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Abstract: Deep seawater (DSW) is natural resources
of little value compared with fossil fuels, but it was
unlimited resources. DSW is expected to make
efficient use of infinite natural resources. DSW has
been pumped up from a depth of 320m and 340m off
Kochi Prefectural Deep Seawater Laboratory in
Muroto, Japan. The characteristic of DSW is that its
temperature (ca 12°C) is lower than surface seawater
throughtout the year. The nutrient contents of DSW
such as, dissolved inorganic nitrogen (DIN) (12.1-26.0
4 M) and dissolved inorganic phosphates (DIP) (1.1-
2.0 4 M) were higher than surface seawater (DIN:0-5.4
uM, DIP:0-0.5 4 M) in Muroto. The concentrations of
pathogenic microorganisms in DSW are also much
lower than surface seawater (Yamaguchi er al. 1994).
Because of these characteristics, DSW consider to be a
valuable source for mariculture of seaweed and
shellfish (Roels ez al. 1975).

A large amount of seaweeds is needed for abalone,
Hariotis sieboldii, culture. However, the seaweed as
food for abalone can't be collected from the natural
sources anytime and anywhere and artificial foods for
abalone are very expensive. Therefore, new method of
seaweed cultivation in the tank is necessary. In this
study, a new method of seaweed cultivation is designed
with free living form “germling cluster” of brown
kelp in the laboratory and outdoor tank using DSW. As
the sporophytic germlings were connected by holdfast
in this method, free floating form can be cultured in the
tank.
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The present thesis deals with, 1) establishment of
the mass tank culture systems of brown kelps (the
“wakame” Undaria pinnatifida and the “hosome-
konbu” Laminaria religiosa) using DSW, 2)
examination of the growth of abalone fed on Undaria
pinnatifida and Laminaria religiosa, 3) disscussion of
the polyculture system between the abalone and brown
kelp using DSW.

1. Establishment of the mass culture systems of
brown kelps using DSW

The growth and maturation of gametophytes and the
growth of juvenile sporophytes dependence on showed
that the physical factors (water temperature, irradiance
and photoperiod) and chemical factors (nutrient
condition). The optimal conditions of growth and
maturation of gametophytes were strongly associated
with the natural habitat under optimal conditions, it
takes one month for the laboratory production of
juvenile sporophytes.

It is possible to culture the brown kelp using DSW
in outdoor tank throughtout the year. The daily growth
rate of U. pinnatifida was 20% in spring and autumn,
15% in summer and winter. The daily growth rate of L.
religiosa was 20% from mid autumn to early spring,
7% in summer. The daily growth rate was correlated
with ambient water temperature. U. pinnatifida and L.
religiosa cultivated in DSW produced larger amount of
protein in comparison with its cultivation in surface
seawater.
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2. Abalone culture fed on brown kelp

Abalones were cultured with continuous aeration in
DSW, and fed on brown kelps cultivated in DSW.
Daily intake of food per abalone (shell length at 60
mm) in optimal water temperature are 1.7 g at U.
pinnatifida and 0.9 g at L. religiosa. It has been found
that L. religiosa is better than U. pinnatifida as suitable
food for abalone with respect to the efficiency of its
food conversion. In this study, the survival rate of
abalone was over 90%. Moreover, the chemical
compositions of abalone fed on U. pinnatifida and L.
religiosa cultivated in DSW has larger amount of
protein compared with its fed on natural grown and
boiled U. pinnatifida. Glutamic acid and glycine were
found to be limiting as for abalone.

3. Polyculture system of the abalone and brown

kelps

Polyculture system using the abalone and brown
kelps in DSW was developed. U. pinnatifida was
cultivated from mid spring to early autumn. L.
religiosa was cultivated from mid autumn to early
spring. Stocks of juvenile sporophytes of U. pinnatifida
were transplanted to two 1t tank every 4 days using
four tanks. After 8 days, production increased from
200g to 860g. After 8 days, sporophytes were
transferred from first and second 1t tanks to first and
second 7t tanks. In next 4 days, sporophytes were
transferred from third and forth 1t tanks to third and
forth 7t tanks. After 16 days, production increased
from 1720g to 32000g in first and second 7t tanks.
32kg of food for abalone of 4000 shells was supplied in
every 4 days.

Additionally, brown kelps made for multistage
culture (using abalone cultured seawater) has large
amount of protein.

4. General discussion

Finally, the production cost of traditional abalone
culture system was compared with polyculture system.
Excluding plant cost, running cost of traditional system
and polyculture system in a year were 920 million yen
and 546 million yen, respectively. Additionally, the
daily food cost of traditional system and polyculture
system were 8,000 yen (artifitial diet) and 3,750 yen
(fresh thalli), respectively. Another benefit of
polyculture system was that it can prevent food from
decaying. Through the polyculture system of
Phaeophyceae and the abalone by efficient use of

DSW, it was possible to reduce costs. Moreover, it is
possible to adapt polyculture system for the culture of
seaweed-eating animals like the sea urchin and the top
shell.

Key words: deep seawater (DSW), germling cluster,
brown kelps, abalone, polyculture system
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AT ) WBEERK (UUF, BEK) &
&, WEEEBEKPAMREDOERICL S [HE
KEFFRZEXL 2K ThHY, BXRED
LARERBLBOEKE EF L, HWHEENL
EFREIIRLD (B, 1999, RS, 2000).
HREAKRIRBAKERELC, KRREE, B
B li e, BB VWO EREES. Tk
I RO, BHFAET AL TER
ELTHZADIEDPTE D, BE, FEKRKEH
BAROBEZZFH LRSS, B, KiE,
ANAHERER TS, EEBRKIZEKATH S
OT, BEMZAEFBE LEBCET LEBKE
LTHET LI LNFTE, BRI LIERBEOS
FELTHFERBERTWA, BERBAKITAKRZH T
BACEAKIFThNTE Y, BAETIAbEE »
MR Tz 13 BT OBKERIEET 5.
AARTOEBKANHEIZE, NI TIATVTF
— 7 =2 EHNMTRTOREIE L a8 Ty
5, TRERBRSE TR, BEKPAHAESHE
M, HELEOKEYOERMIINET L RED
RBMEISTDOIL T 5,

KUFRTIE, BAMBEZEFHICH L HEHERK
WFFEAT TR 320 KT 344 m 5 DF/RENT
WABIERBAKZFA L, EEADOKEE EEN
FEIREOELENL, KEFEE 12T, BFE
PRIEEAIE CII BBV R BEAR D 5-10 o
25uM, U CEIEASERRICK 10 0 2uM. T
ABIELH 108D 60uM 2EHLTWLI &
Dotz (BBH S, 2001; [, 2002). /27
oo 740 a mIdEREEIZLIrRONRT, &
HERWBICBVTH 1P CFU ml™ ThH, EKEK
0L —MHhoZH O AR (LES, 1994).
INLDOT EH 6, WEKIFEIEERETH S
Z g h 5.

LIAT, TUYEIZHARICB W TR
BRIDVESNTWLERETHY, BEIS
MEME LTRSS (K3, 2000). #
ORIWIE, MEBFCPWLIZLLZHVEIET
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o2, BE, REREREBKREEDRRER
Ehs, BUEERBV B, 2000). F R
ZEBATTEDE (ThARAYT, AT A%
COBER) REOWENS, FOEEEITH
RENWAPEMIZH S (B, 1998).

oL BBEENS, HET U UEHEEE)
L fFTbNA LI hol. —RMIZT T EE
FEIE, REABFERMEZ GBI AN - RESE
¥ BEAPOHNTELIRESEITICERTS
TREEREEICRNIENG, TLRBETELL
TG & B LA D Y, ARt EHEER
P l#Ec, PEERFEEIEPD LJEREE
FRIC XL o ThH bR S, WEREMIL, XE#EE
BExBRELRBO—EREE* EF LTI 2
Eb, MERICX ML E LS. Tk
LA, BT &SPk E R SRR,
MBEBOF 2B CEBERZZEBHRL, FOKE
TKRKEEMEERL, BROTLEH, T
THEL2EMTH Y, WMRTITLRREET
LBATES.

IO EHS —BEEICLDLT T EELER
WREAATD NI, L LEL o, 77
VEMPFRORIE, TLERBEREOR
HAKE L, REIRELZ ETRHET L MAED
MR 7Z (B8, 2000). BARAYIZIE, BB S
v BRI GEKFIIEHRR, %
INER T EDBRAD AR LN, EEICHEET L E
KIZFICEENLE) FOMFE, F77¢
Fho& - REB L CTREENEVWLED, AL
SR (500 Mike) RUMEE T 4 V5 — O
& BEREDOS Vv T aAMNFRELR YT
A bEEDL. T ATHEREREEEEDGH
T, —BECER, BHRT57-0II0KEE
PR (FHS, 1968), —EHEMICLIETTE
KEBEIRCZ L, BEEZHERETSE T
BELDOBEEEEPVLEIRL. LEF-T,
BREHICHPDPL IR M RORICERTE S0, 7
TR REERTELZ0NT T EEBEORK
DBEE LR >TWAD.

I FOElEE LT, 7EHEHICEH
L7z, g Tco7 7 CHEBIIEEBETH D,
Blzohieary, #»YVAEOBREBEEYTE
L5 (JBE, 1952; 11, 1998). & OREEHT
EABWI L, INEFTELODAMRBALN
% (W3, 1962; 3ith S, 1967; ¥, 1981; B 5,
1984; Robert & Peter, 1995). L2*L, I o8
BREIBSUONRIBRETHLI LR, TY
CELRHI 7 2 TR CRERICHFET 5 b1 T
v, Zhs AT, RAOEH

BEELTHEESRTEY, BACEBEDFT
bhTwad, ZOBRRIZESBFREECHS.
KRR COFEMIL, WRESPHKEREESD
BENL, BEPOHEICIITTO—REHIICL
U S v CREF, 1993; Critchley & Ohno
1998; REF, 2000). L7=25o T, AR#FEEEHIZ
METZ2ILIETERY. $INET, BLE
oo B MG EREOREERHENIIE LS
TR,

ZOEIRBENS, BEKEFEEL BHF
ML, BERkEw) ERML AR TH 5B
N, T-BEEEZT7TUEEW) AR~ in
THIEEEZ. FREKET T EEEE
KELUTHWSEZ ETRROT 7 ERADOKRE
IR TE, BEEOBFEEMITETHL L
Bbirs,

DT, BEICHW2BERLTT 7 EOMEIC
DWTHIRY 5.

1. Undaria pinnatifida (Harvey) Suringer (% :
I RA)

IHh A, BEE 27 H (Laminariales)
FTA X H AR (Alariaceae) 2B H—4FEED
BETHH GFH, 1998), L HRAIZL ST
TS, EHELTHHAEINRTVWERED
Bl EEO—D>Ths (KBF, 2000). H
ARCiHAbEERALEE, WE, OB Z ED
—FE RN ZBONE D HINEIZH L 2R
D, EERR S KR E A — DV OTE B I
PIFTEFTL TS, HARMSVTIIEE, PE
DRVFWICHMLELZEORT VT, A
T OREMNO—FBOERIZDEET AHERT
&% (Akiyama & Kurogi, 1982; Skriptsova et al.,
2004). D20 FERICS 2 —TV—=FVF, 7T
VA, AXYR, TAMEYFY, F—A T
THRLI N ADEFEFPRESNTWS (Hay &
Luckens, 1987; Sanderson, 1990; Floch et al., 1991;
Fletcher & Manfredi, 1995; Casas & Piriz, 1996).

7 AOEFRITERMEAZREATHS (A
W, 1981; &M, 1998). ZiUIH MM (EAE
RED & EAEER BFAEY) OREFELS
ZooREFE Y ETIHARROZ LT, Th
AOHE, B EMEANZRRERTHZ DI
WL, BEREEHN VWD ST H ABKTH
5 (Fig.l). BOLEIZPITITHRA LT H AE
fRid, EEIZER ST E REE  Oh
K) POEETERBLTCEFIZEMNILTLE
I, BEETIEFRETEEICHEL, EHICH
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FLUCHMBERMBEICR Y, EF0EKEHZK
RRECHE TS, Kick s e, MERBEIF
NENEIREE, EREBEFERL, BRLZER
OO RAMHE SN TEEIMTbNI S, 2
SOOI, RO FE~DEEEFHEL, 1 AT
WIRHCTE 2 ETIcRY, 3 > AdTH LHTE
EROBMSE RS,

U H AERIZOWT, 1950 FEA T T S
NDBTHADIREDVRIRFETH - 7295, 1955 F
P HER, AF, B, LE fEROZK
E RS BN KBEIIZER, KRELEZ2HLE
L7=7 A AEFEO BRI AREZL L, £
B ARSI OBBHE LB, BEEoLEESHE
FeaidsiEsL L7z (B - Fkil, 1957; Saito, 1962).
1960 ERFZ P TIE, BARZHMTCATREIZL S
KRB LT H ABEFBET Y, BHEBTLLE
FETH AOEEHPRKELZ LMY, £EOT S
AEFERD 88% B BT AW EDTWSE (K
B, 2004). U AT FEISHE S
BETEO—T L EORE B SE, ST
HRECTERETLOFEBHRIIHAZLL, Bk
7o/l ZATHET ALV HXTH S
(KEF, 1993). PUEREIIZFIC 3 HTH25 4 A
FHTH D, EFRLHE TR ICRARIEEE

Lzw,

2. Laminaria religiosa Miyabe (Fll%, - kv xa

7)

FY A3 TN, BESEO T 27 H (Laminariales)
o 7% (Laminariaceae) 2B T 5 —FE% O
B’THY (GEH, 1998), RAIEDI s~
TEEBETH S, kv AV TE, vavs
2YIYarTEN IR OREE 40-
150cm, V& S5-12cm TH Y, 7H A LBk KiE
TEHA - P VOKBIZHAT S, a7k
N, WAL LOICERE L ToNEEEX
v, L2LiEToRY Xy 78 EZ, 77
R m COBREUEMOMmMIE L LTEEL
BErrdbo, ST AROERBBICEE SR,
AL E O B AW, miline, RN TIE
=ZEERE, O RBBILEETH S (REF, 2004).

BV ATV TOEFBRIET A A LR B
R TH L (JLHE, 1981; FH, 1998).
AR K & S g TR (B & A
B RR S 2 ORBHREAS (HHEHR) o288
BH5H. BIHROERIL, THRALEIRRD
EPOBICBWCERICTEN (EETH8) %
L, #EETIRM S, BEREHRET 5.
EETIIES ICHEREREEKICR Y, Kickb e,

MEMERC AR I F e AR, KRR R AL L,
BoRh U 72 i A58 2 & R SIS 8 T AF AT
s, THI» HHEFEL-FREAIEICRY
MR LUBMARL 22 (Fig.2).

RV A2 TZEFOFAMEOK S 5 525
FThbNTwuiwis, RREBEOWHE Gl
FRELT, ARLXFILIHEF T REDE
BB ORI L D BEHERFfTHhNTHD
(L1, 1998).

RV AT THTH R LR, e L&IIr
TR ICBEAMRIZEAE LR,

3. Hariotis sieboldii Reeve (F1% @ A 4 77 &)

T, RABYMEEMRI I I BICE
TAHEBEOEREOY b, KA L 25 KR
DRHFTH O, BEITHERTH 100 B, HERT
X 10 EY»HSE. HETEEHFROZu7 L,
AHATOE, =¥ hT7IECE ROy
TEPEFEWICEETHY, TARELLT
Ehazy, 772 vasIBNHEIRSL. KR
BRCH O P72 A HA T T ERAMNUED S
MIZHHL, BEIT7TTECORTHAALEEF,
wmE MR, BETHREIROBIL L, middk
BoErBE4 2, BETIARELI 2 oTIYEY
FhTITEOHTED 20 m AT, BHEEICED
(B, 1952). KARMBHETORFET T CED
HILBENBEOREDL S, BHRE BHR) 2
BETLZAFTA TV, ¥ A7 IY (Hariotis
gigantia), 7 Q7 7YX (Hariotis discus) O FEFH
&, BWEEDOT T A (Eisenia bicyclis)* & 57
S (Sargassum) - 7 /32 7% (Desmarestia
tabacoidis) (B - FH, 1941), # T X
(Ecklonia cava) (BFrh - 548, 1969) ThHAI &
BWE XN TS, FLEHS (1986) 1F, HE
WO 70775 20 BICHE 5 FEED
AR EHEL, REOBELIDD, TAX
PELLI(MELAZZEFHREL TS, 25
WAt F RO T IEDOMEELTH, TH A,
FY A2 TIIMMORREE, FEEE B L CH
BMEAE W E090 - Twd (B, 1962;
BHith s, 1967, 1%, 1981). AHF A 77 EICHT
LHERIERYS 570,

WH (1962) &, FRHCEBEE, SR, A%
a7y CICREELEE, BEREY BRI
WCEETAZE2WLNICL, BWEEITT
ITEEFOZLEZERLCNE, TRETOTY
COWBIFEIZET 50580 51%, ST H AD R
& =V X b 155 hi C14C22 ORI R Y
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FNEHE AR E T2 BERE
digalactosyldiacylglycerol (DGDG) <°phosphatidyl-
choline (PC) AEMFEFIMEE LTHES R TV
% (Sakata ef al., 1984; Sakata & Ina 1985; X, 1985;
Sakata et al., 1988). L7*L DGDG % PC i3, fRET
HBTFTFY (Ulva pertusa) 75 bEEEINT
BY, 7FTAYIEr 0T T EICH LBV AR
B> (S, 1986). F 72 DGDG (AP
TEOIRNKLEBED £ 735 /) (Hypnea charoides) <°
< 7 (Gelidium amansii) (Fujita et al, 1990), &<
BB 2 £ 7 o VRS T REHICO EE S h
Tw5 (Fujitaetal, 1992).

INnNLoZe,bdb, TTYEIINT HIEERE
OEHE L, BENET (EEFHE] - Bk
CO/BNWEWE) POTh, EWBHET
(BAROEER - BR2COBMOL L7 2ICH
b5), WHEHHRT (BEOMS) e L TH
B3 R&EEEZLNTVWES,

AR CILEB RERIEKIC X 2B EEOH
ERBLELY vy BRI AL, B
HoOAERIIHT L EEKOBE N EBKTE
THENBEEOREICLE T TERENDE
BIZOWTHETA. FNOORBERLD
Wi AR A BEERNIC T 7 CIHGET 5
EWVIRERIZIE T VERNN Y VBB Y AT A
FHEETAIEREMEL, ERKEREOS
BRIV CRE L7,

1 BCTRERORERRICVELRBER
CHTAROREAR, BREG, REKOER
FEARICE DEEEPONE RO EBEFEEOER
WEBHEERFHSMIL E2ETH, B
B TEBIN-BEBEOKHIZIETIED
EWMEIT, TUCORERSC DHBME, £
BE, —BESICOWTHERE L., £33 BT
B1E, F2ETHL»L LBERHELETY
VEMICEE L, BN, SHNLEHEI AT A
FWET L. NORBETIE, FEOWROE
FBROMEROT I ERBLEAABTOT T EE
e DA MNEOKEEITo 7.

I 1EEEOKEREEOMRETL

Fig. 1, 21 ZT A A, RV AV TOEFERE
BR L7 G, 1993). 2oL REERO—E
REBTHILT, FENICEBECR T KL
EETLHIENRRELS., Z20ONRTHR%
RET A7, MERERL REIHRRL,

NBBNERGEZRASED Z EPUIAE R B,
CRETIEMBE, Brhoks, R

o g e
N
]
|
|

R

Fig. 2. Life history of Laminaria religiosa (#§, 1993).
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DWTHIILEN R IRIEE CELNR TV S,
BEEFETL FOEERENRELLZ LT
HEEBEEIPEDLLZ LML T WD (Breedman
& Pakker, 1994) . RER I T ) IOV T D,
ERFEEOHZEVPLETH .

RETIE, THARTFY ATy TOEEME
RUBTFHROAERE, KREEAEIHT 5PN
ki, JtE, JUEH) ROBEMER (GRER
®%@,%%m%ﬁwt@$§y7§@®ﬂé

WKOWTHRET 2, TREFNFhORBICTE
Bk L EBAKE OB ATV, BEEALETE

DEENOEBIZOVWTHRZEAZL2HEHN
EL7 BonoERIE, BV AT AR

My bR L, B8 CTHEREORE,
LRI 7o R AL 2 T L7z,

1. HEEEBFOEREHS

fat-tka REBWCEET L2010, 0
W LB MHEREAE RBICAEET LI LS
VIEE R L, BN LCREBEREZARSES
DITIE, BMBFICHAEREZEARL, HEEHT
BERTILENS L. REITIE, TH A, &
VA3 7ToENERMEERBAOERIIHT
LYERT Ok, tE, A PESKN
HF (REMGER), REKEERKEZREEKRE
LCRWSE @%% IoWTHEBRAEL
BAERRUEBREGEZHOPIITLIZEZHK
L7

LN S B
1) MENRFOTE

77 A OMEEEER, 19994F 8 B KERB
Bh o5 N0 R L. kA
a7 OWEEEREAEIL, 19994 LB S PINT E
DRV AT THAERPOEEF T GEHEL

b3

(V¥ - TJE, 1979), ERSE-30%FHL
720 FEBRICHWL T, FREFENRORBAEEHE

WND7 5 A2IZAN, $ozHIBR L7z PES ¥
W (LLT Fe-free PES) HTHAF L7 (Provasori
1968). HRAELARIX, T ADUKIER 20T, & 100
L mol photon m?s™!, SEREER 120:12D (Light:Dark),
RV A3 2 7H15C, & 100 4 mol photon m?s,
JEREHR 121:12D & L7z, BETEIE L1250 (LI
COR, inc.) W, FHHIL 7. BEHROZHRIL
1Bz 1EEL, RARCARELZEBEL K
L, e L.
REAROERELZBD 5200 PR E

i

LT, &BEMEMR 10 ml % Fe-free PES %72 L 72
500ml 77 AT 3 HEIE#ELZ. £0#%, B
BRE I N —THBEL, 100um & 50um £ >
a7y M Ay FCHEMAL, 10050 4m
DRES|IH 2T, FOBRBIR%E Fe-free PES ¥
EWCSEBICHML, 5uL % 30ml @ Petd dish
(Fe-free PES-10ml) (2 A 4172, Petd dish (2135 %
BT T AN ATERL, SEBREAETICM
L7

HEEX L, AGE 30, 25, 20, 15, 10, 5C @
6FABEX, SEE 200, 150, 100, 50, 25, 0umol
photon m?s’! DO6RERIX, JEH 16L:8D R H S
fF, 12L:12D O H 4, 8L16D OB HKAED 3
ABR 2 RE Lz, RENRER DA O LR
FLME LT, UhATKIE 20T, %E 1004
mmmmmmw,%ﬁﬁlnmm,ﬁvx:yf

TIdkiE 10C, & 100 4 mol photon m?s!, L&
B LD IS Lz, EREhoRE 3 K&
ILCCATY, BRI R o HW &
L7.

BEE, BRI L7 20 BERoOB RO R
AR L THROEEZRE L, EgENY 7
I (Scion image softwere) % FiV:CHEZHEL,
RIS 2 58% 10 HEO A BEEER2EH
L7z, Fig 3 WCHZEOWMELZERL7:. HE4AR
# (Daily growth rate) O E T T 5.
Daily growth rate (%)

= [(WyW0)/t'] X100 (Penniman et al. 1986)
Wt it HEOHERE WO EERBREOERE
¢ EEEHEK
F-HHMAEERRED (REICLD, ERBRHEO
EBEERMIHT: (Sokal & Rohlf, 1981).

* Graphic image

> &

Measuring area

Fig. 3. Growth of the same gametophyte filament (A, B) of
U. pinnatifida. A’ and B’ shows the graphic images of
the gametophytes for measuring area using image
analysis software.
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2) REKERBKDZE

RN L7727 H A, &Y A2 7 HHEEE
% FREK, BB ENZN 200 ml ANDN
7oMifaEEEE 7 9 AR ALz U AER
&, REK, BREARCIEMEEATOLOZ,
RV A0 T RAGEERTIE, d0EE/MET
DERBAK, WREBKEEHL. BEEHET A
A 20T, 20umol photon m?s', 12L:12D, &
A 27T 10T, 20 umol photon m?%!, 12L:12D
L, BEEIGEII 12BoRE R T 70

HWEE, MHEZLZNL 6 @EToOMIEE
% 7 BEICHEME T CER, R, BB
HIRIE Mizuta er ol (2001) 2B#IT, 1 7 H
& L7,

i S
1) KEDEE

BAGRIZHS T BT H A MEHERVB RO EER
Fig. 4 {28 L7z, MR B R F3 0 M4 R
2025C TEWVEERL, 15T T o4&k ik
LCHEEDFRON (p<0.05). F72KEAR
Py onicon, EEFIETTL2HEAFAOR
7o, MEMREAOFEY A MARERE 20C ThE
fEERL, oLt kBRL CTHEESRON
72 (p<0.001). FNLLL, DFOKRICTHEESE
A Uiz, U AREARITMEREICE ST, K
i30T CREMBRIEAIEL, 25T ClamEEriHE
ROMBIZIRICERIA LA R S e (Fig. 5).

ZAKBIZHT BARY AT v TR EAO L
E#R%, Fig 6 IR L7z, MMEREEO ARERE
EiF 15C TRLBEL, TKEXO 5T, HAKiR
XD 20, 25C EHBELTEEEVALNT

25

B | pinnatifida
0 U, pinnatifida o

20

[
——

Daily growth rate (%6}

*

5 10 15 20 25 30
Water temperature (C)

Fig. 4. Daily growth rates of female and male
gametophytes of U. pinnatifida in the range 5 - 30C.
*: Female and male gametophytes were breached at
30°C. Other condition were 20C and 100 xz mol photon
m?s’. Mean = SD (n=10).

(p<0.05). HEVERBAD B EEERIT 1520T T
B, FnANoRBR EREL, BFEESR
LI (p<0.05). FoEMEEERTE, KRE

T EEOBAER A LR, 25T Tt
E:‘?wb FERE N h o . MEEEEAETIZ25T
XTHhoThsntERERIH L 00, £ER
%;éﬂ% B Ao MR S, kil 30T

TIEMRAEEASE (B10) L, Fic20C Tl
BEAOMBIR SR (RIRMRE) L7z
(Fig. 7). mHAEREOBHWV 15T KIZBWT, I
PERBE T 15%, HEEEBRETIE10% &2 ).
M CREERRIIRE R o T,

75 2% 200 MLEOBEKERERT, kv Aoy
7T 15C DT OBEKRETOEREENE L
0, THATIE1520%, FV A2 T TiE 10
15% 1%L, sV 22y 7X0durA0EER
EREL RSP R LN, FmiERER
BLUC, EEEBERLD LHERBEROLRE
PEL ZEAPRLN, kY ATV 7Tl

F1g 5. Gametophytes of U. pinnatifida in the “resting
stage” at 25C.

20
8 [ religiosa ¢
O L. religiosa o

&
L

[}

Diaily groweth rats (96}

i

*2

0 .
5 10 15 20 25 30
Water temperature (*C)

Fig. 6. Daily growth rates of female and male
gametophytes of L. religiosa in the range 5—30T. %
Male gametophytes were not grown at 2°C. %2
Female and male gametophytes were breached at 30°C.
Other condition were 10C and 100 x mol photon m?s-
', Mean £ SD (n=10).
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. .. -
Fig. 7. Gametophytes of L. religiosa in the “resting stage”
at 20C.
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Fig. 8. Daily growth rates of female and male
gametophytes of (A) U. pinnatifida and (B) L.
religiosa in the range 0 — 200 x mol photon m?s". *
Female and male gametophytes were not grown at O u
mol photon m?s”. %% Female gametophytes were
breached at 200 u mol photon m?s’. Other conditions
were 20C and 12L:12D in U. pinnatifida and 10T
and 12L:12D in L. religiosa. Mean £ SD (n=10).
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Fig. 9. Daily growth rates of female and male
gametophytes of (A) U. pinnatifida and (B) L.
religiosa in the range 8L:16D — 16L:8D. Other
condition were 20°C and 100 4 mol photon m?s” in U.
pinnatifida and 10°C and 100 4 mol photon m?s' in L.
religiosa. Mean £ SD (n=10).
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Fig. 10. Cell numbers of female and male gametophytes of
U. pinnatifida and L. religiosa when cultivated using
surface seawater and deep seawater. Incubation
conditions were 20T, 20 4 mol photon m?s" and
121:12D in U. pinnatifida and 10°C, 20 z mol photon
m’s? and 121.:12D in L. religiosa. Mean + SD (n=12).
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Fig. 11. (A) Immature and (B) mature of female gametophyte of U. pinnatifida. Oogoniums were formed in the apical parts of
mature gametophyte.
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Fig. 12. Changes of maturation rate in U. pinnatifida and L.
religiosa in the range of 5—25°C. Maturation rate was
randomly counted by oogonium formation in 200
gametophytes. Mean + SD (n=3).
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Fig. 13. Maturation rate of U. pinnatifida and L. religiosa
in the range of 5—307C after 7 days. * 1: Female
gametophytes of U. pinnatifida and L. religosa were in
resting stage at 25 and 207, respectively. * 2: Female
gametophytes of U. pinnatifida and L. religosa were
breached at 25 and 30T, respectively. Other
conditions were 100 u« mol photon m?s™ and 12L.:12D.
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Fig. 14. Changes of maturation rate in U. pinnatifida and L.
religiosa in the range of 0— 200 x# mol photon m?s.
Maturation rate was randomly counted by oogonium
formation in 200 gametophytes. Mean = SD (n=3).
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Fig. 15. Maturation rates of U. pinnatifida and L. religibsa
in the range 0 — 200 # mol photon m?s* after 7 days. *
1: Female gametophytes of U. pinnatifida and L.
religiosa were not maturated at 0C. *2: no data.
Other conditions were 20C and 12L:12D in U.
pinnatifida and was 10°C and 12L:12D in L. religiosa.
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Fig. 16. Changes of maturation rate in U. pinnatifida and L.
religiosa in the range of 10L:14D — 14L:10D.
Maturation rate was randomly counted by cogonium
formation in 200 gametophytes. Mean = SD (n=3).

4) RERREOTZE

TR COEREMAD PES FREERICL 2
B DO BB A Fig. 18 /R, 7 XTI,
PES ¥EHIRAGREL 12 HROEE, H
100% DFEARELZE. FNUEOFRE 1/4,
/8 OBEREFNLIVEY, £ 70% ThHo 7.
T8GR B TR O R BT R R TR
T 70% L, 14, 1/8 HRMOBGE L Rk HR
Lol RV RXay TEREBORAO BRI,
T H AL FREEETNTIEH EH, REHENO PES
THOBBX L) BB TH -7,

TH A, RV AAVTOEERTIETORM
%A Fig. 19 \RL7. THADOHETIE L, 12
FREPMMOREBX L 0 EZICHEBRFNE
(p<0.05), KV A3 ¥ T TIIERS % BV 72PESE;
BHWORBRE DA B VT, ¥ 100% DORIE
BB, BERTHROBRAEE WE T 5 & Fe-
free PES ABX UM CIRIABEEITIR N2 b o
2. F2, BB LESEIY BV 72 Fe-free
PES MW TOMEBERBORMIE, TH AITB
WTREDOBEIFEEALNLEVOIIH L,
RV AT TITBWTIE, SRGOBEFITL DK
BIITEEBB SN o7z, WHEEE & D 5%
BAFRENSE Z LT, WAEPE AT 2 EHW
Bh 5.

FEK (SSW), HEAK DSW) % ik
T, MEREEORBERIIERL TS50,
Baii e BB S e o7z (Fig 18).

Z £

W R O B ASMIL, T A TIEKER
20T, Y& 100-200 u mol photon m?s”', R A 2

100 ¢

80 -

60 -

40 -

Maturation rate (34}

20 . i

0 L L
10L.14D 12L12D
Photoperiod (Light : Dark}

14L10D

Fig. 17. Maturation rate of U. pinnatifida and L. religiosa
in the range of 10L:14D — 14L:10D after 7 days. Other
conditions were 20°C and 100 z mol photon m?s” in U.
pinnatifida and was 10 and 100 x mol photon ms
in L. religiosa (B . U. pinnatifida [ . L. religiosa).
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Fig. 18. Changes of maturation rate in U. pinnatifida and L.
religiosa in various media. Maturation rate was
randomly counted by oogonium formation in 200
gametophytes. Mean + SD (n=3).
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Fig. 19. Maturation rate of U. pinnatifida and L. religiosa
in various media after 7 days. Other conditions were
20°C, 100 ¢ mol photon m?s” and 12L:12D in U.
pinnatifida and 10C, 100 u mol photon ms" and
12L:12D in L. religiosa (M U. pinnatifida [ L.
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BIZAHTHTH AT 12-17C OKTF - #4%,
1944), 4T 1720C (GFHE, 1956ab), =

BT 10-15C (Morita ef al., 2003b), FERHFT
8-15C (Kohata, 1964), F 7-4VECl3EET 17C
(Kim & Nam, 1997) & OHEVALNS. FH
BB H 725 11 BTIE, BEREMTO
RiFLITFEY 18-20C Thh (HEBEKERRY,
2000), KRABEE OEREEEHL, fitiiko T H
A LD HEAEES R B AR B L EZ
bRz, AV AaryZIZEL, BH  =ZK#E
(1980) 1% 8-13C T, Mizuta ef al. (2001) % 10T
THERRBETRERL, I-ERRFZELN
LESRLTVA., IhonE & RSB R
CIEER—E L. FMETIIV TR KR
10C Hi#tTH - 7z (Liining & Neushul, 1978;
Liining, 1981; Lee & Brinkhuis, 1988). ¥ 7 H#
FIIGAKEOWETH Y, SAAEITETREICHR
bhs., HAKERTCTORKARE, IV 7HE
HFoOEERABELECHLLEIZLND.
FEEIZE L, & AT 100-200 x mol photon m
¥ OENGE, AV A 2T T 50-100 4 mol
photon m?s" DEIEE TORMAENF L, WEE
FRIEWSALN, FHE (1965) &, U A
A TIEITEEWAT 5 (1025 wmol photon m2s)
ERBEPET TS 2 LR, Kim & Nam (1997)
i, B EkER 6T UT) b L dEARR
B (25C DLb) i, BER T TSR
FL, EBEHUKIE F Tl 20-100 4 mol photon m
LB E T TORARIEDLLRVWEFTRL
TWh., FxVAary77Th, BEE (7umol
photon m?s’ BLF) TIHBAEPKL 5B 2 & F
MHENTEBYH (Mizuta er al., 2001), —HHAl
FEIZBWTHIENAEE T (50 umol photon m?s LA
T) TR ERITIMET T2 (Hasio & Druehl,
1971; Liining & Neushul, 1978; Liining, 1980;
Hoffman & Santerices, 1982; Lee & Brinkhuis,
1988). L& L, LDy T TRKEDLE
ERICHEBICHEE SNLNEFENT A &
PH SR Tv % (Lining, 1980). Zhbonz k
25, WHEREILOKERESRERE T T,
REEORSIIT L, BEETEZCELRI
W ABLBEENEL DI ENELZLNSL. &R
BT R & D ICERARBUKE T T &
THIETC, LVEBHRETCORAIERICR -
I2OTIE bR INT, SSHICAFEBRT
WOBHE LCHEBIT 2 W22, oA Aoy
THEHORBIII L, BEOEENKEVT
EPBEINTVS. TH A0 TR, B
KELDLFOARTERAEIELNL L
GEF 1962), o> 7HEEDFMKIC, BORD
HRENLT TIEIERHRE T, FaRTERIMTT
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BARRESINLIEDPRESNTEDY
(Liining & Dring, 1972; Liining & Dring, 1975;
Lining, 1981), T OFEZICHT AL T35
WM OB EA T RS 5 NS A gL
H5.

SR RERIX T, RAEIERITIALNR
F, ETOREEX T 100% LV EHAEZR L.
Kim & Nam (1997) &, V7 A O ERIALRE
% 2L2DTHELEERLTNS. a7
H#EIZDWTIE 18L:6D-121:12D TO AT
BWE DIENR L IN TS (Hasio & Druehl,
1971). AREICCHEBICT LAEELERNRS
NhhpolzZ EIWZELTIE, RELLLEYE
HOHBMIPPNZ ERVEAET TOEBRTD
o770, WRABRRO B LE R GE D+ o
BWaNTWieled Tl nwir b R I,

AFERTH V- B REMMEEEWTH % PES
WL, BEREIKIC PES R AR L72 DT,
NOs-N #5200 u M, POs-P D% 20uM T, #%
SUMESBERPY Y I VEAEATH. PES
RO O Fe-free PES K, FREK, &
JEK & ZHOREEE A V- T, PES
BEFEWE BAR L T 2 RERX O ABRAKO KD
FEEL SN 72, Fe-free PES W CHRAPTEZE I NLG
MofzZ &, BV TSGR LYK
MAMEEINL 2 EZ 5, T Motomura &
Sakai (1984) 12X A EEEE~OERTWM LD
BAFREIND L) REEFTRHTLIERE
Tolo, FEMHE OREERE, U CUBRERE) I
ST AEBEROBRARIZE L Tidhy 2 a7
HEDAHR SN, RAOBMEIL NO-N Tid 5uM
PLE, POsP TiZ 1uM £ ENTWE (Mizuta et
al., 2001). T 7-MbfEClE, SRREIRECERRB
HERHEL, UV RERETCIIRER - £RHR
TIEH$T A Z 2R (Hoffman & Santerices, 1982),
EREBERE FCIRANHR S NS Z L2
LNTwvwb (Hasio & Druehl, 1973; Motomura &
Sakai, 1981). ARFERTIL, WEEESY VEEE
ZLLEUHRBARTH THLEREABRONT, F
T ERERIEEETHD PES BN T ThHoT Y,
BRI R SN h o7z (Fig. 18). IhHD
HAHIZOWTERABEAVBR LSO T—HICIE
EXRVH, bobldKELECIIIARED
BETHH, BRTIE T T, L7zt
T, REHOMIE B EROKBIIR LEE
25z -b0rBINL. T8 BT
RICEY, BESAPEEMEWEIILD AE
BED SRBDMEE I NDL Z L 2 AL TV A,
INEARHOEORBEIIB VT, BER)I—

FICEBTL2OTIE R, BEHRZEHI L
B2 IZEL o T ERELLBMRAS. &
NHOI EiE, BEMRVWI L, BLELTH
BLTWBEGT LD D, REEOWINAFIFIC
T2B72FTHL, SHEFLIHENTLH2ED
MEARIZL Y EIIREZIND DD LHERES
iz,

REOBFETLEET L7-01213, BEAEz
RONIZANR—ATEEBEEIIREAISELLED
b, COEIBEETICCERAELRSL
DI, MHRERZBEOTMABIREOFH,
REARICHT AREEE, FEBKIIETH
LMBEBEAEREMICEE, 8T AL
DHFICEBETH LT EVHAL L o7z,

3. WWRERTHFOERSRN

B RO BRBATHE I X 0 15 5 i1k,
BHoy v 7 BBICBET AT, BEETH
BEERL0LENH L. B~ OBIEEM % M
T5HZ L, JHEHBTOEELTREICL,
KEBEOFHFEZRINSL. hFE TRTERD
ERFECOwWToRFITa vy 7THEHTED
PR ENTWBY, FO% THEmEMIZEME
L23d0Thy, HRETILEMIEE 10em
UEDy0#HFHoTHSE, Lizho THRTAE
(#15 cm) ZREEE U-@EE w2
A AN, FRTFARERAETIE, FRfET
LbAEBERBREBEORZAZEFREEINL TS
(Saito, 1975). = CTAETIX, KEFEOK
WEEXINAE YA AOGBT RO REERE
EHERHLPICTHIERZHBEL, Her i
BHEETICCERARLZITY. F8EREO
BRI 5 EEIK, BER~DBEICD
WTHET 5.

B & F &

EEICH W T A, Ry xarToHkE
ik, MERBAORAFEI VSO -EER
F lem OMRE Ui, BEHEE LT, BRETERE
KEUWBBEERBAK (121C, 20 min) 2FEHL,
FEFRE 200 ml 472 D ICEAUREME L, AR 30,
25, 20, 15, 10, 5C, k& 0, 25, 50, 100,
150, 200 u mol photon m2s*, 5 HI 16L:8D,
12L:12D, 8L:16D D&M N CHAKES T /2.
RAERBRR UNORERRE LML, 7 h A THR
it 15C, Jt&E 100 u mol photon m2s-, &EHA
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120:12D, &Y A 27 TldkiE 10C, %E 100
umol photon m?s, JEEHY 12L:12D & L7z, Fh
FNORERL 3 R CTTIT, ¥EET 9 HREE
L, ¥ERECL 3 HEIfro 2.

BEL, 3 HREEFICERE 75 A0 1l
L, $27F NV THAALIIICLTREL,
BEEZENILZ. 3HEOMERNL AMAR
BrBEHL/-, HEEREOHER LR, #15
EFHTHS. SHRBEHOHMEREZ K
L, BEEEHERL

] x
1) KEBOFE

TARBRBRIIBVWT, BEKTHROEEDNS
BHULZFHOMERESL ZHBX Tl L
(Fig. 20). KEXHNIC X sEEFIL, 15C 128
WU 24% L EEEERL, HEVWT 10T, 20C
RTD 15%, & 5IRKIR, KRR 5T,
25C K Tid# 5% &, 15C % 3ITKIE RS
5L EERIZBDT AMEENA SN KEK
BMOFEZEEIC 15T K& 5, 20, 25T Xz
Rohi (p<0.001). 30C KTiX, ¥%# 3 HL
WIZRTFERFA L, MR IN. FE
XK, BBAKXMTOAEEE, 20C DAIZADL
L (p<0.05), BEBAKTOERESEIHKBKIDD
Bl b Lh oz,

RV AT EERD RIS, BEERTROH
HARRZ ZRBXE Tl L (Fig 20). &
KIBX TOEERL, ZLE W 10T TO 30-35%,
BT 5, 15C TO 20% Fitk, 20T TD10-15%
L, 10C 2BICEAKIE, BERKRICZBIZONT
HRRORDT 2EEDH SNz F72KiR 25,
30C KCid, ¥EEMGAHE 3 BRANICESRI AL
L, HiPEOSHERR SN, R ATV TIETH A
ERRD, 10, 15T KRR TRERB KD, 5,
20C KCIHEBKCEERNE L 2D 2 L%
RE e, :

TS DR R Bk, 74 2 T 10-15C,
RV AT T 10C THDHEHMTL, Rk
BRI T A A LRV ATYTHIC 510% #58
HY, RV AT TETH AL B ERHAREN
HNZ EPRHESpE o,

2) KEOEE
T ARBRIIBWT, BERTHOEES
B L PHHMERREZ KRR THE L

(Fig. 21). HERHIC L 2AEERIIEEK, BE
ZKIZB 537 100-200 1 mol photon m?s' TEVMVE %

Y
o
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Fig. 20. Daily growth rates of juvenile sporophytes of U.
pinnatifida and L. religiosa in surface seawater (SSW)
and deep seawater (DSW) at the range of 5-30C.
Mean = SD (n=3). *: Juvenile sporophytes were
breached at 25 and 30TC.

MLz, ZRUT OXE TIERABUTERRITR
AL, 25, 50 umol photon m?s' “C 10% RitE D4
FE# L 70, 100 4 mol photon m?s! Ll EDIHEER
BRREFEENADLNS (p<0.001). 3512, 25
KU 50 yumol photon m?s* B b B EEIREL S
7z (p<0.05). F7:05AT (0 umol photon ms")
T, ®<ERIIARONL o728, BRoOH
fEHEEA LN T, BERTRIZBWTLER
LTwiz. ERFOPHMEIZ, KHBRXIZE
THICHRBKA LB KT L5 7-.

RV AT THEBRICBWTH, THXLRAH%
BREEFA A O N, REK, REKCEDL ST
100-200 4 mol photon m?s' LA T ONEX T, £ EF
BYPWAT 5 Z LR EIN (Fig. 21). £E
FADE ™ 100200 ¢ mol photon m?s' Tid, HEAE
FB=RI3H 30%, 50 1 mol photon m?s* THR 20%,
25 ymol photon m?s* TOH 13% L% -7z, A
HEEROAHEZEE, 100 ¢ mol photon m?s! LA E &,
ZNUTOREBHREK (p<0.001), 50 umol
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photon m?s" & 25 g mol photon m?s" BT H L7z
(p<0.05). FTTH 4 LR, B (0xmol
photon m2s) Tid, &< ERERONE o7
B, BRoBMBEREAORT, FBERTHRHD
ERFLTWwZ, E-HEAERROFHHEIE, ¥
WCEBKDNRBAKE L5 72,

TARERV AT TOEERZ BT L L,
ETOREARXIZT, TAAXIY SRy x>
TOMWENE L 5B ARSI NIz, F W
L& b IhoE A RIEE T 100 4 mol photon m2s! &
L7z.

3) SREIDEE

BRRBRIZBITZ I AOFYEMAERS
Fig. 22 1o d. P H ARSI, SHEEFEL
5T EEL BAENSH D, 8L:16D, 121:12D,
16L:8D OMEIZ, EEKX T 143, 235, 25.3%,
EBKKX T 155, 24.5, 283% THY, EEERIZX
K CEL R AEMDD -7z, BEEIRRS
N0k, HETH S 8L16D HMLDAERK &

40
U. pinnatifida

©w
o

Daily growth rate (%)
N
(=]

(=]

[} 25 50 100 150 200

40 [
L. refigiosa
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% | SSW
b O DSW
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£ 20 —
o
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Light intensity (& mol photon m 2s™")

Fig. 21. Daily growth rates of juvenile sporophytes of U.
pinnatifida and L. religiosa in surface seawater (SSW)
and deep seawater (DSW) at the range of 0—200 i
mol photon m?s™. Mean = SD (n=3). #: no growth.

DHEERIMBENI EDOARATHY (p<0.05), #
JEAK, EEXKEIZEEEZALN P72,
KRBREICBITAHFV AT TOFH AR A
BE% Fig 22 |{TRd. AV Ay 7 OTFHHE
BRI, UhALERE SLRAMPEL 2512
EBL G AHEAPERIN, ARFEOMIL
8L:16D, 12L:12D, 16L:8D DJEIZ, FEEAKK T
17.6, 35.8, 37.7%, @EBKKX T 14.9, 29.8,
333% Thh, EREFRRZIXBAKTEL &2 HNM
BdHolz, BEREVHERZ IO, EHYCT
H5H 8L:16D HPMUOHEEX L 0 H EREPMENT
EOHRTHY (p<0.05), EEK, BREKEIZIZ
HAEEZEHA LN o7,

MR s D ICREAREY AE A R0
%, EH® 16L:8D TH -7z

% -3

7 A A G F RO LR H SN B WKk S 1)
AATBWT, REVGHA S HEERBM O

40
U. pinnatifida
€30 T
o u Ssw
£ o DsSw
%20 —
&
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o
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£ 30 —
o
o
&
5 20 1
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Fig. 22. Daily growth rates of juvenile sporophytes of U.
pinnatifida and L. religiosa in surface seawater (SSW)
and deep seawater (DSW) at the range of 8L:16D —
16L:8D. Mean = SD (n=3).



28

ki, 11 HTE® 178C 5 12 AD 13.5C
ERBICKESRT T AECH25. KB
THHEIN-BEAERERKRBEE, Bh—8LT
Wie, ARV A3 Y TR EROARE D B
WORMEEPITTHALN, R AT THPEE
F 2 LB A KB OKRIL 10T 206 5T ~NE A
PUKIRAME T3 20T CH 72D (R0 1985),
AR ROZHEEREKR L RARETTOE
BERKRE L. S5CHEBEREORR
AKIRIZ T H AT 30C, FV Xy 7T 25T
L ET&® -7z, Morita er al. (2003b) &, 25T %
HAKEE 1T ¥ o0 CREEILRL, Th A
DOBFEKREE 28C THLZ L 2HEIDOTNS.
FRMU I Y TRETOREARRICDOWTE, 22-
25C THAZ LHHMEIN TS (Botton &
Liining, 1982 #E 5, 2003). ARFREET D FMkA
@A LN, #EET5HET, 6K
BICECREZ ERIERVI ) BEEIZ2 b
T—V T H0ERHDLEEZ LI,

REARAEIIWHEEZE L H 12 100 £ mol
photon m?s' DL b ), ENLUTORETEE
GET L, BB (1962) i, TH XD
T 5 ERIEME L EONKE 35 m (HEONEL R
L, BREZEH 15000 lux (=300 1 mol
photon m?s) DHENIHET LI LxMEIDOT
Wb, T, TAA, KV A TOEEETH
WS RIEEORED S 1L, MEEEL I
100 4 mol photon m?s' PA L TEIFUIRREE 220, 7
77 A Cl& 500 u mol photon m?s* Bl I, kv X3
7 TId 1000 1 mol photon m?s' PL LT % i GHE
ARLNEWI ERHEINLTVWE (BRI,
1985; Oh & Koh, 1996). L7:7%%->C, WG
DFEFER I 100 g mol photon m?s? L EHNITRE W
ETHEIELDL, RRBEOBREDER L.
SRIZEE LT, WiBEEE DICERASLMT
DERENREI -2, L L, IBRIERIEE
TAHRFECEARIEISMMTH Y, KRkE
BIZBWTHHEPRRELTWARRNTFIZHED
TlxhwhrtEzZohl. KPS, BE
LI EEAENTEWRY, BREREC
RELHELZ5ZARTClEHVWERESINLS.
IhET, BEAOEE, BHASEMFEREL,
FNHOLEBRENEFNORBEIEFT LW
HRINFBRELBVHE S 2 2 & 2B L
72, YRTFROREAEESEED FEREIED
HEEbNG,

AR TR EWE LTEEKREERBKER
W72, BRICAR Y A v FIiiBWT, KiESR
B ERBK, BERBATOEENSETSLEN

IHRDH LN, FITERFI VKR 10-15T
I2C, BFEICHERENZ. TROOERO—D
LT, KREH L EBRPORTDENICIL S,
BEOHBEB~ORENEZ N L. A
BEVWZESEL CHFEL, HEREEC P,
BMEEEREHRLATHSE. INFETITL
hyperborea £\ I ¥ 728V T, RuBisCO &
PEAS, KBPEEBRPOEBREBEIZI->TE
K4 5% Z &% (Kippers & Weidner, 1980), L.
saccharina Tl HEERHKET T glutamine
synthetase {HPER nitrate reductase 152 AT %
Z L ASHERR & LT v B (Davison & Davison, 1987).
RV AV TIETBTC D R RS STEE
THIET, ERNOERLLTHENOTE
Lt sh:. SHRIIEERPORER
BELRKEEEASELEEZOEEEZHEREL,
ESITHHICHRE L T R END 5.

4. EGEHEOEN S 7 EIE

TUEEBEIZAVWSL N AR, EE, &
PR AL L EORS TREIRZA
THEHEEH L. FNLOOFBIE A FMIIZ,
TR OREENE SEESERIZELD
BEBPPDLECIMELSED L. HBROWE
L, BESEFTLTWDL 2D, BREOEKA
B THY, BEHORBRESPERILELRL,
KEDBELDBHTHEVI ATy b5 B, L
PLULEBREFICEET LI LW, kbl
BHEINHEFELRVWZ 2L LY., £
TEEDR, 7Y KRNI ERREREY
572002, AEREIEE LERERRREBKE
FIHLT, BMY v 712X 2B EEOEFEEM
L7, BEKREAH L BEEBORE
WLV, THATRERBKOFFICL -
T, ATV — AV THEETELILEIPHERS
hTHh (KBS, 2000, Thcar7icBw
TLERBKLYHGEBKTOEENRIFTH S
EVIIENEENTWS (BEH, 1990; (L5,
1994). F/2EELIX, BRETETE U, HE
TR MNFXRT YA, MEH Y, T D,
BETEIVE 2 VICOWTOERBAREZEICH
L, BBAKCTOEZBROERIMERTVE LW
FHMBAEHETWS (KE S, 2001; Hiraoka et al.,
2004). AT, BEKE Y 7 IGERIEKT
LHECTEBEERITY, BERBOWE KOS
(FRITKE, EBOEDHE) CL2BEHEOAR
NOBEIZOWTHRE L, -EBKLER
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Ka RV CTRBIZEBEZ T, Wik TORE
HOEE) OERFBHEOVWTHLGAR A
kLl

"R & B

BOAEBICHCABEREOHE L, ToE
BN THAFE L VAEL-BN V.
ARETRE T, Bl 2 KENTHRESETEER
SE 5720, RTERLE vz A
70 (Okaetal,2004). ZIUZ, ZHRBTARARERRIC
BEE O WSROI 2 FE R o 5 R,
BEWIZEEEE, BFR0X) RBIROEEEY
HEETHLOTHS (Fig. 23). ZolEE~H
WLIET, YU WNE 3 RTTMICAHTE,
EEERREEN R 25 (Fig.24).

1) RBAEFEKIC& 2R FEBHER

THAE2002FE4H 385 20034 2H 13H
FT, AVAILTIE 20024 2 B 25 B2 2003 4

. 23, “Germling clusters” produced from germling aggregation.

O 2H 1 HECRTHNCHIT CEREEZ T 7. &
FHIX, 100 L AEOKE, 1t BROKME, 718
BOKEL A, BEOHMEIEY, L KE
LEBONKEIIBET A BT -7z, KEN
DUIFEFE L ZEICAN, 100 L RME T 100 g,
1t KIETIE 1 kg 133ET 5 & HEDK & 22 KA~
BHLZ | HMoEmEEmE. 1 A& L7

HRIEADIFEAENLT B AT 3¢iday, K A2
7T 6tiday & L7z, AV A3 T IRERIIC S
9 5 CRARMEME , FIZEEIS
WTHERIRD FRIC X o TKREHPERL, &Y
AT OEMPANRE R EBENNHY,
RV AT YT TOEKEBRT B ABEFEOEE
IZL7z 7y KB RUGETEL MDS 7—
% 1% — (Arec electronics Co., Ltd.) TEfmaTHI
L (10 min / count), ZEMEEIMFOEKIE, H
WO FHEZEH L. BEOERHT I
3-5 AEEIZ Y v 7 2 B iEE & BIROMIZHL
L, FEMAGBEORAKECITRAKLZ 0%
WEL.. NEMBOMERD S HMAERSR

S _—

Fig. 24. L. religiosa cultivated as free living form “germling cluster

in 1t tank with deep seawater.
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HL, REROFLEH LMD, HHER
BOFEMAHER, FIHEFAKE S 5.

2) REKEREBKICLD 5 7EEAR

THAZ2004FE1H 28053 13HET,
RYAATIF200F 258253 118
THREBEIAM L L, BHEZLATIUT- 1201,
B H MBI P CRBAKDOKE RS ET
TAHZEDPD, BERINILT AT LR ERN
FrrETREENT70THA. ERITIE, 100
L KRR O° 1 ¢ KM% FAvy, 100 L KA 100 g BL
Lz s s, 1t RKEABHE L. KEADTEK
BIITEERE & 512 3vday & L7z, KR, JeE,
BEBONELEOCHHAEREOEHICDOWTI,
TIBAGERIE KIS X B EERBERBE L L
2. Fi, RV A TEBPEBRIIBANT, Wl
EH DA OIESF & A RICIREK, RIFAKKY
DEKEPKR AT TY 7L, EEEOGN
BT olz. U0 ABMBEB TN v SN0k
2X Y, MR TE o, REEOSNE
T, Y7 045um DA TL VT
AV E—TiRAEK, —20C CTHERFELZ. ®
FHOHH 13 TRACCSS00 & H vy, #iEEis
SHICEEM L, BmHEER=-EEZRTEVIY Y
BRE DB 2 WE L, kL HkopgEE
FEEND, BROFEHEBIUCOWT, F121E
BOWES L REERINE & OBREZE .

KEHWPE I TRONT LYV EH L.

FEETINE (9
= (R OBEDOKEWEIEEZE (uM)/4) X
S5 FB (NOs: 62, PO4:95) % 317K & (90001.)) /1000

IR DB — DI 21T, KEK,
REBKRENETNOBERERBOBRDECHRAL
7o, RO LTI LE, TUEEK
ELTOESZHNT RS LS. S 2T

ol &, KO, By Vo8, MK
4, MIRE, RAKEWTH B, FREFEROGH
WEBIHE, KREEEMEEEEE (120T),
My o8z vy — ik, MIKSE 550T
FIERAGEE, HBE X7 aakVis ~A 8 ) —
VI (Zaaskha i Ay )—L=2.1), &
AL 100% 5 LB & EE LIV TER
DI, RESWHOY TR, BgsEy
A, RV AT TER, 5 3 RETT
Fol, BohHEBBEXETAEEREE
1o 7z,

® B
1) FEEACERTKIC L ZEEEEHR

T A AEBBEROy vy NKIE, BB, E
KEROHMAEEERS Table 1 (2R L2 FEHO
KIREBNL, LT 91T TEEN222C LIEEL
, BEBAOKBRFEICRTHBETHL 0D,
NRBOBEIZL VR ER TSI L0590
72, SEBKIBICDWT S, 12 AOAFTTIRIRIE
KR 11.5C &b, 8 HOEZE T 213C %2R
L7z, £7-#MEIMTOFHNEIZH 1,000
1,500 4 mol photon m?s’ &7, &F L) HhESH
BV TRLRZ2EARED 5. P BEREE
BT AL, BEEPKETCOHHAERER
20% &L, BEERAETIT I5% Bk imd L
oo ERRICEIFHNLER N D 575, FERE
FEIE T RE T o 7z,

Flkv ATy TEBIERTO Y V7 K,
K, HEAKEROHBAERERE Table 2 127R L7z,
EHOKEBLEEZ, 7 ALK, £F0
10.7C-BZm 20.0C LMRL L, FEHKRIZOW
TH12A DE&FETIERREAKE 126C £ V8H
DEFETIZ 174 CTERL, BETRKE{(E%o
oo LPLUd AKBERELT, HERkEOH
Mz & o CTRBEFHOIFIII L 5 2 & IR
BNz, FAERBEHME G OFHHEIZH 900-

Table 1. Seasonal changes of average daily growth rates of U. pinnatifida with environmental factors in the culture

tank

Incubation period Temperature range Average . Average irradiance Deep seawater Average daily
) temperature (C) (g mol photon m”s”)  supply (tonne/day)  growth rate (%)
3-27 Apr. 2002 14.2-16.2 14.9 972 3.0 19.9
10 June-16 May 15.4-20.9 17.4 1176 3.1 19.6
15-26 Aug. 19.8-22.2 21.3 1493 32 17.5
10 Sep.-6 Oct. 16.4-19.3 17.6 1424 3.0 20.5
16 Sep.-18 Oct. 17.4-19.0 183 1350 29 194
25 Dec.-24 Jan. 2003 11.1-14.9 127 1440 3.0 14.9
28 Jan.-13 Feb. 9.1-124 1.5 1247 3.0 16.0
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1500 4 mol photon m?s” TH Y, FFFEHZIHETIE
AWt o7z, FHHEKEELLETS
L, B S5MEFETCOHMAEREINB L
wBL, EFTIE 13% LBHIWNEE % o 7.
FVATUTHETH X LR EAERICEHE
B2 A%, EERBIITERTD S I LMD
EoRSY (WA

2) REKERBKICLD 2 7EERR

THA, RIAAVTEFNFNOERBIZBT
HIBEEOEREKELE % Fig. 25 IR L7,
TAATEHERBARKX LY GIEBAKRTOEEN
B, RN RNERRBRKEPERBAKX O
2fEEE G o7, L LAY AT TITBWTI,
7 A L 3HOEmAASR, BEAKXLD D
EBARKXTHOAEENRIALN, Ky 2Ty
TEREXRTHONREZ, HBARKIERBKK
15 fEBLZVWI LML LN, Th A, KV
A3 THKEHAOKRICEL Tk, RBAKT
EEICKERIE 20C DT E o728 HiZkosT
KRELEETAHZ EDB ooz, TRERKIT
FIZREKLY GEETHY, BHOEDH S
{, BELTWA., EHIEIAALDBEARV A
arTOEERESEL, ALY EAERESR
VENWT LR S N7z

I - O BB M OKREER, Y
iR, FEOLE, FHHBAEREES Table 3 (IR
L7z, KL, 7HAKRETIERBKXT 12.7-
16.6T, BEBAKKX T 113-134C, SV Aa 7Kk
MTIIERKKX T 14.4-17.8C, HEBAKX TL11.9-
13.7C O TCEEVPR LN, AT THIRBK
REAKLIZKERTEIRS TS 17C BiiCET
5T L, FRBBARHITEK S N KAENKIR
12T BB T—ELTWwA I LA ERIN.
WKLY A A K TIERBAR T 14.8C,
EEAR T 124C, MBI EY AT TRET
WENFR 16.1TC, 13.1T ThH, MABRKE
121 23C 20355, FHARIIHEBXMICE
137 <, 2T 900 i mol photon m?s” Fijf& Tdh - 7.
FHHMERERDE, THRAICBVWTEBKET

143%, BREBKIXT 163%, HERICKAY AT
TIEFNFN 242, 225% & REEXBEIZH 2% O
ERHRINS. TREERIZITSI ALY Bk
VAV TTCEL, ®Y A2 TREFETOEH
PEL TSI EFERRIN.

HEORBEHFIUZDOWT, KEOEEKEHE
ROREEE, v M) VEREIREEOEE % Fe 26
R L7z, RBEEREZE, BEABIFEL R
HIZERELRY, REBKRKEEKETHETD
o7z, REBKRERKECIIERINSLEKBAKE

A
1 16
oo oo o0 o
| 10
_ 1000 =
2 - SSW (wet weight) N 5
5 8001 —pew : &
3 V (wet weight) g
£ g
B 600 —®—SSW (water temperature) 2
= —C— DSW (water temperature) £
=
0 8 1114172023262932353841444750
Incubation time (days)
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1000} **“F4/rj\k$~kw_m
112
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p= — SSVY (wet weight) =
§ 600 T DSW (wet weight) %
g —®—SSW (water temperature) -
T 400F —O—DSW (water temperature ié
2001

0 7 10 13 15 18 21 24 27 30 33
Incubation time (days)

Fig. 25, Changes of wet weight and water temperature in
the culture of U. pinnatifida and L. religiosa using
surface seawater (SSW) and deep seawater (DSW) in
outdoor tank (A : U. pinnatifida, B : L. religiosa).

Table 2. Seasonal changes of average daily growth rates of L. religiosa with environmental factors in the culture tank

Temperature range Average

Average irradiance

Deep seawater Average daily

Incubation period (O temperature (C) ~ (z mol photon m*s”)  supply (tonne/day)  growth rate (%)
25 Feb.-9 Apr. 2002 11.7-16.5 13.7 1285 6.0 227
26 Apr.-27 June 13.7-17.5 154 880 54 14.1
7 June-8 July 16.0-17.6 16.8 865 5.0 133
17 Aug.-11 Sep. 16.9-20.0 174 1292 5.0 73
17 Sep.-15 Oct. 15.4-17.4 16.2 1309 6.3 16.6
29 Oct.-25 Nov. 13.4-14.6 14.3 994 6.3 233
6 Jan.-1 Feb. 2003 10.7-13.4 12.6 1445 6.5 21.7
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Table 3. The average daily growth rates of U. pinnatifida and L. religiosa using surface seawater (SSW) and deep sea-
water (DSW) and the environmental factors in the culture tank

o spece . Cultre medium T (ol shon sy growth e (5

22 Jan.-13 Mar. 2004 SSW 12.7-16.6 14.8 865 14.3
U. pinnatifida DSW 11.3-134 124 888 16.3
5 Feb.-11 Mar. 2003 SSW 14.4-17.8 16.1 927 24.2
L. religiosa DSW 11.9-13.7 13.1 903 22.5

RICEBENR D i, FEEREERTHRE _TA
oGl FRRBRRREANTIE, B 3 fé
BEMbTRBEREICENDD, HiZHU R E 12 |— —o— midday(ssw) L
VTR AT L Tz, B, | o misdayoon. ¥

B AHEOREBEWIGE L BER L OMKRE = —®— midnight(DSW) %
Femb 7. ERACREBOIMICEEEORT 2 ¢ 2
BHEAHLTEY, BEOREERKZRETDH 0
=72 (Fig.27).

WIZIRBEKTIE, WEE & REREORIEIC 12
BEE R HENASRH, REMABOFAEIC = [P
BOTHERICHEI RBEORZEE VI LR §,, %f
B ohs%orz (Fig 28). COMBRIOERE £ | o maseon, o
25, AEHHTICTRSNAMERS SR L o madayosw)
EEERBEHMTE, TRCRA- 2Bk § ;
BEAT DD & CEBKE B R TE 5. W
EERIECIEEEON 1/20, V YEIETIEE ° o 7 15 22 30
1200 2 WIS % Z & 235570 o 7. Culture time (days)

e % . N Ve S Fig. 26. Balance of poured seawater and drain seawater in

*ﬁ%ﬁ 2; b ‘:E Z JZ fof_f‘ib ékz\g\zggﬁﬁz % (Ay NOwN and (B PO P at midday and midnight
IHi— L, £ TOEHERE L CERLL. ;
T A AT, MRBREETOREEZY V3 A
7B L RARAEIZA BT (p<0.001). & V%8s
HEi, REKEEEE (2055%) »FRBK
EEREA (1011%) X 2 FEEEL, &
WCRARCEEEIIEBAEEREL (37.93%)
0L EBARREEREK 31.44%) THRL ko 2 — —

72, BB 1 T BB B A R i — .
AN hrolz, RVAIVTTHTIHALE 0 50 100 150 200 250. 300
BRMBMATER SN, ¥ VN0 B LRk IbE

o

NO3—N uptake (g}

RIZDWTOAR, REAKLEBARDRRXMHT 1

HEEDR SN (p<0.001). & /87 BEEE, os |

WEAKX (2224%) BERAK (1049%) Ly 3

bR 2 EREEAL, RAKEERIEERBAK g

(45.47%) £ 0 bWEAKEK (31.40%) THHRL%E Lo

o7z, ® 02 — - TJ
HREEEN TORSEICOWT, HItHT - o e ¥ R
TWADOPIREERETHD, 7 A (1.32-1.84%) 0 50 100 150 200 250 300
Bk A3 7 (004%) k945 OWREEE irerease of et weient @

H LTV D & p5do 7 (p<0.001> . Fig. 27. Correlation of nutrient uptake ((A) nitrate and (B)

phosphate) and increase of wet weight in surface
seawater.
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% &

EREADEBRITEAKICEL BRI Y vy BHIZB
W, ROHMAERELRET 52 EEHEIZ,
KB, BMENXETHLEEZONDL., 2T,
KR EEOTHEG L ZSMEEO D HARSE
OEHEOME LR LER, tRIZEER
FEHEWHFR L, EREFEOELH L KRELEF LI
MR SN (Fig. 29).

Fig. 29 725, FAEMEHE O H BAESEDS,
THATBTER 18T, sV A0y 7Tk
13.5C ICBVTEREBICR B LHEESR 7

HAWEL, 18C & w9 KiEiE, Pang & Wu
(1996) O#HET % 17-22C, Morita (2003b) D
10
A
8 A
%ﬂ v = 0.021x + 0.0774 /
3 ° R? = 0.9876 /
z 4
g
2 *
o ‘ ‘
"] 100 200 300 400 500
1
B
o8
i.?n y = 0.0018x + 0.0331 /
] 06 R = 0.9896 /
3 o4
g /
0.2 ;V'
o ‘

o] 100 200 300 400 500
Increase of wet weight (&)

Fig. 28. Correlation of nutrient uptake ((A) nitrate and (B)
phosphate) and increase of wet weight in deep
seawater.

Table 4. Analytical data of U. pinnatifida and L. religio-
sa in the culture using surface seawater (SSW) and
deep seawater (DSW)

(/100g)
Ash Lipid Protein Carbohydrate

Species
(Culture medium)

U. pinnatifida

(SSW) 4445 148 11.37 42.68
(DSW) 38.84 2.07 2312 35.38
L. religiosa
(SSW) 3697 005 11.80 51.17
(DSW) 39.71 0.05 25.03 35.34
(=3}

20C EHWETH o7, "V A2 TICELT
i3, 144TC ICTEVWEERIEESALNS Z &
oo TwA (B, 1985). L7zd5-7C, B
A THEEREMZ 1T HE, IFRICEEKIESNH
MAERREBEIZEEL TWLI LB INT.
T EmHTOYR T RoORRAERKRIE, 7
H AT 10-15C, FY A3 7T 10C &, B
KORBAERKBLEZRPELZ. T AR
ZBWT, BEFRBKRBICEE L CWwb EEZ
La. HE (1962) 1%, TH ABMEOEYIC
Fo THRKRIFRELZY, OFEEAKE (15C
PLE) ToARD, RAETIEER LD EKE
TOEEFPRWI &, SSEEMBREOMEIC
LoTERRBRTOAERENELZ L L2 HE
LTwa., mEAEEKRICEL Tk, RXEBRE
DRI TH - 72, FEE (1962) OB,
T A AEEERRBIE TIT->TBY, FRBO
e F R L B RBESOBRENIKREEL L. B
FEHEK S, KEKEBEKE VS REREKT
HDH. INLBREOHLED, 7H AEEDOESL)
OBEBEEXKROMEEE LTENL-OTIE W
BN,

25
U. pinnatifida
) /6_‘._.\’
P S
® 15 >
=
S
[
@ 10
2
s
a
5 v=-0.0116x° + 0.4311x> - 4.2933x + 25.236
R’'=0.8019
0 ,
10 15 20 25
25

L. religiosa

Daily growth rate (%)
3 &
*
/{

~
3 2 .
5 y = 0.0803x° - 4.3709x* + 73.607x - 372.18
R? = 0.8696
0
12 13 14 15 16 17 18

Average water temperature (°C)

Fig. 29. Distribution of daily growth rate in U.pinnatifida
and L. religiosa as a function of seawater temperature
in outdoor tank.
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KEK, BREATOMBEREOBHEELRLICD
W, IR ATIREICEBKRTERNEL, &
VAT TCRFIZEBAKTOERESEW E W
FEMAA SN, ZhbOBEE, EZHT
DA e KBEGETORTREEERETLEHE
Sh, THAFEDORKBRTHREKTOER
PRV DZH L, &V A3 Y7 TIEKE 10-15T
DREERICBWTCERBAL) IEBKTOAER
DRV EWS FOMERHH S (Feg. 20). ThE
T, BEBICEBKEERKE BRI
ENTBLT, FoLrITMmA AR W,
SBIIKEBZEOWINGEBHIZT TR, BARK
S X AR ERSEEOFME T I
TEHIEN, SHOBEE LRI,

BRI LT, BEKTRE L 22EA,
FERAKCHEELAEBMEIEEL, ARIIF V8
2 BEBNE L Tr o Tr/z (Table 4). BT
TFRERESRFRICEAATEERANESET
i, FhENY yo8oE, RKLEBERIZOW
T, BT H AT 136, 41.3%, Ry Ao
YTTCI 6.9, 629% LEENTWS (UM,
2001). CHIFREAKTEBEINIZEED Y 8
TEEBOMYEGTHY, REKTEBEINT:
BRI &SRB L T iz, — BRI R,
ERHETICRBITEEETY VX HEBEDVR
DL, RAEHERFENT A 5N T
V2% (Lobban & Harrion, 1994). JJ@K¥EMAk
WRBENTFASICHRR S h, RBES 9D
BET G, WBRECIHEEREDE 120, U ¥
BRI TUEH 17200 RIS 2 2 L 5o 7z
(Fig.28). CIZ &b, REAREEERIIEE
DBV TEEERZRBICH T &%
Z5bN5b (Fig. 27). ThoOREERINEDE
B, BRICEHESIND F vy B kit
BUBELRITL-VDEEZON:, 227
TEEBICE 5T, ¥ U2 BEEROE VR
i, BPEMfEATE V& STV %  (Shpigel ef al.,
1998, 2000). L72%%->C, EEKTEET L 2
ERXEVEY ORI BEERDBELEETE,
7R E LTHW BB, ERREAOAENM:
BEEITHEVWEEDNS,

KETORERBKE R EEABRTIE, Wik
BETORDECHBAERIIH 202 THo
2. ZD20% EIHEE, BEH1,7ATI0g
DWHEN 10kg 12755 L &2RT. BERET S
B, WEIICAREOBWEEFEH TSI
EEZLL, BBENPOSHMRKICHITTCTI A AR
(P HMAEER 17.52205%), KD SHEIC
PFTHRY Ay 7% (EHHBAEER 21.7-

233%) BT HIET, PHEREZEIIZIE
ZENTEBLLELLNS.

— I, WRFTITONLIEBEEMEE VD
DOIZHEEEMIERTH Y, BEOERZ XK
BIBICERE., UHRX, FYXA2VTOHEBEE,
O— 7R EOMEERBICHRTEREEE S
Vb OXRBEICMHZLL, OE~ADEIIHIT
THEELEKZINETZ LS FRXEL S
(Ohno & Matsuoka, 1993; Critchley & Ohno, 1998).
TOCICERMICERETRET S L v ) B
5 0THIUE, TOPEBRESHIEINS
Zri, BAKOFAYY NERB, ¥ ERM
ZBWThu— 7 EEE L EEIRICEE
L, BRZEESELZLEBTHRTHAI. L
PLEBRES I FENZENVICEEED,
KEHNEEWICPHTAIZEBNTE R, £
7oK REBE R E S EHNICEE LIEEOE
BllboTREMTHLEMPELERT LR
BAKTOMEEEE, BEEEICEEL YA
V., RETIE, RRFEIRMBE RO REK
EFHWSZ&T, AK¥ERE 3 RTHICRIAL,
BELEEECELAERET A LPMET
HHIELBEEFE L. WHRIZE Lo/l D
WL, SRS vy BRERETT LD
VERBEFETH Y, 77 Wi HER
FRETL-DICEEL-DOTHBEELD
nb (Okaeral,2004).

. #EEESHEIC L 7SR

EESIIFEIZBWT, BEkET B8k
HORKBEZEELHIL, BERIZERZTO
BEHESEETEI»ZHO L, 77 VHE
DOWEREZTEEE L2, $7-7 T CERICERK
RHT A LT, BAROEBRLLERL,
HaA PRKEEHELHIBTE D, RETH,
TEERMEAKE L CORBKOFHE E BT 5
iz, EEL-BEEOT TEHEIZLD,
BRERECKESE, HMEHEE, KRBT
B, oW L7z, -/ L ERE0EEIC
X0, TIEORERL—RBETICERPALR
APEIPEHELPICL, THIARLPERY X
VT OEHMIEAE B L. SHIKRTIY
RANTFHARSE 2R X7 I L EEKEM
BEEPBE LTI YOS LE TS 2 & T,
TEAKERBEEO T 7 ERS~DBEIZONWT
W L7, ABORBRICHVWALAT IR, BB
BARA KEGERE LY ¥ - 5FE 3Nz,
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BEdEYE D 7 7 ¥ Hariotis seiboldii (M4 @ A HF A4
TOE) & L7

1. WESEBIEHICL 37 7 EhREEE

AHAL T IR, BATLELS OG0T A
FHETHL JEE, 1952). AHF AT COEH
12, EIGeKERGS R ST L AR A E NS
BETHY, AFATIEZEA (70 mm LILE)
WKRESHBFRELTWA L) Zliikiadnl, &
LHEEHHREETHDL. L2D-> T, B %40 mm
UEO7 I EEEOMRIZZ L., RECIHEE
ROBERTIFRA K RERTEI L 727 4 2 O
WEIZ LA AHTAT7TIY GRE 30 mm) EHE
vy, EEMEPOKEBEEEAES ATLT77E
— ARG O HEBHEERCABEORERE,
FLBERTROABRELHL L, BEKE
K & UCHIB L7 E OB RIS DWW TS
L7z, ZZTELNAZ7IEOHMBHEERLHE
HEOHRIZ, E=HTOTITEEBEI AT LD
WENRT 2 LCHET 5.

MR & F &

BRI, 2000 1 H 1 H2S 2024 6 H
4AFTO 216 BRI E L7z, FEEEAMEL 10 KHE
R, KEEFICE7IEHOBER Y = L ¥
— (45%x35%20cm) % 4 FEHFEL, TTELE
IHE SN E ) EREHE Tl -7 (Fe
30). Y2 VF = ZEEEAEEERZ 5 cm
OREFT, TITEPBEITEA L7 Lt
AEINAELT I YL, #MBERABER»S
gEsh, —ZHE, BEKCTEBEINHRE
#3050 mm O D DE 156 AL L7z (Fig 31).
AN IR RS KA 3uday (272 5 & HIZEKRL, K
BESOB»P LI T L —Ya R L. KiE
HoOAKIRE, EFoKRTZEMEEE L.

ERAKTEB LT A AE, BRENOAE
24 BEOFEY I THEREL, BEORIED
5HM7: 0 EME (Monthly food intake) % {5
L7z, T%0E»s, 79 —EEY 200
OREBEELER L. KENOEREX T
Ab5Tol, MEOEFABICKERRERLZ.
TUEOREREMEIZN 1 ¥ ABATY, BE
e & 12, 10 BEOBRELEGL, HWEEH,
Lk H A7) o¥ERE (Monthly rate of weight
gain) FEM L. AN oEERN EEE
OEBRILE (1981) 2HEL L

Monthly rate of weight gain (%)

. = [(W30-Wo)/Wo] X 100
Wo=5% 30 HiRO 7 T LEER
Wo=3EHEE

Monthly food intake (g)
= A47:0) OFRGHE - A 24720 O E

¥ ES

TUEREROWEBE Fig 32 IIRL7:. BE
FEREF ORI | kg © T T EIL, FEFEH 200 B
EED 2kg & o7z, KAEBROBEIR PR
L7778, Eo TKEBIRBREIZ VY —D
THEHEIZLT Lo/ EIlX B, FRUNTT
TYEBET AL R, BEIKT L.

BEERTHOT7EIIEKOSOT 75 mm 2
L2 (Fig. 33), 77EORESITFIESD
EHAHLN, #5070 mm OFTH 7. EHEE
kiR, 450 2 ATRE 125T 5 6
Ao 18.6C oM TEE L. KEELFHLHEES

ERe

Fig. 30. One ton tank for abalone, H. seiboldii, together
with four cases of corrugated plates.

Fig. 31. Size range from 30 to 50mm of shell length, H.
sieboldii.
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OEB) LB R E DA S, KRIEDPHED
KT L2HCHERLRRK LD, 2OBKE
DRI EL: (Fg 34).

RKRER, 7L DT H AORBBHED
#92kg THY, 77 ~EEOFHIEEEIL
WL Db0EBRL, 617glh725. 728
W) OWEEE L HEEOBER & EHE LA
LIgdros: (Fig 35). MK CTRE Z
ARMEEEIZIHD 17kg THY, TUE 118
Ro 0 EIBHEZ, 039gHTHo7.

=4 =

EEBAROBEEIEKIZE A7 7 EEEIE, K
ODERTEEHIITIEOEHER, REEOKT
wHl&RI L, —RICEEETHL AN A
7O OBEEREKEL 18C EEbhTHED,
KRB CTIERIBLAKBE TS, 77C0RES
oL LEZLNL, TUYOORBHEEC
DV, bEHWILAHICBNT 039g Thoie.
ZAULEFE (1962) 9% (1981) 1T & 5 if @5
BEMTITONZN 25 m F{ X0y 77
BWHARICBITA, YA AOHMERRE (W
03g) LHMBEOETHDL. LMLV TTIED

2500

£

A/

. 2000

iy

£, 1500

ght {

100

el wa

500

o . 1 . L
0 50 100 150 200

Culture time (days)
Fig. 32. Growth curve of H. seiboldii cultured for 216 days
in 1t tank.

250

Fig. 33. Growth of abalone cultivated on 4" June. After 7
month, abalone grew from 30-50mm of initial length in
November reaching 70-75mm in June.

ey, HEEERIT 40% THLOIRL, AR
RT3 20% IS E o2l s, T YO
PRESOBEVIZL 5T, HAERGEREIKE
CELDZENPRBENS. Lo T, AR
BTE7ITERBIEKETCHERBL-bDLE
AbNhb, SHIRERO#HEL, AFLTOY
EEHLLZY, FHEKETCEREE AL ST
VT IR EERERT A I LA, BREKEEIC
EBELTWwLERDbNE, F/ATA 7%
FWS A5G, KEOBVWREKEDESE, b
LiZRBRE DS RNBZIMZITV, FEK
DOKIEE LR XL LT, KREROWEIIT
ABHDTIE RV RSN

—ERINCT TR, 1 kg OBEEIH 15 kg DAE
WBEOBEIPLETHL L SNTWD (Y,
1952). ZRETIZ T A X ZWiHAICEE S5
LT, 1kg OHEIZ 93 kg DIFEEDATE
BEN, TUEHEPELTE, ¥y 7HE
BT Y, FRMEESEWC EmESR
Tv % (Shpigel ef al., 1998; Shpigel et al., 2000).
H—E, FHFICTRBARKTEBINT H A
BOERY AT TR, RBKOREEEMALE T
X, U BEENH 152 L2 aENnT
Wiz, Zhid—#micEsRaE s Ty sl
h L% (UM, 2001). SOXH LB Enb

25 - - 20
IS =2 Monthly rate of weight gain 18 2
=) 20 —&— Average water temperatur 16 7?;
x &
@D’ 14 g‘
= 15 12 g .
2 & 10ZE
@ 10r 8 E
£ 6 @
5 5 4 8
= 2 =

0 o]

30- 2-Jan 1-Feb 1-Mar 1-Apr 3-May 3-Jun
Nov
Culture time (date)
Fig. 34. Changes in average water temperature in one ton
tank with deep seawater and monthly rates of weight
gain by abalone.

1.8
2228 Monthly rate of weight gain 165

—9—Monthly food intake ] =

Maonthly rate of weight gain

30- 2-Jan 1-Feb 1-Mar 1-Apr3-May 3-Jun
Nov

Culture time (date)

Fig. 35. Changes in monthly rates of weight gain and
monthly food intake by abalone.
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FUNRYBERFL N L TT T YO RR
BERAEL Y, FRICEWSLRVEBERTE

DRVWHERRON--OTIR WA EELILR
7z

F-ARBRTIE, U ADOERBMOAER
L7, WESBRPEDBIARHEOT I AEHHIC
BWTLEEREWELZD, 77 EHLE
v, L Lit4E, Kawashima er al. (2002) 12,
EWEPWTHILIZI VT IEIEMEL, 0
BEEBSEERTLIILE L, BVEHSRE
BOZLZMELTWE. TDXD LEREE
Mo r 7o CHEL LCiE{LTsZ L
i3, 7OVEBHMICE o T2 X NEPSIERICE
WMTHY, KRBIIBOTLRBL- T A%
WEL 2 S BRFIHT B -0 EBEF BT 5L
Bhd L & Bbit-.

FgEEAKERA LT T ERIEICHET A4
HELTlE, ShETREBATOEENOAE
TOEICHRESELEBIABEINLTRBY,
Fujita (2000) (XEEKEZ MR L C, BRL TS
T EEREE OARE YT T YIZEE X, 60 mm
DTIECETHESIELILIZRLTWS,
% 72 Fukami er al. (1998) X, Y 77 ¥ -2
TEKZAKLTBELCELIEHER
(Nitzschia sp.) & AW A 77 EICEA s, e
BERPAONI-ZEEMEL TS, LaL,
INSOBEEFFICHEEOWMMAERE LCHY
LNTHBY. (F5H, 1979), EEIZTEM I
TIERERELD D, KRB TORERIKR
v, T4, B (2004) &, REBRTH A
oy TEAEREEORAEREICLDY, v
CPTBMMMEME DL T IV ORESENLT
WHIEEHRELTWS. 5HBIZINSDHMR
FIGHLA7VEEBICOWTHRE 21T L8
5.

RRETIZ, NBHZLOEBET VIS
BT A e, ELCERINZ. 77ED
FERREICE L TEEO2rMETFD Y, W
XHREL LT, 474 (Morphysa iwamushi)
WX BAROEES, FAEHRE LTS - =
BHED A =7 (Lithophaga sp.), {HILERIZ
BET L VIF Y ZHO—FE (Penaietis haliotis)
PSR Tw5 (JEIF, 1952). T KEORE
ELTiE, BRERBEICLABERZCEIEE
OT yrEZTEEOFMNEIZL A8, REDIK
WENRALND (A, 1993; #1, 1995). &
DE)RBERRPRKREBELL RO N o722k
IZoWT, EBAICER, EEKEBAE S
MRBSV N &R (U5, 1994), AKRRER

TOEMBBEFBEILIZELZL TV EEZ O
7. TRPALNZVE VS FIZBWT, §EE
KTCO7 T EEBEIIENTHD LEZ LN,

2. BEEOE—BEROXHERBEICEZTY
E&E

TR E LTI, BRE, MEELIDLE
B OB EAS W EAMSN TS (Il
I, 1962; FHihs, 1967; HEH D, 1986). AFHER
TRERZEIHOWZERE, BREOPTLE
B ESEVWEENLI ARSI Ay
TThHD, UHhRAEFY AT TOMEERIRIC
DWW, F (1981) IZEERERHANER )R Y 2 2
7 40%) TObUsRX (84%) TEL, %
7ol (1962) T A A (3.9%) LDk
VAT (68%) TEHWIE, T 2@zl
AR S5 L BB L D SRESIET
BIEEWELTYAS. LeL, IhdDRER
VSN2 EEE, RARER» SRR SN
LOTHY, FEKTEBSNIIBES I, K
GHPRELELRLEEZOLNL., ZZTRET
W, BEBAKTEB LY I ARFERY ATV T
FHM T ICICEE IS T, THAR
PFRV AV TERBIREEIELZET, 7
TEDRBIZED L) BREBEVPRONLONE
WwEt L7z,

M #® & F &

ZEEIAMX 2002 4E 10 B 7 B 5 20034E 3 B
TH®D 5 » BEE L. TOYNMVRICESYE
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WAL, BEBREICEESICOVWTERER
Bohhh o/, 7RG E LT, KGH
BLELW 75%, Ty v 0 E0H 21%,
JKAHHI 2%, BEE»H 05% OEETEETIT
W5 EPahrol.

TR, ATHEBRUIEET H AEHTD
VL AREMBERTOT 7Y — 5% Table 7 1

AT, KRR, ALEHE, E@mos 287 oe
iz, EEBLRBEBOPAON ORS8N EE
ETHY, BITRHK, EEVAIAEH7IET
BENFRN 17.1+0.5%, 141+208% EEEEIX
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Fig. 36. Changes of water temperature and growth of

abalone fed on mono and mix of U. pinnatifida and L.

religiosa.
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Fig. 37. Changes in the amount of food intakes of abalone
fed on mono and mix of U. pinnatifida and L.

religiosa.
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Fig. 38. Changes in the amount of food intakes of abalone
fed on mix of U. pinnatifida and L. religiosa.
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Table 5. Body weight and shell length of abalones fed on U. pinnatifida and L. religiosa cultivated in deep seawater

Body weight (g) Shell length (mm)
Increase Increase
Individual in weight in length  Amount of food
Food No. Sex Initial  Final (g) Initial  Final (mm) intake (g)
1 m 21.2 24.7 3.5 58 63 5
2 f 27.5 35.5 8.0 62 65 3
U. pinnatifida 3 f 30.5 38.0 7.5 66 68 2 1306.5
4 m 26.0 329 6.9 62 67 5
5 m 22.0 32.1 10.1 57 65 8
Average 254 32.6 7.2 61.0 65.6 4.6
SD 3.9 5.0 2.4 3.6 1.9 2.3
6 f 25.2 30.3 5.1 60 64 4
7 m 29.8 47.0 17.2 65 74 9
L. religiosa 8 m 254 30.5 5.1 62 65 3 715.5
9 m 36.0 51.3 153 68 75 7
10 f 32.1 42.3 10.2 67 72 5
Average 29.7 40.3 10.6 64.4 70.0 5.6
SD 4.6 9.6 5.6 3.4 5.1 24
. 11 m 28.4 36.0 7.6 62 68 6
Mix of U. 2 ¥ 199 266 67 54 62 8
p ‘”"‘é”fd“ 13 m 232 277 45 58 63 5 Upinnatifida=592.5
rjzr;gio;a 14 " 262 355 9.3 61 67 6 L.religiosa=267.3
15 f 21.0 24.3 3.3 57 58 1
Average 237 30.0 6.3 58.4 63.6 5.2
SD 3.5 5.4 2.4 3.2 4.0 2.6

SD: standard deviation

Table 6. Chemical compositions of abalone fed on U. pinnatifida and L. religiosa cultivated in deep seawater

Food No. Moisture (%) Ash (%) Lipid (%) Protein (%)
1 76.2 2.5 0.4 21.8
2 78.4 2.7 0.4 21.4
U. pinnatifida 3 74.2 25 0.5 22.7
4 76.0 23 04 22.6
5 75.5 1.9 0.5 20.1
Average 76.1 2.4 0.4 21.7
SD 1.5 0.3 0.1 1.1
6 741 1.7 0.4 20.8
7 72.0 1.7 0.7 20.5
L. religiosa 8 799 2.1 0.6 19.3
9 74.0 1.5 0.5 21.6
10 75.8 1.7 0.6 20.5
Average 752 1.7 0.6 20.5
SD 3.0 0.2 0.1 0.8
Mix of 11 75.5 1.9 0.5 21.3
U.pinnatifida 12 76.0 2.0 0.5 20.5
and 13 76.0 1.8 0.6 20.8
Loreligiosa 14 76.3 2.0 04 22.2
15 77.0 24 04 21.0
Average 76.2 2.0 Q.5 212
SD 0.6 0.2 0.1 0.7

SD: standard deviation

BRI AL, UNXALDH R AT Y

% = TOBEEND ot S0BE UL, P
WHEEETY A A L ERLHEE, MELERL

AEBMTORBKXEIZIZ, BHEE, MERL TrlkwH Tl B, THIZ, TAALY Bk
BITEEZEZAON G072, L L, BED VA3 TOMEBMRENEVwEE L SR 2
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Table 7. Chemical compositions of abalone fed on various foods

Food Moisture (%) Ash (%) Lipid (%) Protein (%)
U. pinnatifida 76.1x1.5 24+03 0.4=0.1 21.7x1.1
L. religiosa 752+3.0 1.7+£0.2 0.6+0.1 20.5+0.8
Mix of U. pinnatifida and L. religiosa 76.2%0.6 2.0£02 0.5+0.1 21.2+0.7
Natural source 79.6£0.8 2.7%£0.1 0.4=£0.1 17.1+0.5
Artificial diet 75.0+1.1 24%0.1 0.5+0.1 209+0.3
Boiled U. pinnarifida 80.7x0.1 23+0.1 0501 14.1+0.38

NiZilEH (1962) 2k B, AvA2YTIND
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2. RUADTIEIZLBTIEEEY R
al iy

B IEHTE, THIAETIEOENNSY v

Abalone of 1000
shells in 1t tank

Fig. 39. Polyculture system between the abalone and U. pinnatifida using deep seawater in summer. Stocks of juvenile
sporophytes were transplanted to 1t tank in every 4 days using two (first and second) tanks. After 8 days, production
increased from 200g to 860g. After 8 days, sporophytes were transferred from first 1t to first 7t tank. After next 4 days,
sporophytes were transferred from second 1t to second 7t tank. After 16 days, production increased from 860g to 16,000g
in the first 7t tank. 16,000g of food for abalone of 2,000 shells was supplied in every 4 days.
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gametophytes
in flask,
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BEECIABAEREN 10% DT L&D, Fe 40
OTHEE 3ty MEKBTHZ L THETRETD
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&, FHTOTHhAREY AT L ERERD
DELh, LHrL, TOEDERYI AT TDH
HEHEEL, 77 X2HBELAEAERBLT

%

QOutdoor

Abalone of 1000
shells in 1t tank

Fig. 40. Polyculture system between the abalone and L. religiosa using deep seawater in winter. Stocks of juvenile
sporophytes were transplanted to 1t tank in every 4 days using two (first and second) tanks. After 8days, production
increased from 200g to 860g. After 8 days, sporophytes were transferred from first 1t to first 7t tank. After next 4 days,
sporophytes were transferred from second 1t to second 7t tank. After 16 days, production increased from 860g at the start
to 16,000g at the end in first 7t tank. 16,000g of Food for abalone of 4,000 shells was supplied in every 4 days.
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POMBICPTTEEFY XAy 7% (FHAM
HERF21.7233%) BETAHLIEET .

LI N -
S 1) Bk

VAT ABEIZLELRRTFIE, B 1 ME R
L35,

77 EEEFEIL, 30 mm BEH 25 70 mm OK
& ZE TV, BIEEAREILN 4,000 EE L7,
FIEAIMIEEE 3 B 1 HoRBEREE2 BT A C
WIERET D, 7TOCIIERETELZZ 2, 11t
RAGL 7= 042 1,000 EANAE L, BE2rOKES
THBEEEREKE, £FTREBREEHH R
REIZLIDINBL-ERAKREEKRTEZET
HKIEDH 20C (SR NERBAREHE 3t G
T 5.

2) VAT LIER

T 7 ¥ 4,000 ERANFREE AT B AT AL
DWTC, BREDN SO T H A ERHIE,
THELLVATLE 2y M RESELIE
THuReL%b. T4bh, 4 HEC Rkg DT A

Abalone of 1000
shells in 1t tank

Fig. 41. Polyculture system between the abalone and L. religiosa using deep seawater in spring and autumn. Stocks of juvenile
sporophytes were transplanted to 1t tank in every 3 days using three (first, second and third) tanks. After 9 days,
production increased from 200g to 700g. After 9 days, sporophytes were transferred from first 1t to first 7t tank. After
next 3 days, sporophytes were transferred from second It to second 7t tank. After 21 days, production increased from
700g at the start to 13,000g at the end in first 7t tank. 13,000g of food for abalone of 4,000 shells was supplied in every 3

days.
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APEESR, 7T 1,000 HEYS79 12 8 ke
EREEET S, EMBPOPEFEORIY AT
BRIEE 2HOYATF LR ZFOEEHEAL, 4
HIFIZ 16kg Dk A2 Y THAEESN, 7TIE
1,000 fHMRL720 4kg #FREEFT 2, CNHOEHH
T % Fig. 42 {R L 72,

Z &=

B2EOTTEFEMAKICBWT, TAH 2L
N &RV ATy T OEEMEE B E OB D
LENTWAEEZIN, KEII Ry Ay
THREEEET LI ENT T UEAE LT
THONELRTCHL, LPLEFIZBNT, 7
N ABBOEEDRERBKZEARALTVEICHE
b5, K 20T FTLERAL, kvyxars
OHERIL 7% LRI L7z (Table 2). %
72V ATy TEOKR 13.5C BREEREKERET
HAHLEESNTWDE (Fig29). BHHMEBEE
JE KM FERT CUEakiE 320 KON 344 m B HIREK
ZHBAKLTBY, 2OKBIZEAERCTH S
(F, 2002). BHEIL “BELE LShhb
B TH Y, BEFERIESN 30C MLEIE
T5. LEPo7T, AARERICXVERKZIAR
NG, FREDHR. L) LBRET
T, BARKEDFRY X a2 T8 L., i
WZHEERMIE 325 5 2%, BEZRIC 17.5205% L &E
REZRTIIAZRIETH I LT, BEOR
BELTROT IR T IE~NOBRGHEE

U. pinnatifida

Abalone of 1600
shells in 1t tank

SEICIT 2, S SIERBKRIAMEEDH
3BV DEORAICEZ A ENTE
LEEzZz oMb,
WEREMIZE L, BRERORAFEN LB
~BHETALETIC L - A, BAEE»STTE
WCHREETELETIC 1 » BOEE 2 » ADPRE
LEND, KB AT LTI, BEEBEEOES
FHEPLDOEEREZ S, PHENLUE
HEBEIZERLC, BEELTSHICINEZA
VENPH L. BB, Bk 6 H) 570 2%
I orzlnEzLE, 2y Afio 4 BiZizy
h A OERAE (RBEAOKRGE %, /2
FRECHE (11 B) »oosky X oy 7Y#
Gh¥, O NS EELIT) LEND 5.
AR, HEEBEEOBE S 4,000
WO7ITECEBEERET L2, LaL, BFIL
HMEEEIHMCEAREIOTIY GR
EH60mm DOTHY, IHI1NSHHER
DEHIE, THEOWELRBTEELLEEL
bbb, COLILEBEVAT AeflAEbE
L52LT, BABREZOT I EERNICE
FEL, FHETIEERTT AL AT A,

_*ﬁ?f

4, BEHEETIEDSEERES X7 L
13 BT, BimEE 7T U C0ERKY v

B AT LEEEL, FOEPHICO>VTH

L7z, BIETE CIBEEEM L 7 U VIS

L. religiosa

Abalone of 1000
shells in 1t tank

Fig. 42. Polyculture system using the abalone and U. pinnatifida and L. religiosa using deep seawater. U. pinnatifida were
cultivated from mid spring to early autumn. L. religiosa were cultivated from mid autumn to early spring. Stocks of
juvenile sporophytes of U. pinnatifida were transplanted to two 1t tank in every 4 days using four (first, second, third and
forth) tanks. After 8 days, production increased from 200g to 860g. After 8 days, sporophytes were transferred from first
and second 1t tanks to first and second 7t tanks. After next 4 days, sporophytes were transferred from third and forth 1t
tanks to third and forth 7t tanks. After 16 days, production increased from 1,720g at the start to 32,000¢g at the end in first
and second 7t tanks. 32,000g of food for abalone of 4,000 shells was supplied in every 4 days. Polyculture system using

L. religiosa was similar to Fig.40.
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BENENRV L7-RBREFERKLTEY, K
277 CEREPOK BRI, ¥R
Pokz 77 ERBICHACE S, BB
BERECHBTE, 22X MERERKOFESR
BEEMER T2 L05T& 5.

22 TR T BERERO/NEBRE LTV,
WREBIEKREH W7D EBEOTE, 7
VBB AVIRRBREOWNE X, O 5
ZEmHBIZ, TUCORE, ERERUTEE
DERERZEOM, T 728K O BIEREEE
WO, S5I7 7 ERBEPKTEB I
BEE & IRBAKO A CEIME L /2O RS54
5, MEADERIZOWTHKEIT-72. 2HbH
DERDPS, BEBKIZLIBEELETIEDS
B AT A ORI RS L.

OB & F &

BY Y o o02C, WA (DT 1K
1) =77 CERBEAKESEEEREAE (DT
B2 KM N BRI K 2K 5 TR
EET L7z (Fig. 43). BHEICHWAHBEIZT D
ARPFRV AV TEL, TICEATATY
EL§5., BRIIEBAKOAT, HODOWEEE
FHIKAE A~ 3t/day DIMBEARE L2, & TOKME
CiEt gz r—varEELk.

7 A OBEFEHIRL 2003 4F 10 B 27 A- 11 A
16 H® 20 B, w23 7OEBEHEI
200442 H 10H-3 A 1A 20 M E L &
K, HEKAKE~NZFNZNE 10 g OHEEET 2%
ALTCEBZERBLE. SEROLERONE
% 4 HEICITY, HEAEEREZEH L. HE
ERROENRIL, B 1EE 1HEAKET 5.
FIER T HROWERIE, HIREBIC—BREDT DT
BiTo 77,

Fig. 44. Photo showing 125 juvenile shells (size range from 30 to 40 mm of shell length) (left), H. sieboldii, were grown in the

outdoor 1t tank, together with corrugated plates (right).

TOYEMIEIT N AEEE FBCHEL, &
3040 mmi D7 T Y E 125 Ak, BREEH 500
g AWz (Fig. 44). B CRBAKTEIE
L7zkvy A2 7%, 3 HEIK 100g & +08ER
L, FRICBREORINZIT 72, BHEEND
BREELEZLIC L THRMAEFER L. #
BEMAZTOZVHE (2.1 A) 2BwTh,
TIOUENOMILEME Lz, 7O VERONE
F2BE»S 1y BEBTIT- 7.

BIKHEPNAKEIL, MDS ¥— % 1% — (Arec
electronics Ltd.) 124 hEEEFEIL, 4 HEOF
WRREZPER L. F20KT 5 EBKRUE
KEOHAE, FFITBNT 4 HEIZH V7))
YL, LR 0ASum DA VT I T4 M —
THBE®%, BAERSEERENEMIC-20C
OHBEREE L. WEBRICBEL,
TRACCS800 # VT 7 v E=w A, FYERE,
WREERER Y vERERESIIEL . W
EHEE, WS LT 22

¥ S

REKIEARRME (BT, % 1K) RO7Y

In fiow

Deep seawater
3tiday

Bro

(100Ltank) | ot frow

2 Out flow
(third)

Fig. 43. Diagram showing the culture tanks of multistage
culture method.
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VHEKKKE (DT, & 2K TOUHARY
FVAavI7oORERLKEOEEE, Fig 45
2R

T H X OBRBEEE BTN A EE
1, 55 1 KT 147%, 5% 2 KET129% &5
2% DR, F-AREHMTOKEDH 1 KE
T 149C, 5 2 KHT 169C & 2C OEED
WENF, KV ATy TOPHHBAERRIZE
1 KFET 22.0%, % 27KMET203% THY, T
A LR, KAERCIEN 2% OEREOERD,
T 2FHKIRIE, 8B 1 AMET 123C, & 2 K
TI121C ERER Gh o7z B 1 KEEE 2K
ROWEICE, BIZE 1 KETOEENBY -
A%, E2AETLELTHEOERLALN
2. ZOZENL, TYUEEBEIEKTH I
BEPBEHTELZ DT oT.

160 20
140 18~
=120 16%
g 14 5
2100 ®
o o]
¢ 80 §
7 b
2 60 5
40 g

20

0

250 14

&m ]2’"‘
__200F £
C: 105
£150p g
Q o
= L. religiosa £
B 100 2
z g
o
50 =

0

0 4 8 12 16 20

Culturetime (days)

Fig. 45. Changes of the average water temperature (line)
and the wet weight (bars) for U. pinnatifida and L.
religiosa. Unshaded symbol are first tank and shaded
symbol are second tank.

BT B OB DWW T, Table 8 1271
T, OhA kv Aar T, YU rES
B0 20% L%, £ 18EA4H (Tabled) &R
BhEmE R Lz, FoEEERNROREICE
JAREECOZETOREZT 720, A&
A LN o/, TRBREOEER, i
THACBOTREEIGECP RSN, SIAKE
TIXFE2RE L 0 HAENL G T L END D -
7= (Fig. 46).

BAEORBIFEEIZOWT, TVEZT L
EROCEWBEICOWTIZ 1 uM UTOEET
BR LD, FRBETEIEENRVLDLL
7o, WEREORMEBCBWT, WEE, Vv
MRIEIEEL, BEHBEE) TEICBL L, B
BT TR O D% { & BN H > 72 (Table 9).
T BREEEKETOREBROBAIZTTIRE
{, TIERETORERDED DA SN

AKRBETOT I, ABETRE TIZ—AE
HRLBILTHZ LR, BELERS L, #E
X 60 mm IZEE LS (Fig. 47). =M 133 H
TOTTEEROHERT Fig 48 \IRT. ZEH
M7 7EDFY 2 a3y 7HEERIT 4680.7 g
THYH, 5008 D7 TEIX 1500 g LEIZEEL

7. —EE9E, 1 kg OBEEIZIE 15 kg DIEEA
TLEDNLTVEA, KRBRTIINY 5 kg DEM
B CTHEE SN,

Fig. 46. U. pinnatifida cultivated in first tank (left) and
second tank (right).

Table 8. Analytical data of U. pinnatifida and L. religiosa in the culture using deep seawater (first tank) and abalone

drain seawater (second tank)

Sample Moisture(%) Ash (%) Lipid (%) Protein (%) Carbohydrate (%)
U. pinnatifida (first tank) 9.0+0.2 38.6+0.3 0.4£0.01 20.1£0.2 31.9%0.1
U. pinnatifida (second tank) 9.810.1 45044 0.7£0.3 17.9£0.6 26.6t4.4
L. religiosa (first tank) 9.6=0.1 400=x15 1.0+0.2 18.1=0.5 31322
L. religiosa (second tank) 10.7+£0.2 353+3.4 1.0+0.2 18.10.4 35.0£2.1

Average * Standard Deviation (n=3)
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= =
THAETIEDLEEFHBBRIIBNT, 22
DT F ABFEAKAEO KR, FHT 2T 0E
BhHA LN Fg 45). 7h AOZEEHEE 10 A
PH1ATH Y, SRIRIEH 15200 THo 7.
R AT ORBEHEE 2 A5 3ATHDY,
MRIRITRBAOKE 8 12T) L9 dEdo
. INOHRIRICE 2EE NS, T AEE
KEECEHAKRFER L, &V 2oy 7EEKE
TIIKIBENRA LN LD o7z b D EEZ LNS,
¥ T RO ERREILIERBKOEKKENT
TEHARKEL DS, EEFELE, 7.
ARBTOWEOLERICG 2 A TERELTE
ZHNBO, BRKREL BTMEEREEET
HAH. THAIBNTE, FHKESH 2C B
AN, REEORIBIZD R, HHCERE
IR E T TS (Table 9). L72255
T, BREAKROENEREEZLE L THELN-OTIE
HopbHEREINL., #IZFY X327 TR,
EIEAKBICEERNA ST, FEEOBIE
BT AHAEBLUTEZ L., EBEKFPORE
HWEENEFEI IR L L, 2NATRRYT 5305
WBEL 25, dV AT L CldEEhE
EXAEEZEIIEEL TwAEDTII v tEZ
BNA. EHITTHAIBNT, BEORRER
ERKIEAKEL 7 7 EHEAKECRELL RS
S TWiz, BEOBREL, KEPKOFHRIZ X

S TEALT A L MEIN TS (Rhodes,
1970; Gerard-& Mann, 1979; van den Hoek, 1981).
FY ATV T TRBBICHEELRERIALNLE
Polzl bbb, KBROERNT I AOHRE
DEWE LTHN O TIEE b BB TE 5.
MR L, BRI, KX
LEREIAON P, T 00 BEE
1E20% Hith & m <, 61 B 4 H & R ERN
BH O (Table 4), FBBKOEREILLELD
EEZ SN,
AFEBIZBWTT7TIYIE 1 BARLBETAZ
EKREEIERSN, 1kg OWEIZRY A2
TR S kg DEEETH Y, —HIGIIEbNS
BLUBRLTCOBOBTHo. £ 2 8E 15
IZBWT, 1kg DEEICEMI S 727 4 213 93 kg
Thofz. 2O EhHdH, TAXALDHKRY
A3y T OEEMEEIMENL TS EELZLNS.
T/, TOEKEIZEETOEEFERL T
oo BEEHEELORGEEIZLST, 77K
DEEDPRBLA LI WmEDALNS (IAH,
2004). COTENRINALVWERECTERESL
AR ITRETE RV, S5 OER
B, TIEEBIIBWIBRESNAT VE
= MEONSA LNV &R T T ¥R
AT A Z L THEERIER Y CBEEAT S
ZEIIIDWThH, BEEHZTwL L0 LR
S5 (Table9).

INE THEEORMBIEKDELE BIIZ,
BENALFT ANy —L LTHHETAHIZ L

Table 9. Nutrient (PO.-P and NOs-N) concentration of the poured deep seawater (DSW) and the all tanks drain sea-

water at the end of culture

U. pinnatifida L. religiosa
DSW  Firsttank  Abalone tank  Second tank DSW  Firsttank  Abalone tank  Second tank
PO:-P ( u M) 1.94 1.80 1.58 147 1.85 1.25 1.30 0.85
NO»-N( u M) 25.65 24.44 19.21 19.05 24.80 18.50 10.50 6.60
1500
é 1000
500 ; :
0 20 40 60 80 100 120 140

VI
Fig. 47. Photo showing the abalone, H. seiboldii, at the end
of culture.

Cultivation time (days)

Fig. 48. Growth curve of H. seiboldii cultured for 133 days
in 1t tank. 125 juvenile shells were grown from 500g
(shell length 30mm) to 1517g (shell length 60mm).
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#}E T3 (Cohen & Neori, 1991; Neori,
1996; Neori et al., 1996; Neori & Shpigel, 1999). %
THRAE, IS4 F T 4V —TE LS ik %
HEAEEBEICHMEAL, XA 7405 —kL
THWBELZ T CICRET 5 & v ) EHE Y
AT AEEIEL, BHGZHEESELATYS
(Neori et al., 2000; Schuenhoff er al., 2003) . ANiRE&
BWTYS, BROEMIKZ HW 27 7EE
FIZBECHMEREL, FRThrEEZLN
b, T7VEEBIOKICK 5iBEEMED, &
Lo TRIBEDORREBELRS, EREFORDI
AoNB2S, TUCHELE LTIy V7 EE
BEOZVERZERE LTAHATRTHS .
BRERETIEDEEREMI AT LAZNHATS Z
LT, BRKOBEEEFERERESEYE
BICHHETE, F-EARPNEREEREEDHE
WESNTREARPIAREND Z EIZHABDT,
RERMIERENE OO LIEREING,

V. #EeER

HEORE LT 7 UEMEIL, BREIOKRESEHR
T 5720 OMRIEB R, A THEFORE, &
HORMEINEDS HE, KEIX B2 5
BMEBEZETH L., FNEMOKEYDOEEEE
CHEBELTH, TUEFHETRELBS YA X
WK BETIZREL OBMPLEEZLIER
KEEFRVPRI L EEFEE TICHME A M
WPWHRE, TTEEBEO) A7 ITRKE B,
2000). @A T, KRLEAZICLY, 77
VR E G ABERTEAFEEBT LI LN TE
B, RIFZEE, FAST7ERBEICED S
B4 R RIEORBME % Bet U2B, sk ik
ELTERBAZMALZZEICL>T, 7TUE
R E 2 HBBEOKEREZ WL L, Wk
B 7 T CICHREET 2 2 &N TE .

BEEEZ T VEICHIECTELRESICERS
5720100, REENREE LTI ARY
RV ATV T OYHEALENR T 5 AR
BE2HLPITT LEUERD 2. BEORFTER
B, T bbEBME REFE BREOLER
ZBWT, BEEATREREE BB, Y
ko Z#MERESE, BAORBKERREK
WEDARENEZIEBLA. YA A REEED
BEENE, RV Ay TI3ERBICEETA. &
BROBRBERICHT 2AERFER, 2150
BT AWMBRE L BAHErALRZ, 2O
MEREOEREEOMRIX, BHTLERE

BRI TREBTLIENTE, EBEBAZA
HT A ETC—EFZRALTCHEIEVWEAEEZF
DT EDUREE o7z,

EHIARBCIRIEREOER IS BEBK
DEEBIZDNWT, REKE DR ETORE L
7o EEBAKEFERBAKTIR, ERAOSESRE
EVEOREN SRBAOERRL T & 22BN T
BT ERoOAR, BAEAOERSE, HIZEREK
TOEZERICEVWERZL 6L, LarLk
VAIArTIZBWTE, IETHROLE, A&k
DAEEICEL, BBAKEL D DIRBKTOEER
WRWHEEZ L7257 v o 2 IEF ICERZEY
HEPALNTZ, Thbh, "V A2y THESE
KIEATST L EL, 72 20C RBOKERIC
BWTC, 2 10T EETOLEETIE, EBKD
AREPRBAKINVDEL S -7, BHTORK
HOAERICEALTH, RBERIIFZRBAKTIE
BCHIBENTYBIZOEDL ST (Fig. 27), £
OERIZERBAKRE D HEVv (Fig. 25). L L#Z
OEFEIN-BER S F BT 2 L, BEAE
R E 5y VS HE, R ERIIKERE
Baidh s (Tabled). TNHDI L5, EREAR
e ZOWKPOREIMBEICL T, KU X
IVTOERPRETLIOTCREVIREER S
5. Kippers & Weidner (1980) X, FU 2 7
HOBZEEEAD, BEKBELUEER T ORE
HREOFGRICKL - THA BTS2 L 28
HLTWD, RV A3V TOBEEEICET S
MRE 2w, IhsofEEEORITIZE L,
SHROWMSEICHETLHRE R/, 2T
CEFE OS5, RBAKRBEBKOREERE
K2R HET 5, REAEEERIS
YR EEERIVRBAREEREL YD DR L,
LoTHwbIEeENFhrol, PUEEELE LT
1, & VST EN 35% DEHE TIZE VT IE
NTWwb EoMENPR SN S (Shpigel et al.,
1998, 2000). L7225 CT7 U & 2 2 i
i, BICREKEEHTALERD L LE
bz,

AHA T EEEIIB T, FHEAKRZEHE
&M (#20C) RS, 7T EDEEE
KRR (10T AifE) LD b RE ML A
(Figs. 34,37). 2O Eh5, 7Y EOHEEE
RHERT B2, FICAFITBWTIRBK
DKIEZ ANBPIC ERSIGLIEPNEL LS.
EFHE, KBRKEOBEBATHEBELH, 4F
ZBWTEEARD 11T-16T Fitt  THRETHET
HEZLEHRELTVWE, 3 EE 4 HTOS
BEBIIBWT, BEEBEPEKE 7T UEHIC
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HOYa B, WEEMEKREZHRERTLZ LT,
RMEORWT JTEEBMAMETHLEEZLN
7z,

BEELTIVCOEHNNSY VI BB AT A
oW C, ThLFEERBR»SB LR
75— 2 ICHEEIRATHE., VAT ATH
£ 512, BFRAESORIEY, BNRLO
FROWICHARL S EDPLETHS 2. KR
BRoiEE»S, EHEEEORBEORBFE L,
¥y HRls, 7R E RS REXETE
EAfRTHBI L, 774 AEIC 15kg BB
BPNETXLIEPRINS, Doz e
5, BELABERIITIEICERMICHESEL,
7IE 1 ko HEEEED S8 4,000 Bk
BLIZHEBEINDL VAT ARBEL, FE
BF (2004) IXEBILEREKE T, B LkE
TEBL-~vary 72 EMBErOHEL, #
NETLVT7IEICRKRETSERET7T Y CEHE Y
AFAERBLTWS, FOEBHKIZEE 4T
LIRS, AFTEMBELCHERLTEY, -
WELAD— FICEHZE L TARBICEOTWS, R
B CIIMHT BT EZ L2 LT, KRER
BB BELREBEOEENTIRTDH
Lk, kAR AERICHAL, BEE
WM TELHTREERL, TR ET
3 BT ERALE KL AEEREYIToTH
N, HETLEVSEERLEL VL,

IR, TEkObE FEMEE & ARREBETRE
L2/ v 7 BREY AT ADBEE P D
A MIOWTHRE L, 7T UREIZ, A%
A AT A, 1t KET 70 mm 7 T
4,000 @R %E HE 10 t DIEKTIT) 2 EICT 5.
“a” OEBRREROT T EEME, ‘b0 OEHIZ
KRB AT HETH,

1. e

a. 1t 4 20 100 FHEEEBERE O
5,000 7 (&35 5,100 5HD).

b. 1t KIE 8 Fd 200 7T & 7 ¢ /KA 8 ZED 400
), MR AR N E R R RER 2,000 5,
Flo4 ¥ axR—F— 23 100 i, *—
Mo L—T7 2% 50 (BFF 2,750 AHD.

2. A58

a. TEH OMEE, FREEI, KIERERS T/
MNEREA® 2 AL, 1AN4Z0ER 120 7
B (A& 240 HH/AE).

b BEMEEAEOEMEIAN (300 HHM/MAE),
KAERESEO S~ NEREIA (A5 4208
F/4E).

3. EEE (BERE, BKkE, BHHE)

AVHE

a JB7K 1t OIEABISEMT 10 THTH S
DT (BF, 20000, 1tKIEA4HETENRFN
Ha 10t DRSPS LEEL RS (400 HH/
£). FARE~NOBERGOZODOTT
V—va B E LT 20 AMAE (BEF 420
).

b. WKDWEBEIZLE L VWA, 4V F 2N~
¥ —RF -+ s L -7 7LV
a vOBEBREVWVLEE RS (HFF 80 HH/
).

2) WKE

a. WREIKE D5 7D KEBIZLER VD,
BBIZEIBETANY —OXRBEILE
(20 T /4E) .

b. 7 7 EKREAOEKIT RIS PEK &
HT 5720, BREBREREVPLEL R
L, JHRX, RIAAVTOEMY AT
A (Fig. 42) Ti¥, A AP HBIERE
D 3 AEOREKE, TV A2 THHE
B2 6 FEEOEBAZHHTHI L5,
T 2KBEOBIIR R 555, #ARE
FRICR 5, REKBIETTTIE 1t 48
7THTHYD., BHE 180t DIEBAFMHT
% (46 FH/HE).

3) R

a ANLEHEEL LT 500 Hkg BPUETH
5, 7Y 1A GRE70mm:40g) O
OEEEERAEDI0%THY, 7Y
4000fBAEDIEEHEITHE 16kg TH S, L
72435 T, HEEE#EIZ 8,000 HiZ%kb
(292 FH/AE).

b AR ZEEAT A Z ik v, B 15ke A°
EBEINDOIZHERBIEE, 1t KT
S HRE, 7TtXKFET 16 HMTHY, HHE
NBiKEL 360t THLOT T Hn 206
2,520 g 5. $-BREIER 80 H
Mo 24 HEICHEH Sh 2 EAE
X173 FHTHY, BRELEARTI
5 FHICR5. Ll 15kg &) i
i, 7Y 4 BO0OEETHBEIEDDS,
HEIEEEE X 3,750 322 .

Uz &rs, BZEEEB Sy 207
IR MRS S L, FEROEBHCTIIER 920
T, REHETIE 546 HHE KBICHES NS
ZEBGh ol T2, HEEEELZIELT
b, ALSREHAEETIE 8,000 F, A#FEEHcid



WHHEREBRICL 2EEBALETTED Y V738 51

3750 HE % b, S LICARBHETIE, EIVEH
T22Eb4L, MEPEERTCHLIDOTER
HFKEIFEOT T CHD, FRERIND P
HIIOFEETRY, ZO X512, EREKEZHH
LGRS 7T I EERY AT LARMEROERT
OBELIZ M2 RELHHTE, IhFETO
TR b REAKEE AT AR %
WOTnE, TOLIRENHSY V7 EHEY A
FAERHTAZET, TUELRELT, 7=
YT EOBRENOEEEYOEML T
THA9.

BIE, REARBAKKRIIENMERIZHS. L
L, KREMEBBICEL T, REHICITbNRT
WABRRRIZFR E V. SR DX D RS
W2 HZ LT, REWEYATLOFMHAIYEE
na.

FEREAE WS, KEETED20MWEEET
LEWE, ZEMFHTEL LV AT, K%
DOEEDVSHBIBILIGHEINS 2 L 2 EBICHE).

= #

WEEREA (DUF, WEA LA BE L I
BLUEERTH 225, MARECHERED
BRIZEDH) B2 D0, BERBINTWA,
KRR E LB L-REROFEE, B
FEIEW, MEEERE O FE, BEERS
RKEWOEBIZE L TERTHB, AT
WAE, TOEOAESZEABA L, EMiciE
ZRKEEE (EKEEE L +0ME, ATH
BE, 7o (EER) OBARE T
ALFRFEEEIC X 2 KEED > OKREREILSE
DMESARET, BEIBEVWATINLIELZLL
v, T UK R L EEL, BENE
BT - BRI CTH Y, RADPOOREITIIRRE
WHH, KFETIHERKOGEEZFHL T,
TUEMEAR E 2 5BEE (TH R, KV X
ary) OFEEERFFOBERELT T
BURAICHE T 2N > 7 BEY X T AIC
DWTHE L. FRBKOBEEAE~NDE
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