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Growth and arsenic content of “Hijiki” Sargassum fusiforme cultivated
with deep seawater from Suruga Bay
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Abstract

Availability of deep seawater (DSW) from Suruga Bay for cultivation of a brown alga
“Hijiki” Sargassum fusiforme was evaluated by comparing growth and elemental composition
between thalli reared in DSW and surface seawater (SSW). Germlings and young thalli were
obtained from pre-cultured cut pieces of holdfasts, which were collected from Numazu or
Shimoda. At first, germlings were reared in two tanks (30 | in volume) for seven weeks with
running DSW pipelined from two depths of 397 m (DSW 397 m) and 687 m (DSW 687 m). The
growth rate of the germlings reared with DSW 397 m was 2.7 times higher than those reared
in DSW 687 m. Next, weight gain was compared between running DSW (DSW 397 m) and
SSW by culturing young thalli from Numazu and Shimoda in tanks (100 | in volume). As the
result, Numazu and Shimoda samples showed 1.6 times and 2.3 times higher weight gains in
DSW 397 m than those in SSW, respectively. After 45 days of cultivation, arsenic content of
the young Numazu thalli (5.2 ug/g dry weight) in DSW 397 m was determined by Hydride
Generation Atomic Absorption Spectrometry and found to be lower than those (12 ¢g/g dry
weight) in SSW. In conclusion, culture of S. fusiforme in DSW can have two benefits, higher
growth rates and lower arsenic content of than that in SSW.
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e S A T o0 B& el 7S VR I 7K K EE R F ek < U,
IhE clFEEREK (LT, & K) 2FAL Tk
EAYOBERGRBRSITHOATE L (Zk, 2005 ;
MA, 2006 ; —Af, 2007). COMEETIFAAR—
FBOuBEREOZEEEOFEERIAL, gEThO
AitiiBR L 2BOREL 2KE (397m & 687
m) »5FEBKERA LY, &c2DEKEFRA S —
T15-20CREEZTMRLTCHALTVWS. Ch
S OFEBKICIBROERICLERERR (W
18, ) vEBIR) MEEICHFAET I EMNREINT
W3 (FRKE, 2005).

EEKERA L ot EicBL iz, ERTIE
< 3 ¥ 7 Saccharina japonica (B, 1990 ; K],
2000a) ¥4 ¥ £ Ecklonia radiata (B, 1996 ;
fEff, 2000b) 72 & CTHERREFONRIHET N
TWah, R UIEERICET 3 Y+ Sargassum
fusiforme TOWEFIREF (2000a) DA TH 5.
T70, BEFEYR RELEES 2 VIIHRIES L
THRMICERL, ok v idfhomEEiIckk~e
FEFENGV I LMo TWS (B, 2004 ;
/NI, 2006). EFRiGEEPOHE LS WV > ERKEE
TRAKICEETH 205, KEMICEEFNILHZD
R IAKICRELBHRIETH S, L-T, B
BIOBENCERLL VR hHAE T Lk L,
IhETREFEEORE 3LV, 2L, ZETR
BUAS e Y+ 0BIAEZ 3 &5 BRICEIES L -6
(FSA, 2004a ; FSA, 2004b) b&H 5. #HIcL 3
EROHDIASITIE, REKDD Y VB SRS
BLEDLDhTWS (MME, 1987). EBKTREH
BERIRBKESZTOELSKLVN, V ViEERE
feEm (FRREIKER, 2005). ZDtcHhiERB/KTHEE
Lt:i5E, EEho e RBESELT 2 0JhEELH
%,

KR TIE, FRBKTEELLE VFOERDE
MMEBLUSERNICOLWTRTT 2 2N E
LT, ®Wﬂ%mémménfh52@ﬁ@%§m
TEVFORFARALIERELLESOEEDEL, @
KE/K (24m) LFEBKTEELIGAEOERKSE

BA W= A —R - TR IR

I - el &K - INER H

EDEV, BLU@EKhOLH LY vEFRORE
H%%'ft@ 3 l‘itcﬁh‘fﬁlﬁ/\‘f:_
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R0 R 5KE (397 m & 687 m) #» SHL
IKLUEFEBKDS L, Ebobe VFHEHOAEREIC
BLTOLE0ERETT 5700, RFEREZBVIEE
RER%(T-7-. 687m DERB/KTIE, 397m &b
bEREBERIEBETH 5, RKOBE KV (FPRE
7kik, 2005). EERRICHW b YVERFEREI, K5
EEMOKENRE v & — ChHREShHBEEOTF
& (PF#E, 2005) ZAWVWTIEH LA, BEELS
E Y+, 2007 F 68, HERBENILHEECH
LiR2BfhiEic BT 28 K%, 27 L —"—%H
W &S, OFIEE - TIRE L 2. Thigedmh
O BRI IEEKKER AR IOGEY, &REK EUK
KiFEF 24m) THEEELZ. 8H9H, #Iv )%
HOTEEroftESE2TEEL, 05~1.0cm i
MKTL, 2208V Ny b (82X52X12cm) I
BEZFEBIIHAEOITBLAN, &£4397m &
687 m DEEKEM TR L OIRETH 1 » AR,
FlEtEE L. Ba2em ot LA REEKE
IV ) THRITOMY» UL, CThoE2EAEE
I{ER L 1.

AR, NESOTFHEECERL LD LEE
DFERBKEMFRLTENTNEH LA, BFEE,
2 >DOMEHAKE (100L) WT@EXL, 2007 &F
9H6HD»L 7THEEEEL . (Fig. 1). HEdI
L BREICKENO2[EFEEL L HFTBERDS
FHEARIE L, HMERLZRDL.
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Fig. 1. Diagram showing the process of Sargassum
fusiforme germling production by culturing cut
holdfasts.
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Fig. 2. Diagram showing culture method of
Sargassum fusiforme thalli in two tanks with run-
ning surface seawater and deep seawater.
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ARG, AEEEE, 2007 9 A 20 Hick@K
F 713 397 m ERKAE M IFIF L 72 30 L /K
LZHATHIGL, 158, 308, 45 HEIZ 3-5 1
KoL s, EhPorFZBLIUY v EBE%:
&% 3ERAIE L 72,
AEICHAT 2 e vFABRIMIET 2L4EDH B
Hs, BRIBOBICEBIKER VD & EKKS DA
L-biENn0T 370, 35%BKRET v E= Y A
KBsigEROTEE @RS, 1978) Lk, 7
) —Z K54 IBEIT- 12, ThaHTHRIRC
Ltk Il ~2gHBRELLbLDOE=A7523
BLAN, GilgsEEsr &4 15mLiRmL, # 2
N—F —TRNBRIIE L 12, DRRIREAHETHAL

721%, 100mL D4 27 52 318 L TEYGIKTE
BL, IhaNREEE L e FRIKELH

HEIRFIREE (JIS K 0102 (2008) 61. 2) 1Ic& b,
KFEFEEESE (Hydride Vapor Generator
HGV-1, Shimadzu Europe) f/@ DR FIRLENE
it (Atomic Absorption Spectrophotometaer
AA-6650, SREMFAE) ZHOTREL 2. Y
YIREN T T T —KILK o TRIEL 72,

2.4 IR
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169+ 1.1°C, 687m EE/KTIZ172+113CLH
BRERBEDOSNIEN -1, Fig. 3 I 2EHOFER
IKTEEE L e RF RO EROELERL 1.
397 m iFE/KTIE, MEFI4EBEE TCRINVPE
DOREEPHEROME L EIC L D ENIEGRD B - 1273,
FHEAEEK LI 72 4 BELME R ML, 7
BEHICEHAEED 94% F cHEmL 2. —4, 687
m FEKTIEEHMICHEERD ERMZED O
¥, THETRMPEEOKH 1/21cE TR L .
397m & 687m DFEBKTHI2 » AMEEL 7o F
FRELRT 5 &, FiEREBELVAET (Fig. 4),
RAEGEOEHEELE T 2L, RIEM 17.5cm
ThoteDIZK L, BETIE42cm TH- 1.

3.2 REKERBKEZAVWCEDFHBHEDEREE
Fig. 512, ERYh 0 REKE EBKDKIRZE
fbeR L7, BREEDKEICOVWTIE, REKT
18.6+1.3°C, FERBKT 16121 CTHEENED
bhtc (p<0.05). FHEIE L ) vERIBDBE IR &
bicEBKkTEm<, HEIETI3 8215, ) VYEEIET
13 73T > 7 (Table 1).
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Fig. 3. Temporal changes in mean weight gain of
Sargassum fusiforme thalli reared for seven weeks
in deep seawater pumped from a depth of 397 m
(DSW 397 m, closed squares,) or 687 m (DSW 687
m, closed triangles).
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Fig. 4. Appearance of Sargassum fusiforme thalli
plants after seven weeks cultivation using deep
seawater from a depth of 397 m (top) or 687 m
(bottom).
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Fig. 5. Changes in water temperatures of surface
and deep seawaters during six weeks cultivation

of young Sargassum fusiforme thalli.

Table 1 Average concentrations of NOs-N and PO.-P
in Surface-sea water and Deep-sea water dur-
ing cultivation

NOsN (umol/L)  PO+P (umol/L)

(Mean*=SD) (Mean=*SD)
Surface-sea water 39*1.1 0.3%0.1
Deep-sea water 319+04 2.2%0.0
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Fig. 6. Mean growth rates of young Sargassum fusiforme thalli reared in deep seawater (DSW) and surface
seawater (SSW). The thalli were obtained by preculture of cut holdfasts collected from Shimoda (left) and

Numazu (right).
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Fig. 7. Mean weight gain of young Sargassum fusiforme thalli reared in deep seawater (DSW) and surface
seawater (SSW). The thalli were obtained by preculture of cut holdfasts collected from Shimoda (left) and

Numazu (right).
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Fig. 9ic, EBKBLUEBKT 45 HRIEEL
e VFHEOEH L REERB L) Y EFRD
ZlbERLI., RBKTEELLHEDO L ZEEER
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Fig. 8. Habit of Sargassum fusiforme thalli reared for
six weeks in surface seawater (left) and deep
seawater (right). The thalli were obtained by
preculture of cut holdfasts collected from
Shimoda (A) and Numazu (B).
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Fig. 10. Changes in mean arsenic (A) and phosphate
(B) contents in Sargassum fusiforme thalli reared
in surface seawater (closed squares) and deep

seawater (closed triangles) during a period of 45
days.
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Fig. 9. Changes in mean arsenic (A) and phosphate (B) contents in Sargassum fusiforme thalli reared in surface
seawater (closed squares) and deep seawater (closed triangles) during a period of 45 days.
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BRI EIE DLW EMNESAEE - 1,
BHOERICLEL SN KRER (HEE - ) VB
18) BETA 5L, 687miEREKTIZ 39T m ERB
KiICHRTOB LA 15-2fE@V I EM|RESINT
W5 (FEPKE, 2005). 7, e VFOERICK

ECEEBTLILELNIKBRICOmMBEOMTREL
ENtEpote, 39Tm O TCTHRELEEEA LS
THRE, FEMEETHEBEINTVLEBEDOH AT
bRERICHER SN TH Y CRER), KERPKRER
DA S hoBR (B2, HMEOEELEED
EVWE) BEE LW AEREELEZ S B, B
RETRAETH S, SREIhoEZRPLTWVL
VEDDH 5.

AFFRICBVT, 397TmFBKTEELLEY
FEAEOFEEEREII 11 AL T 1129 mm TH -
te. FEE O, BETHIEICAET IRAE V0
HE%, 2007 E7 B &0 1 M, BRAEHLTS
D, EIRFICET2EERRAE YFOFEERKER
29.0mm TH -7, L -T, 397 miERBKT
&L IS5 R RAEROH 4 EOERNESNT
BY, FEKEE VFOEHEEICNET S LT,
FHEONRI S IEIE S HAFTE 5.

KEKEFRBKICEL S b U FMEDLEIEE T,
Auioe v+ oEcBfRa <, BBKTEELL
BEICERBBOLWIEBHOhEL -7z, ZoHEH
LT, FRKCTRIEBES LU vEIEEBESE
BKICHEREh >t EMBEZ SN S, FEKET
&, EEK (FH16.1°C) »HEEK (18.6C) &
Db 25CHEL -7, BLBEFHROEETHE, t
VFIE 156~20Cn&EH TR ER LI EDHE
(Hwang et al., 1994) 5652 &M 5, TOKiE
EOHBRIDEVWEEIOND,

AR TI, b v+OEMICBERE L, FBKT
EELICOERTE, RBKTEELLOERLD bF
o sE D, BriE< 8 3ERMSED SN
7. e VFERUESVYITISIBOT VAV EY
Sargassum confusum % EEKTEET 5 &, &
IMEDHERNRBKICHANEF L CHL 85 T EHH
HahTwa (BB, 2002). Fr&EAOBOEL
WKo2WTid, RULEBETHE Ny Xa VT

Saccharina religiosa T, FEKTEE L 54,
KEKEIE L TEEADOENEL 185 2 EMRES
hcuwz ([, 2004). GEDE Y+DIFEd, &
BKICHREBIENEBERFERBKTEE L &I
L0, EIROBERBELLEEZEZOND,

EVFEBEARDOEESHRBIIOVWIREZEEESH -
h 60*+11ug/g (A, 1976), 110ug/g (FSA,
2004b) B EDMENH D, THSITHNKHAD
REKEERBICK-TEoNME (2.7-27.8 ug/g)
B > 7, FRBKTEEL GBS IC e Y +EKd
DEHZREBEVRKEARDLILEAELTE, R
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ha, tHRiF, BROERICE>THLATHETHS
) v ERIBTRTILFIME UL T B,
iBKkthh & AR~ DD AH B L T, mTHEs
BLEEBLTWEEEZEZohTWSE (ME,
1987). hFTEF L) voRUIEHII>VLTE,
BRI H EAROVLHEMSITOATE D, oY)
VBEESCT ST, MEEN~DEFRDOEDIA
APEROBUHEER TSI 3MESMEEINA TV S
(DaCosta, 1972 ; Rothstein, 1963). E&m[i&ERE
Keho ) vEEEEE RREKICHENE~THEES
W EBREEh T FEREKE, 2005), b Y
FDIEE L) VEEASVEREBICEINE I LK -
T, ERROEFERASEE, ) v O IAL HELE
N30 ERFICERZRONDAABIGIEH, £KE
LT BRETRREMICERL2AD L REFEMK
TlLsZEzons, ARTROBIUWERZIGAL
e LT3, MHREORE CHELRET S
Wiz, Eidhic B by v =9 A 2IRINT 3 5k
(Lewin, 1966) M#iFon 3,

PILE, EBKERVEE VFEKOERI, AR
DL EREBOKBHETD 2 ETZOERM
pEHont., eREERVOEEBICOVWTIE, &
BAkhicEEEicashs ) v & OB EHE
Msalget & LTz onr, BE, ST
hicEDE v+, RGUIERICEBIEIIRRET
foEl, AEFICHEKRELT S L TERERE
LTw3, EREKERBCLY EEREFEDDELE
JEMBEEARRICENE, AREOFHE T TOEN
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