIIow + Non-sulfated 
(AY) pHO.5 EM 
AIcian blue SP Blue + Sulfated 
(AB) pH 2.5 EM Blue + Sulfated 
AY and AB SP Green + Carboxylated and sulfated 

EM Blue 十
Sulfated 
(PARKER and DIBOLL 1966) 

Peridic acid SP Red + With hydroxyl groups 
Schiff's (PAS) (乱1CCULLY1965) 

EM 

Toludine b1ue SP Red + Carboxy1ated and su1fated 
EM Pink + Sulfated (MCCULLY 1965) 

SP=spore， EM=extracellular material， + =positive，一=negative.

tion (Fig. 1). They adhere to the slide 

firmly after 3-4 hrs and the secretory 

substance was about 2μm in thickness 

(Fig. 2). Their attachment was so firm 

that it was difficult to remove them even 

by applying a jet of water. After 5-6 hrs， 
the spores started producing a lateral 

rhizoid (Fig. 3). Gradually the rhizoid 

elongated and firmly attached on the 

slides (Figs. 4 & 5) by secreting an adhesive 

around it. The results of the staining 

reactions of di丘erentstains are presented 

in Table 1. The accumulation of alcian 

yellow (AY) was found only in the spore. 

The blue colour of alcian blue (AB) was 

found both in the extracellular bioadhesive 

and the spore. When stained with A Y 

and AB the spores remained greenish， 
while the bioadhesive was bluish in colour. 

When the spores were treated with 1 % 
NaC03 to remove the carboxylated al・

ginic acid， prior to staining AB accumula-
tion was found in the extracellular bio-

adhesive and the spore. Metachromasia 

with TB occurred both in the spore and 

the bioadhesive， the former being reddish 
and the latter pinkish in colour. An 

intense P AS positive reaction was found 

only in the spore， while the bioadhesive 
remained PAS negative. 

Discussion 

The spore alone was stained bright 

yellow with A Y. This is due to the pres-

ence of a non-sulfated acidic polysaccharide 

(alginic acid). The AYat pH 2.5 readily 

complexes only with a non-sulfated poly-

saccharide. The AB at pH 0.5 complexes 

only with sulfated polysaccharide， its ac-
cumulation and blue staining both the 

spore and extracellular substance indicat-

ing the presence of polysaccharides with 

sulfate groups. Histochemical studies have 

already shown that sulfated polysaccharide 

in the brown algal tissue is fucoidin (PAR-

KER and DIBOLL 1966， MCCULLY 1970， 
FORBES and HALLAM 1979). When the 

stains A Y and AB were used simultaneously 

the spore was stained green， showing the 
occurrence of both sulfated and carboxy-

lated polysaccharides， and the blue colour 
of the extracellular substance further con-

firms that it is a sulfated polysaccharide. 

When the germinating spores were treated 

with NaC03 solution to remove the non-
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sulfated polysaccharide， the spore and the 
adhesive were stained blue， indicating 
the presence of sulfated polysaccharides. 

The A Y staining substance was removed 

from the spore， which is a carboxylated 
polysaccharide (alginic acid). The PAS 

positive reaction occurred in the spore， 
while the bioadhesive remained PAS nega-

tive. The PAS positive reaction is quite 

specific for polysaccharide having free 

hydroxyl groups on 2 vicinal carbon atoms 

(JENSEN 1962). The alginic acid has free 
hydroxyl groups and therefore PAS posi-

tive， however fucoidin lacks hydroxyl 
groups and it is PAS negative (MCCULLY 

1966). From these staining reactions it is 

clear that the bioadhesive may be a sul-

fated ester of fucose. The bioadhesive 

stained with TB was intense pink， while 
the spore was reddish. The metachromatic 

pink colour of TB is very characteristic 

of sulfated polysaccharid巴 (LISON 1936)， 
while the reddish and blue colour are 

generally produced by reaction with car-

boxyl groups (MCCULLY 1965). This 

staining reaction further confirms that the 

bioadhesive is a sulfated polysaccharide 

(fucoidin). The spore contains both sul-

fated and non-sulfated polysaccharides. 

At the time of germination the zygotes 

of brown algae secrete a sulfated poly-

saccharide for firm attachment (Moss 1974， 
HARDY and Moss 1978， FORBES and 
HALLAM 1979). This bioadhesive is sec-

reted by the spores and the rhizoids. FOR-

BES and HALLAM (1979) observed the 

presence of polyphenols during the growth 

of the rhizoids of Hormosira zygotes. Such 

a secretion during germination may have 

some ecological and physiological signifi-

cance in the establishment of benthic 

marine algae. The extracellular bioad-

hesive probably suppresses the growth of 

bacteria and other microorganisms 

(C貼 IGIEand McLACl王LAN1964). From 

the histochemical studies it is clear that 

the bioadhesive may be fucoidin and it 

may possibly contain some polyphenolic 

materials having antibacterial activities. 

Thus the bioadhesive is meant for adhesion 

and protection of the developing germling. 
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Moss， B.L. 1974. Attachment and germination of 
the zygotes of Pelvetia callalicutala (L.) DCNE. et 

THUR. (Phaeophyceae， Fucales). Phycologia 
13: 317-322. 

PARKER， B.C. and DIBOLL， A.G. 1966. Alcian 
stains [or histochemical localisation of acid and 

sulfated polysaccharides in algae. Phycologia 

6: 37--46. 

Ampili， P.・Panikker，M.V.N.・Chauhan，V.D.: Padina dubiα 

(褐藻植物門 アミジグサ目)の四分胞子の付着

Padilla dubiaの四分胞子は放出された後，粘着性の物質を分泌し，それによって基質にしっかり付着する。こ

の分泌は四分胞子放出直後から胞子と仮恨のまわりで始まる。この分泌物はムコ多麟類型のものである。との生

物粘着物質(bioadhesive)の合成は何等かの生態的生理的重要性をもつことが示唆される。この細胞外に産生され

る生物粘着物質の性質を調べるため，アルシアン・イエロー，アルシアン・フツレー， PAS，トノレイジン・ブルー

などを用いて組織化学的研究を行なった。染色反応から，四分胞子l乙は酸性多糖類と硫酸合有多糖類とが共lこ多

量l乙含まれるが，細胞外産生の生物粘着物質には硫酸根をもっ多糖類(恐らくフコイジン)のみが含まれること

が判明した。

新刊紹介

徳田 鹿・大野正夫・小河久朗著 海藻資源養殖学。 た藻場造成法;第¥11主主は世界の主要地区別または1'liI別

水産養殖学講座第10巻。緑書房，東京， v+2+354 pp. にみた養殖の現状;第咽章は主要海藻類の養殖への問

(定価 5，500円) 題点と展望;第IX章は品種改良・品種保存等の将来配

本書は9章からなる。第 I章は地球の生態系として 慮すべき問題点。

の海藻;第E章は光・温度・塩分等の環境要悶と生 本書は日本及び世界の泌藻資源と養殖の現状を系統

長・垂直及び地理的分布;第E章は食用・飼料.Jl巴 的且つ理論的lζ纏めた世界に類のない専門書であり，

料・医薬用・化学工業用となる海藻の種類・利用法， 大学の教科書として，また養殖に携わる漁業者や水産

その特性;第W章は漁業区別にみた世界の海秘の資源 行政担当者の必携の良t生である。海外の最近の多くの

と生産量，我が国への原藻の輸入とその製，'11'，の輸11¥ 文献及び統計資料が引用され，また多くの写真と図表

量;第V章は種毎にその生活史及びその~I::態特性を解 があるし，巻末には専門術語を解説した用語集があっ

説して，篠宮iから収穫までの養殖の理論と技術，その て読者の理解を援けている。

製品の品質と出荷;第VI章は種毎の藻場特性lこ基づい t'LUIII者 男(京大・良 .f;&J~) 
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Scanning electron microscopic studies on 。Jclotellaobliquata QI et Y ANd) 
Yu-zao QI* andJing-rong YANG** 

場BiologyDφartmenιjino.n Universi砂"Guangzhou， Chino. 
料 Nanjinglnstitute of Geology and Paleontology， Nanji7司g，China 

QI， Y.Z. and YANG， J.R. 1987. Scanning e1ectron microscopic studies on CycioteUa obliquata QJ et 
YANG. Jap.J. Phycol. 34: 214-217. 

Scanning e1ectron microscopic studi回 werecarried out on Cyclotella obliquata QI et YANG. The 
species occurs in ear1y Pleistocene deposits of Miyi， Sichuan Province， southwest of China. lt is 
similar to the Cyclotella bodanical comta complex， but best distinguished from this by having only strut-
ted processes scattered in the central part and the marginal zone of the valve. The striae of the mar-
ginal zone are divided into 5-7 fascic1es by the broader hyaline areas. 

Kり lruた'X Words:・Cyc10tellaobJiquata; fine structure; mo判ology;taxonom)・

In a p陀viouspaper (QI and YANG 1985) 

the authors reported a new species， Cyclo-
tella obliquata QI et YANG， and gave just a 
short diagnosis on its characteristics. In 

the present paper we will focus on the 

scanning e1ectron microscopic structure of 

this species in detail. 

Materials and Methods 

The fossil materials were collected from 

:!luviolacustrious facies diatomaceous earth 

of the Xigida Group， Miyi， Sichuan 
province of China and the period is con-

sidered as in early pleistocene. 

For scanning e1ectron microscopy， speci-
mens were either cleaned of organic 

matter by oxidation or simply washed free 

of preservative and then mounted on 

stubs. The preparation was coated with 

gold to suppress charging， and observed in 
different ways and magnitudes. 

1) This work was partly supported by the Science 
Fund of the Chinese Academy of Science. 

Results 

Extemal valve structure: The cells of 

Cyclotella obliquata are solitary and drum-

shaped (Figs. 1， 2). The marginal zone 
of the valve is divided into five to seven 

areas by radial broader hya1ine areas 

(interfascicles). Striae are fasciclate， of 
unequal length， parallel to each other and 
composed of two or rarely three rows of 

poroid areolae (Figs. 1， 3， 4). The areolae 
are round， simple openings on the surface 
but not of the same size (Fig. 4). 

The central area is smooth or verrucose 

and tangentially waved. In the central 

part of the central area， several outer 
openings of the strutted processes are 

scattered (Figs. 1， 3， 5). A ring of the 
openings of the marginal strutted processes 

is located along the margin of the valve 

mantle. These are quite apparently seen 

on the end of every radial interfascicle 

(Figs. 1， 3， 5， 8). 
Intemal valve structure: Figure 6 shows 

the whole outline of the internal valve 
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Figs. 1-4. (J.ycLotclla obliquαta Qr et YANG 
Fig. 1. External valve with tangentially wavecl central area. X 5500. Fig. 2. Internal valve 
showing the struttecl process on every costa. X 5000. Fig. 3. Valve margin showing the仏sciclate
striae and raclial interfascicles with an outer opening of the struttecl process near the marginal encl. 
X 15000. Fig. 4. Enlargelllent of the outer valve Illargin. X 30000 

view. A ring of strutted processes is 

locat巴dalong the mantle on every costa 

All valves observed were eroded， so that 
the exact structur巴 ofthe marginal and 

central strutted processes was inconspiq uous. 

How巴V巴r，the internal tube of a marginal 
strutted process is short and with three 

struts. The number of thes巴 processes

per valve varies from 14 to 16. The 

internal tube of a central strutted process 

is very short but has clearJy three struts 

(Figs. 2， 6， 7). UnfortunateJy we have 

unabJ巴 tofind a labiate process， however， 

finding this can strongly expected. 

Girdle: As seen in Fig. 8， the cingulum 
appears to be composed of two bands， 
valvocopula and pleura both without orna-

mentation， though complete frustuJes are 

very scarce in the mat巴rials.

Discussion 

We pJaced this species in th巴 genus

C)lclotella， because it shares the basic diag-
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Figs. 5-8. C)'clotelLa obliquata Qr et YANG 
Fig. 5. External valvc with slightly waved and vcrrucosc cenlral area. X 6000. Fig. 6. Internal 
valv巴 showingthe ccnlral arca with scatterccl slrutlccl proccsses. X 4000. Fig. 7. Enlargement 
of the intcrnal valvc margin showing the marginal ancl c巴ntralslrull.cd processes. X 15000. Fig. 8. 
Girdle view showing thc valvc copula and pleura. X 7000. 

m凶ccharacters of the genlls (LOWE 1975， 
I-lAKANssoN 1986， XIE and QI 1984). The 

difference between ollr species and those of 

the Cyclotella bodmrical comta complex Jies 

in; (1) central zon巴 ofour species has 

only strutted processes and no areolae with 

domed cribrllm internally. (2) the mar-

ginal zon巴 ofthe valve is diviclecl into five 

to seven fascicJes by the broader hyaJine 

areas (i川 巴巾 scicles). Ho川 ver，C)clotella 
CllTV川TialaCHEN et Z別 (Cl-IENancl ZHU 

1985) has curved stria巴 butarranged in 

clifferent fashion. MeanwhiJe， Cyclotella 

klletzingiana TI-IWAITES has shorter anc¥ 

long巴rstriae in the marginal zone of th巴

vaJv巴 bllt not the sam巴 structureas in 

C)lclotella obliqωta. l¥l[oreover， SERIEYSSOL 
(1984) clescribed Cyclotella iTis complex w凶

many pictures showing a Jot of striae 

structure or uneq ual length anc¥ curved， 
but it still cliffers from Cyclotella obliqllata 

in th巴 nllmb巴rancl arrangement of stria巴.

Such a stria巴 arrangem巴nthas never been 

observecl berore in the g巴nus C)clotella. 
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斉雨藻*・楊最栄柿:C;yclotella obliquata QI et Y ANG 

の走査型電子顕微鏡による研究

南西中国，四川省，米易の更新世初期の堆積物中から見出された Cyclotellaobliquata Qr et YANGの走査型電

子顕微鏡による研究を行った。本種は Cyclotellabodanical comta complex Iζ似るが，殻面中心部と縁辺部とに散

在する有基突起を持つ点で後者と区別出来る。縁辺部の条線は広いハイアリン領域によって5ー 7倒の胞紋l乙分

画される。(卒中国広州竪南大学生物学系，紳中国 南京 中閏科学院南京地質古生物学研究所)
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P. AMPILl， M. V. N. PANIKKAR and V. D. CHAUHAN: Male organs 

of 8，αrconema filiforme (SONDER) KYLlN (Rhodophyta) 

KりIJndex T~!ords ・ Gigartinales; male organs; Rhodoth)lta; Sarconema filiforme. 

P.Anψili alld V. D. Challhal/.， Nfarine Algae Discitlille， Central Salt al7d i¥lfarinc Chemicals Researc!t 
Jnstitllte， Bhavl/.agar-361 002， Glifarat， Jndia 

i¥I[. V. N. Panikkar， Detartllle171 o/Botl11l)l， S. N. Co/lege， Qllilon-691 001， Kerala， India 

Th巴malereprocluctiv巴organsof Gigarti-

nales hav巴 lコeenstuc1iec1 by a number of 

investigators (K YLIN 1932，日EWITT 1960， 

MIN-THEIN and WOMERSLEY 1976， GABRI-
ELSON and HOMMERSAND 1982). The de-

tailed pattern of c1evelopment of the mal巴

organs in most of the species is still un-

Figs. 1-5. Sarconcllla filifonlle. 

known (l¥IIIN-THEIN and WOMERSL町 1976). 

Oft巴nit seems to be difficult to separate 

male plants from female and t巴trasporic

ones. 1n general， spermatangial sori are 
scatter巴don the surface of the male plants. 

The peripheral cells are cut off two or 

more ovoicl 01' sphe1'ical spe1'matangial 

Fig. 1. A male plant. Fig. 2. Surface celJs showing early slagcs of spermatangial clevelopmcnt 
Figs. 3 & 4.. Sections of lhe thalJus with early clivision stages ancl lhc liberation of the spermatangia. 
Fig. 5. Surfac巴viewof th巴spermatangialsorus. Bar=50μ111. 



Male organs 0ばfS，必arc附c印on削u附d

mother cel1s， each of which cuts off two or 
more spermatangia (MIN-THEIN and 

WOMERSLEY 1976). However the actual 

pattern of the spermatangial development 

may slightly vary in different species. 

Sarconema filiforme taxonomical1y belongs 

to the family Solieriaceae in Gigartinales. 

It is a tropical carrageenophyte， which 
contains higher percentage of phycocol-

loids (HOPPE 1979). The taxonomy and 

reproductive morphology of female and 

t巴trasporicplants have been studied by 

PAPENFUSS and EDELSTEIN (1974). The 

male plants and the development of the 

male organs have not been described so 

far. Considering its economic importance， 
as a part of thorough investigation of the 

species， the male plants and the sper・
matangial development were studied sepa-

rately. 

10 11 

50 }Jm 

Figs. 6-11. Stages of the spermatangial de-
velopment in Sarconemafiliforme. 
Fig. 6. A peripheral elongated cell. Fig. 7. In-
itials of the primary spermatangial cells. Fig. 8. 
Upper small primary spermatangial mother cells 
and lower large basal cells. Fig. 9. Cap like 
primary spermatangial mother cell and the basal 
cell with elongated upper region. Fig. ¥0. Two 
spermatangial mother cel1s. Fig. 11. Four sepa-
rated spermatangia. 

219 

Male plants of Sarconema filiforme were 

col1ected in September 1982 from the 

Porbander coast of Gujarat. They were 

18-25 cm in height and branched dichoto-

mously as the tetrasporangial and female 

plants (Fig. 1). However， they were 
slender with a pale yel10w colour. The 

spermatangial sori were found as patches 

on the branchlets and the main axis. By 

close observation rough dot like appearance 

of the sori could be very easily recognisable 

with the naked eyes. The sori were 

localised irregularly on the surface. The 

observed pattern of spermatangial develop-

ment is summarised below. 

The peripheral cel1s are elongated and 

they measure 25.5-29.5 x 14.5-17.5μm 
(Fig. 6). Each of these divides longitudi-

nal1y to form two cel1s (Figs. 4 & 7)， and 
they function as the initials of the primary 

spermatangial cel1s (IPSC). Each divided 

cel1 cuts off a smal1 upper primary sper・

matangial mother cell (PSMC). The low-

er cell elongates and presses the upper 

PSMC towards outside， and often comes 
out of the cuticle (Fig. 8). The basal 

cell has a swollen base and an elongated 

upper region， while the PSMC remains 
as a cap-like structure (Figs. 2， 3 & 9). 
The latter divides longitudinally to produce 

two cel1s (Fig. 10). Each of these func-

tions as the spermatangial mother cell 

(SMC)， and cuts off 2-3 spermata昭 la

which liberate outside (Figs. 4， 5 & 11). 
Each spermatangium measures 2.5-3.5μm 

in diameter. 

The developmental pattern of male 

reproductive organ in Sarconema is slightly 

di釘erent from the typical pattern as 

described inめpnea (HEWITT 1960)， in 
Callopわω(MIN-THEIN and WOMERSLEY 

1976) and in Solieria (GABRIELSON and 

HOMMERSAND 1982). However， the gener-
al pattern of development and the size of 
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the spermatangia are almost similar in 

all the members of Gigartinales. 
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新刊紹介

西海一俊 (1986)ワカメが高血圧も成人病もハネ返す

主婦の友社， 191頁， 690円

健康食品海藻，ミネラルとビタミンlと富むシーヴェ

ジタプルなどのキャッチフレーズとともに海藻の食品

化が喧伝され，それに伴って最近一般家庭向11:書かれ

た海藻食品の小冊子の幾っかが盾頭を飾るようになっ

た。しかし，題名や宜伝文ほどに内容が満足出来るも

のは少なく，乙のととろ健康食品として乙の海藻の優

秀性をわかりやすく書いた本の出現が待ち望まれてい

た。今回出版された本学会元会長西津一俊博士の「ワ

カメが高血圧も成人病もハネ返す」は一見奇をてらっ

た題名と言えなくとないが，内容はそうではなく，実

iζ科学的に人体生理と薬理の立場から海藻の効能を誰

にもわかるように解説している。一例として，コンプ

やワカメのヌメリの記述を紹介しよう。“コンブを一

片コップの水につけておくとトロッとした成分がとけ

出します。乙の上澄みを毎日飯んでいると動脈硬化や

高血圧，脳卒中が防げるといわれています。乙の上澄

みに出てきたのは「ヌメリ」の成分で，ヌメリはア

ルギン酸とフコイダンという多糖類にわずかにタンパ

ク質がまじったものです。乙の多糖類は①消化吸収さ

れにくい，②酸性で種々のミネラルと結合しやすいこ

とが大きな特徴です。コンブやワカメに含まれるアル

ギン酸はカリウムやカルシウムなどと結合した形で存

在し，強い酸性状態の胃の中ではこれらのミネラルを

分離します。腸の中は胃と反対にアルカリ性です。そ

乙で改めてミネラルと結合しようとするのですが，こ

のとき一番手近にあって量の多いのは食塩が分解して

できたナトリウムイオンです。アルギン酸は体内にカ

リウムやカルシウムを残し，血圧を上げるナトリウム

を道づれにした形で便の中に出てくるのです。乙うし

て血圧を下げる働きをする乙とになるのです。

文章は多少かえであるが，ほぽ乙ういった調子で，

時に成分表や臨床実験例などをあげ，ワカメを主体と

して海藻と動脈硬化，脳卒中，制ガン，ミネラル，美

容との関係などを5章にわたってわかりやすく解説し

ている。さらに各章には料理研究家，木村民恵氏によ

るワカメ料理が紹介され，その数は計501ζ及ぷ。栄養

面から海藻を活用したいと考える人身に広く推奨した

い本であり，また務類の専門家にも教えられると乙ろ

が多く，充分読みごたえがある。

(筑波大学生物科学系千原光雄)
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アカモクにおける雌雄同株個体と秋季の成熟

奥田武男

九州大学農学部水産学教室 (812福岡市東区箱崎6-10-1)

OKUDA， T. 1987. Monoecism and autumn-fruiting of SargasslIm horneri. Jap. J. Phycol. 35: 221-225. 

Although Sa町gasslImhorneri was reported to be strictly dioecious， the author chanced to collect on 
the coast of northern Kyushu a few fragments of this alga with androgynous receptacles. The re-

ceptacle is lance-shaped at its base and male conceptacles are exclusively found here， and the rest 
of it is predominantly occupied with female conceptacles. The proportion of male to female part 

in a receptacle is variable even in a plant. Hermaphrodite conceptacles occur in rare cases. Some 

plants have male receptacles along with androgynous ones. 

Though S. horneri generally liberates eggs in April and May around Fukuoka， northern Kyushu， 
a population was confirmed in the western Seto lnland Sea to become fertile around November. 

Same was the case in Yanai， Yamaguchi Pref. where the population flourished in autumn instead of 
spring. Receptacles of this population are much more slender， and some of them produce leaves， 
vesicles， and vegetative areas with no conceptacles. 

Key lndex Wordr: fruiting; monoecism; Phaeophyceae; Sargassaceae; Sargassum horneri; sex-

uality. 

Takeo Okuda， Fisheries Laboratory，めIUshuUniversity 46-04， Fuklloka 81乙Japan.

褐藻ホンダワラ科のアカモクはわが国の周辺でごく して最も早かったのは2月7日，最もおそかったのは

普通にみられる種類で，従来いろいろな分野での研究 5月初日で，いずれも1982年である。岸近くを漂流し

に用いられてきた。そのため多くの性質が明らかにさ ている場合もあったが，大部分は打上げられたもので

れており，雌雄性については厳密に雌雄奥株と考えら あり，量は極めて少なかった。 1979年5月12日に得た

れている。しかし筆者は1979年の春以来，若干の機会 材料はひもで舟からつり下げ，幼腔の形成経過を調べ

l乙少量ながら雌雄同株の個体を採集してきた。筆者は た。

すでに4回にわたってアカモクと外観は非常によく似 外形:附着器をもった完全な個体はまだ入手してい

ているが雌雄同株であるシダモクについて報告-し，両 ない。外観は通常のアカモクと同じで，気胞，冠葉，

者の類似点，相違点を明らかにしている。今回得られ 葉などから雌雄異株のものと区別することは不可能で

たアカモクには雌雄性iζ関してシダモクと非常によく ある。気胞は円筒形で，だ円形に近いものはなく，津

似た性質がみられたので比較して述べたい。 g言崎周辺lと生育しているものに比べるとむしろ長めで

一方北部九州におけるアカモクの成熟時期は4-5 アカモクの特徴をより強く備え，形態上からはシダモ

月頃であり，日本全体としてもほぼ春から夏の聞に限 クに近いことはない。外観から雌性生殖器床と思われ

られているが(丸伊ら1981)， II月頃が成熟の盛期と るものは基部が模形に細くなっている (Fig.1 )。通常

思われる群落の存在を瀬戸内海で確かめる乙とができ のものやシダモクのものでは，基部が多少細くなるこ

たので，乙のI時期の個体が示すいくつかの性質につい とはあっても一般に鈍円形である。

ても春季のものと比較して報告する。 雌雄性外観が雌の生殖器床lζ似ていながら基部が

雌雄性

材料:雌雄同株の個体を得た場所は全て福岡市外の

津屋崎である。このような個体にはじめて気付いた

1979年3月25日以来現在までに17回採集した。 Ik'H倒と

細くなっているものは，その部分iζ雄の生殖器巣を内

蔵している。乙の部分以外のほとんど全ては雌の生殖

探巣で占められている。まだ卵を放出していないもの

では基部以外は濃褐色を示・すのに対し，雄の部分は色

がうすく，黄色味をおびているので，外形と合わせて

このような生殖探床の識別は容易である。このような
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Figs. 1-8. Sargassl/Il! horneri. 1-4， androgynous; 5-8， alltumnal. 
1， androgynous receptacle with cllneate base; 2， variablc proportion of male to female part; 3， malc 
and anclrogynolls receptacles; 4， egg liberation from an anclrogynous receptacle; 5， holclfast; 6， a 
part of branch; 7， [emalc rcceptacles with verrllCOus appearancc; 8， fcmale receptacle with Icavcs， 
vesicles， lib巴ratedeggs， and veg巴tatlveareas. 
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生殖器床をもっ個体には，完全な雌性生殖器床はみら

れなかった。

それぞれの生殖器床内で雄性生殖器巣が占める割合

は一定せず，基部で一部を占めるもの，下半分を占め

るもの，先端近くまでを占めるものなどいろいろな例

がみられた (Fig.2)。雄の部分は細く，雌の部分は太

い。最も普通なものは Fig.1 Iこ示す外形のものであ

る。切片を作って調べたと乙ろ，細い部分iこ雌性生殖

器巣はみられなかったが，太い部分lζは雄性生殖掠巣

が少数ながら散在していた。また非常に少数ではある

が峰雄同巣 (hermaphrodite)のものも太い部分に観

察された。乙の場合，生卵器，造精器は巣内l乙相対し

て形成され，混在したり，放出口近くと奥とに分かれ

ることはなかった。 l生殖器床の全体をハンドセク

ションによって連続切片とし，雌雄同巣の生殖器巣が

どの程度あるかを調べたところ，全く観察できないこ

とも多かったが，存在する場合は普通 l個，多くても

2伺であった。

採集した雌雄同株個体のうち少数のものは前記雌雄

同床 (androgynous)の生殖器床の他IC雄性生殖器床

も同時lζ付けていた (Fig.3)。とのような外観は全く

雄性である 22mmの生殖器床をハンドセクションで

約 0.3mmの厚さに切って調べたと乙ろ，雌性生殖器

巣を l個だけ先端部で観察した。すなわちそれらは完

全に雄性である場合が多いが，少数のi雌性生殖器巣が

含まれている場合もある。

幼Iff形成:卵放出から仮根形成までの経過は，すで

に報告のあるアカモク，シダモクの場合と同様であっ

た。すなわち卵放出は l生殖器床の基部から先端部l乙

向かい，帯状iζ何回かに分けて行われる。最初の放出

では，最下部は雄性生殖器巣で占められているので，

す乙し底上げされた外観となる (Fig.4)。放出卵が8

核をもつこと，精子の侵入部位と考えられている帯状

の膨潤部がある乙と，仮根細胞の分裂は放射八細胞型

である乙と，第二次仮根が遅れて出現し，急速に伸長

して第一次仮根と区別できなくなることなどが観察さ

れfこ。

秋に成熟する個体群

調査場所及び消長の概要:秋に成熟するアカモクの

群落をみたのは瀬戸内海の 2か所で，山口県柳井及び

広島県黒島である (Map1)。柳井 (A)の生育地は波

の穏やかな場所で，秋の大潮の低潮時に水深は 1-2 

m程度である。砂泥質の海底lζ散在する大小の石に着

Map 1. Locations of autumnal Sargassum 

horneri in the western Seto Inland Sea. A， Yanai， 
habitat; B， Kuroshima (uninhabited islet)， habitat; 
C， Iyo， beached fragments. 

生し，波立つと海が濁る場所にも多数生育する。黒島

(B)は安芸澱西部，倉橋島の南西端近くに位置する周

囲 2.1kmの無人島で，柳井からは直線距離で約 35

kmの北東にある。波当たりはよく，生育水深は柳井

のものより深くて 3m，あるいはそれ以上と恩われ

る。

藻体と生殖器官の消長の概要を Table1 Iζ示す。柳

井での観察によると， 3-4月には藻体はみられず， 7 

月には 5-6cmの幼体となり， 9月下旬には 1m以

下のものも 2m以上のものも混在しているがまだ生

殖器床はない。卵放出は10月下旬-11月上旬に始ま

り， 11月中旬~下旬が盛期と思われる。年によって差

があり， 10月下旬には卵放出のみられる年も，まだみ

られない年もある。黒島の観察は12月2日の l囲だけ

であるが，外観では成熟の盛期は過ぎているものの，

まだ末期ではないように恩われた。

外形:どの面からみてもアカモクの特徴を備えてい

るが，全般的に細づくりである。附着器は仮盤状であ

るが (Fig.5)，指状の隆起は目立たぬ乙ともあり，う

すくて盤状とまぎらわしいものもある。藻体は長くて

も附着器は直径 7.5mm，立上がる単条の茎は太さ

1.6mm程度と細いものが多い。気胞は円柱状で典型

的なアカモクといえる。業も同様であるが一般に羽状

裂片は細く，裂け目は深い。裂片の先端が叉状あるい

は掌状l乙分裂する場合もあり (Fig.6)，幼体や基部に

おいては目立つが必ずしも一般的ではない。

生殖器床は春季Iζ成熟する個体群のものと同様円柱

状であるが，雌，雄ともに細い。とくに雌のもので著

しく，すでに卵を放出して褐色味のうすくなったもの

では雄とまぎらわしいほどである。生殖器j5f(内での生

殖器巣の形成は一様でなく，一部iζ生殖器巣のない部
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Table 1. 

Date 

1982 

Nov. 6 

Dec. 2 

1983 

Mar. 19 

Sept. 22 

Oct. 21 

Nov. 9 

1984 

Apr. 4 

Oct. 22 

Nov. 5 

1985 

Jul. 12 

Oct. 25 

OKUDA， T. 

Locality 

Occurrence of thalli and of reproductive organs in autumnal Sargassum horneri. 

τ'hallus Receptacle 
Discharged 
eggs 

Yanai 

Kuroshima 

Yanai 

Yanai 

Yanai 

Yanai 

Yanai 

Yanai 

Yanai 

Yanai 

Yanai 

+ + present in common， + present a few， 

分が介在するととも珍しくない。乙のような部分は l

か所がくびれたように細くなる乙とも， 2-3mm に

わたる乙ともある。生殖器床が細いため，生殖器巣の

ある部分が紅藻オゴノリの饗果を恩わせる外観となる

乙ともある (Fig.7)。

生殖器床から葉や気胞を生ずる例がしばしばみられ

る。またそれらは l個とは限らず，むしろ数個あるい

は数組生じ，さらに小型の生殖器床を含む ζ ともあ

る。図i乙示したのは 6cmの生殖器床で (Fig.8)，葉，

気胞，生殖銀床，放出卵，中間の無性の部分などのあ

ることがわかる。雄性生殖器床l乙も同様な例がみられ

たが，頻度は雌性の方が高いように思われた。

雌雄性については同床も同巣もまだ観察していな

し、。

考 察

雌雄同株のアカモクは，どの時も大量の材料の内か

ら選び出したもので，アカモク全体としては極めて少

量と思われる。比較的打上げ藻が少ない年には採集で

きなかったこともある。現在のと乙ろ筆者が採集した

のは津屋崎だけであるが，筆者以外の採集が 1例あ

る。すなわち九州大学の標本庫に保管されている l枚

のおし業で，山本虎夫氏が1957年3月28日，京大瀬戸

臨海実験所前で採集されたものである。代表的な生殖

++ +十

++ 
++ 
++ +十

十
+
+

+
+
+
 

+ 
++ + 

++ 
++ 

+ 
++ 

+ 
++ 

+ 
++ + 

一-non. 

器!末は Figs.l，4'乙示すように基部が細くなっており，

放出卵を付けている。またとの個体には上半分が雌と

下半分が雄で上部lζ放出卵があるという生殖器床もみ

られる。これらの乙とは津屋崎のものと一致する性質

であり，雌雄岡株価体の分布はさらに広範囲にわたる

乙とが予想される。

雌雄同株のアカモクについては KtJTZING(1860)の

報告がある。図示された個体は4個の生殖糠床を付け

ているが，そのうち2個は雌性である。しかし他の2

個は上半分が太くて下半分が細く，説明文にも上部に

生卵器，下部l乙造精擦を含むとしている。おし葉を作

る際，材料における卵の放出状態によっては完全な雌

性生殖器床であっても乙のような外観になることがあ

り，また図では基部が今回の Fig.l のものより鈍円

形である点で KtlTZINGの材料については検討を要す

ると思われる。

本観察では，雌雄同株個体の多くは l生殖器床内l乙

雌と雄の生殖様巣をもち，維のものは生殖穏床の基部

のみにみられたが，シダモクの場合と同様に(奥田

1977)雄の部分の割合には変化がある乙と，かっ少数

ながら雌雄同巣の生殖器巣も寄在する乙とを明らかに

した。日本産ホンダワラ属の種類が示す雌雄性で雌雄

同巣が観察された例は BactroPhycus亜属ではアカモ

ク以外iζ3種で報告されている。すなわちシダモク

(沢田1956)，タマハハキモク (OGAWA1976)，エゾノ
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ネジモク(小河1977)である。乙れらの他l乙小河(1977) 謝 辞

が Eusargassum亜属の5種にも同巣のものがあると

考察の項で記しているのは山田(1942)の報告に基づ

く。山田は南日本産ホンダワラ属の18種を 3報にわ

たって報告し，峰雄性にもふれている。小河が岡巣と

考えた5種はヒラエモク，ヒュウガモクが其ーに，フ

クレミモク，キレパモク，カタワモクが其三にそれぞ

れ記述され，r同一様托内ニ雌雄両生殖業ヲ生ズル」と
表現されている。しかしウスパモクなど其二iζ記述さ

れたものは「同一器托内ニ雌性並ニ雄性ノ生殖梁ヲ生

ズル」とされている。後者が同床異巣 androgynous

を示す乙とは明らかであるが，前者は後者と表現が異

なるため雌雄同巣 hermaphroditeとも考えられる一

方，異巣と解釈する乙とも可能である。従来の報告の

ように androgynousの生殖器床内には hermaphro・

diteの生殖器業が含まれる可能性が高いとはいえ，確

認を要するととと恩われる。

秋iζ成熟する個体群がみられた柳井での3，4月の

調査では，秋季l乙成熟するものの幼体も，北部九州で

4-5月頃成熟する外観のものもみられなかった。し

たがって今回報告したアカモクは l年生であり， 11月

頃IC年 l固だけ成熟する個体群であるととは明らかで

ある。新井ら(1985)がウミトラノオで明らかにした

春秋2回の成熟は，多年生であるその種の同一個体が

示すものであり，一方アカモクにみられる 4月頃と11

月頃の2困の成熟は異なった個体群が示すものであ

り，異質である。

秋に成熟する個体群の分布についてはさらに広い範

囲での調査を考えているが，筆者は1984年 1月10日，

愛媛県伊予市 (C)で少量の秋に成熟する個体を打上

げで得ている。瀬戸内海では中国側，四国側ともに

もっと広範囲で生育しているものと予慰される。秋iζ

形成される生殖器床が示す多様な不規則な例は，春の

ものでも皆無ではないが，出現の頻度は著しく低い。

春秋の別の時期i乙成熟する両個体群については今後も

採集につとめて多くの点で比較し，両者の関係を追究

したb、。

雌雄同株のアカモク標本を寄贈していただいた山本

虎夫氏にあっく御礼申し上げる。秋i乙成熟するアカモ

クの採集に当たっては水産大学校の方々に便宜をいた

だいた。すなわち同校図名臨海実験実習場長松井敏夫

氏，同校大貝政治氏，同実習場滝沢敬氏，三木浩一氏

である。また吉岡俊夫氏lζも同実習場在職中に有益な

教示をいただくとともに材料の採集i乙協力していただ

いた。また広島県水産試験場高場稔氏には黒島の調査

について便宜を図っていただいた。感謝する次第であ

る。乙の報告に用いた写真は当水産学科木村清朗氏の

手を煩わしたものであり，記して深謝する。
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緑藻リボンアオサの培養における生活史

右田清治・藤田雄二

長崎大学水産学部(〒852長崎市文教町ト14)

MIGITA， S. and FUJITA， Y. 1987. The 1ife history of Ulvafasciala DELILE (Ch10rophyceae， U1va1es) 

in cu1ture. Jap. J. Phycol. 35: 226-230. 

The 1ife history of Ulvafasciata， coIIected from Nomozaki， western Kyushu， was studied in !abo・

ratory cu1tUl・e. Th巴formationof gametes and zoospores was observed a1most throughout the year 

at Nomozaki. The gametes are pear-shaped， with two flageIIa， one eyespot and showing positive 
phototaxis. The gametes from different sex conjugated anisogamous1y. The zygotes began to 

germinate and deveIoped into 1anceo1ate thalli， having sing1e and 10bed b1ades. Parthenogenetic 
germination of female and ma1巴gameteswas a1so observed. The dentate cells began to form a10ng 

the margina1 parts after the thaIIi attained to 1ength of 1-2 cm. They were abundant on young 

thaIIi， but scarce on fuIIy grown or adu1t thaIIi. Th巴zoosporeswere produced on the thaIIi deveIop-
ed from zygotes. The zoospores are bigger than the gametes and have four flageIIa， but their shape 
and behavior close1y resemb1e those of the gametes. The chromosome number of this a1ga was count-

ed to be nine in hap10id phase and eighteen in diploid phase. The results show that the life history 

of Ulva fasci・ataconsists of an alternation of isomorphic generations. 

KりlndexWordr: Ulva fasciata; Chlorophyceae; Life histoヮ Chromosomenumber. 
Seiji Migita and Yuji Fujita， Faculty of Fisheries， Nagasaki University， Nagasaki， 852 Japan. 

緑藻リボンアオサ U1 va fascia taは，体がリボン状

の裂葉l己分かれ，縁辺lζ顕微鏡的鋸幽を持つアオサ属

のl種で，世界各地の暖海域i乙生育する。日本では

YAMADA (1935)によって沖縄でその生育が報ぜられ，

その後日本の中南部に広く分布することが知られてい

る。本種の生殖については配偶子や遊走子が知られて

いるが (GAYRAL1963， SUBBARAMAIAH 1970， MSHIGE-

NI and KAJUMULO 1979)，生活史のー循環は明らかに

されていない。また，日本では梶村(1973)が島桜県

産のリボンアオサで配偶子の単為生烈iを繰返している

と報告している。

筆者らは，長崎市付近lζ生育するリボンアオサで，

配偶子と遊走子の形成，放出を以ii肋3ら観察していた

が， 1984年に室内培養でその生活史を完結し，葉体一

葉体のアオサ・アオノリ型(シオグサ型)をとること

を明らかにしたので，生育生態や染色体数の観察と合

せて報告する。

材料と方法

培養笑験lζ用いたリボンアオサは，長崎県野母崎町

筏より1984年6Ji Iζ採集した。それらを I個体毎に%1'
瓶に入れ，まず2鞭毛の配偶子を放出したものを選

び，さらに接合を調べて雌雄の組合せで配偶子液を等

量同一シャーレに入れ，負の走光性で暗所iζ集まった

接合子をピペットアップして培養を開始した。接合子

の発芽体は約 1mm の長さまではシャ レの止水中

で培養し，その後は枝付平成フラスコで通気培養し

た。また，それらの生長した胞子体が成熟し，放出し

た遊定子を接合子の;場合と同様にして培養した。培養

は20~22OC ， 12: 12の光周期，白色蛍光灯光 2，500

1uxのもとで行ない，培養液には PES液を用い，止

水では 1週間，通気では2日毎lζ換水した。

天然の生育生態は，前記水産実験所の筏および長崎

港内の浮桟橋IC付着生育するリボンアオサ群落から，

1984年より 2 年問機会ある毎lζ20~30個体を採集し，

形態，生殖，繁茂状態などの概略を調査した。また，

染色体数を観察した核染色ICは，酢酸アルコール間

定， WITTMANN法を月1いた。

結 果

の野母港内lこ設置しである長崎大学水産実験所の養殖 リボンアオサは，長崎市周辺では潮間帯下部の治上
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にもまれにみられるが，'iiill-'ilfI.よ'-1'にある筏や技術の{J!IJ
1援で多くとE育している。本極の梨体はJ，'，jil二みられ，一

般にがより初互にかけてよく繁茂し，初秋のー11与JUJ災

徴する 。 ζれらの場所ではアナ ア オ サと似~I:するが ，

木騒はアナアオサのように穴があかず色がややうす

く，と く lζ リ ボ ン状の裂~を持つなど，日ü Ðlの l三別は

若手易である。生育期間中は (/11 11;1 でも成熟~t本がみら

れ，それらの政山胞子はH寺別や場所iζよりi刑囚fが多

い場合，遊走子が多い場合があるが，'iii，cli可者がみら
れた。また年1mをiillじてみると仰向体の雌雄比は

ほぼであった。

リボンアオサの配偶子は，長い凶作梨盟で 1fll~の 色

素休とIIH以を有し，等長の約 11pm の 2 靴~毛をIí'EI:.

¥j c 
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する 。 I~.G似 f-は附f.Mfで大きさが若干相違 し， Jl!j[性l記fPl

子は長さ 6.5-8.0μm太さ 3.0-4. 2μmで (Fig.1)， 

』括性配偶子は長さ 5.5-7.0μm太さ 2.0-2.5μmで

あった (Fig.2)。なお，Jl!jl性配偶子畿内では8，16ま

れiζ32イ1，¥1， 1様性配似正義ー内では16，32きわめてまれに

64仰の配偶子がつくられた。雌雄の配偶子は 1，2分

以内の短時間でよく桜合し (Fig.3)，配偶子が正の走

光性を示すのIC，接合fは負の走光性でシャーレの陥

い方に集るので，ピペッ トア ッフ'で容易に接合子のみ

を分離府主主できた。接合子は付着後径 4.2-5.0μm

の球状となり ，1((ちにぎMi:して 3日後iζは上下!C2分

裂し (Fig.4)， 711後には 6-8細胞の l列の休!c!:l::

長した (Fig.5)。発芽休はやがて下部の細胞から糸状

前
川
m
MA

刊
行

6 

9 

Figs. 1-9. Ulva fasciala. Gamctes and development of zygotes. 

1. Female gametes. 2 孔[alcgamctes. 3. Fusion of gametes. 4. 3-day-old gcrmling from the zygote. 
5. 7-day-old gen百ling.6. 25-day-old germlings. I. Young sporolコhylcsfrom thc zygotes after 35 days 

culture. 8. 45-day-old sporophylcs， forming lobcs. 9. 2-month-old sporophytC's. having deeply lobed 
blades 

Scalc: Figs. 1-5 10 μm; Fig. 6 100μm; Figs. I-9 1 cm. 
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10 
の仮似を:.l¥し20日後には長さ O.7~0 . 9 mm踊 250μm

lζ生長し (Fig.6)，その後枝付フラスコで通気培養し

たところ， 25日後には 1.8~2. 2 mm， 35日後lζは

2~3 cm ( Fig. 7)，さらに45 1=1 後には 5~6 cm fC達し

た (Fig.8)。

11 

16 

乙の間，1-2cm Iζ1111.J更した楽体の縁辺IC，顕微鋭

的鋸歯が形成されるようになった (Fig.IO，11)。通気

と止水þ，~謎では ， 前者で鋸歯が早く多く形成され，止

水では銃i歯形成が遅れる傾向がみられた。また，5cm

以上の灘体iζなって縁辺部で分裂するものがみられる

ようになったが，裂裂の初期のもので鋸歯が起原と

なって分れたような部分も観察された。1i"!i益2カ月後

になると ， l.ï'!休は 1 2~ 1 5 cm fC遥し ， 裂~もリボン状

lζ制11長くなり ， 天然の~休lζ類似した休に と|三 育 した

(Fig.9)。しかし，地主主張休のなかには 15cm以上l乙

なっても分裂せず単裁のものも少なくなかった。な

Figs. 10，11. UlvaJasciata. Formation of clerト
tate cells on the culturecl thallus. Scale: 50μm. 

18 

13 14 17 

15 

Figs. 12ー18. Ulva Jasciata. ZOOSpOI巴formationancl clevelopment of zoospores. 

12. Zoospore formation on the culturecl sporophyles. 13. Zoospore.， 14. Settled zoospore. 15. 7-day-

old germling~ fl'Om zoospores. 16， 17. 30-day-old (16) and 45-day-old (J 7¥ gametophytes. 18. 2-month-

olcl mature gametophytes. 

Scale: Figs. 12-15 JO μm; Figs. 16-18 1 cm 
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¥I  
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Figs. 19， 20. Ulva jasciala. Chromosomcs in 
somaLIc cell division 

19a. Chromosomes at late prophase in the gall1clo・

phytc. 19b. Drawing of Fig. 19a (n=9). 20a 

Chroll1osoll1es at late prophase in lhe sporophytc 

20b. Drawi噌 ofFig. 20a (2n= 18) 

Scale: 10 μm 

お，接合しなかった雌絡の配イ尚子は同者ともにlli為0:

殖で成体まで生長した。

遊走子惑は，緩合子の培養2カ)j後の梨体で縁辺部

から形成され，その形成部は黄褐色を呈し肉i阪でも識

別できた。遊定子は，胞子霊長内で 4，8倒まれに16例

つくられ (Fig.12)，配偶子と同じ外観を塁し，約 11

μmの4縦毛を頂生し，長さ 10.0-1!.5μmメ;さ5.5

-7.0μmで， 正の定光性を示した (Fig.13)。遊定子

は付着後径 7.0-7.5μmの球状になり (Fig.14)， n'l 
ちに発芽し 7rI後lζは数細胞に住長した(Fig.15)。約

I 111m になったものを通気培援に移したと乙ろ，ブEヨー

30EI後lζは 2-3cm (Fig. 16)， 40日後には 7-8CI11 

1ζなり (Fig.17)， 2カ月後lζは 12-15CI11 1ζ述し，

一部の袈体は成熟して配偶子裟を形成した (Fig.18)。

逃走子の発芽体でも 1，2cm以上で鋸歯の形成がみら

れ，10-15 cmの体で裂楽を山すものもあったがその

他1体数は少なかった。

本種の染色体数を \\"1π~L\NN の核染色法で調べて

みたと ζろ，体細胞の核分裂liiJjUJの終りの像で，百d似

子を放出した裁体で 11=9の染色体がみられ (Fig.19

a， b)，一方遊走子を放出した胞子体では 211=18の

染色体が観察された (Fig.20a，b)。

考 察

アオサj瓜の生活火については，多くの極でi0{;本-

W!t本の同盟世代交代をする乙とがよく剣|られている
(FOVN 1934， YAMADA and SAITO 1938， SMITH 1947， 

BLIDING 1968， CHlHARA 1968)。リボンアオサにおいて

も，配fsl-j三や遊定て(-の形成が報告されているが (GA、~

RAL 1963， SUssARAMAIAH el al. 1966， SUBBARAMAIAH 

1970， MSHIGENI and KAJUMULO 1978)，梶本j(1973) 

は砧t:h!県佐の本邸で配{尚子の111為生殖を繰返している

と述べている。乙の研究で，長崎市周辺lζ産するリ ボ

ンアオサは，アオサ府の仙の多くの種と同級1<::，配偶

子とi佐ヱヒfを形成し，lJj.相の配偶休と複相の胞子{本の

阿世代が交代する ζとがIYJらかになった。

アオサ何では ， 配似 fの談合で~ì1型または Irû型配偶

が報ぜられているが，;it型配偶を行なう種が多いよう

である 。 すなわち，外I I~ iYiの極でtは UIva lobala， U. 

al/guslll， U. sle川戸11)，1111，U.lil/zlI (SMITH 1947)， U.lacト

I/ca (FOYN 1934， 1955， BLlDING 1968)， U. r以da，U. 

gigal/lea， U. roll/I/dalll， U. curvllla (BLlDlNG 1968)など

でJl木iY!.ではアナ アオサ，ナガアオサ (CHIHARA

1969)などで典型間似とされている。リボンアオサで

もそれらの郡と同じく，附f.hif配偶子の大きさが3'1¥な

り，典型配偶を行なうことが判明した。接合fおよび

遊定子の先生形式は，事E村 (1973)が配似子の単為生

殖で述べているようにTti桜型を示し，新的 (1946)の

アオサ ・アオノリ型，1'。、'N (1934， 1955) の Ulva 

lacll/ClI lypcであった。

と乙ろで，リ ボンアオサはおi辺lζ顕微鋭的動i歯を

有する乙とが:rmの一つの特徴として匁lられている

(AGARDH 1883， DE TONI 1889， COLLlNS 1909)。乙の

焔主主尖験でも 1-2cm以上のm体で鋸歯形成がみられ
た。しかし，天然ではおいm!休には鋸歯があるが， }.必

体ではほとんどみられなくなる。ζれは，大型m体で
は一般に茸i:tおの形成が少ない乙と，また縁辺部が胞f
i政山，流夕、を繰返す乙となどのためと考えられる。SE-

GAWA (1936)は三宅島iWの鋸幽のあるアオサを UI叩

ゆil/I/loSII(新極)として氾;1武している。その後， ー木

(1956 )は同種が長崎県女向lζ分布するが，リボンア

オサなど他の館長崎のあるE1と比較検討する必要がある

と述べている。著者らは， 三宅島，女:iJ;産のアオサJIl4

を調べていないので以IJI析はできないが，両産地がリ ボ

ンアオサの分干IJ筒凶1の II~lJ援な海域である乙と，裂業を

有すること，また議長が 2-3cm でリ ボンアオサと

すればiiI:Jif4の多い長さである ζ となどから，U. stil/-
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ulosaはリボンアオサの幼体ではないかと考える。ま

た， アミアオサ(岡村 1936)，ボタンアオサ(一木

1956)に鋸歯があるような記述もあるが，アミアオサ

では確認できず(右田・藤田 1984)，長崎産のボタン

アオサの培養でも著者らのとれまでの観察では鋸歯は

みていない。

なお，本種は熱幣地方で肥料，飼料藻として利用さ

れ，海での移植，養殖試験が試みられており (SUBBA開

RAMAIAH 1970， MSHIGENI and KAJUMULO 1979)，波静

かな場所で~I".長が良好であるとされているが (MSHIG・

ENI and KA]UMULO 1979)，長崎市付近でもやや内湾

で生育が多いようである。

アオサ属の染色体数については， U.lactucaで n=

10 (CARTER 1926)， n=13， 2 n=26 (FOYN 1934)， 

アナアオサで n=9，2 n= 18 (YABE and PARK 1968) 

とされている。この研究でリボンアオサの染色体数は

nニ 9，2n=18で，仁記のアナアオサの数と一致した。

終りに，ヒの研究を進めるにあたり，文献などのど

教示をいただいた北海道大学音田忠生，九州大学奥岡

武男の両教授に心から感謝の意を表する。
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川嶋昭二:外国産コンブ目植物の漂着記録 (3)エナガオニコンブに

ついて

Shoji KAWASHIMA: D川ti暗 recordsof alien sp巴ciesof th巴 Laminariales(3). 

Laminaria diabolicαh在IYABEf. longites MIYABE et TOKIDA 

(3) La情的ariadiabolica MIYAsE r. longipes 

MIYABE et TOKIOA エナガオニコンブ

オニコンブは北海道東部の厚岸附近から根室半島周

辺を経て知床半島東洋一階lζ生育し，また南千島のク

ナシリ ，エ 卜ロフ向島や，サハリン市制の車!定湾や四

能登呂 Ib~1周辺および沿海州lζ も分布する(宮部1936)。

宮部 (1902)が初めて務多布産のオニコン7"ζ主主つ

いて記載したとJJJわれる性質は，茎が短く ，葉は基;I，il

が円く ，非常』己申1m広く ，かつJ=1:rfif部のJ!}さにくらべて

縁辺部が薄く，者しく波縮する特徴をも っている。一

方，永井 (1936)は潮流の静穏な所では茎が短く ，W
は~jkgilが円く ， かっ胴広くなるが，潮流の烈しい所で

は茎が長く ， 来は誌記ifl くさびfl~で隔もせまくなるとい

う一連の傾向があるととを示している。事当者の経験で

も本種の形態的特徴はき|二育士山によ って大きく変化し，

Ii~で も茎の長さと裂の基J!，ilのJI~のliいがn円 される。

ところで， サハリン南端iの凶能登用Illrpやクナシリ );:¥

の根室海峡に面する地方lζは茎長が 30~70 cm 1ζ 達

するものがあ って ， ζ のようなm体は紫長 7~1 3m ，

~幅 20~40 cm と非常lζ大きくなるが，その器部は

せまいくさび状で，，悼む部の厚さは 2~3 . 5 mm しか

なく乾燥する と破れやすい (NAGAI1940， TOKIDA 

1954 )。宮部 (1936)は乙のような特徴をもっオニコン

ブJをr./ol1gi戸ess在IYAsEet TOKIDAエナガ.オニコンフー

とし，北海道沿j告に多い基本型と区別した。乙のJZI程]

にあたるコンフ訓は北海道では利尻島のコンブ主主舶用ロ

ーフ。 l乙着生したものが発見されただけで ( !l 1木 ・ 民}~i

1983)，天然のれiI!.(¥などに生育しているという記鉛は

ない。

さて，第 l図lζ示したコン71ま197111=-10月(発見H

不明)K~~I床半島原悼の雑臼H日沖合約 5 . 5波の海上を

漂流しているのを漁船により発見されたものであるo

m休は少し1政'れているが，全長 6111，大きな円錐状の
附着擦を持ち ， ~は長さ 28 cm，送部ほぼ円柱状で径

2cm ほどあるが，上部は扇圧している。裂は長さ5.7 

m，最大幅 38cm，披主|状を呈し，i!，~l';il くさび状 ， "11 

11r~刊は幅の約 5 分の 3 を占め ， その下部でj早さ 3 01m

ほど ， 縁辺部は大きく波給して 1~ 1. 5mm とかなり

刈い。茎と業!c円)f~の粘液腔道がある。子設斑は形成

されていない。

乙乙lζは漂流物の性質を簡単に述べたが，多くの点

で宮部 (1936)のエナガオニコンブの記載lζ良く適合

し，また永:)1:(永ヲド1936，NAGAI 1940)がクナシリ島

南部のハッチヤスl叩附近，ポンコタンから報じたもの

に酷似する。1裂流物の発見地点が乙のIb1[lのごく近くで

ある乙とからみて，対岸の生育地から流れてきたと考

えてまちがいないだろ う。

次lζ ， 第 2 1ヌ1Iζ掲げた コンフは 1 984年 8 )~27日， 北

海道オホーツ ク泌i'riJヤ北部の校卒 (えさ し)I日j沖合約

8 i日水深 110 m J出JJJで， ケカ、ニかζ漁のローア1ζ

ZS 30 3S 40 4S 50 5~ 60 65 70 

Fig. 1. Lall/illaria diabo/ica f. /ollgψι， c1rifrecl 
on the sea of 5.5 naulical miles 0庁 Rausu(緩EJ)，
Shi，・etokoPcninsula， Hokl古川10. OClobeγ， 1971. 

(6 m in le暗 Ih)
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Fig.2. Lamu阻riadiaboLica仁longψesprox. The 

clr、irtagewas entanglecl on rope 01' crab fishing cages 

set on the sea bottom at a clepth 01' 110 m at about 

8 naut ical miles off Esashi (校さト)， thc Okhotsk Sea 

coast 01' Hokkaiclo. 

A明 ust27， 1984. (6.3 m in length) 

からまり引き仁げられた。発見H寺のnミ休は新鮮だった
が附者総の大部分は失われ，また裂の上半分の縁辺部

が破れたり楽而lζ少しすり傷が認められた以外は大き

な損傷はなかった。

葉休は全長 6.3m，そのうち茎が 90cmを占めるo

t:ll!は 7-8 厄l分岐し ， 3-5 mm 太い。~は器部ほぽ円

柱状，径 2.3cm あり，上部l乙次第に周平になり ，質

は堅くて特に下部はほとんど木質化している。楽は長

さ 5.4m，器部やや円l床あるくさび状で上部にゆるや

かに幅広くなり ，最大師 21cmあり11J状を呈する。111

~I}部は梨l聞の 2 分の l ほどで非常に不IY~ I此 J~f. さ 2 . 5 

-3mm，縁辺部は大きくうねり ，}i}さは 1.5-2 ml11 

で 1-111-1}部とあまり変らない。 粘液JP;~道は茎，裂とも千了

する。

との襟者コン7'fζはjrU述のエナガオニコンブとかな

り巡う特徴が認められる。すなわち，茎が非常に長く

さE長の 7分の lを占め，太く ，ほとんど木質化して堅

い。 特lζ裂の~i~音r~がやや1~Y;i広いくさび状で全体lζ1-， ~:状

を51し， rl=llllf1lSや縁辺の綴子もオニコ ンブ本来の特徴

とiSうJIが凡られる。

とのコンブのI決着地，校卒IIUはサハリンJt41&町iiのVli

能登呂/11111からわずか 110kmほどの近脱出Ifにあり，ま

た郊休の新f(lf さから考えても岡山iIリ萄辺か!lEl定約束f，i~沿

j十1から比較的短H寺1mで流れ着いた可能性が強い。しか

し，手存者の9~1る限りでは ζれらの地方を含めてサハリ

ン全向やその周辺の北方海域から ζのようなコンフは

まだ報告されていない。また，サハリン南部や千鳥列

島@:e~i木を多数所蔵する北海道大学農学百~\:e~i木室にも

乙の漂流物lζ相当する傑本は見あたらない。

乙ζlζ紹介した二つの漂着コンブのうち， jyu者は県

JI;~的なエナガオニコンブと判断できるが，後者は上に

述べたように多少の疑問が残っている。しかし，他の

部類にする恨拠が明石ir:になるまでは茎の特徴から仮に

エナガオニコンフとし，その 3年目またはそれ以上の

円い誕体として取り扱い，将来さらに正椛を期した

い。また，liil判。11嶋1986)fζ述べた茅:p:オニワカメ

幼休が者とEしていた“Laminariasp. "とはζのコンブ

であるととを附記する。

謀者コンブを払!供下さった坂本富J誠氏とIJl.jツ慮義則

氏lζ ， また杉~!木制査に多大の使:宜をいただし、た北海道

大，、:?J.込'アt.ß阿方v~IJ l.j郎教授に心か らおネLFlél し上げる 。
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(042商館m湯川11日l丁円 北海道:il:iil5iDI'i水殴=試
験場〉
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池原宏ニ:日本海沿岸における食用としてのホンダワラとアカモク

Ko句~ i IKEHARA: Saωl'gaωJ幻川suω:anη(伊Sa叩山仰

coast ofリ]apanSea 

ホンダワラ SargassllIIIJllluelllllllは木州の11本海及 食JTIの|燃はその都度水lζ戻 してから{ITI煮にしている

び太平洋の両沿岸及び凹悶，九州の全沿岸に，アカ (鳥取県栽J{f漁業試験場 i.':i旧普平氏による)。

モク S.horneriは北海道西岸から本州の日本海側 アカモクは男鹿半島では 「ずばさj，rしばさj，秋
及び太平洋側及びIJq国，:!L州の沿岸lζ広く分布する 旧県八森地方では「ぎばさ」と呼んで食)'fl!ζしている

(Y OSHIDA 1 983 ) 。 両極とも岩liI.U二 Ic ~l=.育する 1 1，:1::':1::の 〔黒木 1962)。同県では一般にアカモクを「ぎばさJ

ホンダワラ類である。両極は冬の佐渡海峡の代表的な とl序び，特lζ男鹿半島では「じばさj(ホングワラ)

流れ秘で月から 2月にかけて急速に生長する。新 と区別している (ILi問潤一氏による)。 秋川県のアカ

潟市では2月頃1[ホンクワラは I-+m の長さlζ，ア モタは粘り気が少ないために県外から生で購入し，冬

カモクは 2-IOm の長さになったものが打ち上け‘ら lζ県内全域で食JlIfCしている。

れる(池原 ・佐野 1986)。 新潟県相崎市ではホンダワ ラ ~iを「じばさ」や「ぎ

ホンダワ ラとアカモクは古くから食mtc供された。 ばさ」と 111-び，乙のうちアカモクを食JfIにしている

ホンダワ ラは秋田県男鹿半島では「じばさj，佐渡 (海洋生物環境研究所笑苅試験場 山木正之氏lζ よ

島では 「ぎんばそうj，r人馬務j，鳥取県東部と中部及 る)。 粍l崎おけさに「吹けよ凶風あがれよ じば

び隠岐島では「じんばそう」とl序んでいる。ホンダワ さ 可愛い殿さの磁まわり」と歌われている。乙の

ラについては良克和尚が1812年頃に新潟県分水 11日で 1'1'詩の作代1[2説がある。1185作頃であ るという説

「ちむばそに さけ1[わさびにたまはるははるは と，1666年頃という説がある (宮川 1978)。

さびしく あらせじとなり」と歌っている。 佐渡島ではアカモクを「ながも」と呼んでいる。佐

現在，男鹿半島では 3-+月lζホン夕、ワラを刈りI収 Vjg'~lìíj浜海jjtでは冬から訴にかけてアカモ ク を刈り取

り ， 地元では生で販売している(秋Im~水産振興セン り， (，ムlζつめて新潟県や悩島県1[:Ll荷している。同地

タ一 山田潤一氏による)。 佐渡島や隠岐鳥では乾燥 方の山間部ではイ干の山菜の:J:¥まわるまでのつなぎの野

品 (Fig.1 right)や塩蔵品として販売している。 ま 菜として珍重した(浜円 1979)。 乙の山初は1958年

た，鳥取県東部及び中部では11-2)j頃lζ海rr'tζ打ち 頃lζ一皮終った。

上げられたホンダワラを選別し，乾燥して保存する。 仁l本対話沿片札の冬季の対象は厳しい。過去30年，，'¥1

'圃圃圃園田・圃冒~~-;"_~2~ ・.唱

図 1.ホンダワラ (;[i)とアカモク (た)の吃
J.9，口
泌氏口口

Fig. 1. Commercial dried specimens of Sargas-

slIIn Juluellllln (r以.1t)and S. 110meri (Iert). 

(1951-19801，1ーまで，新潟地方気象台 1981 )の統計

によれば， 12-2月の新潟市は|lf手当日が44;;ぢ，1待雨日

は2296である。海岸地方は北西の季節風が強く ，陵地

内ではも'l~~があ って，新鮮な野菜の入手は附嫌であ っ

た。乙のため冬lζ採取できるホンタワ ラ類 (ホンタワ

ラ アカモク)は野菜の代用として平IJJlIされていたと

考えられる。

1}l(1，佐波X:illiiji.只海j;tや羽IJIIIIU二見ではアカモクを

刈りとり， ~Iミのまま，あるいは乾燥品 (F ig. 1 lefl)や

邸蔵品として白内や新潟iH，秋山県lζ出荷している。
両津市東浜のアカモクの雄治、期は 3-4)Jである。

1 986"j:: 3 月 lζはトロ ~f~一杯の制Ij;怖が2 ， 000-3 ， 000円，

終漁期の 4)jfζ は約400 PJであ っ た。 |司 j初日'~Iに約 1 ， 000

紛が:1-¥荷された(東浜漁業協同組合 川1-1徳一氏によ

る)。
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新潟市漁業協同組合では1985年にアカモクを漁獲物 アカモクは乙の他にサラダ，みそ汁，雑炊などとして

して扱った。 2-4 )111:市内のIAf~lí!iやスーパーマー 食mにしている。
ケットで生のまま販売された。 1987年は暖冬のため漁 北海道大学理学部植物分類学教室吉岡忠生博士から

期が 1カ月早まり月から!苫先にならんだ。 投稿をお奨めいただき，また，ど校閲をいただきまし

また，新潟県山北町，聖書官町及び柏崎市では2-3 た。惑に厚くお礼申し上げます。

月i乙打ち上げられたアカモクを悔蔵や冷凍して保存し

食用にしている。

永見市ではアカモクを「ながらも」と呼んでいる。

岡市では1972年頃から， 1 J1I乙アカモクを刈り取って

秋田県の業者に販売している。また， 1976年頃から地

元の民宿でも利用するようになった。 1982年には生で

39トン， 800万円の水揚げがあった(川崎 1982)。

能登半島ではホンダワラ類を食べる習慣はないが，

最近，永見市の影響を受けて七尾市の后先にアカモク

が生で販売されている(金沢水族館佐野修氏によ

る)。

鳥取県東部ではアカモクを1907年頃には三杯酢とし

て，または大根の細切りと混ぜて煮て食用とした(遠

藤 1909)。現在は同地方では食用11:供していない(古

田普平氏による)。

新潟県ではホンダワラは酢のもの，おひたし，みそ

の一夜漬，または大根の千切りとirtlいためにするし，

引用文献
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1. 環境科学シンポジウム1987

主催:環境科学シンポジウム実行委員会

日時:昭和62年11月25日(水)-27日(金)

会場:東京虎ノ門パストラ Jレ 〒105東京都港区虎ノ門4-1-1 Tel 03 (432) 7261 <大代表〉

〔交通〕地下鉄銀座線虎ノ門駅下車徒歩8分，地下鉄日比谷線神谷町駅下車徒歩2分

一般講演時間:発表15分(予定)

一般講演申込締切:9月30日(水)必着のとと。
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講演申込方法 :B5 版 400 字詰原稿用紙 l 枚に(1)講演題 E~I ， (2)研究者名および所属機関(附名カッコを附す)

(講演者ILO印)， (3)発表希望分野(下記の分類を参照)(4)連絡先，郵便器号，住所，所属機関，部

局，電話番号を明記の上，実行委員会までお申し込み下さい。

講演の探否，順序，講演時間の調整等は実行委員会ICど一任下さい。

講演要旨原稿:講演申込者l乙はシンポジウム所定の原稿用紙をお送り致します。(岡表を含めて l枚)

参加費:袈，当日渡しの講演要旨集代を含む。会場l乙て徴収し，事前の参加申込みは不要です。

懇親会 :11月26日(木)18時より同パストラル宴会場lζて。

講演分類:(2ケタの数字を記入)

環境動態 10 全般 11 気閤

14 水域地下水 15 物質循環

18 都市域 19 その他

人体影轡 20 全般 21 変異原性

24 呼吸保障害 25 地域生態

改善技術 30 全般 31 水処理・水圏

34 重金属 35 難分解性

38 その他

環境理念 40 全般 41 理念

44 環境教育 45 住民意識

12 隙域

16 常栄養化

22 遺伝

26 その他

32 脱墾・脱リン

36 ガス・気閤

42 データベース

46 その他

環境情報 50 全般 51 レーザー・レーダ- 52 計測

54 計測法の開発 55 その他

申込および連絡先:〒305茨城県新治郡桜村筑波大学大学院環境科学研究科内

13 海域

17 赤潮

23 毒性・重金属

33 固体廃棄物

37 分解技術

43 計画

53 自動化

環境科学シンポジウム災行委員会災行委員長 1I1 "'~ 啓

(Tel 0298 (53) 4752， 6598 /iIJれもiI¥[通)

2. “官官1eChroD1ophyte A1gae"国際シンポジウム

英悶 PlumouthIζて1988年4jcj5日から 9日まで， The Systematics Assn.主催でImHllされます。洋制につい

ては下記のいづれかl?うに問合せて下さい。

Dr.J.C. GREEN， The Laboratory， Citadel HiII， Plymouth PLl 2PB， U.K.; Dr. BふC.LEADBEATER， Dept. 

ofPlant Biology， Univ. ofBirmingham， PO Box 363， Birmingham BI5 2TT， U.K. 
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一・学会録事ーー

日本藻類学会主催海藻採集会 (第 2回ワークショッ る iiii}ii(ラン泌幻lの観察」に関する税義が行-われた。

プ)参加記 Kyrtl川町人 Calot!trix，Nostocを材料として， 顕微鏡矧

昨年，筑波大学での第 I/TiJワークシ ョップ(淡水族 終を交えた前誌は大変興味深く聴かせて戴いた。1%，ζ 
類の採集 ・分類)に引続き，今年も口本総類学会第1I は懇親会が1Hiされ，皆賑やかに酒を酌み交わし，楽し

回大会終了後の 3月31日から 4月2円にかけて，ts 2 いーH与をji!lJどした。
回ワークショップが開催された。今回は「若狭湾の海 翌4刀2日は，午lIfjr.IJ!ζlt原紘之訪日市による 「海総

務採集会」 というテーマで，京都大学山学郎/;H属水産 類lζ付者する続出iの処理方法」の実演があり，ウミ卜

笑l役所を会場として行われた。参加者は総勢30名で大 ラノオに付着している:Ell!点数の観察を行った。最後に

会終了後，路線パスにて舛飢へ向った。 標本ITI'.;liすを案内して先~き ， 昼食後解散とな っ た。

翌4月 l円，梅崎勇講師/iIζより，氷日の海総採集 FI木海のyii}tJ;!及ひ、その:IiM/:を見る機会が少ない私lζ

地，日本海の潮汐及び海部組生の特徴等について簡単 とりましては，冷/!l/新たにいくつかの発見をし，とて

な講義を受けた後，用意して就いた自家用車!e:分釆し も有~~みな採集会でした。 ま た， 私のみならず， 新た

て，採集地の福井県大飯郡高浜へ向う。天候l立法♀り なる感動を得た方々も多かったことと恩います。ζれ

でややWL;JJさを感じたが，雨lζ見舞われる乙と もなく， も一重!e:，いろいろとお世話下さった栴I!Jな ・I:IJ原両氏

まずまずの採集日和であった。探集は，湾口幅20- をはじめとする京術大学の職員，学生諸氏のお蔭だと

30m，奥行200m程の波!怜かな小湾，及び東に隣接す 思います。乙の場を借りて，お世話，1まいた皆械にお礼

る磯で行われた。各自思い思いの探終姿!e:身を国めて 申し上げます。 収集会の写真は栴11t!~， )1/ ;1 1:両氏の iitH~~

1兵に集合し ， 梅的~iYif:i1ìから採集についての説明を受け によるものです。今後も引続き，旅矧に関したあらゆ

た後，めいめい海部採集に散る。湾拠には砂浜が拡が るテーマのもとに，多くのワークショッ プが/Ji/併され

り，ア マモ， ホンダワラ矧， ハパモ ト‘キ~i ， その他の るこ と を~!く希盟して参加 I:rcを終えます。

微小夜が見られた。湾口にliiJうに従いs 転石帯や小岩 (大業主~Hfi :東水大 ・植物)

脱が拡がり始め，フク ロノリ， ワタモ，ハパノ リ， マ

メタワラ，ヤツ 7 タモク，アキヨレモク，アカモク，

ウミトラノオ，ミャベモク，マクサ，オノ〈クサ，ムカ

デノリ，カパノ リ等が観察できた。さらに湾口付近の

岩上では， ツヤナシシオグサ，ハンモンソウ，アミゾ

ク"-1}-， シワ ノカ ワ，ヒライボ，ピリヒノ六ウスカワカ

ニノテ，カイノリ等が観察できた。湾内rlfr傑稽Kはカ、

ラモ場がよく発達しており，上I l"Cのホンダワラ~iIζ 力11

えてノコギリモク，フシスジモク等が観察できた (i'/ir

深持・の海政採集は，京都大学の学生祐氏の治水によ

る)。東隣りの磯lζi'lJ1ると， アナアオサ，ボウアオノ

リ， ウスノてアオノ リ， ヒメアオノリ， ツヤナシシオク

サ，カイゴロモ，ハネモ，ミノレ，シオミドロ，ウミウ

チワ，カヤモノリ，ハパノリ，アカモク，イメモク，

ムカデノリ，キョウノヒモ，マツノリ， オキツノリ，

カイノリ，コスジフシツナギ，ワンナギソウ，ケイギ

ス， ユナ，クロソソ¥ ミツデソゾミ与がJ采朱できた。

午後はまず若狭湾海~S リストが配布され， 本 円 ， irlli¥ 

終 ・採集できた海浅草Eのチェ yクが行われた。続いて

続的，川井浩史諮問iによる向E主主主本作製の実演があっ

た後，各自，採集品の整}乱懸検索，*京本作製を行っ

た。ある程度，標本整理が片付いた凶，梅山むiliY;f:ilI!ζよ
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一会員移動ー

新入 会

住所変更
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サンドラ・フォトス，保坂信仁(東京都)，兵

商庖(賛助会員)

篤(長野県)，西沢順子(岡山県)，木村純子(山口県)，秋山

報

本会会員，糸野 洋氏は去る昭和62年5)'JI 7日逝去されました。謹んで哀悼の立を表し

ます。 日本言語類学会
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賛助会員

ー--^'‘~、・・・圃fV'、ーーー・ ー--̂'、・・・圏、p、ーーー・

北海道栽培漁業振興公社 060札幌市中央区北4条西6 毎日札幌会館内

阿寒観光汽船株式会社 085-04北海道阿寒郡阿寒町字阿寒湖畔

有限会社 シロク商会 260千葉市春日1-12-9-103

海藻資源開発株式会社 160東京都新宿区新宿1-29-8 財団法人公衆衛生ピル内

協和醗酵工業株式会社研究開発本部商品開発部センター

100東京都千代田区大手町1-6-1 大手町ピル

全国海苔貝類漁業協同組合連合会 108東京都港区高輪2-16-5

K.K. 白書保健科学研究所・原 昭邦 173東京都板橋区大山東町32-17

有限会社 浜野顕微鏡 113東京都文京区本郷小25-18

株式会社ヤクルト本社研究所 189東京都国立市谷保1769

山本海誌研究所 143東京都大田区大森東5-2-12

弘学出版株式会社森田悦郎 214川崎市多摩区生田8580-61

田崎真珠株式会社田崎海洋生物研究所 779-23徳島県海部郡日和佐町外ノ牟井

神協産業株式会社 742-15山口県熊毛郡田布施町波野962-1

理研食品株式会社 985宮城県多賀城市宮内2丁目 5番60号

--"、，‘ ---""'-



B本学術会議だより .No.6 

マン・システム・インターフェース(人間と

高度技術化社会)特別委員会設置さる
昭和62年 8月日本学術会議広報委員会
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日本学術会議では，特別委員会が追加設置され，活動を開始しました。また，現在第14期(昭

和63年 7月22日より 3年間)会員の選出手続きが進められています。今回の「日本学術会議だよ

りJでは，これらの概要に加えて.来年度に開催される共同主催国際会議及び研究連絡委員会報

告等についてお知らせします。
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マン・システム・インターフェース(人間と高

度技術化社会)特別委員会

日本学術会議は.昭和62年 4月の第102回総会において新

たに「マン."ステム・インターフェース(人間と高度技

術化社会)特別委貝会」を設置した。

高度な技術革新とその急速な浸透により，現代の社会は

いわゆる「高度技術化社会」ということができる。すなわ

ち.今日社会の各分野で¥化学プラントや原子力発電所等

に見られるごとく「システムの巨大化jが進むとともに.

OA機器などのように「高度技術の大衆化J等も起こってき
ている。

「高度伐材:i化社会Jにおいては.機械システム又はソフ
トシステムに対する人間の役割カヘ従来のものと大幅に変

化しており.人聞は新たに重要な役割を担うようになって

きている。これらの人聞の役割を軽減したり代替するため

に各種のインタ-7エースが設計され.装備されている。

これらのインターフェースは，人間 システム系の信頼

性・安全性を高める kで緩めて重要である。従って「高度
校術化社会Jを維持・発展させるためには.このJir商の研
究.開発が今後ますます重点的に行われなければならない。

しかし.現実には「高度技術化社会jにおける「システ

ムの巨大化」や「高度技術の大衆化」に対して.人間は個

人としても.社会としても.必ずしも十分な対応・受容が

できているとは言えない。人閉め能力を超えるシステムが

技術的に実現したニとによって.かえって人間としての生

甲斐を喪失する人も一・音[1に生じている。その結果.いわゆ

るテクノストレスの状態に陥ったり.人間味の喪失による

不適応状況に悩む者が増加している。これはまた.人|間一

システム系のヒュー?ン・エラ による大事故のーl週とも
なヮている。また「高度tt術化社会」から取り残されたと
感じる人々の中には，種qの回避的ないし攻撃的な不適応

行動を呈する者もみられ.今後.大きな社会問題となるこ

とが予想される。

「高度技術化社会」では.以上のような諸問題に付する

対処策ないしは予防策のみでなく.人間性の回復・維持の

問題を含めて. 十分な対応、が講ぜられる必要がある。

以七の観点にι勺て.このような問題を学際的かつ総合
的に検討するために特別委員会を設置することとした。

日本学術会議第13期は，その活動期間を 1年余伐すのみ

になっているが.この問題の重要性に鑑み，期の途中であ

るが着手するニととした。

日本学術会議会員選出制度

11本学術会議は. 210人の会員をもって組織されている

が.その会員は次の子続きにより選出(推薦)きれる。現

{主第14期会員(任期:昭和63年 7月22日から 3年間)を選

出(推薦)するための手・続きが進められているところである。

〔手続慨略〕

1 会買の候補者を選定し，及び推薦人(会員の推薦に当

たる者)を指名することを希望する学術研究団体は. 日

本学術会議に登録を申請する(昭和62年6月30日締切り)。

申請する場合には.その学術研究団体の目的とする学

術研究の領域と関連する研究連絡委員会を届け出なけれ

ばならなL、。届け出られた研究連絡委員会が『関連研究

連絡委員会~ (3参照)である。
関連研究連絡委員会により区分された学術研究の領減

(以下「学術研究領域Jという。)ごとに.会員の候術者
及び維薦人を届け出ることになる。

2 日本学術会談会員推薦管理会は，この申請を審査し.

その学術研究団体が所定の要件を満たすものであるとき

は.関連研究連絡委員会その他の事項を登録する。

登録された学術研究団体が「登録学術研究団体」である。

3 登録学術研究団体が届け出た関連研究連絡委員会が俊

数あるときは，日本学術会談会長は.登録学術研究団体

の意見を聴L、て関連研究連絡委貝会を限定(指定)する

(H月30日までに指定)。

4 登録学術研究団体は.その情成員である科学者のうち

から.会員の候補者を「学術研究領域」ごとに選定し

Il4:学術会議に届け出る(昭和63年 2月 1日締切り)。

5 日本学術会議会員推薦管理会は，届け出られた会員の

候補者が会員の資格を有する者であるかどうか認定する。

6 登録学術研究団体は.その構成員である科学者のうち

から，推薦人を「学術研究領域」ごとに指名 L. 日本学
術会議に届け出る(2月20日締切り)。

7 推薦人は.r学術研究領域Jごとに. 日本学術会議会員
推薦管理会が会員となる資格を有すると認定した会員の

候繍者のうちから.会員として推薦すべき者及び補欠の

会員として推薦すべき者を選考・決定する(5月中旬-6
n上旬)。
8 推薦人は，会員として推薦すべき者及び補欠の会員と

Lて推薦すべき者を. 日本学術会議を経由して，内問総
湾大臣に推薦する(6月中旬)。

9 内閣総理大臣は.その推薦に基づいて，会員を任命す

る(7月22日)。



昭和63年度共同主催国際会議

本会議は.昭和28年以降!Jtlf'おおむね 41"ーの'手術関係国

際会議を関係学術研究団体と J¥;I，;I主催しているが.昭如63
年度は次の 4国際会議を我が凶においてInl似することとし
た。 (U{{制62年 6月16日削除1議 f解)

国際家族法学会第6回世界会議
H司 {些 llIl 1旬 sB手口631p4rJ 6 [1-1211 
開催場所日本大学会館(東京首Ij)

共催 I羽{本:日本家族〈社会と i}，>学会

第9回世界地震工学会議

開催期 1111:昭和63年81121l-91l

防1I催 f~ ，;Jj-:ホテルニューオオタニ(京以荷I;}.1到立政、
都国際会館(京都市)

共催 I.ijf本:土木学会. 1l-1，;建築乍会. 1:質工学会，

日本機械学会. J也漢学会.i1i災F防協会
第8回国際内分泌学会議

開催期間:日召手口63i!o7 Jl171J -2311 

開催場所:国立京音11[司際会館 (J;(III，dj) 
共催同体:日本内分J必学会

第5回国際植物病理学会議

開催期間:昭和63:f-8 JI2011 -271l 
開催場所:国立京都凶際会館(京都市)

共催 l'll 体:日本植物病~J!.学会. 1.1本摘す却i坊俊協会

我が国の理科教育について(意見)

日本学術会議科学教育研究連絡委員会報告

本研究連絡委員会は.かねてJ比がl司と 111:界作ll.ilとの学校
にむける珂科教育の実態について関心を持九比較を行って

きたが.昨年教育課程審議会の発表した教育課位改定の大

綱に関する，'，間報告と各教科の時間数に閲する試案は.我

が[到の理科教育の世界の動I{')からのj生脱をはっきりさせた

ものとして，深い憂慮の念をぷすものである。

意見(要旨)

第 2次大戦後.科学校討す古:凶LJ:.f"が凶のl司Jt.であった。
この Jj向に資するため. .f誌が国は学校におけるf哩科教育の

振興に努め.大学における科学・技術の教育・研'先にも多

大の))を i~:\ 、できた。しかるに.現今のl司の地策ーを見ると.

J-.j主の}J向とは逆行するものが噌えていると nわねばなら
ない。今聞の中間報告に見られる小学校低学年瑚刊の廃止，

小学校から中学校まで9lj'.問の理科の時間数1;1;11川1143年に

比べて 6- 7時間の減.高等学校においては. II{lf.U35年に

6単{立(4科IJ必修)が11召千1153年に 4単{立(.l'J!.科 Iのみ必
修)となリ今岡もそれが引き継がれようとしている。

学校教育における時間数の削減は必ずしも他の教科にな

かった現象ではないが. J理科においてその減少が特に顕箸

であった。.f"'?はこの点について強い危機!惑を抱くもので

あるが.その理由は理科に関する教育は児蜜・ 'UAの心身
の発達に見合って.その内容を設定してL、〈必要があるか

らで.時間数の削減がその適ltJlを途する恐れが強くなった
からである。技々は.今後のf理科教育にi3¥、て次の F当が
なされるべきであると考える。

l 小'γ校にねいては，健全な n 然観のf1bli:を III~ とし.

低'γ:年の埋科も存続させる。
2 ，'，・7:校・高等'亨:佼においては.科学技術Iに生きる人間

としての能力を育成するため充分の時間を確保する。

地区会議活動について

11本学術会議1;1;.全国を.北海道，東北.関東.中部.

近畿.中国・凶図.九州|・沖縄の 7ブロックに分け. r地区
会議」を組織している。

これらの地民会議は，運営審議会附置広報委員会のドに

;賢かれ.学術会議の各官11・委員会等の活動状況を各地区内
の科学者等に周知し.また，学術会議に対する意見.要望

をi且み L:lfて.学術会議と科学者との意ぶ疎通を図るとと
もに. J也減社会の学fif.iの振興に寄与することを LJ的として
いる。

fり也l正会議1;1;. I以I!リとして， 当該地区に居住.あるいは
勤得している学術会議会員の中から各部(第 1音11-第7郎)

1人ずつ，n7人をもって構成することとされているが.該
勺する会民全Hを俄I，J(;HとしているI也l豆も多、、。また. 611 
によっては，技巧する会uのいなLサt包l~があり，そのfJ色合

には研究連絡委員会委民を構成員としている。

九地L{会議は，権成良である会員の中から代表幹事 1人
(関東地I{のみ 2人)をi墾ぴ.その主宰者としている.

さらに. 各地1><:会議には.その活動に関する事務を処理

するために. r J也}j;主総委員」を置いている。ニのI也方i皇絡
委 i~ には.北海道地区会議は北海道大学.東北地区会議は

東北大学.中古11地区会議は名古屋大学.近畿地区会議は京

郎大学. "'L~' l'月 I~I地区会議は広島大学.九州・沖縄地区
会議はJL+I-lk:''{:の事務局長以ド6-10人の職員が委嘱され
ている。制也r><~ 会議lムニれらの各大学事務局職員の塾大

なtbJ， J)のドに~常されているのである。

九I也I{会議は lilji主の11的を果たすために.科学者との
態総会・学術講泌会等の開催.地区会議ニュースの発行等

の事業を活発に行っている。先般.運営審議会で決定され

た今年度の各地区会議事業計画1によると，全国各地て二科
学riとの悠談会は121111. '手術講演会は141国それぞれ開催き

れる f"，gである。

日本学術会議主催公開講演会

本会議は.学術1の成栄をlぶ〈国民生活に反映授j重させる

という n本ザ:術会議i去の主旨に沿うため.公開講演会を主
催していますが. Hlj初62年度には.本会議会員(i賞者)に

よる公開緯演会をikのとお・り 3国企画しています。

開催日・ i賞者等詳細は決定次第新聞広告等でお知らせす
るF定ですが. 事数の方々のご来場をお願、、します。
テー"71・ 「品1変情報化社会」に関するもの

開催地東京

テ-"72 科学の進歩と人聞社会」に隙lするもの
|銅{援t也京音11

テ-"73 目 「マンーシステム・インターフェース」に関

するもの

開催地点以

多数の学術研究l週休の御協力により. r日本学術会
議だよリ jを掲載していただくことができ.ありがと

うございます。

なお，御意見・お問い合わせ等がありましたら下記

までお寄せくださ L、
干106 港区六本木 7-22-34

日本学術会議広報委貝会

(日本学術会議事務局庶務課)

電話 03 (403) 6291 

一一 一



門田 元編

取水上の衛生問題.不快臭の発生.養殖淡水魚

のへい死原因など:二関連し、湖沼・人工湖におけ

る・水の撃"発生が社会問題化している。

本書は1979年9月.環境庁水質保全局の肝煎り

で組織された淡水赤潮研究会(座長 門田 元博

士1の研究成果を広〈関係者に利用していただく

ために公刊するもので.淡水赤潮lに関する生物学

的知見を網羅し.その発生機俄の解~fl と対策も論

究さ1.lる乞また琵琶湖におけるウロ 7レナ Ul'Oglel1o

及び氷瀬ダム湖におけるべリディニウムPeridil1ium

の調査研究をケーススタディに.我が国各地で頻

発する淡水赤潮l問題解決の資料を直後:二提供する

ものて'ある 2

主な内容と執筆者 ①淡水赤潮仕ひき起こす

ブランクトン(根来健一郎) ②淡水植物7<ランク

トンの生活史(中原紘之・左子芳彦) ③淡水赤潮

ブランクトンをめぐる生物間相互関係(安野正之・

花里孝幸・深見公雄・門田 元・石田祐三郎・内

田有恒) ④湖沼の富栄養化と植物ブラン7トン

の異常増殖(坂本 充) ⑤赤潮による彼害(岡市

友利・門田 元) ⑥わが国各地における淡水亦

潮の発生状況(山中芳夫) ⑦琵琶湖における淡水

赤潮の発生(門団 元・中西正己・吉田陽一・石

田祐三郎) ⑥ダム湖における淡水赤潮の発生事

f91J(畑幸彦)

(A5'f1J . 286ページ・定価4200PJ)

赤潮の科学
岡市友利編 漁業に甚大な被害を与える赤潮を総合的に捉える共同研

究で.赤潮lの生物学と発生機憾の解明， B5.'f1J・定価6000円

赤潮一発生機構と対策 丸茂隆三・岩崎英雄他著 赤淳J]の発生機構とその被筈

~jj 11:対策を広〈論じるさ A5.'f1J・定価1600円

沿岸海域の富栄養化と生物指標
吉田陽一・村上彰男他箸

汚染の生物街標定価1800円

藻場・海中林
八塚 周IJ・三浦昭雄他著 稚魚の成育坊としてグJアマモ場・ 7ゲラモ

場の効用とそのj主成の方策を係ぐる A5判・定価1600円

干160東京都新宿区三栄町J8ノTel(03) 359-7371附 EEヨm塞冨吉E



Ew..翠量E置
自然の中の藻類の「生きている姿Jを知るために

藻類の生態蹴:;関共編 A5判 640頁

定価12800円(干400円)

1 水界生態系における必mの役者IJーイftl{付i勝*2 水界以境とi;忠実nの斗Jill一様IH持必*3 築
士J{の生活|巻!一秋山催*4 iI，j: i'(: fl"(物 7"ランクトンの'I:.i}[{'1と態 有t-!i符iI勝*5 胡mにおける刷
物プランクトンの生imと動態ー坂本光*6 1'1然界における泌mの索お代謝ー干IIIH兆太郎*
7 刷物ブランクトンの鈍'l~oJft納-fiU以11(4二*8 iilJ~ i:.必の分布と」辺地主tlkl 一一横浜"M~:，** 9 川
川氏ι1:.i:来Jl((のι川径一小林弘申 10 汽水域のr泣;j)f(の'1:.態-)d!f"JEJよ*11 U:iU，¥;isHの'1:.態一秋山
{憂*12 低iJ，Jj'の泌Jl((の'1:.態ー)，~イ?ヂーザJ * 13 弘知と;J，界動物の本II'-d1'川 成出i'i'lll.* 14 i:来
のハソジーン一山本鉛 (-*15 i:主主([のキ1111'包外代，m生産物とその生態的役;l刊一大和国紘一*16 疑
獄の生;，rj~ と 'I:.T@-'I'IJ;(M:之* 17 i:引;(Uff*の構造と多係'I~I:-j，: }-J Ir大三 各市"*にJ品目|改の多

数の立;献はIhlじ{"jにとってnmな資料となろう。

シートでみる種の同定・分類

淡水藻類写真集

山岸高旺・秋山優編集
85判・各100シート・ルーズリーフ式

第1巻・第2巻定価4000円

第3巻・第4巻定価5000円

第5巻・第6巻以下継続送料350円

生物学史展望
井上清恒著 lμi.T年にわたる斗牛:
千谷制千い11時1時寺代の守特.在?刊'l'tを;汗"[手引f子刊'.1彫』司彫lμ2にする ο 分子の111界にまでj並ん
だ牛一物'γ:のt坊を考えるために好述。定価4800円

回想のモーリッシュ
ーある自然科学者の人間像

渋谷章著 H本の1'，1[物マ:界に大きなJL刷、を伐し
た自然利ザ:-1.'の'I:.;)tをたどる労fL 定価1800円

南 の動物誌
熱帯森林に生きるー

渡辺弘之著 熱';W.f.!i:材、を叩J父する1.:f1ーが，熱，;il-地域
の動十1"(物の'1:.;丹を'ザ点を'1'心lこs:17る。定価1300円

世界の珍草奇木
一植物に見る生命の神秘一

川崎勉著 1'1然界の爪攻なf""llJfII'(物iI:f， ~!Í l' 、 '1:. 命
1Jと球上九への適応1Jを!街放の'j¥・て1iftるc 定価1300円

近刊

河川の珪藻 B5'1'IJ 

内田老鶴圃
東京・文京区大塚3-34-3/Tel 03-945-6781 

日本淡水藻図鑑
魔瀬弘幸・山岸高旺編 11本ではじめて例られた
-1~栴 (I(j な1'-'(1 鑑。i:iミノ'}(i:~i 紅lの jilf'先行ベJ，)(に|見H系する
Jj々 にとってはrti市な文献であるマ定価36，000円
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植物組織学
猪野俊平著 刷物品Il織にl:の定義・内容・)r!j主史から
ji)J"先}j法制'，.\1ムくバ~j1iした "ft-.の :f!!: J 定価15000円

学
説
物ル植地

地
加
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川

山歩きアラカルト
』自然の探索ノートー

柴田 治著 LiJ ~!i" をたのしくら、くための心l!JII以 3
11のい、マ:1土知ト Jていてi史千IJ、 定価1300円



海藻を総括的に論じた待望の書グ

[海藻資源養殖学|
徳田 庫 大野正夫 小河久朗著
{東京大予~，，{:部(，::j知!大"'j:段・'，:却j)東北大学農学部}

海藻の資源、や養殖について初めて総括的

に取揚げた待望の書。ノリを品、めとする個

々の海藻養殖の現状と将来展望から、藻場

造成、利用法、海外での養殖、新しい海藻

の養殖法、新品種形成の現状まで、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

B 5 'I~J 十.製 11絵 H(
本文354t( f・1・・111話集

定価5.500円(送350円)

主要目次一一一一

1 .地球生態系とi毎藻 11.海藻の
生育環境 III.海藻の利用 N.世

界の海藻資源と生産量 V.現在の

海藻養殖 N.藻場造成 vn.海外
の海藻養殖の現状咽.海藻養殖の

将米と展望

最先端と素敵な出合
データベースでダイナミックプリンティングコミュニケーション

富士通 . 
OA.SYSJ¥ 

NEC L，/ 
P(-9ωI V 

Iて工=工=工二士出冶主主、

入力装且
ドッド文子 富士通 NEC

9450;..a1ー文 pe.9加1
生まれかわるデータベース

国車i
美しLミ

文字

会員管理・名簿管理・調査票発送・集計・印刷・請求・販売促進・検索

白血印刷出版醜式会祉
国本社〒553大阪市福島区吉野1丁目2番7号/TEL06-441-6594問
国電算室 干553大阪市福島区吉野1丁目 3番18号
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学会出 版物

下記の出版物をご希望の万lζ頒布致しますので，学会事務局までお申し込み下さい。(価格は送料を含む)

1. i藻類」パックナンバ一 価棉，会員各弓1，750円，非会員各号3，000円，30巻 4弓(創立30周年記念増
大号 1-30巻索引付)のみ会員5，000f'J， ~I'会員 7 ， 000 円，欠号 1 - 2 -13- ， 4巻 1. 3号 5巻 1-2号，
6-9巻全号。

2. i藻類」索百 1-10巻，価格，会員1，500円，非会員2，000円，11-20巻，会員2，000円，非会員3，000円，
創立30周年記念「務類」索引，1-30巻，会員 3，000円，~ I'会日 4 ， 000 円 。
3. 山田幸男先生追悼号 務類25巻網裕 1977. A5版， xXviii+418頁.LLi回先生の迫影 田経歴業績一覧 ・

追悼文及び内外の藻類学者より寄稿された論文50編 (英文26，fn文24)を掲載.価絡7，000円。
4. 日米科学セミナー記録 Contributions to thc systematics of lhc benthic marinc algae of the North 

Pacific. 1. A. A bbotl ・ JiI，~木宗尚共編。 1 9 72. B 5版， xiv+280頁， 6図版. r~同日46年 8 月 lζ札幌で開催された北
太平洋産海藻IC関する日米科学セミナーの記録で，20編の研究報告(英文)を掲載。価格4，000円。

5. 北海道馬辺のコ ンブ類と最近の増養殖学的研究 1977. B 5)仮，65頁。昭和49年9月IC札幌で行なわれた
日本藻類学会主催「コ ンブfC関する講演会」の記録。4論文と討論の要旨。価格 1，000円。

Publications of the Society 

lnc!uirics concerning copies of lhc following publicalions should be sent 10 Ihe.Japanesc Society of Phycology， 
c/o Division of Tropical Agriculture， Faculty of Agriculture， Kyoto University， Kitashirakawa-
oiwakecho， Sakyo・ku，Kyoto， 606 Japan. 
1. Back nurnbers of the Japanese Journal of Phycology (Vols. 1-28， Bullctin of .Japancse Sociely of 

Phycology). Price， 2，000 Ycn pcr issue for membcr， or 3，500 Ycn per issuc for non mcmber， price of Vo1. 30， 
No. 4 (30th Anniversary Tssue)， with cumulativc index (Vols. 1-30)， 6，000 Yen for member， or 7，500 Yen fOI 
non member. Lack: Vo1. 1， Nos. 1-2; Vo1. 4， Nos. 1， 3; Vo1. .1， Nos. 1-2; Vo1. 6-Vo1. 9， Nos. 1-3 (inc1. 
postage， sur仏cemaiり.
2. Index of the Bulletin of Japanesc Society of Phycolo肝 ・ Vol.1 (1953)-¥101. 10 (1962) Pri(.e 

2，000 Yen for member， 2，500 Yen for non membcr， Vol. II (1963)-Vo1. 20 (1972). Price 3，000 Yen for member， 
4，000 Yen for non me:nbcr. Vo1. 1 (1953)ーVo1.30 (1982). Pr¥cc 4，000 Ycn for membcl、5，000Yen for non 
mcmber (inc1. postagc， surface mail)・
3. A Mernorial Issue Honouring the late Professor Yukio Yarnada (Supplemcnt to Volum巴25，the 

Bulletin of .Japanese Society of Phycology). 1977. xxviii+418 pagcs. This issue includes 50 articles (26 in 
English， 24 in .Japancsc with En'llish summary) on phycology， with photographies and list of publications of 
the late Professor Yukio YAMAD，、 1f8，500 (incl. postaeg， surface mail) 
4. Contributions to the Systernatics of the Benthic Marine Algae of the North Pacific. Editerl 
by IA. AssOTT and M. KUROGI， 1972. xi，'+280 pages， 6 platcs. Twcnty papcr.< followed by discussions arc 
included、whichwerc presenterl in Ihe U.S.-]apan Scminar on thc North Pacific bcnthic marine algac， helcl in 
Sapporo，]apan， Augusl 13-16，1971 ぎ5，000(incl. postage， surface mail). 
5. Recent Studle:; on the Cultivation of La判 inariain Hokkaido (in ]apanesc). 1977.65 pages. 

Four papers followed bv discussions arc includecl， which werc presentecl in a symposium on LOlllilloria， sponsorccl 
by the SocielY， held in Sapporo， September 1974. 1f 1，200 (山
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