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The heteromorphic and haplo・diplonticlife history of Sphaerotrichia divaricata from 
Wakasa Bay， ]apan Sea， has be己ncompleted in cu1ture. Zoospor邑sfrom unilocular 
sporangium of macroscopic sporophyte developed into microscopic haploid gametophytes 
(n=9-12). Two diff巴renttypes of tufts occurr巴din the gametophytic stage according 
to conditions given in culture. The gametophytes grew more rapidly at higher tempera-
tures and in longer photoperiods. Conjugation b巴tweengam己tesfrom unisョriateplurilo-
cular sporangium (gam巴tangium)of the gametophyt巴waseither isogamous or anisogamous 
and the zygotes developed into macroscopic diploid sporophytes (2n = 18-24). The sporo・
phytes grew larger under cool巴rconditions and they matured earlier to b巴arunilocular 
sporangia under warmer conditions. Unfused gametes germinated as弓xuallyand developed 
into gametophytes， rep巴atingth巴 sam巴 gametophyticgeneration. 

Tetsuro Ajisaka and Isamu Umezaki， Department of Fisheries， Faculty of Agricul-
ture， Kyoto University， Kyolo， 606 Japan. 

Introduction 

Sthaerotrichia divaricata (AG.) KYLIN 

taxonomically belongs to the Chordariaceae 

of Chordariales， Phaeophyta (INAGAKI， 1958). 
It is commonly distributed in ]apan along 
both the coasts of Pacific and ]apan Sea. 

However， the south region of the Pacific 
coast is an exception. This species is com-
mercially important as it is used as tasteful 

food in ]apan. 
HYGEN (1934) reported that the Swedish 

species of Sthaerotrichia divaricata showed 

an alternation of heteromorphic generations : 
an alternation of a microscopic gametophyte 
with plurilocular sporangia and a macro-
scopic sporophyte with unilocular sporangia. 

ARASAKI (1943)， studying the life history 
of the species from Mikawa Bay， Pacific 
coast， found that the sparsely branched 
gametophytes had the dormant stage in hot 

summer months and matured in autumn 
when sea-water temperature dropped. 
In this paper， the life history of Sthaero-
trichia divaricata from Wakasa Bay， ]apan 

Sea， its karyological observations， and the 
growth and maturity of both sporophytes 

and gametophytes under culture conditions 

are reported. 

Materials and Methods 

The sporophytes of Sthaerotrichia divari-

cata were collected at Takahama in Wakasa 

Bay facing the ]apan Sea during the sum-
mer of 1974. The plants were found grow-
ing on Sargassum confusum C. AG. and S. 

ρiluliferum C. AG. or on rocks which were 
one or two meters below the low tide mark. 
We used the same culture techniques and 

medium prescriptions as given by NAKA・
MURA and T A TEW AKI (1975). 
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Cultures were incubated in 1500-3000 lux 
light under the following temperature-photo-

period regimes. 20oC: 16-8 hr (Set 1); 20'C: 
10-14 hr (Set 2); 150C: 14ヨohr (Set 3); 
150C: 10-14 hr (Set 4); 10oC: 14-10 (Set 5). 
For the karyological observations， aceto-
iron -haematoxylin司chloralhydrate method 
(WITTMANN， 1965) was used. 

Results 

Cultures from zoospores of the frond in 
nature were started on June 21， 1974. The 
fertile fronds in nature bear only unilocular 
sporangia from June to July. Mature unilo-
cular sporangia are usually elongated obo-
void， measuring 61-75 X 26-41μm. Zoospores 
(4.7-6. 6x2. 8-3. 8μm in size) from the 
unilocular sporangium are pear-shaped with 
a single chromatophore and an eyespot， 
and are laterally biftagellated (Fig. l-A， B). 
Settled zoospores become spherical and 
measure 2.8-4.7 (4.0 at an average)μm in 
diameter (Fig. l-C). 

F 

Within 1-2 days， they germinated by push-
ing out a protuberance and then divided 
into two cells transversely (Fig. l-G， H). 
By successive transverse divisions， the 
germlings developed into creeping uniseriate 
filaments consisting of 3-7 cells， and branch-
ed laterally (Fig. l-D， E， 1， J). 
In Sets 1 and 2， as the result of an ex-
tensive formation of prostrate and upright 
branches (Fig. l-F)， most of the filamentous 
germlings developed into dense tufts com-
posed of large basal layer and profusely 
branched erect portion (Fig. 3-A). 
In Set 1， the upper part of some erect 
filaments transformed into uniseriate plurilo・
cular sporangia (gam巴tangia)within 13 days 
(Fig.3-C). However， in Set 2， further growth 
made tufts larger (over 1 cm in diam.) and 
they never bore plurilocular sporangia even 
after 2 months. 
In Set 5， 8-day-old filamentous germlings 
were usually provided with hairs (Fig. 1一K).
By successive branchings and cell divisions， 
they developed into simple tufts composed 
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Fig. 1. Sphaerotrichia divaricata. Zoospores releas巴dfrom unilocular sporangia and develop-
ment of their germlings. A， B: Zoospore. C: SettIed zoospore with a flagellium. D-F: 5 (D)-， 
7(E)ー， and 10 (F) -day-old gametophytes in Set 1. G-L: 3 (G， H)一， 4(1)ー， 50) -， 8(K)一， and 13(L)-
day-old gametophytes in Set 5. 



of small basal layer and sparsely branched 
erect portion (Fig. l-L; 3-B). They reached 
maturity within 20 days and most of the 
erect filaments transformed into uniseriate 
gametangia (Fig. 3-B， C). 
In Sets 3 and 4， two types of germlings， 
dense tufts found in Sets 1 and 2， and sim-
ple ones in Set 5， appeared at a nearly same 
rate， and the gametangia released gametes 
in 18 days. 
The morphology of gametes (4.7-6. 2x 
3.3-5.2μm in size) was quite similar to that 
of zoospores (Fig. 2-A， B). 
Sexual conjugation was observed between 
the gametes. The gametes were promptly 
released from gametangia when transferring 
from dark to right photoperiod regime (Fig. 
3-D). Two swimming gametes accidentally 
fused on their heads. It seems that some-
times one flagellum of both the fusing 
gametes or of only one of them was lost 
during the process of conjugation (Fig. 2-
D， E). The conjugation was either iso・
gamous or amsogamous. 

G 
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In Set 5， conjugation between the gametes 
occurred at 70-80%， and formed the zygotes 
(Fig. 3-E). However， in Sets 1 and 2， the 
conjugation scarcely occurred and most of 
the gametes germinated without fusion and 
each developed into a gametophyte， repeat-
ing the same gametophytic generation. In 
the ]apanese species， gametophytes are 
sometimes monoecious. In such cases， the 
conjugation occurred between the gametes 
from one and the same thallus or even be-
tween the gametes from one gametangium. 
Within 1-2 days， settled zygotes measured 
5.7-12.4 (8.0 at an average)μm in diam. 
and soon germinated (Fig. 2-F). By suc-
cessive branchings and transverse cell divi-
sions (Fig. 2-G， H， 1)， the zygote developed 
into pseudoparenchymatous discs and at the 
center of which a hair was produced (Fig. 
2-J， K). The disc was irregularly rounded 
in outline， consisting of a single layer of 
cells (Fig. 2-L). Within 15 days， the pri-
mary assimilating filaments arose from the 
central part of the disc (ca. 100μm in diam.) 
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Fig. 2. Sphaerotrichia divaricata. Gametes released from gametangia， their zygote:s， and their 
developmental stage:s. A， B: Gamete. C: Settied gamete. D， E: Conjugation of gamete:s. On巴
flageIIium of each gamete is lost during the process of conjugation. F: Settled zygote. G-L: 
3(G)ー，4(H)ー，7(1)ー，10(1)ー， l1(K)ー， and 14(L) -day-old sporophyte:s in Set 5. M: 14-day-old sporo・
phyte in Set 2. 



56 Jap. J. Phycol. 26 (2)， 1978 

and rhizoidal filaments were produced from 
the marginal portion (Fig. 2一M). The rhi-
zoidal filaments and cylindrical cells arose 
from the lower cells of each primary as-
similating filament and cohered together to 
build up a medullary layer. The growing 
point was terminated by some enlarged cells 
(Fig. 3-F). The secondary assimilating fila-
ments arose profusely from the medullary 
cells to construct a cortical layer (Fig. 3-G)， 
developing into a cylindrical plant (Fig. 3-
H). In Set 5， within 3 months， the cylind-
rical plant (filiform， somewhat cartilaginous) 
laterally branched in all directions and grew 
about 4 cm in height (Fig. 3-1). Within one 
month in Sets 1 and 2， after 2 months in 
Sets 3 and 4， and after 3 months in Set 5， 
the cylindrical plants bore many unilocular 
sporangia (50 x 30μm in size) and released 
many zoospores (Fig. 3-J). 
Unfused gametes germinated and develop-
ed asexually into gametophtes. The settled 
gametes became spherical， measuring 2. 9-
6.7 (5.1 at an average)μm in diameter 
(Fig. 2-C). Under culture conditions， as 
seen in zoospore's germlings， two types of 
gametophytes were observed. Under warm-
er and longer-day conditions (e.g. Set 1)， 
the growth and fertility of gametophytes 
were faster than those under cooler and 
shorter司dayconditions (e.g. Set 5). Under 
cooler conditions， phaeophytic hairs were 
numerously produced on gametophytes. The 
loculus number of gametangia was more 
numerous in culture under cooler conditions 
than those under warmer conditions. The 
gametangia in Set 3 had loculi from 4-16， 
those in Set 4 from 6-20， and those in Set 
5 from 10-28 (Fig. 4). 
The number of chromosome was 23-30 in 
the original sporophytes obtained from 
nature (Fig.5-A)， 7-17 (of which 80% was 

9-12) in the gametophytes derived from 
zoospores or unfused gametes (Fig. 5-B)， 
and 15-27 (of which 90% was 18-24) in the 
sporophytes in culture (Fig. 5-C). 

Discussion 

HYGEN (1934)， who studied the life history 
of the Swedish Sphaerotrichia divaricata， 
reported that zoospores from the unilocular 
sporangium developed into the 'pseudo-
parenchymatisch Basalscheibe' and that 
many zygotes occurred among the gametes 
from gametangia of the microscopic thallus. 
In his culture， anisogamous conjugation was 
observed. However， he said that only female 
gametes grew asexually to repeat more 
gametophytic generations. Most of the 
zygotes， this worker has observed， develop-
ed through 'Diplonema' stage into sporo-
phytes. These sporophytes became fertile 
without construction of cylindrical fronds. 
In our study， zoospores from the unilo-
cular sporangiun and unfused gametes from 
the gametangium developed into the fila-
mentous gametophytes. In this stage， dense 
tufts having profusely branched filaments 
were formed under warmer conditions. On 
the other hand， simple tufts having sparsely 
branched filaments were produced under 
cooler conditions. These simple tufts re-
semble the gametophytes of Chordaria 
flagelliformis which were cultured under 
cooler condition (culture temperature 6-100C) 
by CARAM (1955) and (150C) by KORNMANN 
(1962). The dormant stage， as seen in 
ARASAKI'S culture (1943)， was never ob-
served under our culture conditions. 
Zygotes grew to form the pseudoparen・
chymatous discs on which cylindrical sporo-
phyte fronds arose. The' Diplonema ' stage 
thalli in HYGEN'S culture have not been ob-

Fig. 3. Sphaerotrichia divaricala. Stages in developm巴ntfrom gametophyte， through zygotic 
stag匂 tofertile sporophytes. A: Two dense tufts. 16-day-old gametophyte in Set 1. B: Simple 
tufts. 19-day-old gametophyt巴sin Set 5. C: Uniseriate plurilocular sporangium (gametangium) 
in Set 5. D: Rel己asinggamete from gametangium in Set 3. E: Three settled zygotes in Set 3. 
F: Growing point of young sporophyte in S己t5. G: 27-day-old sporophyte in Set 3. H: Young 
cylindrical frond (sporophyte) in Set 5. 1: 3-month-old sporophyte in Set 5. J: Unilocular spo・
rangia of 2-month-old sporophyte in Set 4. 
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Fig. 5. Sphael'otγichia dival'icata. Chromosome 
number in sporophyte and gametophyte. (Ieft 
microscopic photos; right: hand sketches.) A: 
Chromosome:s of a sporophyte in nature (diploid) 
2n = 23. B: Chromosomes of a gametophyte in 
culture (haploid) n =9. B: Chromosomes of a 
sporophyte in cultur巴 (diploid)2n=24. 
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Fig."1. Sphael'otl'ichia divaricala. Loculus 
number in gam巴tangiumin Set 3， '1， and 5. (200 
gametangia wer己 observedin each s ~t. ) 

has been karyologically studied. 111 the 

family Chorclariaceae， chromosome number 

of nニ 8or 9 ancl 2n=16 or 18 have b巴en

citecl for・八イ)l1'iogloeasciurus (PARKE， 1933)， 
n=10 and 2n=20 for Sauvageaugloea gl切-
thsiana (CARAM， 1965)， ancl n=10 ancl 2n二
20 for Eudesme virescens (COLE， 1967). Th巴
present counts of the chrom080mes of 

Sthae'rotrichia divaricatα(n=9-12 ancl 2nニ
18-211) 8how to fit the pattern for this family. 

The present results confirmecl that the life 

history of this species is an alt巴rnationof 

heteromorphic g巴nerations(Fig. 6). Meiosis 

serv巴CIin this stucly. These results agree 

well with the 'c1evelopment of froncls' in 

1NAGAK['S description (1958). lt seemecl that 

the growth ancl maturity of sporophyte 

were mainly controllecl by temperature con-

c1itions. Under cooler conditions， the sporo-

phyte fronds grew larger than those grown 

uncler warmer conclitions. Uncler warmer 

conclitions， the sporophytes procluced unilo-
cular sporangia earlier than those grown 

uncler cooler conclitions. 

Until recently no complete data on the 

chr0111080口]巴8of this 8pecies has been availa-

ble. A fe¥'1 Sp巴ciesin the order Chorclariales 

MACRO. ___ UN I L. ~ 7nn('nnn[(' _ M I CRO. _ .. ZOOSPORES"(' AII'~~~~"~~Tr(' ~ SPOROPHYTE ~ SPORANGIA -LUU¥l' UIIL¥l . GAMETOPHYTES 

t 2N い脱X山
o nI ..~ 11 GAM ETES 半 PlURIl. un"l 

ZYGOTE 、.~ GAMETES←一--.J、、♂ SPORANGIA一一-
A diagram 0 Fig. 6. 



may o::cur during the formation of Z003pores 

in the unilocular sporangium on diploid 

thallus which was derived from the zygote. 

The present result partially explains the 

appearan::e and disappearance of fronds in 

nature. In summer， the gametophytes grow 
well an1 mature faster， but most of the 
gametes develop as巴xually to repeat the 

same gametophytic generation. Th巴rateof 

sexual conjugation increases from autumn 

to winter when sea-water temperature drops， 
and sporop!:lytes derived from zygotes de-

velop wε11 into the branched cylindrical 

fronds during the seasons of winter and 

spring. The branched cylindrical fronds 

bear unilocular sporangia in early summer 

when sea-water temperature rises. 
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鯵坂哲朗・梅崎 勇:培重量によるイシモヅク(褐蕩類ナガマツモ目)の生活史の研究

日本海若狭湾産の褐藻イシモヅクの生活史を室内培養によって完結した。自然に生育するいわゆるイシモヅク

は， Jl包子体である。この藻体上の単子袈から放出された遊走子は，そのまま発芽して顕微鏡的な単相 (n=9-12)
の配1肉体になる。この配偶体は，高温では密に分校した叢状発芽体になり， {s;ilutでは机に分校したものになる。
そして高温長日ほど成長が速く，高温ほど早く成熟する。配偶体の複子袋(配偶子誕)から放出された配偶子の

閣で接合が行なわれる。接合子は，発芽して肉眼的な複相 (2n=12-2.:1)の胞子体になる。 この胞子体は低温で
良く成長するし，高温ほど早く単子裂をつけて成熟する。接合しなかった配偶子は，無性的に発芽して，再び配

偶体世代を操り返す。 (606京都市左京区北白川追分町 京都大学農学部水産学教室)

津村孝平:珪藻混種プレパラートの指示標識

Kohei TSUMURA: The marking on diatom-slides. 

珪.~~の既製のi昆極プレパラート 11"' の特定例{本の封入

位置を示す係~î;l~をそのプレパラートへ直ti1':こつけよう

とすると従来は刻印式の標本抱示訴を用いて，カバー

グラスの衣iIfiに小円を刻印するよりほかに良い方法が

なかったので，在、は次善の策として下記のブJIl、を案11:'，

して試川してみたところ，多少の不艇はあるが，十分

に実用になることがわかったので， ここに紹介する。

既製の混種プレパラートを鏡検して指示標識をつけ

たい個体が見付かったら，鋭検しながら，そのfI副本の

真上にカパーグラスヘインキの点、などを一時仮りに打

って，そのプレパラートを史返えして，裏面から鏡検

して，そのfI司{本を隙nZし，プレパラートを載物台 l二へ




