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Further investigations into the life history of出ered alga Nemalion vermiculare SURINGAR were 
conducted at Oshoro Bay on the west coast of Hokkaido. The appearance， abundance and size of 
the upright gametophytes were related to tidal height and the degree of wave exposure. During the 
autumn and winter months， acrochaetioid filaments were found growing on barnacles on which N. 
vermiculare gametophytes grew in the summer. Sterile fragments of these filaments cultured in labora-
tory formed tetrasporangia under a short day regime at 200C. Tetraspores germinated to produce a 
filamentous prostrate system with upright， multiaxial， terete axes that were similar to young plants of 
field-co¥lected N. vermiculare gametophytes. 
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Culture studies have demonstrated that 

the life history of Nemalion vermiculare 

SURINGAR (Nemaliales， Rhodophyta) com-
prises the alternation of a multiaxial， up-
right gametophyte with an acrochaetioid 

tetrasporophyte (UMEZAKI 1967， MASUDA 
and UMEZAKI 1977)， as has been shown in 
other species in this genus (FRIES 1967， 
1969， CHEN et al. 1978). However， the 
tetrasporophyte has never been observed in 

nature. In this paper， we report the occur-
rence of the tetrasporophyte in nature and 

present culture studies that confirm it as a 

phase in the life history of N. vermiculare. 

We relate patterns in the growth and re-

production of the gametophyte to its en-

VIronment. 

Materials and Me曲。ds

Twelve survey sites were established at 

Oshoro Bay (43013'N， 140051 'E) on the 
west coast of Hokkaido (Fig. 1) and field 

• Pre坦entaddress: Shirakami Elementary School， 
Matsumae， Hokkaido 049-15. 

observations and samplings were made 

twice a month 合omMav 1986 to October 

1986 and monthlv from November 1986 to 

February 1987. These sites were selected 

to represent the diverse habitats of Nemalion 

vermiculare at Oshoro Bay: (1) A， C， G and 
L， below the low watermark and fully wave-
exposed; (2) ]， near the low watermark 
and moderately wave-exposed; (3) B， E， H 
and K， above the low watermark and in 
shallow tide pools made by large， breaking 
waves; and (4) D， F and 1， above the low 
watermark and sheltered from wave action. 

Gametophytes， when present， and several 
substrates such as barnacles (Semibalanus 

cariosus and Chthamalus challengeri)， mussels 
リ⑪tilusedulis and Sett併rvirgatω)， peren-
nial algae (Sargassum thunbergii， Carpoteltis 
affinis and Chondrusρinnulatus) and rock frag-
ments were collected. 

Culture experiments were conducted with 

carpospores of Nemalion vermiculare and ex-

cised filaments of the putative tetrasporo 

phytes. These were cultured according to 

methods similar to those described earlier 
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Fig.l. MaJコ01'Oshol'o Bay， showing twelve study sites 

(MASUDA and UMEZAKI 1977). Th巴 tem-

peratures and photoperiods were regulated 

as follows: 50C， 16:8 h LD (light ancl da1'k 
cycie); 50C， 8・16h LD; lOoC， 16:8 h LD; 
lOOC， 8・16h LD; 150C， 16・8h LD; 150C， 
8:16 h LD; 20oC， 16:8 h LD; and 20oC， 
8:16 h LD. The following materials wer巴
llsecl fo1' clllture experiments: gametophytes 

collectecl on August 15， 1986 at site C and 
on AUgllst 28， 1986 at site E; and tetra-
sporophyt巴scollectecl on October 25， 1986 
and on November 25， 1986 at site B. 
Voucher specimens are depositecl in the 

Herbarium of Faculty of Science， Hokkaiclo 
Univ巴1'sity，Sapporo (SAP 051052-051063) 

Results 

Phenolog)1 of upright gametojJ紗tes

Upright gametophytes (Fig. 2)， less d四 1
1m口1 long， appearecl in early May at all 
sites exc巴ptthe sheltered sites D， F ancl 1， 

wher‘巴 they appeared about one month 

later. These young u prigh t thalli were 

superficially simila1' to young plants of 

2 
'・， 

Fig. 2. Youl1g upright thallus of NemaLiol! 
uerm.iculare collected at site C 011 iVlay 9， 1986. 
Fig. 3. Youl1g plant 0[' Gloioteltis ji，日atacollected 
at site C 011 May 9， 1986. Scale il1 Fig. 3 applies 
also to Fig. 2. 
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Gloiopeltis Jurcata (Fig. 3)， but λTemalioll 
thalli could be distinguished from the latter 

by their so九 mucilaginoustexture and 
rounded apices. 

Upright thalli grew rapidly and reached 

maximum le時 thsduri時 Julya吋 Alψ1St.

The number of Nemalion plants varied ac-

cording to survey sites. The Nemalion 

plants grew abundantly at ful1y wave-ex-

posed sites A， C， G and L， whereas they 
vvere less frequent at other sites. Th巴 SIZ巴

of upright thalli also varied according to 

site (Figs. 4， 5). The maximum le時 thof 
thalli growing at fully wave-exposed sites 

was 56 cm (Fig. 5) and tel1 times longer 

than that of Iコlantsgrowing in shallow tid巴

pools (Fig. 4). Plal1ts characteristic of 

wave-exposed sites were thick and clark recl 

4 5 

6 

I ( ~ 

in color. 

Reprocluctive structures were not found 

on upright thalli collected in May. 111 

mid-J une， plan ts proved to b巴 monoeclOlIs
gametophytes， bearing both spermatangia 
ancl carpogonia near their apices. II1 late 

June， cystocarps cleveJopecl at th巴 aplces
whil巴 spermatangia and carpogonia con-

tll1U巴dto be prod uc巴dbasipetally. Assim-

ilatory filaments constituting th巴 cortices

of fertile areas disintegrated after carpospore 

clischarge， leaving axiaJ filaments that also 
巴ventually eroded. Although plants de-

cl.inecl in Jength as th巴 seasonprogressecl， 
cystocarps continued to cleveiop in proximal 

portions. In lat巴Octoberthrough Novem-

be人 pla川 s0川Y J CIl1 in length (Fig. 6) 

formecl cystocarps n巴arth巴irholdfasts 

Figs.4-6. Upright gametophytes of Nema/ion venniculare: 4， malure plam growing in a shallow tidc 
pool (sitc K) and collectcd on July 29， 1986; 5， maturc plant growing at a rully wave-exposed place (sitc 
1:..) and collected on July 29， 1986; 6， old plants growing at a fully wave-exposcd place (SilC C) and collected 
on Ocrober 25， 1986. Scale in Fig. 4 applies also ro Figs. ;) ancl 6 



234 ル[ASUDA，M. and HORJUCJ'II， K 

Cultlll'e exterimenls wuh cal'tostores 

Isolated carpospores， 12.5-17.5μm m 
diameter， wer巴 incubated under the full 
range of culture conditions described in 

Materials and Methods目 Theyge1'minated 

and grew into acrochaetioid plants under 

all conditions. The plants formed tetra-

sporangia in a manner similar to that re-

ported 10r N. venniClllal'e 企om Muroran 
(MASUDA and UMEZAKl 1977). Plants 

grown at 20oC， 8: 16 h LD began to fo1'm 
tetrasporangia 12 days aft巴rinoculation， 
those grown at 150C， 8:16 h LD formed 
tetrasporangia 14 days after inoculation， 
those grown at JOoC， 8: 16 h LD 35 days 
a氏erinoculation and those grown at 50C， 
8:16 h LD 70 days after inoculation. Lib-

巴rated tetraspores wer巴 12.5-17.5μm m 

diameter. Large monospores， which were 
reported for N. verm.iclllare from Muroran 

(MASUDA and UMEZAKf 1977)， wel巴 not

obs巴rved. Plants grown under long day 

r巴gimesdid not produc巴 t巴trasporangiaat 

any of the experimental temperatures 

Naturall.y occuning tetraspol'oph)ltes 

Substrates (listed in Materials and Meth-

ods) were collected at the survey sites an 

E位xamηlinedund巴白r‘ a diss児巴ctingmicroscope in 

the laboratory. From October 1986 to 

F巴bruary1987， sterile filaments of an acro-
chaetioid alga resembling the cultured tet-

rasporophyte of Nem.alion vel'm.icuLal'e (MASU-

DA and UMEZAKI 1977) were found in the 

grooves between the longitudinal ribs of 

barnacle pJates (Fig. 7). Excised filamen ts 

were cultured at 20oC， 16: 8 h LD for 2 
weeks， and transferred to 20oC， 8: 16 h LD 
to induce tetrasporogenesis. After 2 weeks， 
filaments began to produce s巴ssiletetraspo-

rangia laterally in a plane p巴rpendicular

to th巴 parentaxis (Figs. 8， 9). Liberated 
tetraspores wer巴 12.5-17.5μmin diameter 

9 。。
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Fig. 7. Acrochaetioid alga collected al site B on OClober 25， 1986 and used for cullure exp白川lenlS
[microphotographed from a spccimen sLaincd with 0.5% (wfv) cotton blue in a lactic acidfphenolfglycerolf 
water (1:1:1 :1) solution]. Figs. 8， 9. Cu川It山UJ閃edたfertilctωetra剖sp。印r叩'ophyt印cof λNemal 叩附nve 打rm山 111“arl附r問'edc引r山.j、
fr刀omthe acrochaetio印l凶dalga sh比叩QwnI川nFi氾g.7. Fig. 10. Two tctraspores released from the planl shown 
in Figs. 8 and 9. Scale in Fig. 10 applics also lo Figs. 7 lo 9. 
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Figs. 11， 12. Twenty-one-day-old gam巴tophytesor Nemaliol/. vermiclllare derived rrom tetraspores rrom 
the plant shown in Figs. 8 and 9: 11， grown at 150C， 16:8 h LD and bearing an upright thallus primordium; 
12， grown at 150C， 8: 16 h LD. Scale in Fig. II applies also to Fig. 12 

(Fig. 10). Large monospores were not ob-

served 

Laboratory-induced tetraspores from 

field-collected sporophytes、.verecultured at 
150C， 16:8 h LD， 150C， 8:16 h LD， lOoC， 
16:8 h LD and 10oC， 8・16h LD. Pri-
mordia of upright thalli appeared at 150C， 
16:8 h LD (Fig. 11) and lOoC， 16・8h LD 
3 weeks after spore inoculation. Each 

primordium consisted of a compact group 

of filaments ansmg from th巴 centerof a 

system of prostrate filaments. Each de-

veloped into a multiaxial NemaLion thallus 

(Figs. 13，14). However， upright thalli 
did not develop at 150C， 8:16 h LD (Fig. 
12) and lOoC， 8:16 h LD 

13 

Fig. 13. Six-month-old gametophyte of Nem-
aholl vermiculm官derivedrrom a tetraspore rrom lhc 
plant shown in Figs. 8 and 9 and grown at 150C， 
16:8 h LD. Fig.14. Cross section 01' lhe upright 
thallusshown in Fig. 13. 

Discussion 

Our surveys show that populations of 

λTemaLion vermicuLare at Oshoro Bay attain 

their maximum abundance and size at 

wave-exposed localities from May through 

August. The summer occurrence of N. 

vermicu/are gametophytes is consistent with 

the reslllts of our culture experiments which 

indicate that upright thalli develop only 

under Jong day conditions. Th巴 tidal

height has a narrow range along the coast 

of the Sea of ]apan， but the s巴asonalchange 
is large: the mean sea level is low in winter 

and high in summer (.Japan Meteorological 
Agency 1985). The monthly mean sea 

Jevel at Otaru near Osho1'o Bay is the lowest 

in March (9.3 cm) and the highest in Au-

gust (29.1 cm). It 陀 aches21. 0 cm high in 
]une (.Japan Meteorological Agency 1985). 
This increase may account for the delayed 

appearance of macroscopic gametophytes in 

sheltered localities near the high watermark. 

Under short day regimes at 5-20oC， cul-
tured tetrasporophytes grow quickly， becom-
ing visibl巴 tothe naked eye and 1'eprod uc-

tively matur屯 within10 weeks after germi-

nation. Tetrasporangia a1'e formed more 

rapidly at the higher temperatures in cul-

ture. Field-collected t巴trasporophytesare 

inconspicllous and apparently sterile during 

the autumn and winter， even though our 
cultllre experiments indicat巴 thatlight and 

temperature conditions are suitable during 
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these months for growth and reproduction 

(cf. OHNO et al. 1982， Fig. 6). Other 
factors not considered here must influence 

the life history of Nemalion in nature. 

Several phycologists (FRIES 1969， MARTIN 
1969， SODERSTROM 1970) have attempted 
to find tetrasporophytes of Nemalion in 

nature. FRIES (1969) found acrochaetioid 

filaments growing on Balanus shel1s and 
Ralがacrusts collected from the Swedish 
west coast. She cultured these filaments 

in the laboratory and succeeded to produce 

tetrasporangia with the same appearance as 

those in her previous cultures of Nemalion 

multi戸dum (WEBER et MOHR) J. AGARDH 
(FRIES 1967). MARTIN (1969) ゐllowed

carposporelings of N. helminthoides (VELLEV) 
BATTERS on the Anglesey coast of Wales 

during several years. These acrochaetioid 

carposporelings growing on linpet shells 

and barnacle plates formed monosporangia 

instead of tetrasporangia in the field. They 

survived in the winter and produced up-

right gametophytes in May. SODERSTROM 

(1970) suggested that tetrasporophytes of 
N. multijidum in Scandinavia are induced to 

form tetrasporangia by rising temperature 

and increasing daylength. On the basis of 

laboratory culture experiments CHEN et al. 

(1978) concluded that tetrasporangia can 

be formed under various conditions of tem-

perature and photoperiod (1O-200C， 12: 12-
16:8 h LD)， but that a prior excursion into 
winter conditions (50C， 8:16 h LD) is nec-
essary to induce tetrasporogenesis for the 

Canadian N. helminthoides. According to 
our present culture experiments and those 

of MASUDA and UMEZAKI (1977)， such an 
excursion is unnecessary for the ]apanese N. 
vermiculare. Further investigations should 

focus on discovery when the tetrasporophytes 

of these Nemalion species sporulate in nature. 
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増田道夫・堀内 京本:紅蕩ウミゾウメンの生活史についての続報

北海道西岸の忍路湾において，紅藻ウミゾウメン Nemalionvermiculare SURINGARの生活史を調査した。直立配
偶体の出現，生育量及び生長は生育環境，すなわち，潮位と彼の影響の度合に関連している乙とが示された。本

種の着生していたフジツボに秋から冬にかけて，アクロケチウム様糸状体が生育していた。乙の糸状体には四分

胞子褒の形成はみられなかった。実験室で培養された糸状体は， 200Cの短日条件下で四分胞子裂を形成した。放
出された四分胞子は発芽して，ウミゾウメンの若い直立体に類似した多軸型の藻体lζ生長した。 (060札幌市北
区北10条西8丁目 北海道大学理学部植物学教室ホ現住所:049-15北海道総前郡松前町字白神928 松前町立白
神小学校)




