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Long-term culture of Sargassaceous plants under laboratory conditions has rarely been successful. We successfully cultured Sargassum
piluliferum through its life cycle (from embryo to maturation stage) and maintained the culture over the period of two years in a batch
mode. Embryos were isolated from natural thalli and cultured under 20°C, 12L:12D with 100 zEm™s™" illumination. PESI was used for the
culture medium. After primary branches started to elongate, the plants were transferred to larger flasks (first to 0.5 L, next to 1 L and finally
to 2 L flasks) with aeration. After 161 days, the temperature condition was changed from 20°C to 15°C, under which the cultured plants
growing larger in size kept healthy growth. Receptacles were first produced after 176 days, and eggs were released after 208 days. After 291
days, cultured plants reached about 50 cm in mean length and had a mean of 14 primary branches. Culture was maintained with occasional
excision of fertile branches, and a mean of 33 branches were produced during the two years. Mean stem height also reached 5.5 cm which

showed the growth was remarkably promoted under the culture conditions comparing with natural conditions.
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KRUBEDOT I 7 7HEIERB mIEL, F7E5H%2F
B3z EickhibBRicB L TEERABENREZ2H-T
Vw3, —BIICH Y YT 7 BIdRD THB A ZEIEREETL,
EK - Ei FELHOSE MRS, EHBRKOTIZEEZ
IFRCREMICBEINS (B 1985),

HEEEICB T AEMABOEP, RAOHKLR EDETER
FoERE, HL0BEEECKEL EREEROEHNE
fLickHFHINTED, ZO7-DICHBLFHHREMIEL
% (Liining & tom Dieck 1989), I X I 2D A ER
LBUEER E OBRE BT 57201, BENEEERIIATR
THs, Lo, dv¥7IHEIENTORMBEISEETSH
LN, ¥-ZO0EBEYA XD OEEERNDOHEBEICHRA
BHot, INFTIIThbNIHR Y FY IHDEEEETII,
2EAEDBEAHEADEEPREHEBED | HBMELELT
AwvshTw3 (e g, De Wreede 1978, /)l 1982, 1983,
Hales & Fletcher 1989, 1990, #HHS 1995, &S 2005).,

DLy ERDR, ¥ X ET Sargassum muticum
(Yendo) Fensholt (Uchida et al. 1991) 8 X U7 HE 7 S.
horneri (Turner) C. Agardh (Uchida 1993) i 2 \» T3,
1990 ERICEFRR LA 2B L L ENEERBHELSN, F

EER T, WEOYHEE HEEE, RELCRMZHET S
LIk 79 RaNTRA2S cm BEICETERL, ¥%»H
BETHAEKZE T3, XAHIZIL: 15D & 15L: 9D
D2 &MpERES N, WL HIL: 15D T T - ERHEHHE -
MEL, $7-559 A4 XICHELEFHIZISL:DTTL A
AREEEINBICERBREZERL TV3, Z0sDfRR
kb, 2fEOEEBRII A OHBMTEB I ENHL DI
BB EEBIC, RARDBEGHOEHHRICEVLTOHRDZELL
WEELGH 2R L TWE I EBNTIBRENT (Uchida et al.
1991, Uchida 1993),
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5 I EBEH R YRR 2 IEB T E 2 2 TR, RARIE
AME2ED 2 L THOBOTCERTHIEEILONS, LIL,
B 2 LI, EIEERZELLRHOEESHIRS 6%
v, BFETIE, BOPEDOFBELRFVFTIED1ELATT
5 S. piluliferum (Turner) C. Agardh i22\WC, £ER%ZE
C-BHEREECRDL-DTZOMEEZHRET 5, £,
AEEHNCERL E6 (FHo 1982) LohE»S, E
HEET COEBORE - RAOEEEZHS»ICL, KV F7
SEOEIER L BEIEER L OBRIC OV TH - EEEZMZ 5,
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RICAE Lo A ¥ 7 5 ORI, 2005 4 6 AICHEF N -
EEBNOMSHE (KBRAYH) THREL &, B M
HESEGEZ LR, MBIk NKEREHAR LY ¥ —#
FRBXKEREFRHNOBNKEHTEEL, BIRSE,, X
R TETS, PIREREE L TSR A TR, WREE
KEHE Ly y—LHRTIRE) LTHREET IS, &T
L7 E% 2SR Y — L ERy M X b BB AP CREIEEL,
IR R L - IS B 24 N7 L — O TUCHBEL T
HEREL Lz, 7L—b%, 20°C, 12L: 12D OB
BELESREICEL, BEEZHBL L. HRICZEEIET
ZH, RRIZEEABORR TR ELZ 100 gmol m™%7' T
Holz,

REBRE, BEOREICLM-T, 33 HEICEHEEE
100 mL BAOREHAY 7 ARBIBL, 51246 B#ICIZ0.5
LORE7 5 A2 L7, M7 7R TRI7Ry 7Tk
2484503 LEBEDER 2T\, B % freeliving RREICL
THEB LT, EOKFEHDOMEMNRED, BENRELTZD
lcEd v, 74 HBICIZ 1 L o7 7 2 aic, 98 HEIIE
2LDHE7 5 RaicB L, ZORBEEEESEIERBS L,
05 L D77 A2121d 20 k%, EFEERMIC2LO77 A2
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KA 2 58 U TR 13 PESI (Tatewaki 1966) % Fiv»,
BRI HIE 2 ~ 3B 1 BlIfT - 72, B EFEER
DBBLLERAIERN 1A LT, EBEOMENKRE>
Thoid, EHBOFEEETHEBROHEROMR LT,

2005 4 12 A DI R B IER B L 7, BRAE
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DA E I >7-7-%, 2006 4 A, 8 H, 2007 42 Aicid&k
FEBRR R A L - EB 22 TEL» SR L 72, L LKEEES
FSEHIC R B 12k, LB EOBRFLREICLD 7T A
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RS, Ao D ERAM 121 : 12D, Y& 100 pmol
m 3T REARL L, 1 BoEERICEHADR S 2005 £
11 BICiRE% 200C 95 15°CIZ T, ZhLBRIEBE#HA
E L7, B, 1 ofEIcoVLTIE, EARELRL2N
A, BESGZER LY, ZRUOLTREROETHE
RoBE L bIcERT 5,
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BREICBI ZBNGE Lo X577 DEE - HEHRE
B% Figs | ~ 141237, 788 %2R L T8 HY 5 597
H#E <o, ERHOMERYIRICE bR ) BEFAEDLEDE
6% Fig. 15 o7,

2005 6 H16 HIcHEL 7-w X5 7 75 (Fig. 1) D4
A A&, Tk 238 + 13 pm, 5512 188 + 16 ym (n=20) TH-7=,
BERRE, YREELICHEFL, PPRELAEHKOE 1
EEEZER L, 33HBDT7HI19HIZIE, 3~4KD%RRD

Hb5

FHELELTEY, B1EEORIR1~15cmBETH
(Fig. 2). HUMREICAE U 7 SR THRIC A L THRY, Stk
DERD L ESEIE D & HR S ¥ ARICTER I Nz, 74 HED 8
H29 Hicld, RERE»S 2 ~3KDFE/MBFELL, MR2
AL TV 30D RSN, FBHERDOFRIIPPREL L
MR, FRICOIEL - ZEELBRIL T/ (Fig. 3). Lo
L, ZORIMIIRERLEL-oTED, PR TARIMRZHE
TRETEELXAMES ) Icko% (Fig. 4), 98 HED 9
A2 Hicld, BHEZDOLDOEDTELSFHI6EDEH
MWERINTEY, BEOFEHLEII84+12cm THot,

# LWL ERIZEIEICRD - TERE O ERSmER D & EHEHIC
FBREND, 2RO ZOEIEHL, S6IKERK
DFHIA ORIFREABEC &9 ickoT, EE L THBIC R,
ZDEIMZ, %< OEEIEERZEC CHEHROMNEP
HAE» D ERZFHBL, HhEREHR LIz, Iho»E
THZEIckD, HEBAOBEBEEIHALRRICADHR
2EZBIEDBEILOSNTDT, RACHEEINISDLUND
E2YIRL I,

106 H# D 10 A 3 Hicix, 2 EE0 ERKICEKRKY, Aok
HHBHERINTWEONERIN (Fig. 5), BRA&EH? 4
FHERER DL % S5E§ 5 L \>) Uchida et al. (1991), Uchida
(1993) D#EREZBEIL, ZORRT4HEZRAE - AXRT
YeREAD A 14L ¢ 10 DICEE L7 BRI L -,

143 50 11 A9 HiZid, 2L 7 7 R aWNIZEE» TR L /2
REEL 2>z (Fig. 6), FARSHIC—EOBEGTEL (%S
L7728, 161 BRI TOEMAICB LW TREREZ 20°CH 5
ISCAEHL LS, BLOEERIRO W ko,

EBOMEICLZLEEOHMIELL (Figs 7, 15), FH
DHEREEINT-98 HED SO TEMBK OB BRI N
176 HEOR DO BB EIE, 12L: 12D &% TFT042 cm
/day, 14L : 10D %&# T < 0.32 cm/day T&H - 7=, £ FHE K
DHERHBETL T 3L EFOLREIAS LML, 291
H#%D 20064 A3 HICIZFHLERIZ12L: I2D&BET T
49.9 +7.5 cm, 14L:10D & T T 45.3 £ 9.6 cm IZ3# L 7z (Fig.
15), FERAMISH T TOEEERICIIEREZE» -1,

EFHER RO ABALRIX, 176 H#% D 12 A 12 Hi< 14L : 10D
&, 12L: 12D & Tozhzn | AiFicB »wTEERsns,
ZD%, 202H#%D2006F 1 H4 HZ T2 14L : 10D &4
T oAt 3 IS OV T O ETEBRKORAER S iz, 12L:
12D &4 T ofEEIC O W THIEREFERK DR BB S 1,
2TH#ED 1 H29HICZE 5 1k, 291 H#ED4 H3H
I3RS 2 A ETERR R 2 R E L T,

AREBRK I DI R S 0, MM A TERR R (X TEIR O
vV HRER (Fig. 8) OfiR%, 7t EMaRKIZFEL
CTESHAS < , MEMEETHARER & 0 IRV FRRDOIEIR (Fig. 9)
2LTHD, BHEICZNEHENE (Fig 10), &M% (Fig.
11) HSHERTE 7, 208 HED 1 A 10 HiclzR bRV HEAET
BORHsHERE X 7- (Fig. 12), HEEMEEOBRIVAIICOWTIE
BEEZ L ToRWaS, 234 HED 1 A 26 Hic it Mot
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Figs 1-14. Growth and life cycle of Sargassum piluliferum under laboratory culture conditions. 1. Collected embryos before isolation.
2. After 33 days. A young plant with several linear cauline leaves. 3. After 74 days. Primary branches (arrow) began to elongate. 4.
After 98 days. 5. After 106 days. Vesicles (arrow). 6. A plant in a 2 L flask after 143 days. 7. A plant after 143 days. 8. After 186
days. Female receptacles (arrow). 9. After 181 days. Male receptacles (arrow). 10. After 202 days. Transverse section of a female
receptacle. 11. After 202 days. Transverse section of a male receptacle. 12. After 208 days. Released eggs on female receptacles. 13.
After 269 days. Young plants grown from embryos in culture. 14. A stem (arrow) of a cultured plant after 743 days.
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Fig. 15. Changes in mean plant length (with SD) of cultured
Sargassum piluliferum under 12L:12D with 100 E m™s”
illumination, 20°C although temperature was changed to 15°
C after 161 days ( @ : the fundamental condition), under
14L:10D with the same illumination and temperature as
the fundamental condition after 106 days ( O ), and under
20°C with the same photoperiod and illumination as the
fundamental condition after 291 days (A). Arrows indicate
occasional excision of primary branches after forming
receptacles.

SHERER B T 3 EH 2 2 FhoEE» S UL, A—D7 5
AANTERIEELLEZA, 2 A 14 B3 MEETEREK Lic
SRDHER I N, ZDOHRAELARORROEELZE T 254
R L% (Fig. 13),

BEMEETIE, BRELAEERECEHEBKROBRIMETT
25—, ERIZBT2H LOEROBBIZEA L L THsREL <
Wiz, 291 H# D 2006 £4 A3 Hicld, BX 1ecm M EDE
Bi% 12L : 12D & T oE#FTFH 13.8 £ 2.1 &, 14L: 10D
SHTOMEETES 143 £ 4.6 AFL Tk, BREBSTIIE
I Eh o7, ETEBKRERE LUBRI N -EESIE, 12L:

H5

12D & T TS 6.5+06%, 14L: 10D £HT TFEH 95
+19AKTHY, 14L: 10D £HETOHEHEh o7, EEIIIZF
IERBOMERICE>TH L WEBIEEE L, EFERKROR D
ETBOMEMNICH W EBICERL TR > Tk, YkRsh
1 EEDE XX 9.5~ 58.0 cm DHEFETH - 72,

291 A#LIRE, MLRMSHA LD 2 @3 o%, 120 12D,
15°C &M, BELUI12L : 12D, 20° C&MIiRD 49V T8
RS L 72, 15°C TOREEL: 4RAERICOVT, FRTIRE
IARE L TR TR, 8L UOIRFESECE Table 11217,
% | EEOERIBUED, RUROFEEOME L ETERIKY
B, ¥ X QTR DTERR kG L 72, 426 B 8 A 16 Hild,
NS OEEIZTELE 426+ 7.8 cm iZEL (Fig. 15), 11
hH7-h 3 ~9 RDOEFERKGEE B %2E L T (Table 1),
—7%, 20°C FofEfEicowvnTid, Aoy A X TEEL T
Wiebno (Fig. 15), EMBREZHEELERIZO~2KL
Plehrot, 612, 20°C FTIREEDOMIELHRLICHETL
Fetz8, 525 ABECICEREKT L,

15°C TO4EBEIC>WTI, 597 HE D 20074283
Hicd 5~ 12 RDEHBIRGRE ER 2R L 7 (Table 1),
743 B9 6 H 29 Hicix, EFEBEKOHRIIHER TE L -
705, 1{EEH7=h 9~ 12 KDEHEHL Tz (Table 1),
BEIZOBETKRT LY, FEEOFHESFIZS5+05
cmIZELTED, HRLL THhRE»SH L ERORKHIR
57 (Fig. 14), IR L 7-REEHE BKOBEERE LD,
Bi% & THIE AR L 72 4 fEDS 2 RS IR L
TeERBUT 26 ~ 40 R LFHE S h, FI3 333 £594KTH-
7- (Table 1),

R

AFETERNFEL v AP 7 7 OBEBHBBRIE, FHo
(1982) H3pBE B R REREL B THIZE L 7o v — 7 RIAM KOG
BLBBURAEL T, Ll, EABEL LEEOLERE

Table 1. Numbers of primary branches which the four individuals (A-D) ‘of S. piluliferum cultured under the funda-
mental culture condition (12L:12D, 15° C) had after 291 days. Numbers in parentheses are the numbers of branches with
receptacles, which were excised and removed on each day. Total number of primary branches which each individual

produced during 743 days are also shown. NC = Not counted.

Ind. Number of branches (of excised branches) Total
Day
291 426 597 743

A 16 (6) 15 (3) NC (12) 11 (0) 32

B 19 (11) 15 (8) NC (9) 12 (0) 40

C 17 (11) 13 (9) NC (5) 10 (0) 35

D 12 (6) 13 (5) NC (6) 9 (0) 26
Mean 333

SD 59
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L7cioT, FAOBRET LKL, Mo TEVEETERHS
HERIEE I TW-bDEEI S, -, ABOLEH
WROERIE, BATER L BEECRFELTEXZ 1 4
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TRADKIR, HEEFHETTERLZRY Y7 7OEEOMEM
BEM I cm BETH2 (FHS 2008), —H, KHET24E
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WTIR20°C FCIEFALBEZ TR LD, HEHREBREL LY
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BRI L VIET S 3ERBRS (FH 2005), 7, <
INFEIDEHEDERFEIZ 15°C T LD 20°C FTTEHTH-
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7 (Preeprame et al. 2001, BHS 2008) % & x2kRE, EXE
KEENCAAZIRTOBERSTLHE R, Ll,
BESM TRAOFEEL > TN SEHHAEICET M
FEEMOBAFE L, EXICERAVRAIN IR 2 HAK
HoRBEBEOMBRH, BHREESICEMATILOHIFTE
3, SBECOBICOVTETBREBU LEEREZHILL,
ISHT 3 LBEENSD,

E I
ARG SRR AER THEBEEERIC K 24 7 EHEER
B DRED—HTH2, BIREDOH 2 IHLERL LT3,

S1RSCER

De Wreede, R. E. 1978. Growth in varying culture conditions of embryos
of three Hawaiian species of Sargassum (Sargassaceae, Phaeophyta).
Phycologia 17: 23-31.

Hales, J. M. & Fletcher, R. L. 1989. Studies on the recently introduced
brown alga Sargassum muticum (Yendo) Fensholt. IV. The effect of
temperature, irradiance and salinity on gremling growth. Bot. Mar.
32: 167-176.

Hales, J. M. & Fletcher, R. L. 1990. Studies on the recently introduced
brown alga Sargassum muticum (Yendo) Fensholt. V. Receptacle
initiation and growth, and gamete release in laboratory culture. Bot.
Mar. 33: 241-249.

FORT - A 57 -okb - B - SMER - FHH1E 2005, L0
RREDR Y Y7 0L #RE FRERE. 35 53: 7-13,

H5

Hwang, E. K. & Dring, M. J. 2002. Quantitative photoperiodic control of
erect thallus production in Sargassum muticum. Bot. Mar. 45: 471-
475.

RHIEEF - LHERTF - ANKER - REEZ - BEIREDR - 5)I1HE5 - BT -
FiAERE 2008, 1ERRSARTHEREREET A€ Sargassum horneri DE,
HERE LR OE(. HIKEE 74: 166-170.

Liining, K. 1986. New frond formation in Laminaria hyperborea
(Phaeophyta): a photoperiodic response. Br. Phycol. J. 21: 269-273.

Liining, K. 1988. Photoperiodic control of sorus formation in the brown
alga Laminaria saccharina. Mar. Ecol. Prog. Ser. 45: 137-144.

Liining, K. & tom Dieck, I. 1989. Environmental triggers in algal
seasonality. Bot. Mar. 32: 389-397.

ANFIAEA 1982, RV 7 FBOBBICRIETIREOHE 1 It5 /40
EIRER. KIBEHEIZEL Y ¥ —8id 8: 13-19.

ANFIREA 1983, RV ¥ 7 FHOBBICRIZTIREOHE 1. 7hE/0%E
PRER. KEEEGRVEMIYE-L Y ¥ —#iis 9: 3542,

Preeprame, S., Hayashi, K., Lee, J.-B., Sankawa, U. & Hayashi, T. 2001. A
novel antivirally active fucan sulfate derived from an edible brown
alga, Sargassum horneri. Chem. Pharm. Bull. 49: 484485,

Tatewaki, M. 1966. Formation of a crustaceous sporophyte with unilocular
sporangia in Scytosiphon lomentaria. Phycologia 6: 62-66.

SHBRNS - BPYOEH - BN B 1982, AU T SEOWIE IR 5
WERL <A77, B 30:97-101

FHRIE - BIRMEE - BN 5% 19832, 3257 SEOYIEETRRICE T
AWML YY~=sEs, %31 3843,

SHBRIE - BFUGAR - BTN B 1983b, F v 5T SROYIER RIS
BRIV, 79 xE7, #3531 190-195.

SRS - BPUGATE - HiRt HE 1983c. BV SEOWNITHE RIS
AR V. a7rues, % 31:196-201,

Uchida, T. 1993. The life cycle of Sargassum horneri (Phaeophyta) in
laboratory culture. J. Phycol. 29: 231-235.

Uchida, T., Yoshikawa, K., Arai, A. & Arai, S. 1991. Life-cycle and its
control of Sargassum muticum (Phaeophyta) in batch cultures.
Nippon Suisan Gakkaishi 57: 2249-2253.

MElfs B3 1985, Fv 87 IRVEDREL. ATHERERIE 17: 32-37,

HHEBER 2005, LEBICKT 21887 A€ D7 2 ) ud—E 2O
GBI T 202, RERATIT L & — RS 15: 27126,

EMEH - AR - WHEE 1995, 887 €7 OUERICRIETHE,
TREE, KIMOWE, FETEKEIR 28: 21-32,

HETER - ABHA - FHAS 2008, KRB LKL TIc BT 2185+
577 DR, ¥ 56: 1-8,

HHBA: 1998, HHAVGERE WEEEE, 55

(Received Aug. 11, 2008; Accepted Sep. 16, 2008)





