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The life history of the red alga Gloiosiphonia capillaris (HUOSON) CARMICHAEL from 

Oshoro Bay， Hokkaido in ]apan was studied by laboratory culture experiments and periodic 

field observations. Carpospores obtained from五eld-collectedplants germinated in culture 

to form prostrate discs. Upright thalli originated directly from erect五lamentsof the discs 

under short-day conditions. No tetrasporangia were observed in the discs. The upright 

thalli produced carpogonia and spermatangia under long-day conditions， then， carposporo-

phytes developed， and released viable carpospores. Thus， G. caρillaris from Oshoro Bay 

lacks a tetrasporophytic phase in the life history. Howe、er，it is uncertain whether the 

life-history pattern is like Lell1anea or apomictic because of the absence of cytological 

evidence. A correlation was found between growth and reproduction in culture and its 

seasonal patt巴rnin nature 

Kり!lndex Words: Cly.ρtonell1 iales; G loiosi phonia ;ρhotoperiodism; Rhodophyceae; 

hfe histolY; taxonoll1y. 

EOELSTEIN (1970)， who cultured carpo-

spores of Gloiosiphonia caPillaris from Nova 

Scotia， Canada， reported the occurrence of 
small crustose tetrasporophytes in th巴 life

history. Similar crustose tetrasporophytes 

were also found for G. caPillaris from 

Punta Baja， Mexico (WEST pers. commふ
However， according to other investigators 

(GOOR 1923， NEWTON 1931， KYLIN 1956， 

TAYLOR 1957， FUNAHASHI 1966， 1967， NOOA 

1971)， the tetrasporangia w巴reformed on 

upright thalli. Thus some controversy is 

evident regarding the reproductive patterns 

in this species. It is well known that 

several species of the Florideophycidae 

possess two types of life history in differ-

ent populations (UMEZAKI 1977， for review). 

The purpose of our present study was to 

clarify this question and we have conducted 

laboratory culture experiments of Gloiosi-

phonia capillaris from Oshoro Bay， Hok-

kaido in Japan and field observations on 

the sam巴 locality.

Materials and Methods 

Fertile cystocarpic plants were collected 

in Oshoro Bay on May 25， and May 29， 
1977 (Fig. 1). We examined these plants 

carefully and did not find any tetrasporan-

gia. The excised fertile branches were 

washed in sterile seawater using small 

writing brushes and put in an icebox at 

about 50C for 5-10 min. They were placed 

in Petri dishes (7.5 cm X 1.8 cm) con taining 

30 mO of PES culture medium (PROV ASOLI 

1) Present address: Bristol-Myers K. K.， Scientific Department， 1-16， Akasaka 7-Chome， Mina-
toku， Tokyo， 107 Japan. 

2) This work was supported in part by a Grant-in-Aid for Scientific Research No. 448018 from 

the乱1inistryof Education of Japan. 



82 MOROHOSHI， H. and MASUDA， M. 

1968). Liberat巴d carpospor巴swere rinsed 

quickly in rnediurn using finely-drawn glass 

capillary pipettes und巴ra diss巴ctingm icro-

scope and th巴n inoculated onto sev巴ral

drops of cultur巴 medium on slicle glasses 

plac巴CIon the bottorn of Petri c1ish巴s(9 cm 

X 2 crn). The Petri c1ishes were placecl 

uncler culture conclitions testecl. The carpo 

spores attachecl to slicle glasses 24-48 hr 

after inoculation ancl then about 50 mfi of 

culture mecliurn were introclucecl into th巴

Fig. 1. Cystocarpic plant of Gloiosithonia. 
ca.ρil/a.ris collected in Oshoro Bay 
on May~29， 1977 (SAP 032130) 

Petri c1ishes. After 7 days th巴 sI icles were 

transferrecl to cu I tur巴 vessels(6.5 crn X 8.0 

crn) containing 200 me of meclium 

Car~】ospore g巴rminationtests w巴rec10ne 

as follows. Excisecl ancl washecl fertil巴

branches were immersecl for 30-60 rnin in 

Petri c1ishes (7.5 cm X 1.8 crn) containing 30 

me of cultur巴 meclium. Then， th巴 branches

were removecl ancl the Petri c1ish巴sw巴re

plac巴CI uncler culture conclitions testecl. 

Cultures w巴recheck巴CI3 ancl 5 c1ays after 

inoculation uncl巴ran In vert巴CI m icroscope 
(Olym pus CK). 

Steril巴 plantswere collect巴CIon April 21， 

1977 at th巴 sam巴 localitym巴ntlOn巴CIabove 

ancl apical fragments of the hranch巴swere 

lIsecl for cultllre exp巴1'Im巴nts・ Tipsof th巴

lateral branches w巴rewash巴CIancl transfer-

r巴CIwith a glass capillary pipette uncler a 

c1issecting microscope. The excis巴CI t i ps 

(abou t 2001lm in length) were rins巴CI an CI 

introclucecl incliviclually into scr巴wcap tllbes 

(1.8 cm X 13.5 cm)巴achcontaining 10 me of 

m巴c1illm. Eighteen c1ays aft巴rinocu lation 

th巴yw巴r巴 t:ransferreclto culture vessels (6.5 

cmX5.0cm) containing 100me of mecliull1 

ancl later transferrecl to larger v巴ssels(6.5 

cm X 8.0 cm) containing 200 me of ll1ecliul11. 

Six fragments c1eriv巴CI from three 日巴IcI-
collectecl plan ts (two fragmen ts p巴r on巴

plant) were placecl in separate vessels uncler 

each conclition test巴c1. To eliminate c1ia-

toms gerl11aniul11 c1ioxicle was aclclecl to a 

concentration of 5 mg/fi (WEST 1972) 

The cultures wer巴 rnaintaineclin freezer-

incubators illuminated with cool-while flu-

orescent lamps (2500-30001ux). The t巴m-

peratu res ancl photoperiocls were r巴gulat巴CI

in the following combinations: 50C， 16: 8 
(Iight ancl c1ark cycle); 50C， 8: 16; lQoC， 16 

8; lQoC， 8: 16; 150C， 16: 8; 150C， 8: 16 ; 

200C， 16: 8; ancl 20oC， 8・16. Th巴s巴 will

b巴 shownin the text as 5 L， 5 S， 10 L， 10 S， 

15 L， 15 S， 20 L ancl 20 S， r巴sp巴ctively. 1n 

the germination tests and apical fragl11ent 

cultur巴s20 S was exclllcl巴c1. The cultur巴

mecliul11 was changecl monthly. 

Perioclic fielcl observations wer巴 macl巴 111

Oshoro Bay from March 1977 to Febrllary 

1978 in order to obtail1 infonnatiol1 011 th巴
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Jife history in the fielcl. Aclclitional fieJcI 
observations w巴r巴 aJso macl巴 in th巴 sam巴

Jocality cluring March 1978 ancl ApriJ 1979. 

Results 

CμIIμre exterl.lJぱ Ills with. cwア05ρores:

Liberatecl carpospores are gJobuJar ancl 

y巴1I0wish recl in color ancl average 20 

μm cliameter (Fig. 2， A). The carpospore 

germination tests were mad巴 with seven 

of the eight cuJture conclitions stated 

above. Th巴 germinationrate was low (0.0-

2.2%) at Jower temperature conditions and 

high (13.5-24.7%) in higher temperatures 

(TabJ巴 1). A few spor巴sattachecl to the 

Table 1. Percentage germinalion of the carpospores llnder 
seven conditions tested 

Condilions 5S 5L 10S lOL 15 S 

Gerll1ling numb巴I O 。 8 13 51 

Countecl spore numb巴I 600 600 600 600 607 

Germination rate (%) 0.0 。。 1.3 2.2 8.4 

A B C 

@。;道警:
， 

袋一
D F 

15L 

69 

511 

13.5 

E 

aRL 
¥ミgt・

20μm 
-酬・嗣帽開・ . @織も:

~.ふ? ・ ム

td3雪
~.:..晶，~， 30μm 

G H 

、

-， 

150μm 

50J，Jm 

Fig. 2. Carpospores and lheir gerll1inalion. A. '[¥vo carpospores. B-I. Car-
pospore gerll1lings grown at 15 L: B-D，いvo-dayold; E， four-day 
old: F， seven-day old‘ G， sevenleen-day old; H-I， one-ll1onth old (I， 

seclion throllgh a disc). Scal巴 inD appli巴salso 10 A-C and E. 
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substrate at 5 L and 5 S， but they clid not 

germinate. No apparent clifference in cle-

V巴lopmentwas founcl at th巴seculture con-

clitions. 

Carpospores isolat巴cl by g lass capi llary 

pipettes were first culturecl at 15 L and 

20 L. The spor巴s germinatecl ancl grew 

into prostrate cliscs in a mann巴1・ similarto 

that pr巴viously re portecl for t h is s pecies 

B 

、

(ROSENVINGE 1917， EOELSTEIN 1970) ancl 

shown in Fig. 2， B-G. The cliscs reachecl 

50-340μm (av巴rage210μm) in cliameter at 

15 L (Fig. 2， I-I) and 60-300 μm (average 170 

μm) in cliameter at 20 L after one month 

from inoculation. They are 5 cells thick at 

the cen t巴rof th巴 cliscs(Fig. 2， 1) ancl be-

comes thinner towarcl the growing margin. 

Two-month-olcl cultures maintainecl at 

E
E
N
 

-‘ 
，-

Fig. 3. Upright thal1i c1erivecl from carpospore germlings. f.¥-H. Young upright 
thalli arising from three-month-olcl cliscs grown al 15 L for 2 monlhs 

ancl lhen lransferrecl lo 10 S (f.¥， B， surfac巴 view;C-H， se山口町 lhrough

cliscs; arrows inclicale primorclia ofaxial lilaments). 1. Habit photograph 

of seven ancl a half-month olcl plants grown at 15 L for 2 monlhs ancl 
then transferrecl lo 10 S. Scale in C applies also 1:0 D-I-I 
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tures were observecl in th巴seCI iscs which 

formecl th巴 uprightthalli. 

Th巴 uprightthalli rapiclly c1evelopecl into 

G. catillm-is plan ts similar to thos巴 founcl

in th巴 凸elcl(Fig. 3， 1). Sev巴ralerect thall i 

were c1etach巴CIfrom the base ancl transfer-

r巴CIto 15 L 4 months after their initiation. 

Spermatangia ancl carpogonia w巴reform巴d

on the same plant at 15 L 011巴 year

after transfer (Fig. 5， A， B). Female fertil巴

branch syst巴m is borne on th巴 first，seconcl， 

or thircl cells of lateral branches of limitecl 

growth which iSSll巴 fromth巴 central axial 

cells. Th巴 fertile branch system is com-

posecl of a carpogonial branch， 3-7 cells in 

length， ancl an allxil iary c巴11 branch， 4-7 

cells in 巴ngth，both of which originat巴

Life history of GloiosψhOl1ia caρill即 ーIS

ancl 20 L w巴re c1iviclecl into eight 

groups (巴achc1iviclecl into fOllr) ancl grown 

uncler fOllr c1i任巴renttemperatur巴sancl two 

c1i任er巴ntlight regimes statecl above. One 

month lat巴r，the c1iscs transf巴rrecl to 5 S， 

10 S ancl 15 S formecl uprig h t thall i (Fig. 3， 

A， B). Each c1isc formecl a slightly elevatecl 

ring of er巴ctaxes， 1.5-2.3 mm  broacl， arollncl 

the margin (Fig. 3， B). Th巴 llprightthalli 

issuecl only within the ring. Th巴c1evelop-

mental seqll巴nceof the llpright thalli was 

followecl in sections thrOllgh th巴 CIiscs 

Specially c1ifferen tiatecl er巴ctfi lamen ts (pri-

morclia ofaxial filaments)， which consistecl 

of short cells， originatecl terminally on 

orclinary erect filam巴ntsof the c1isc (Fig. 3， 

C， D; 4， A). They gr巴w into axial fila-

ments of th巴 upright thalllls ancl bor巴

lateral日lamentsof limitecl growth (Fig. 3， 

E-H; 4， B). Th巴 axialfilaments ancl lat巴ral

五laments became embeclclecl in a mucilag-

inolls matrix ancl yOllng thalli with uniaxial 

constructiol1 wer巴 formecl. This process is 

similar to that reportecl for the CI巴V巴lop-

ment of upright thalli in this speci巴S

(OLTMANNS 1904). No r巴proclllctivestrllc-
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Sexual reprocluctive structures ancl cys-
tocarps borne on upright thal1i. A. 

Longituclinal section of the thallus， 
showing い-¥'0 fertile branches: arrows 
inclicate auxiliary cells. B. Sllrface view 
of the thallus， showing liberatecl sper-
matia (arro¥V). C. Longi tllclinal section 
of the thallus， showing lwo cystocarps. 

Fig.5 

Sections throllgh three-monlholcl c1iscs 
grown at 15 L for 2 months ancl then 
shiftecl to 10 S， showing the origin of 
upright thalli. A. Two primorclial 

filaments consisting of short cells 

B. More advanced stag巴 thanA. 

Fig.4 
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Fig. 6. Female fertile branch system before fertilization (A-D) and gonimoblast devel-
opment (E-G) of cu¥tured plants. A. Fertile branch composed of an auxiliary 
cell branch. B-D. Fertile branches with various carpogonial branches; B， with 
three ce¥ls; C， with五vecells; D， with seven ce¥ls. E. Early stage in gonimo-
blast development; note a connecting五lamentissuing from the carpagonium 
(the trichogyne disintegrated) and another connecting五lamentpenetrating into 
the auxiliary cell. F-G. Gonimoblast filaments issuing from the auxiliary 
cells; note the pit-connections between the cells of auxiliary cell branches 
becoming wider. ac， auxiliary cell; axc， cell ofaxial五lament;cf， connecting 
filament; cp， carpogonium; gf， gonimoblast filament; hy， hypogenous cell; lbc， 
cell of lateral branch; sc， supporting cell; st， sterile branchlet; tr， trichogyne. 
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from a common supporting cell (Fig. 6， B-
D). At times the fertile branch is com-

posed of only an auxiliary cell branch 

(Fig. 6， A). Short sterile branches issue 
from some cells of the fertile branches 

(Fig. 6， A一D).The supporting cell is hardly 

distinguishable from the cells of the aux-

iliary cell branch and proximal one or two 

cells of the fertile branch. The gonimobl-

ast development was observed one month 

later (Fig. 6， E-G). A presumably ferti-

lized carpogonium produces a connecting 

filament (Fig. 6， E). Then， the connecting 
filament penetrates into an auxiliary cell 

(Fig. 6， E). The presumably diploid aux-

iliary cell bears gonimoblast filaments (Fig. 

6， E-G). The cells of the fertilized aux-

iliary cell branch increase in size， and the 
pit connections between them become 

widen (Fig. 6， F， G). These developmental 

sequences are similar to those reported 

previously for this species based on field 
materials (SCHMITZ 1883， OLTMANNS 1898， 
OKAMURA 1914， SJOSTEOT 1926， KYLIN 1930， 
EOELSTEIN 1972). Mature cystocarps ap-

peared subsequent one month later (Fig. 5， 
C) and released carpospores which germi-

nated and grew into prostrate discs. 

The prostrate discs derived from car-

pospores of field-collected plants and cul-

tured at 5 L， 10 L， 15 L， 20 L， and 20 S did 

not form upright thalli or any reproductive 

organs even after one year， although they 

π1m 
40 
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formed slightly elevated rings near the 

品arginin all culture conditions except at 
20 L. 

Culture experimellts with aρical frag-
mellts of brallches: The majority of iso-

lated apical tips of branches regenerated 

and grew into plants similar in morphology 

to that of the naturally occuring plants. 

However， main axes of some plants divided 
dichotomously and bore few branches. The 

length of the plants was measured every 

ten days from 18 days after inoculation for 

5 months and the data is shown in Fig. 

7. The plants grew more rapidly at 10-

200C than at 50C and they grew best in 

long-day conditions. The plants cultured 

at 20 L formed spermatangial sori after 3 

months from inoculation， and those cul-

tured at 15 L and 10 L formed them after 

4 months. They grew slowly from these 

periods and bore cystocarps about one and 

a half month later. However， the plants 
maintained at 5 L and short-day conditions 

did not become fertile even after 8 months， 
although they were longer than the plants 

which bore cystocarps. 
All of the plants cultured at 10 L， 15 L 

and 20 L bore spermatangia and carpogonia 

on the same thallus as did the Canadian 

and the Mexican G. caρillaris (EOELSTEIN 
and McLACHLAN 1971， WEST pers. commふ
The self-fertilization might occur in the 

monoecious gametophytes of this species， 
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Fig. 7. The growth of upright thalli derived from apical fragments 
。fbranches; the mean lengths of 6 individuals in each cul-
ture condition are plotted. 
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June. Plants bearing tetrasporangia and 

the prostrate discoid stage of upright game-

tangial plants were not observed， although 
we carefully searched during the years 

1977-1979. 

A correlation may b巴 drawn b巴tween

the appearance of upright thalli and re-

productive responses of this alga in cuture 

and its observed seasonal periodicity in 

nature. Upright thalli were formed under 

short-day conditions at 5-150C in culture. 

In nature upright thalli first occur during 

mid-March when the day lengths were 

about 11 hours and the seawater tempera-

tures were 4-50C. In this period the ob-

served upright thalli in nature were 2-25 

cm in length. This may suggest that the 

initials of upright thalli appeared before 

mid-March. The reproduction occurred 

under long-day conditions at 1O-20oC in 

culture and that was found in mid-April 

to June when the day lengths w巴reabout 

88 

as each plant derived from three field-

collected plants was cultured separatety 

throughout this experiment. 

Field obsenχltions: This alga grows on 

rocks near th巴 low-watermark and in tide 

pools in Oshoro Bay. Periodic field obser-

vations were made from March 1977 to 

February 1978. The results are summa-

rized in Fig. 8. Y oung sterile plan ts were 

found in mid-March when the periodic 

observations were started. The plants in-

creased in size until June (increasing in 

abundance until late-April) and they disap-

peared by mid-July. They grew slowly 

from late-May to mid-June when they 

reached r巴productivematurity. This agrees 

fairly well with the r巴sults of culture 

experiments mentioned above. Monoecious 

plants with spermatangial sori and car-

pogonia were first found in mid-April. 
Cystocarps were first evident in mid-May 

and they increased in abundance until mid-

h 
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Summary of phenological data on Gloiosiphonia capillaris in Oshoro 
Bay from March 1977 to February 1978 correlated to average monthly 
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deviation of lengths of upright thalli are given. U， upright thalli， o， 
spermatangia;中， carpogonia;車， cystocarps;⑤， tetrasporangia; solid 
line， surface seawater temperatures; dashed line， day lengths. 

Fig.8. 
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13-15 hours and the seawater temperatures 
were 7-150C in nature. 

Diseussion 

The observed life history pattern of 

Gloiosiphonia caPillaris from Oshoro Bay， 
Hokkaido in Japan is summarized as fol-

lows. The carpospore germlings grew into 

upright monoecious gametophytic thalli 

without intervention of a tetrasporophytic 

phase. This pattern of life history is dif-
ferent from that of the North American 

G. caPillaris (EOELSTEIN 1970， EOELSTEIN 
and McLACHLAN 1971， WEST pers. comm.) 
and the Californian G. verticilla7-is F ARLOW 

(WEST pers. comm.). In the latter two， the 
carpospore germlings grew into crustose 

tetrasporangial plants from which tetra-

spores were liberated and germinated into 

upright gametophytes. There are two pos-

sible explanations for the former pattern 
of life history. (1) The tetrasporangium 

formation is suppressed and meiosis occurs 

in the initials of primordial filaments of 

upright gametophytic thalli as in the case 

of Lemanea (MAGNE 1967 a， 1967 b). (2) 

Fertilization does not occur but carposporo-

phytes develop by apomixis just as they 

do in Gigm-tina subgenus Mastocaゆus
(CHEN et al. 1974， EOELSTEIN et al. 1974， 
MASUOA and UCHIDA 1976， POLANSHEK and 
WEST 1977， WEST et al. 1978). We did not 

obtain cytological evidences of fertilization， 
but observed connection between the car-

pogonium and the auxiliary cell suggests 

that fertilization between a spermatium 

and a carpogonium does occur. The ob-

served gonimoblast development is normal 
in this genus and similar to that reported 

by several investigators (SCHMITZ 1883， 
OLTMANNS 1898， OKAMURA 1914， SJOSTEDT 
1926， KYLIN 1930， EOELSTEIN 1972). In our 

opinion the former hypothesis is the most 

likely， although it is still a matter of con・

jecture without cytological evidence of 

meiosis occurring somatically. 

Whether the hypothesis just-mentioned 

is true or not， it is clear that Gloiosiphonia 
capillaris from Oshoro Bay lacks a tetra-

sporophytic phase and has monoecious 

gametophytes and carposporophytes in the 

life history. G. caPillaris possesses two 

different types of life history between the 

North American and the Japanese popula-

tions. This situation is similar to that of 

目的 cal仲 -nica in the Dumontiaceae. 

The N orth American P. californica exhib-
its an alternation of upright gametophytes 

and crustose tetrasporophytes (SCOTT and 

DIXON 1971)， whereas the Japanese plants 
lack tetrasporophytes (CHIHARA 1972). Even 
though both populations of G. caPillaris 
and P. californica have morphological sim-
ilarities， respectively， there is a possibility 

that they are di妊erentspecies. Further 

comparative studies of the both populations 

are necessary. According to CHIHARA (pers. 

comm.)， the Japanese G_ caPillaris includes 
two or three different species as pointed 

out by SEGAWA and OHTA (1951)， CHIHARA 
and his colleagues are conducting a taxon-
omic study of them. 

We examined two herbarium specimens 

of Gloiosiphonia caPillaris on loan from 

the Herbarium of University of California， 
Berkeley， on which FUNAHASHI'S report 

(1966) was based. These were collected 

from Vladivostok on the coast of the Sea 

of Japan by A. KUZNETSOV on June 20， 1927 
(Kuznetsov 466) and June 14， 1928 (Kuznetsov 
0-294). The former specimen is cysto-

carpic， but tetrasporangia were observed 

in the latter specimen between the cortical 

cells. They are el1ipsoid measuring 60-

85μm in length and 35-45μm in diameter， 
and divided cruciately. However， this spe-
cimen is di妊erentin gross morphology from 

the former specimen which is similar to 
the plants from Oshoro Bay. The spe-

cimen Kuznetsov 0-294 shows a somewhat 

resemblance to 均，alosiphonia caespitosa 
OKAMURA belonging to the Dumontiaceae， 
but we could not identify exactly it with 

any of known species. Thus， certain re・

ports on the tetrasporangia borne on 

upright thal1i seem to include those of 

other species. 
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諸星裕夫*・増田道夫: 紅藻イトフノリ (Gloiosipl，onia 
cap'僻仰ois)の生活史

北海道忍路湾の紅藻イトフノリの生活史を培養実験とフィールド観察によって調査した。果胞子は発芽して

最初盤状体に生長した。これらのうち短日条件に移行したものだけが直立体を形成した。直立体は盤状体を構成

する直立糸から直接形成され，四分胞子禦はみられなかった。配偶子襲は長日条件においてのみ形成され，造果

器と精子裂を同一個体に生じた後，果胞子体が発達し，果胞子が放出された。このように，忍路湾のイトフノリ

の生活史は雌雄同株の配偶体と果胞子体からなっていることが判明した。フィールド観察では直立体の出現と生

殖器官の形成に季節的周期性がみられ，培養実験の結果と一致した。 (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 *現在の宛名， 107東京都港区赤坂7-1-16プリストル・マイヤーズ株式会社学術協)




