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The tetrasporophyte of Uymnogongrus flabelliformis 

HARVEY (Gigartinales， Phyllophoraceae) 
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flabelliformis HARVEY (Gigartinales， Phyllophoraceae). .1ap. ]. Phycol. 27: 63-73. 

Tetraspores of the crustose red alga Erythroder川 issp. from Oshoro Bay， Hokkaido 

gave rise to upright plants， morphologically and anatomically similar to Gymnogongrus 

flabelliformis HARVEY， in unialgal culture. Sexual reproductive structure did not develop 

on these plants. Carpospores of G. flabelltforlllis from Muroran， Hokkaido germinated in 

cu¥ture to form crustose plants anatomically similar to Elythroderlllぶ Transferof these 

crusts from full strength enriched seawater medium to unenriched seawater resulted in 

the formation of seriate intercalary tetrasporangia. Tetraspores germinated to form 

GYlllnogongl・115plants. The speci晶/icdetermination of the crustose tetrasporophyt旬e(EI:ツy-

th口rode仰r.

basis of our studies it is evident t山ha剖tGy川11川yμ川L/logongn川"t羽11仙4“sflabellμ~fon川11山tυ1.おis exhibits an a!ternation 
of independent， heteromorphic gametophytes and tetrasporophytes. 

Michio Masuda， D.ψartlllent げ 13οtany，Faculty of Sciencc， Hokkaido Univel・'szty，

Saρporo， 060 Japan; Tholllas C. LJeCew， John A. West， lJ，φartllumt of Botany， 
EルI!'ersityof California， Bcrkel.の"Calゲornia94720， V.S..l. 

Recent life-history studies of several spe-

cies of the Gymnogongrus have demon-

strated the existence of two types of life 

history within the genus. In the first type 

the Gymnogongrus plant alternates with a 

tetrasporangial crust. These include G. 

1φtophyllus ]. AGARDH (DECEW and WEST 
1977 a)， G. furcellatus (C. AG.) ]. AGARDH 
(CANDlA and KIM 1977) and G. martinensis 

SETCHELL et GARDNER (?) (WEST and DECEW 

unpublished observation). In the second 

type， a tetrasporangial phase develops on 

the gametophyte， termed “tetras poroblas tic" 
by SCHOTTER (1968). These include G. 

crenulatus (TURN.) J. AGARDH (ARDRE 1978) 

and G. platyphyllus GARDNER (DECEW and 

WEST， unpublished observation). In addi-
tion， KASAHARA (1977) reported a dsitinct 

type of life history for G. flabelliformis 

HARVEY. Its alternate crustose phase pro-

duced“monospores" which gav巴 rise to 
an upright thallus. Thus， the situation 

regarding the life history of Gymnogongrus 

seems to be complicated. 

However， our cultur巴 studiesof Gymno・
gongrus flabellif01'mis started from tetra-

spores and carpospores have shown this 

species to have a crustose tetrasporophyte. 

In this paper the naturally occurring and 

cultured tetrasporophyte of G. flabelliformis 

is reported. 

Materials and Methods 

Fertile crustose tetrasporophytes wer巴

collected intertidally in Oshoro Bay， Hok-

This work was supported in part by a Grant-in-Aid for Scienti五cResearch No. 254229 from the 
Ministry of Education of ]apan， by North Atlantic Treaty Organization Grant No. 1130 and by United 
States Department of Commerce National Oceanographic and Atmospheric Administration Sea Grant 
04-6-158-44021. 
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kaiclo in Japan， on November 4、 1977ancl 

Nov巴mber16， 1977 by M. MASUDA. Unial-

gal cultures w巴re巴stablish巴claccorcling to 

methocls r巴port巴cl for Neodilsea rrιψαta 

(MASUDA 1973) ancl kept in freezer-incuba-

tors at the laboratory of Department of 

Botany， Faculty of Sci巴I1ce，Hokkaiclo Uni-

V巴rsity，Sapporo. Fertile cystocarpic plants 

were coll巴cteclil1 terticlally at Mu roran， Hol← 
lcaiclo in Japan， 011 Novemb巴r29， 1975 ancl 

shippecl on ice to Berkel巴yby ]. A. WEST 

Unialgal cultures were obtainecl using meth-

ocls reportecl for Hildenbrandia occiden.talis 

ancl H. prototyρμS (DECEW ancl WEST 1977b) 
ancl maintainecl in plant growth chambers 

at the laboratory of Department of Botany， 

University of California， Berk巴ley. At Sap-

poro laboratory， the cultures were kept at 

50C， 16: 8 LD (light ancl clark cycle); 50C， 

8・16LD; lQoC， 16: 8 LD; lQoC， 8: 16 LD ; 

150C， 16 : 8 LD ; 150C， 8 : 16 LD; 200C‘ 16: 8 

LD; ancl 20oC， 8・16LD， each of which was 

illuminat巴cl with cool-white Auoresc巴nt

lamps (2500-30001ux). At the Berk巴ley

laboratory， cultur巴swere k巴ptat 150C， 16 

8 LD， 2101 ux; 150C， 8: 16 LD， 5001 ux; ancl 

200C， 16: 8 LD， 31001ux， each of which 

was illuminatecl with cool-white fluorescent 

lamps. 

Resu1ts 

Observαtions of tetl"aSρorallgial CIω t.¥ 
collected Ul the field: The crusts grow on 

stones or rocks ancl ar巴 associatecl with 

Gy1llnogongrus flabellずonnis，Rhodoglos川 III

)aρOlllCι1.1Il ancl Dictyoρteris divaricata 
Th巴yar巴 circularto elliptical in shap巴(Fig.

1) ancl clark r巴clin color. Fertile crusts 

reach 1.6-2.6 cm in cliameter ancl ar巴 300-

5801lm thicl王 in th巴 c巴ntralportion (in-
cluding th巴 n巴mathecia). Th巴yare com-

posecl 01 a mOl1ostromatic hypothallus， 

which consists of racliating filam巴ntsancl 

attaches firmly to th巴 substrat巴 ancl a 

polystromatic perithalll1s， which consists of 
tightly pack巴clerect filaments (Fig. 2， A-C) 

The cells of the hypothallus are rectangl1lar 

ancl 7.3-12.5μm high ancl 9.4-30.5μm broacl 

in tangential s巴ction. The perithalll1s is 

~三m ・4

Fig. 1. Habit photograph of a field-colleclecl 

crustose tetrasporophyte of Gy/ll.l/o-
gOl/.g川村 flabellグormis(arrow) on a 
pebble 

thick ancl composecl of 18-40 c巴11layers at 

the central portion of the thallus bl1t b巴-

comes thinner towarcl the growing margin. 

The erect自lamentsof the perithalll1s are 

simple or clichotomously cliviclecl (Fig. 2， 

A一D).Th巴 cellsof the erect filam巴nts are 

8.8-12.5μm broacl n巴ar the hypothall us， 

becoming slightly narrower clistally、 ancl

are 5.3-7.5μm broacl at the clistal encl. They 

are 0.5 to 2 ti mes as long as broacl. No 

lateral fl1sion between cells of ac¥jacent巴rect

filaments was found 

The tetrasporangia are formec¥ in large 

nemathecia. a characteristic of th巴 Phyl-

lophorac巴ae (Fig. 2， D-E)， so that the 

nemathecia can be discriminated unc1er a 
c1issecting microscop巴ー The nemathecia are 

circl1lar to elliptical anc¥ 1250-2500μm In 

c1iamet巴ranc¥110-280μm thick in the center 

Th巴 tetrasporangium initials are trans-

formec1 from intercalary cells of th巴 erect
日lamentsconstitl1ting th巴 nemathecia(Fig. 

2， D). The tetrasporangia are formec¥ in 

3-9 sl1ccessive cells of a singlefilament in 

the cent巴rof th巴 n巴matheciaanc¥ in 1 or 2 

cells in the marginal portion (Fig. 2， D-E). 

AlI erect filaments of the nemathecium 
except th巴 marginal ones proc1l1c巴 tetra-

sporangia. Therefore， the nemathecium is 

pack巴c¥with num巴rOl1ssporangia. Th巴 ter-

minal on巴 ortwo c巴llsof the f巴rtil巴 凸la匂

m巴ntsremain sterile (Fig. 2， D-E). Th巴
matur巴 tetrasporangia are 巴llipsoic1alor 
glob111ar in shape， measl1ring 20.0-30.0μmX 

17.5-22.5μ111， anc1 are cruciately c1ivic¥ec1 (Fig. 
2， E) 

Cu.ltu.re eXjりe7・μnents with tetl"aSρores: 
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Fig. 2. Tangential sections of /ield-col¥ected tetrasporophytes of GYlllllogollgrusflahelliformis. A. 
Marginal portion. B. Near marginal portion. C. Central portion. D. Marginal portion 
of the nemathecium. E. Central portion of the nemathecium. 
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。Fig.3. Tetraspores ancl lhe early clevelopmenl 
of Cy川 N川og百ω，暗r
T、h，巴e t同elいraspores. B-E. Tetれraspor巴
耳e引rmlings g釦1γ'OWn al 10σ。C，16: 8 LD， 
8， two-clay olcl; C， s巴ven-clayolcl; D， 
fourteen-clay olcl; E， one-month olcl. 
(Arrows inclicate two colorless hai rs.) 
Scale in A applies also lo B-D. 

Fig.4. Upright thalli clerivecl from telraspore 
germlings ancl fielcl-collectecl C)'/IIIIO 
gOllgms flabelllfol川 is. A. Two-month-
olcl plant issuing a young uprighl 
thall us (arrow) from the crustose base 
grown at lOoC， 16: 8 LD for 1 month 
ancl lransferrecl lo 150C， 16: 8 LD. B. 
Three-month-olcl plants grown at lOoC， 
16: 8 LD for 1 monlh ancl then trans-
f errecl to 150C， 16: 8 LD. C-D. Seven-
monlh-olcl plants grown at lOoC， 16: 8 
LD (or 1 month ancl lh巴ntrans(巴rrecl
lo 20oC， 16: 8 LD. E. Young thall us of 
C. flabellifo/'/IIis collectecl in Oshoro 
say on June 22， 1978. Scale in D ap-
plies also lo E 

O 

D E 



Telrasporophyte of Gylll11 OgOllgl川 flabelllforlllis 67 

Liberated tetraspores are globular噌 palerose 

in color， and 13.8-18.8μm in diam巴t巴r(Fig. 

3， A)目 They were 恥st culturecl at lQoc. 
16: 8 LD. Th巴yattach to the substrate ancl 

divicle into two cells within 1 or 2 c1ays 

after inoculation (Fig. 3， B). The observecl 

developmental stages are essentially similar 

to those c1escribed for carpospores of this 

species (KASAHARA 1977)， ancl the germlings 

grow into polystromatic crl1sts (Fig. 3， C-E). 

However， the majority of the crusts formecl 

colorless hairs (Fig. 3. E) which were not 

men tionecl by KASA]-[A l~A for th巴carpospore

germlings. After one month， the crusts 

reached 90-140μm in c1iamet巴rand formecl 

1-4 hairs which wer巴 200-320μmlong ancl 
2.5-3.0 μm broad. 

One month-olcl cl1ltl1res w巴rec1ivicled into 

eight groups and grown l1ncler four c1ifferent 

temperatures and two diff巴rentlight r巴gimes

(see Mat巴rialsancl Methods). Thre巴 weeks

aft巴rtransfer， the crl1sts grown at 150C， 

16 : 8 LD and 20oC. 16: 8 LD， 巴achformecl 

an upright thallus near th巴 center of the 

crl1st (Fig. 4. A). Seventy c1ays aft巴rcl1l tl1re 

initiation、thecrl1sts maintainecl at lQoC， 16: 

8 LD also procll1cecll1pright thalli. By three 

months after cultl1r巴 initiation，th巴 crl1sts 

grown at lQoC. 8: 16 LD， 15"C. 8: 16 LD ancl 

200C， 8: 16 LD formecl l1pright blacles. and 
six and a half months after cl1ltl1re initia 

tion those grown at 50C， 16・8LD ancl 50C、
8・16LD procll1ced upright blacles. 

Th巴Cfl1StSsl1bseql1ently proclucecl several 

l1pright blacles. The l1pright blacles grew r 
well at 1Q-20oC ancl more rapiclly l1ncler ~ 

long-day conditions than l1ncl巴rshort-c1ay 

conclitions. By three months after cl1lture 

initiation， the l1pright thalli grown at 150C， 

16 : 8 LD and 20oC， 16: 8 LD hacl reachecl 

4-7 mm in length (Fig. 4， B). The thalli 

were terete below bl1t became flattenecl 

above. By seven months， the plants grown 
l1ncler thes巴 twoconditions had CI巴velopecl

into c1ichotomol1s1y diviclecl upright thalli 

(Fig. 4， C一D)，bl1 t the plan ts grown l1ncler 

th巴 othercl1ltl1re conclitions r巴mainecl l1n-

divided. Non巴 ofth巴 cultl1recl plan ts had 

become reprodl1ctive as of Al1gl1st， 1978， bl1t 
they resemble field-collectecl Gylll7logongru.s 

Fig. 5. Anatomical structure of cultured planls 
。fCy川 lIogollgrusfla.belllforlllis. A. Lon-
gituclinal seclion of an upright thallus 
at 1 mm from the apex. B. Cross section 
of the middle portion of an upright 
thallus. C. Tan耳enlialsection of a basal 
holdf"持1.
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F日?刀l日 6. Cultll山l日red t同etμraspor印opコhytωes of Cy υ川}，1I0勾go印1Iぽgrllsjβqι belliゲf'oωJ川-ソ川J
t閃et廿raspo引ropμ〉汁hηyt臼e g釦rown at 15ゲ。C，16: 8 LD. B-D. Portions of tetra-

sporangial nemathecia， showing tetrasporangial mother cells in B-C and 

cleavecl lelrasporang旧川 D. E. Tetrasporangial nemathecium on a crllst 
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flabellifo7・11lisin both ext巴rnaland internal 

structure (Fig. 4， C-E， 5， A-B). The struc-

tur巴 ofth巴 basalcrusts in both cultured 

and五eldG. flabellifo7"171is is similar to that 

of the tetrasporangial crusts described a-

bove (Fig. 5， C). 

Cu.ltU1"e exρerUllellts wi/ h cm・tosρores:
Carpospores measuring 11-13μm i n diam 

巴terger m i n a ted巴itherdirectly or by for-

mation of a germ tube. Discs subsequently 

H 

formed and continu巴dto grow in thickness 

ancl c1iameter (Fig. 6. A). ，.可henthe discs 
were about 1.2 cm in diameter (about 19 

months after culture initiation)， several 

treatm巴nts were triecl to induc巴 tetra-

sporogenesis: abrasion. changing c1aylength. 

dehydration， ancl recluction of nutrient lev-

巴Is. Two weeks after reducing nutrient 

levels frOI11 full strength PES¥νto only 

sterile seawater， tetrasporogenesis occurred. 

Fig.7. Tetraspores， germinaling letraspores ancl upright thalli c1erivecl from cu1turecl 
letrasporophytes of G:yillnogollgl'lls fiabe/lグ'01'1111.<. A. Series o( tetrasporangia 
releasing. B. Tetraspores releasing from telrasporangial wall. C-G. Germi-

nating tetraspores. H. Eight-monlh-olcl planls grown at 150C， 16: 8 LD for 5 
months and then shiftecl to 20oC， 16: 8 LD. Scale in D applies also to E; scale 
in G applies also to C ancl F 
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None of the other caused tetrasporogenesis. 

Further investigation into the developmen-

tal pattern indicated the following. The 

tetrasporangial mother cells become notice-

able about fi.ve days after the nutrient 
reductioIl. They increase in size and cleave 

into tetrasporangia about fi.ve days later. 
Cleavage of the catenate series of 4-6 moth圃

er cells generally takes place basipetally， the 
fi.rst division taking place transversely (Fig. 
6， B-C). The tetrasporangia remain in a 
nemathecium for about three days (Fig. 6， 
D-E) before release. The tetrasporangial 

nemathecia resemble those of fi.eld-collected 
crusts described above. The entire series of 

tetrasporangia release as a chain， following 
abscission below the lowermost tetra-

sporangium in a series (Fig. 7， A). The 
chain of tetrasporangia then breaks indi-

vidual tetrasporangia which in turn release 

tetraspores measuring 9-12μm in diameter 

(Fig. 7， B). Thus， the tetraspore size of 
cultured plants di妊ersfrom that (13.8-18.8 

μm) of fi.eld plants， although the anatomical 
structure of the both plants is essentially 

similar (Table 1). 1t is uncertain whether 

this difference depends on di妊erentenviron-

mental conditions， i.e.， laboratory and fi.eld， 
or not. The liberated tetraspores germinate 

either directly as discs (Fig. 7， C-E) or by 
a germ tube (Fig. 7， F-G). These grow into 
small crusts which produce upright axes. 

The uprights remain small in 150C， 16: 8 

LD and 150C， 8: 16 LD. However， upon 
shifting these cultures to 20oC， 16: 8 LD， a 
marked increase in growth rate took place. 

Plants grew to 3 cm in eight months (Fig. 

7， F). Thus far none of the plants has pro・
duced either procarps or spermatia. 

Discussion 

An alternation of the upright game-

tophyte and crustose sporophyte in Gymno-
gongrus .flabelliformis was reported by 
KASAHARA (1977). According to him， the 
sporophyte formed “monosporangiaぺ This

is contrary to our results described above. 

A comparison of the development and 

morphology of the plants cultured by KA-

SAHARA with our cultured plants indicates 

that while KASAHARA'S observations were 
partially correct， they may be incomplete. 
What he interpreted to be “monosporangia" 
may have actually been tetrasporangial 

mother cells. 1nterpretation of the tetra-

sporangial mother cells as monosporangia 

is certainly conceivable， since the mother 
cells do not cleave into tetrasporangia until 

several days before release. 

The tetrasporophyte of G. .flabelliformis is 
similar to Erythrode1・mishaematis (HOL-

LENB.) DENIZOT (HOLLENBERG 1943; DENIZOT 

1968) and E. pacifica HOLLENBERG (1969). 
The tetrasporophyte of G. .flabelliformis 
differs from E. haematis in the presence of 
coalescent fi.laments. It can be more closely 
allied to E. paαヌcain the possession of 
coalescent vegetative fi.laments， but di妊ers
from E.ρ'acifica in the position and size of 
tetrasporangia， and crust thickness. The 
sporangial fi.laments of the crustose phase 
of G. .flabelliformis possess 1-2 sterile cap 
cells， thus the sporangia are intercalary. 
The sterile cap cells become dislocated prior 

to sporangial release， therefore appearing 
somewhat like E. paα芳cain which cap 
cells are lacking (HOLLENBERG 1969). The 

crusts of the latter are thinner and tetra-

sporangia are smaller. 

The tetrasporophyte of G. .flabelliformis 
also resembles the cultured tetrasporophyte 
of Ahnfeltia concinna]. AGARDH (MAGRUDER 
1977) and Ahnfeltia Sp.l) (DECEW and 、iVEST
1977 c). The tetrasporophyte of G. .flabel-
liformis and A. concinna are similar in the 
coalescence of perithallial fi.laments， where-
as in Ahnfeltia sp. perithallial fi.laments 

are spreading. The crusts of all three 

species contain intercalary seriate tetra-

sporangia; however， their position and num-
ber varies. The cultured tetrasporophyte 

of A. concinna possesses 2-4 sterile cap cells， 
2-4 tetrasporangia in a series， and the sori 

1) This isolate originally reported as Ahnfeltia g信ω・tinoidesis now considered to be an unde-
scribed species. 
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Comparative structure of tetrasporophytes from cu¥ture and field material of Gymnogongrus 
and Ahnfeltia. The data is derived from unpublished observations of the authors 
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。tis& anastomosans & Petrocelis sp. & 

官;;21;1Z;us t2n2vzmarntoingeopntsgL守m?s Ahnfeltia Sp.2) 

4-8 
Number of tetrasporangia 4-5 4 Muroran 3-4 1-3 1-2 1n senes 3-9 

Oshoro Bay 

18-20 long 10-12 long 2(ト23x16-18
12-15 long 18-39 long Muroran 

× × 2o--30X17.5-22.5 8 longX8 wide × × 
16-18 wide 8-10 wide 

Oshoro Bay 
10-11 wide 8--13 wide 

一一一

cruciate cruc1ate to 
zonate 

nemathecial 

|“bispor叫 al"3)I cruciate 
|non叩n叩.

|ιM叩1叩o 3-6 

cruciate cruc1ate 

Table 1. 

Tetrasporangial 
connlluratlOn 

Tetrasporangial sori nemathecial nemathecial nemathecial 

1-2 

250-300 

170-200 200-280 Muroran 180-200 180-230 130-210 crust (，um) 3α〉ー5舶
Oshoro Bay 
11-15 

Number of cel1s in 8-10 8-10 Muroran 20--23 14-16 8-10 peri thallial五laments 18--40 
Oshoro Bay 

1-2 1 1 Number of cap cel1s 

‘a 
トー

1-2 

Perithallial五lament前~~~r:;i~~; ，LU Q.U ，LCUL  semi-spreadi昭 spreadi昭 | ωescent 叫ん1¥問 i昭
1) The data in the upper half of eachs quare is for lab cu¥tured tetrasporophytes of the Muroran isolate and in the lower half for field-col1ected 
tetrasporophytes from Oshoro Bay. 
This isolate original1y reported as .4.hnfeltia g忽U付仇oides(DECEW and WEST 1977 c) is now considered to be an undescribed species. 
The “bisporangia" observed in these specimens were probably in the first cleavage of tetrasporangial formation. 
ln cu¥ture crusts often become separated from the glass substrate and a series of coalescent cel1s develop downward from the hypothallus. 

1-4 

843wide a((bds aisbstaraol} I) ad 4-6 wide 

Peri thallial cel1 
0.5-1X long 

10 5lwoindg e 55lwoindg e 648lwoindg e 55lwoindg e Muroran 44lwoindg e dimensions (，um) 

oa5s3$--271xO255 slhwomoindrg doeeaB(d(s a』BybEUEzo叫11a} d 

2.m川
町

coalescent 

1-4 Number of cells in 
subhypothallial row4) 
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are non-nematheciaPl. The crustose tetra-

sporophytes of G. flabelliformis possess 1-2 
sterile cap cells， 3-9 tetrasporangia in a 
series， and are nemathecial. The crustose 
stage of Ahnfeltia sp. possesses 3-6 cap 

cells， 1-3 tetrasporangia in a series， and is 
non-nemathecial. 

The presence of a nemathecium may be 

influenced by both the number of vegetative 

ceUs in a series which are di妊erentiated

into tetrasporangia， and the depth of this 
series within the crust (i.e.， the number of 
sterile cap cells above the tetrasporangial 

series). At present we do not know to 

what degree the above mentioned characters 

are subject to environmental variation. 

In all species of Gymnogongrus and 

Ahnfeltia which have been discussed the 

single unifying character appears to be the 

presence of seriate tetrasporangia (Table 1). 

The presence of this character in the tetra-

sporophyte of genera with heteromorphic 

life histories is consistent with its existence 

in the tetrasporophyte of genera with 

isomorphic life histories in the Phyllopho・

raceae. 
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北海道忍路湾に生育する Erythroderlllis属の一種と考えられる藻の四分胞子を培養して，有性生殖器官の

形成は未だみられないが，外部及び内部形態がオキツノリに酷似する直立体が得られた。また，北海道室蘭産の

オキツノリの果胞子の情義からは上述した Erythrodermisによく似た四分胞子体が得られ，この四分胞子の発

芽体はオキツノリに生長したn 四分胞子漢の形成は栄養塩補強培養液 (PESW)から栄養塩を補強しない培養液

に移した時にみられたれこれらの事実から，オキツノリにはそれぞれ独立した世代として形態的に異なる配偶体

と四分胞子体が存在することが明らかとなったのけ060札幌市北区北10条商8丁目北海道大学理学部植物学教

室・柿Departmentof Botany， University of California， Berkeley， California 94720， U. S. A.) 




