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Studies on the Cultivation of an Edible Brown Alga,
Cladosiphon okamuranus—V

Conjugation of Gamete and Development of Zygote

Iwao SHINMURA*?

The circumstantial conditions for discharge of the gametes, their subsequent
attachment and for the development of zygote were examined in the laboratory.

1) The gametes which were discharged under conditions of 15-30°C of water
temperature and 8-16 hours of light-period per day, were observed to show high rates
of parthenogenetic germination in some circumstances.

2) The settled number of fused and unfused gametes was found abundant in
waters of 20-25°C temperature and long-day light periods.

3) The zygotes were abundantly found in 20°C of water temperature under short-
day light periods, especially within the first hour of the beginning of the day light-
period.

4) In Chordariaceae to which the present species belongs the process of conjuga-
tion of the gametes has not been so far observed sufficiently, while it was observed
in detail in the present experiment.

'5) The development of zygote showed the discoid type. After about one month
of attachment, the germlings grew into new erect sporophytes under adequate culture
conditions.

6) The gametes which were germinated parthenogenetically developed into the
discoid type, as in the development of zoospore from their unilocular sporangium,
and formed plurilocular gametangia after 15-20 days of attachment.

# %7 v & X7 Cladosiphon okamuranus DEFEZEET HEEER% 5 5720, FOAEFERCOW TH
RPTH B, FO—MWWCOWTULT TREHE Uiz Tiobb, EBREACHE IR 3 hEETFERROEE
Fik, KMI?RBORERY LT, BUOERE~NERTAZE,Y 21, 3~6 SRR ENS
BFEOROEETFIRRBOBRMBELLY, BTE» SEBTEUREE L, BEZEE~FRELLWY Ik
ERERERERC I o THLARK Lic, SETHIRY OFER TREINICRBHELAV, ThhbBHE
NEBETE, TOBETOMEREBEFBBZOVWTHELALDT, I CBETH,

Gy, HELEHE GO REREREAEEERTRIB O BB OBEERET B, 21,
AEROBERECH TGO B RERKERBRSASFHUSTER, EETOMRRRSELTHE
R Ko RIFRKERBR G BT R UHERE K & RIS K ELRESABEREL ok
ROBEYEL DWW cBEREBKERREERTEAER OB KICE il B LETF5,

R B K B BB S

® IR EKERRYS (Kagoshima Prefectural Fisheries Experimental Station, Kinko-cho, Kago-
shima, 892 Japan)




22

MHE&GITHZE

FERCH ot 7 2 X2 OELBHRIL, MY ORBRTEAEELBR IR LD TH S, Ticbb,
1975 55 7 14 B BEERE THE Lt s, BTFERROEETEYAY 714 2 2T H L, 20~
25°C T4 HIERER I NI L DT, B ORBHIEBF ¥ BACHERBEFRD L O TH D1, EHIXY
KRD 7 v —AF 4 v A—-HTT, BEBETORMEE, AL T OWTRETR, BRI EHEE
L7z, BEFEL, 1EBRC2F 200m! e —»—iig, BEEEOEFLTHAHEY 7408k 2X1
cm) O3 HEAR, BR LI, BEKT Miquel #K® 2H\, 2 BREFWCEK LI, & — 7~
ASAF 7 ARFEOBEHIKFICK LTEATR S X 5Tl BETERRBEETOBREERIIN O,
TDATA K7 I AR, RENRICHRISREER L, EH 13 Btk L, BROBZE o 2KH
Fiut 10 gl Ini, OB LEAS A F/5 AL, BEbCEBTFRIOCESTOELEELEST
DEE (AR L TI)COWTHEEIIShi, BERIIATA FI I ADRE—ED S HITOME ORE
EOWTEHEL, 254 FZ5A0lem? YRR Lz, 7, AR, FELTT 4 —Rieikxolk
REKRO D BEATEE L O BAN 1HE, EET oI 2EAELACED BB DT (Plate 1, 7),
B 24 BN ORER THEE TE 5,

B, BETORERBIFEEROB VAT E) 74 v a~EEH L, BELTHESh .

¥ R

BERFSIUEATORERLEAR

1. BRAEEEER AEREIAEOBBEANCERR Yy t L, 24 ARAA1 » 5T 24 BHEAYD S
HLAA 8, 12, 16 BEO3 /Y & L, FERXKOKEIZ22£1°Cicffichic. ERIL6 A24 Anb
THA4RETO 10 BEER L, Z0MEE Fig. 1, A L) Thot, Tihbb, HERIIERHS
HA4MIZ 3 AER L SWRBETD LTV, —F, BEIC AR FCHERTR b W EER A i o R (Fig.
LADCRK) BEDTHOEERYR LA, ZOBEEOZIWLHCEE FEHEM 1.6kix, xR
Rid 7kIx) WER2H D5 EEL bhic,. £ THBREXOREERIL, 5SHE LR/ A EREOSIHEA
R, B TKIX OfE~E L, 8 RHLSNIT OIS THBEX T 1. TOME, BELLLD
BabELEIHEMNL, F#RERE bHEEER 106~100cm? AER LIc, ZOFERENH6 BMoFEEIX
B2 X35 vEnnbhss, 1H lom? Y o FEELR CHEGT 5 &, BR 6BHIK T 16 50, 12
R © 11 Fi{E, SHHER T FELRL, EAREESWEAYR Lz, —, BaRcLBROME
PR b, HH6 Ao 1AFEE TR L, Bk 16 BRI 6 %, 12 BeXA29%, 8 45%
R, BABRLIIMCEAREESWELYR L, ks, HBROZIIFYE 10% THol,

2. REPIREEESR EBuL 15°, 20°, 25°, 30°C DEEKE~FEESRLYEEL, RE 10klx, 104
DERER 12 MR O&E T CRRISEE L, BBAEHIA BNERCER Lo s EkEFIB L.
DO, BESREOREFDY ZFIET 5729, £ EROEBAREEIFRERABECHES Shic, ERir7
B4B»516 A Cco 12 B/ TH D, TOMR (Fig. 1, B), FEE LBEGRIL, B RIFHOREGRI—
B Hofcl LT, MERC I 2ENBD bR, Ticbb, 12RO 1 BYHfcas L, FEml
cm? % h 15°C KT 3,800 {f, 20°C X 11,200 {, 25°C X 14,500 {8, 30°C X ¢ 2,500 {E&5R L, 25°
20°C RN AT Binote, F70, BEARIT15°C K28 0 ~28% (F510.8%) 20°C X 2~58% (23.4
%), 25°C [ 0~35% (12.59%), 30°C X% 0~21% (7.3%) %1, 20°C RAMLOBRER X ) HE
- B el .

3. BhEEAGORAN FERIXTASATMSH,»HTH6R I0ME TO2MET, AF( F/I7A%
2R O LT AsH U TS EIES Lo BERRARIFI3OKIE 22°C, TR T kix, HRix 1 B 240 BgiH12msf) (8 BF
~200) & Lico FO#EEIIL Fig 2, AR Lize KTUWBAIR X 51T, BHEBIIE, SBEHCA2T2
BEE TIolo TS, 1 HEOAIFEERD 0% &dini, ThUBOFERTAMCHDS L, BHiX
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Rate of zygotes

June 30 Tuly 5 July

Fig. 1. Influence of various photoperiods (A) and water temperature (B) on the attachment of
gamete and zygote of Cladosiphon okamuranus, and on the rate of zygotes to the adhered
germlings. A: Fortyday-old gametophytes growing on polyethylene film were used. The
culture conditions were maintained as follows: 22°C in water temperature; 8, 12 and 16
hours of light-period per day; the illuminance at 1.6klx (from 24th to 28th of June) and
7kix (from 28th of June to 4th of July). The culture of C (mark on the line) was main-
tained as follows: 22°C in water temperature, 12 hours light-period per day and 7klx illu-
minance from start to finish. B: The culture were maintained under respective water
temperature keeping 10klx illuminance and 12 hours light-period per day.

BELRVD, EHRRD S DRETH O, BARLTh EARERLT L, BICADL 2R/H <27~
0% &Lk, MoOBRMEHIZLT10% LT tHh oz, Fig. 2, BB A>TAS 10 5 LIt A 35
4 K75 ARTR L TRE LR Th D, FRITL DL, BERBIRPCA>TROD 10 HIITERD
bhd, TOBRBMLT30~40 450 10 FREcRKAELZRL, FORIIER L. LaL, EaR3Pc
72> T 10~20 5oz 50% B ORAEYTR L, BEEOY—7 L 204548 Hhi,

EBFOESs HHIhCEETIX 4~6X6~8p OREYEL, 1BSEER2AOHEELH4EL
Tz (Fig. 3, A, Plat I, 1), BMETREATIL0L550, BARETSLOLRD LRI, BT
B3 (gD 3 B LFERR TR o7, FOBBIIRD L 5 Thol, ¥, K LTWEETF (A) i,

Ipfick &0, 2OEGEHRECE L THIELRLD, BrdoL Y FoMECEET % (Plate I, 2),
Z OB IETEN 1 R THEAREE L oR, HBa tBHEE LCERBSLTAZ L H ok, 2080 B
BEET (B) 28IkRo A OFHEEZK Y X UD, BOERN A fihs & AR S X 5@
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FLico L, EIELFARCESFIRERCERRCE Lie (Fig. 3, B, Plate I, 3), MEMBTHEE
it UCREES LK B ¥ TORMILEY 5~10 B Th oM. “OBETFIL, BEELTrL2~3ISBEL
DEINB I ST TRIILD, SHHEET 2 — SROFAE L2 (Plate 1, 4 ~6), —F, =D&k
TEZ L DA FIE 1T S~ 10 ST 2 L Db B0, BELEH 2D FDEEL LT

10°
x10°
g 109 12
9 : &
% 100 3
@ . 3
b o
& 3 0
& 103 E £
T ) 5
4
:‘5; 10° gl A 3
S 3 8
s} = =]
£ 101 5
E . é
Z g
(lji pR RSNy / ZO B LD
Photo .
-pec;iOd ..... = T ——r ﬁ T T T T lj

Hour 8:00 8:30 900

Fig. 2. Relation between the discharging time of gametes and the rate of zygotes (@) to the
adher ed germlings of Cladosiphon okamuranus. The culture were maintained under following
conditions: 22°C in water temperature, 7 klx illuminance and 12 hours light-period per
day. The gametophytes were cultured in a beaker, wherein a slide-glass was placed and
exchanged at an interval of two hours in a day (A) and every ten minutes in one hour
(B) from the start of illumination. The slide-glass taken up was immediately counted the
adhered gametes and zygotes by a microscope at the fixed aerea of the slide-glass. L.P.:
light-period; D.P.: dark-period.
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Fig. 3. Gamete and development of zygotes of Cladosiphon okamuranus. A, gamete; B, C, settled
zygotes, cotaining two eyespots; D, 2-cell-stage germling (about 24 hours after); E, 2-day-
old germling; F,G, 3-day-old germlings; H, I, 4-day-old germlings; J, 6-day-old germling
with projected hairs; K, 2-week-old germling with newly formed assimilatory filaments
and hairs in the central portion. af: assimilatory filament; h: hair

7}—Aﬁk&of%&b,¥%%ébto:@i5K§éﬁﬁm%$%&%§ﬁnﬁbfﬁmbntoi
¥, BBTCISHNAEEE5L0L, EBNEERED2E) NILIARRAD DR, & ORERAT
D5b, SEHORETOFITEH b HEHEET, »okEVI TR, RYRABTIHETS
13 PB s L ot Tak, BATRRAN3EUESS 0L Thickbhic (Plate I, 7),

BAFORE HFELTT 2~ AREAOLEETIIRE T~1lpg, FHIp TH O, 25°C TREE L
t%i&ﬁm,ﬁg3,HmelD&%DT@OtQ%%?M%E%MﬁﬁuWKZﬁﬁﬁkkb,25&
K3~4$ﬁﬂ,3E%maq5mﬁﬂkt01,ﬁﬁﬂ@%&ﬁﬁ&%btowﬁﬁmm,E&03~
0.4mm oK LCE Y FAERIMEEL, 20 BfE S 0.4mm, 30 Bfkic 1.5mm OEEEF
B, —F, 15°C, 30°C ok THE LEEETFRERNEL, ANEACHKET S LORRBDLAL
Y

EATFoREECE 15 B HES bHEETEER SR, - ohEETEOMARIL 15°C ROERT
ﬂ&k#ohﬂ,m~w%32fu%<,%E%ZOB%%K&6k¢ﬁﬁﬁ?ﬂl6:&®%éﬁﬁ§<
B bl '

RETZOEARE B4 LaroriETL, FoERECEELT A~ REBOTHRBREE L
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BB TIE, 2 oBMEAEACHRL THIETEHCAS T, L S~I0 G LTT 2 — SROFLEK L 2o, &
HEORERL, 6~11p FHB.6.T, BATLABCEENAE L, FHETIESTOLA LI PRD
EpyDOte, FAEMBIITRY OB TERET OR4E & 2ZRMET, 15~20 B &R OBURMA L, FE
THETELYN BB T2 L,

Z =

SEDERT, 477X 7 OFBEN LR I EEEMInY, BELEC XD EEGRCAELED
BELIBD, BEEENYET S LIXWET, AH - UHY D2 X200 ToRM LR, REMT
BEETTHE L2 5, AEOBET KR 15~30°C, BE 8~16 o ki A#ize &6 T Chh
FEL, »oBE6T 5, HFCRBTIZKE 20~25°C 0ERSEHTCEEENS L, BEHTIIKR 20°C
PADHERALEETTE LD, LabEE»sliic A>T 1EHMRCE EERY RS, I - AE*
I Lice 27 OB T, 15~28°C TR In, BETE 20°C LT, i 17°C T vEuEaR
R LICEV D, WEL, MEBETHROKESRETEIHE DRI 5 THHN, BETHEROMERMAE
TIENRBD BN D,

WROFRHT LT, A5+ 72X DIFE T, FOMBIFNELERETLLOND D, FBEEF
XD TSI ED Thi o, BEETEAERLICANLS5 TH 5o SAUVAGEAUS®, KYLIN® O
Cladosiphon zosterae®, KYLIN®, PARKE® @ Mesogloia vermiculata, PARKE® @ =+ 7 } & X 7 Eudesme
virescens 33 X USRI D7 + & X775 FOBEHEETE, WThIESTBHEHER CE 27z LT
%, ¥7, WYNNEW |3 Haplogloia andersonii D MBHK%, i 13°C, HE 12FH04&ET CREELT
EET OBAXBE LLLBE LTV 32Y, FOBSTHC L TIR T Ev,e £ LT, BARETS
EMET AT L0 A e okt R L Tw 5, —7F, BEATENCOWTiL ABE® i< v x Hetero-
chordaria abietina T, HWIOA > X7 T, HH WU Ne X7 THELFE L OB, vV EDE
E17ENY OLTMANNS'® 0 Ectocarpus siliculosus o[Bi; « HEW D7 7w/ VOF R EFERC, $78IEL
7o VEDOHMRE BT O AMC S B OB T R E D %, whd25 Kranzenbildung BlgamL, <53
TEDRO—RAPNEETDHE VD, L, 1 vER7IREBEBT TYT»b—X32 THEA L,
Kranzenbildung IR b b Tuisl, i, £ X7 TR ERC LR CE Rk e L, BRI
HEFPEMBT I X 0 {Tivbi, ERCHEXR L Thieb O, —linET 5 EWMERETINE LA B
0, 15EER DD BITHEE LT E WS, A%+ 7 227 OBEASTEHLEHE LR T,
ZEIY (M) BB TS IETENY & B Dk~ v =il T\ 525, Kranzenbildung Bz 1 ve X2, %
X7 EFRCRD bR T, Fie, MERBTIEMRL T b—F L b COMEGHEL 72T
W0~IS#H L BESh, AEOBEREL BERKETHS, 2D X3, ThL—HOBEOHEATENL, B
ERBEFE LS EXEE Lo, BRI WbDD L5 THb,

BT ORED, AR OhEEET L 3EFASRORERAY T L, BELHT TH 30 BERICIXEILL
FoiERh~NER Uic, MLEOERBEEENS, 377 X7 OFRERPEEREOHERELCH T
DTRBE, 3~67 (KR 20~25°C: HWEMAREFEEME 3t LciBhe, Eomiill (87
FAIKR 28.6°C) 7+ 227,10 fvxRs,® 2 X0 D ISCKIRT A L, BAREY
Fiz Subeycle &40 E L THET %, K2 25°C LT s 11 A EGE S48 (2 3 RAKE 19.1
°C) T TEETREHRL, chodF~PECHT TOBRE~NERT S LD EHET D,

E #

FFF T EX 7 OFBECTR SN BB T ORI « 84 « BERL, BEETOREC OV TEREZL
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* A 48 EEARKEEZLAKERLEHESSE, pp. 104
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1) FBFE2KE 15°C~30°C, A 8~16 HHOEHN T TRIEIRI-E A, KR IVhich OF
BES AN, BAEREYTIEIRD TE1 D,

2) Eﬁ%mé@f%%Lt@@t%A%amofﬁibh%@&&A&téﬁégm,mﬁZWJVC
DEHFIET TR L %21,

3) BEETIAR20°C fioEA &4 T T MR I hic, T, Bils o> CLRMENC
BEFREDH EERIRLRI,

4) ERX7ETIEEN DBRENARTE ST THOLEBTORETH L M1 {BETE L,

5) BEATIEREOREERL, BESRET TIIH 30 REE OF V- BRk~ERE LI,

6) FEUETOBRARE L0, BTEEETOHE L ABLBRE~TEL, 15~20 B CHRMETHE
FEEER L
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Explanation of Plate 1

Photomicrographs of Cladosiphon okamuranus. Development of zygotes cultured in laboratory.
1. Various size of gametes.
2. Two gametes attaching to substratum.
. Zygotes just finished the conjugation.
4-6. Successive process of attachment of zygotes; 6, 2 minutes after 4.
7-8. Adhered parthenogametes and zygotes; 7, the parthenogamete contains one eyespot
(upper one in figure), and zygote contains 2 or rarely 3 (arrow mark) eyespots.
9-14. DevelopmentTof discoid germlings; 9, 2-cell-stage germling (about 24 hours after); 10,
2-day-old germling; 11, 3-day-old germling; 12, 4-day-old germling; 13, 2-week-old germi-
ing; 14, 3-week-old germlings developed into erect young sporophytes.
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