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Tetraspores of Dictyopteris divaricata were normally developed in Herbst’'s artificial
sea water (ASW). In CaCl,-free ASW, most of the spores died in 2 days. Cultured in ASW
containing 0.03 g/! CaCl, for 2 days, 40% of the germlings developed into apolar ones lacking
rhizoids. At a concentration of 0.12g// and 0.06 g/! CaCl,, plasmoptysis at the tip of a
rhizoid and the ramification of the rhizoid were seen. In ASW containing less than 0.05g/!
KCI, spores didn’t germinate and died gradually. At a concentration of 0.1 g/! KCl, 32% of
germlings developed into apolar ones. As a concentration of MgSO; in ASW became
lower, the formation of erect shoot was more inhibited. In MgSO,-free ASW, the erect
shoot was formed in only 14% of the germlings. From the cultures of spores in Mg?*-free and
SO%--free ASW, it was proved that Mg?* was indispensable for the formation of the erect shoot.
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(Dictyopteris divaricata) OPus AT % i\ CTRE %
Tl oo HREERBRGE—BBEAMCKE L, THIEA
Bk (SW) &ifitc Lic KB > v —vhic B LTS
TREH IR, 2REUMCEE I h BT 2t
LTED, ER&T %, fiK%X BT normal 7¢
ALK (ASW, Table 1) #{Eb, zodhTlaFxr
K U CIGRHI K D& L HIREBIE Lt KIkZ DA
Tdgkh b CaCly #2134 0.49, 0.25, 0.12, 0.06, 0.03,
0g/l, KCl #3a% 0.4, 0.2, 0.1, 0.05, 0.03, 0 g/! %
Lor MgSO, 7:iFas 1.6, 0.8, 0.4, 0.2, 0g/l :/47c
I ATHEREEY, RTFRECNTHEYH
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Table 1. Artificial sea waters (ASW).
Component ggéﬁlﬂ Ca®*-free K*-free MgSO,-free Mg?*-free SO% -free

(g/1) (g/0) (g/1) (g/h (g/1) (g/h
NaCl 30.0 30.0 30.0 30.0 30.0 30.0
KCl 0.8 0.8 — 0.8 0.8 0.8
MgSO, 3.2 3.2 3.2 — — —
Na,S0, — — — — 3.8 —
MgCl, — — — — — 2.6
CaCl, 0.98 — 0.98 0.98 0.98 0.98

1m!/ of 4.94% NaHCO; per 100 m/ of ASW is added.

Table 2. Development of tetraspores cultured for 6 days with SW and CaCly,-varied ASW.

CaCl, concentration (g/!) in ASW

SW
0.98 0.49 0.25 0.12 0.06 0.03 0
survival (%) 92.0 86.0 95.0 82.5 77.0 45.0 4.0 0.0
germination (%) 98.0 99.0 99.0 99.5 100. 0 100.0 — —
apolar germling (%) 0.5 0.5 1.0 2.0 0.5 2.5 40.3 —
erect shoot (%) 93.8 90.8 87.5 89.0 76.0 56. 2 — —_

Apolar germling is counted after 2 days culture.

& R

ALk copsfatss . ATfKkpT="+
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VAT E— 4y BBE A ZEAE o T RN L CiEf o J7 )
SR TRTR 2l sd bhi, ERER
LTI &7 %, TaTFoins 2 ~4filacsrhic
%, FOEMBIEERLTL 5. OGS OMERL
REsC X > T{EoI bR, ZoBMRS AL Yz L
THE L, iz (erect shoot) Wi T %, L LD
X 5 s AT kb CoMp T ORAL, £O4EFER
R, FARER R L ORERE e & T THERTE
KCHAE L& LR LTH -1 (Fig. 3),

CaCl, o/ aTFFedicit3 5 %% : CaCly 25 0.98
(ASW), 0.49, 0.25, 0.12, 0.06, 0.03 3 X 0* 0g/(
ATk ChaT Ak Lz, 0.12~0.98 g/l CiLh%ik
6 A% OARRT 77.0~95.0% THotont 0.06 g/l
CirisEE | B CARRER 785, iR 6 R TARRR
45.0% L, BTOEFICHE LW EELEL 7, 0.03
g/l CI3IEFE 1 A% T 56.0% HFEM L, 0g/l (Ca**-
free) “CI3iE# 1 HETE7.5% A LM L, K2 A
TIREAETRTONIFMNIER LIz, 0.06~0.98 g/!
TIRAEEKR > TV BT ORFRICITKNE LETAD
ik -7o, 0.03g/l Tix 5% 2 AR BRI

Figs. 1-2. Germlings of Dictyopteris divari-
cata cultured in CaCl,-deficient ASW. 1. A
germling showing plasmoptysis at the tip of a
rhizoid in 0.06 g// CaCl, ASW for 3 days. 2. A
germling with a ramified rhizoid in 0.12 g/{ CaCl,
ASW for 7 days.

64.7% L{EL e oTze FLTZOHE, BHFELTWS
T 40.3% (LR ATk Licy apolar a7 i (A TH
o7z, 0.25~0.98 g/l CiriE@igRtb oSG LR L L
51z erect shoot A Siife, §54% 6 A% erect
shoot DIFM=IL 0.12 g/l T3 76.0%, 0.06 g/1 Tix
56.2% &, CaCly 2 f@isic b 725 L& 7e > Ty
7z (Table 2),

0.12, 0.06 g/l TIXR DT BEFEAZHH T
TuwaoNEEshic (Fig. 1), FEAELEEEZ L
TWB OO G 6 AT 0.12g/1 Tix 39.0
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9%, 0.06 g/l Tt 64.0% Th -7 (Table 3), R¥E
AR LBe, FodkiaiE s Uit
WTsXorinsd, ¥, HEXAR bhis, KR
DEBIESFELIE>TVH D LEEIhic, HiR
DAY IBHEK TR L BE T B8R 6 AR
35% & ¥ & b h s, CaCly 0.12, 0.06 g/l TiL
22.5%, 21.5% Lich, CaCly piEMRIC A<D &
BRI LT 5 0h%H L /-7 (Table3), =
oBE, FROLMBTRVELRYES LRI,
i LT BRFEEMNSD 5 DT, HHOLDITHE
FELTLESTEBOREE LT, ERAEIES -
thorBbhs (Fig. 2),

KCl omu{ylaTisac i+5 @E: KCl A2 0.8
(ASW), 0.4, 0.2, 0.1, 0.05, 0.03 s X0* 0g/l DA
THAKTRTFYER L, 0.06g/! LT Tk OE
BELEIRTERTHRTFIAEL O ot BEL, 3,
TRBOAERT 0.05g/! Tk 92.5%, 63.0%, 23.5%,
0.03 g/ 1. 88.5%, 47.5%, 16.0%, 0 g/l (K*-free)
i3 84.0%, 35.0%, 6.0% Lith, HEED Kt 0F
IR ACEIRTOEFECHE LT BT EH
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baicit ot 0.2g/1 BET RFORFLCKEL
BEL A bR teht, 01g/l TR TBRO
RIFR1350.8% LIEL fe b, IRETMHL LK\ apolar
HREMHM 32.0% L% 7c-t (Table 4), erect
shoot DERIL 0.2/l TRREL /ey, 0.1g/l T
i3 erect shoot YR Licd DIZEETH -1, 0.05
g/l PTwind ERENELIMEISh, SEERR
REBOMRLBE IR -7

MgSO, DMENRaFRE #35 FE: MgSO, 28
3.2 (ASW), 1.6, 0.8, 0.4, 0.2 X0t 0g/l DAL
K CRaTF B Lic, 0g/0 (MgSO,-free) mifE T
L1556 AR OEBRIL 77.0%, RIFERIL 94.0% T
Hb, HBEKPTERLLIDOEDE Vb bith
~1z, erect shoot DWHEEIL MgSO, DEEHE L
e ohTFA b, MgSO.free T3 erect shoot
PR L 0B THRL 140% Lirsle
(Table 5, Fig. 4), = erect shoot J4RDMEIAS
Mg, SO DYHbD A4+ VD RRIIDLDH
B INEB fodic Mgtt-free, SO% -free » A I # K
(Table 1) #{E b, laF&¥5%E Lic, H:@%7K, normal

Table 3. Percentage of plasmoptysis and ramification of rhizoids
in culture at various concentrations of CaCl, for 6 days.

CaCl; concentration (g/!) in ASW

SW
0.98 0.49 0.25 0.12 0.06 0.03 0
plasmoptysis (%) 0.0 0.0 0.0 6.0 39.0 64.0 — —
ramification (%) 3.5 0.6 0.5 2.5 22.5 21.5 — —

Table 4. Development of tetraspores cultured for 7 days with SW and KCl-varied ASW.

KCI concentration (g/!) in ASW

SW
0.8 0.4 0.2 0.1 0.05 0.03 0
survival (%) 68.0 68.0 67.5 59.0 54.0 23.5 16.0 6.0
germination (%) 95.5 92.0 91.5 91.0 50.8 6.0 — —
apolar germling (%) 0.5 1.1 1.1 3.8 32.0 — — —
erect shoot (%) 43.5 43.5 36.5 27.5 0.0 — — —

Table 5. Development of tetraspores cultured for 6 days with SW and MgSO,-varied ASW.

MgSO, concentration (g/!) in ASW

SW
3.2 1.6 0.8 0.4 0.2 0
survival (%) 96.0 94.0 61.6 90.0 87.5 80.0 77.0
germination (%) 100.0 100.0 95.7 99.0 98.5 95.5 94.0
apolar germling (%) 0.0 1.8 2.2 1.5 1.5 2.1 1.6
erect shoot (%) 95.5 90.5 73.9 83.0 61.0 42.0 14.0
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Figs. 3-5. Germlings of Dictyopteris divaricata cultured for 7 days.

U

3. A germling in normal ASW.

4. Germlings without erect shoot in MgSO,-free ASW. 5. Germlings with erect shoot in SO2-free ASW.

Table 6. Effect of Mg®" and SO}~ on erect shoot formation
in culture for 6 days with SW and ASW.

MgSO,-free Mg?**-free SO2--free
L AW ASW ASW ASW
erect shoot (%) 78.5 78.5 0.5 3.5 82.0

7R NTLHEK, MgSO,-free ATigK, Mg**-free AT
#EK 3 L OF SO2--free A Tk T Fh 6 HINKE %
LichClara@Ed s L, AR, RBHEEK B
Rk L ORI ERADRD 7oA, erect
shoot DRI K Z /e bhtc, erect shoot D
EE L SO -free ATk Tix 82.0% &, i
K= normal 7g A T K D& LR U TH-7end
(Fig. 5), Mg**-free A T#j/KTi¥ 3.5% &7ch erect
shoot #ZRk Licd oi3dkwic i ie»7= (Table
6), Dz Eab erect shoot DILHITIE Mgt A%
BTHHZ Edvbhots,
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EOMMFEATITER A F v DK E R BEE LT
TWwb E#EZ bR T3, ALLEN, JACOBSEN, JoA-
QuiN and JArre (1972) 1 Pelvetia JRod A A 4
VR B Z RS 24 R o T - THIE L7chs S,
Mg?*, Ca?* 3k Ligh ot KTk Cl- L &b
s EmTss e ®ELTVW5, KF XU
Clm oz Fgdnicdic b FH itk L b,
MRNEEE X WINE TS DICEIL->TWBIEAS &

RT3, Fucus 3 L U° Pelvetia PR i Ao
L fEREA 4 v & o B 12 RoBinsoN and JAFFE
(1975) % X ¢ NuccrterLr and JAFFe (1976) 2 &
STHLE IR TE D, Ca2 2Bk oPE TEL H
Mo TWhb 2 ENfERIhTW 2,

0.03 g/l CaCl, o AT#gE/KA T, =V v ~ADIY
AT R 24 LA - LA BB L CLE 5, 2D
R T Clm & RnciET 525, Ca® oL
LDl s> T a0 T, fafodficix Ca?t 2t
DETHD Z LWL -7, iU Cat A3l
faBE g, Mo fFECE R, FRHEH=2=214F
DIRFIEC S 20 £ 4 OEE I EEIAFE > T
Bl THsrEE bR B, H#E2HH O 0.03g/!
CaCl, » ATHEKTIE, EFLEFLTWZEFDS
% 40.3% HMEIR AT Lic\ apolar 78T -
72, 0.06 g/ CaCl, Ti3E 71 (erect shoot) ¥ K%iE
6 12 56.2% DL DONER LIciET THH, HIRE
B erect shoot DIZHIIC b H AHEFELL o Cat 1
PDETHBI L bhols, YNV Y yEIUHA X
F R G Tk T Fucus PxE5ET 5 &, ToEIC
FURE A 2 b b & &% ABE (1969) 25 LT
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W5, AP T CaCly #20.12, 0.06 g/ o AT HEK
FTIMEIR O SR CRBEL AR bR, Thit
Ca®* ORRBIRLY, 4K L2255 FIEH DM
DRFRLHBRUCRER Z LD THDLEELD
5,

KCl miggE» 0.05g/l AT AL#gKPTIE, 5
BRI T OM TR T2 RTFAEML T o,
0.1g/l KCl o AT#gAk Ci33%%% 7 B%FEFRH 50.8
% L1EL, LdEodon 32.0% 55 apolar 7RItk
ThoTz, erect shoot DHE b ELIMEI IR T
oo D Kt 2 i To b IO EHAMET LT
WA Tcdhd LRV,

0.2 g/l MgS0O, ® MgSO,-free ™ A T#iKrh T
B{Tle-1BE, EBRE, BFR, RIEROEK, M
DT Eir 4 IEH TH B A erect shoot 1 ITUR & h
7gm o, Fucus % SO} -free ATHK CHE#ET 5
&, B RERN 10% ©TF245%5 2L (CRAYTON,
WiLsoN and QUATRANO 1974) HR&E I TV 57,
AWFE Tix SO -free ATHKFIR BT B =¥ ~X
DESIFOTPARAECITRE 1X & b h ¥, erect
shoot B KFDOIDELSALIICHK I
oo L2 L, MgSO, ot h iz NagSO, & Fu - Mg?t-
free o ATk TI1E, MgSOfree DFEE LR L &
51z erect shoot XU Ihichot, Thdz,
erect shoot DFHITIE Mg BULETHB = L HH
HThB, =DBE, Mg oxmMc X hRERH
% X711, FOFER erect shoot M I hish -
oD b, BB\ erect shoot DILEE{Lic B Mg?t
Bphbhs THBOPRSEOMEIT L HBABII L

TR EL,

5 A X #k

ABE, M. 1969. Rhizoid differentiation under low
temperature condition in Fucus eggs. Bot.
Mag. Tokyo 82: 53-55.

ALLEN, R.D., Jacossen, L., JoaqQuin, J. and
JaFrFe, L.F. 1972. Ionic concentrations in
developing Pelvetia eggs. Develop. Biol. 27:
538-545.

CrAaYTON, M. A., WiLsoN, E. and QuATRANO, R. S.
1974. Sulfation of fucoidan in Fucus embryos
II. Separation from initiation of polar growth.
Develop. Biol. 39: 164-167.

INoH, S. 1936. On tetraspore formation and its
germination in Dictyopteris divaricata Okam.,
with special reference to the mode of rhizoid
formation. Sci. Pap. Inst. Algol. Res., Fac.
Sci., Hokkaido Imp. Univ. 1: 213-219.

FERRE « BBEFRT 1959. 7 3 o /v RHEM 04 TE
BEeonwt I. 73979, =YX, 4%
FvF v OMESATRE, EHFHE T2: 261-
268.

NucciTeLLl, R. and JAFFE, L.F. 1976. The ionic
components of the current pulses generated by
developing fucoid eggs. Develop. Biol. 49:
518-531.

AHERH - ERERT « RREFF 1977 =V
ROy RFRAMEOMITI. CaBr,, Caly 1z
X2 EBEB oM, B 25: 49-53.

KERB « KAEFT 1977, =V vy -~Xopmylat
Sttt KCl, KBr i & 3 {5 04,
IS R R ¥ 7ERE 8: 47-50.

RoBinson, K. R. and JAFFE, L.F. 1975. Polarizing
fucoid eggs drive a. calcium current through
themselves. Science 187: 70-72.





