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Culture of sporophytes of Sagarame Eisenia arborea
in 0.1-1 KL tanks by using deep seawater from Suruga Bay
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Abstract

We attempted to develop a tank culture method for growing Sagarame Eisenia arborea by
using deep seawater from Suruga Bay; For this purpose, we employed the mass-culture
method using free-living sporophytes. Five experimental setups were created in the labora-
tory; the sporophytes were cultured at various cultivation densities (1.65-4.80 kg/kL) and
had leaves of various blade lengths (19-50 mm). They were grown in polycarbonate tanks of
0.1 kL, 0.5 kL and 1 kL volume under natural daylight conditions for 28-48 days. Blade
lengths and wet weights of all the culture samples under different setups were found to have
increased, and the wet weights of cultures in each setup increased by 3.55-7.62 kg.
Cultivation densities and the relative growth rates in blade lengths or wet weights showed
negative linear correlations (blade length: y= —0.40x+3.81, r=0.64, p<0.05; wet weight:
y=—0.73x+9.66, r=0.79, p<0.01) under same daily light quantity level. On the basis of
these results, we think that tank culture of this kelp species with a high growth rate is pos-
sible if it is cultured at the density of 2 kg/kL or less.
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Efein] 5 1EIBIK % B\ 12 7 5 # Eisenia arborea D BB M DR % BH)ic, BRiEZEERBK
AL, BRUCE > TRIFEE2EFEES E70KET 0.1- LKL BEOKELZHVEELKA S,
BEBEIEEZROBFRICOWTTANK, MENCR 7)) —BEE» SEEL LY A5 2 faFiEkEH
W, FAAEBOEERE (19~50 mm) KRUEEEE (1.65~4.80kg/kL) DR 5 5HBRXEZHEL
to. BRAEDELIACEATEEO0.1KL 225 1 kL O/KEAH WV 28~48 HfEEEL . WFho
RRX G EEHBORBICHVEREBEEENEML, EEEKTRICIIHEED S 3.65~7.62 kg
¥ELL, BREALBEOTEEMSEFO 2BV T, BEEELERBLICEEEORMENSE
EROBRAER LAER, A0HMBED S, Lol tns, BEEEREKE R
EBICLDHHS A OEBEIIAGETH D, HEFES 2kg/kKLUTIRD ZETHVWAERREH
FcasiEZzoN.
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1. #

Il

45 * Eisenia arborea |3, EMN TR EM
EroiFEBAEBLUVEEROFREIIAHL,
mEETEPRERRES 2 (I8, 1993). FHEE
T3, poOTHAWTS X UOHRZREHEZRLE LT

S L (E&J, 1996a, 1996b), BHE L TH|
HahTxik., LrL, HE, HHIARH IR

Ecklonia cava DRV S 2 HHET L5 0 (BRAII,
1996a, 1996b), THITfEVH 4 S5 2 DEEDN L
WIREEDFEL T W B (BB, 1999). T D7,
ATREEBEICE 39 45 2 @BHRROETHRS S
nTwaeebic (ZRS, 2007a), BEAEIC
KBHA T ADEMBEEN TV B,

Rl OKESITm BLUV687m »SHUKE N
ZEEREREK (LT, FEK) 13, WHEREERS
LU vEEREY) VIBEMEREKICHE~RTEL (At
#, 2004), 4472 ORBIEK (THS, 2005)
BLURFAE (ZHS, 2007b) OFEEICEL TW
ZEMEINATVE,. —F, ZH @K
(2006) ¥, BEROLIEMIAEEAFOREICE
HXHE 5 LN CFEIRED F Fak#hs 8 ThaFiE
ST ABM AL, 20BR, vH 5 2 EEER
e & FATEHINA, SR FIRE THERT 5 T & AT
feLliore, 22T, AR TIE, FEKEHWE
+ 45 2 ELEEEMORREE BIIC, HEEES
RICEBHH 5 2% 0.1- 1 kKL /KIERETHEE L
BIESEREEEIC>VLTHRETL 1.

2. MRRUAE

PN (3 F SRS HE Y 4 5 2 ICHR T BB
BEERHVE (ZHS, 2005). s DBEBE%E
pegI S I 3 & — TH 30 MR L, REW
KE~R—2 &L 3 9HRERML 72 Provasoli K&EE
fommk (LIF, PESI &9 3%, il - A,
1986) %ij#t-L722~3L 75 230HhT, 25—
S—THBRLADGOEEL /.. Z0MOBEERKES,
Y8 80 umolm2s™', LM 12 BFREIBALA : 12 B
FIBEHE, 7KiE 18°C& L7z, # 1 BRIk, MHEE

KGO EAR L 7o, BEEZMABL TH S 19~23 8
fkic, 1I5L 75257 v 7 B&ICHBL, HRAXLD
725BAb L RIHMNICT, &51216~17 BIEE
KIEEL, KBRIY+ -5 —~"2AKXTH10°C
L, HEEKIZ 1/10 BE D PESI & L1,

REEERRI, LiLoEERFEERY, #E
7K B BT B 0 R B AT iR T 7KK EE R e ak N T
2008 %6 A 18 H»© 8 A 5 HDHARIthic E i L
fo. BEMEROERLBEERORN S A~EDS
HERX 2% 77 (Table 2). EEBRBEIFTEO0L
kL (3E7K& 0.1kL), 05KkL (FE/KE 04kL), 1
kL (E/XKEO08KL) 717 3 7HILEB LU 1KL
(/KB 1KL) AR ) #— K% — FEUKEARL,
SHBX E bEFHROERICHE-T, 0.1KL, 05
kL, 1kL DIFICHEERSEZLAL .

W FN OERX b B EKIC (3 BEEE O 7KIE 397
m»SHBUKL 7B ERV, #IKEIFI1IHG6
~l6@ElEr & L, XERBEBARKLE L, K
EGPRIIICEB LT T — X b — vyHS#EHILHE
L, KENICERERE S8 ThRaTHRE RS
JREEIC L THEE L7 (Fig. 1A). &BRIARP 9~10
Higic, AKX 30 HEOEREL X UEREAIE
T5LEEDIC, KD SETORTFAEZRINL TE
BEAAE L. BEREIZRMEERFOBITHH,
SERMANE TL L, BEREIERTOKOLEVER
% 1 mm B CRIE L 72 (Fig. 1B). BHEEII,
F)zFL oBERIOX . F TIERIL LEETHAIC
Kgp Licos, EFEMRFCTREL 2. &illl
EHOERBIUVEERLEERMNM S, ThEh
OEEEEERALVEHL 2.

Relative growth rate (RGR; %/day)
=100t"'In (Va/Vb)

t:EEAHK Va:t BROWEE

Vb : iRERBA e E O R E 8

Kigid 7 vy VIRERTTEBRIEL 2. SLEE,
IKIEREFICKE L 722 v — (Lil92SA, Li-COR
Biosciences) 27— % o # — (Li-COR 1400, Li-
COR Biosciences) %##tl T, #HEOHA» 5 H
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Fig. 1 (A) Float type Sagarame Eisenia arborea culture tank. (B) Measurements of blade length and width of ju-

venile Sagarame Eisenia arborea sporophytes.

DAL FTI0NHRTRIEL, BREXLEZEL
L7c., B7KB LUEEKDORBERE L, HEY
2@ (7H 16 B, 74 25H) 12 kA&
KLU, HBEZEXRBSLU) vBE) ViBE%
Parsons et al. (1984) 1<tV L 72,

3. RRBLUEER

KRAEHBOKEB L UHBEELED LEES
Table 1 iZ7/R L7, HUKER D EBEKD KR 3579
CTHEL TV, BEEKEDFIEKER KRS
BOKRICHEEEZIT 12 10.4~14.1°C D &FIC
Hoto. BRENXEDOFHMEIR 1.5~3.5 molm™
day ' o&HIich b, EEIHEOZEBICHEVEH -
7.

Table 2 IZ EHBRX OFALER S L K TROER

Table 1. Water temperature

TR, BEER EETE ERBIVEEEOHEN
E#E%, Fig 2 cEBHHGOFEEER, FHE
BELVBEEOHEBEZAZARLE., HBRKX
A, B, C, D 8X U E ORERFEGHOHER (S,
ZN%h 498+205mm, 40.6+17.1 mm, 21.2
+123mm, 189+9.6mm, 252*157mm T&
D, BTEICIZZNZH1 123.1=35.7mm, 110.6
+446 mm, 653*+162mm, 88.7*+429 mm,
778+31.9mmiIcER L. RBRKTHOEES
Lkt oMER IR, HKBRX A T942kgkL™,
7.62kg, RKERX B T 7.20kgkL"!, 5.10kg, XER
X C ©595kgkL™", 547kg, RAERX D T 11.38
kgkL™', 4.30kg, iABRX E T 4.75kgkL™", 3.55
kg THo7. WIhOHBRKICEWLTHERED
FIRERIC SHEHEOMBESEMICR o nn, Zofth
DOREYIRBTIIED S h - 1,

and daily light quantity

oy =1 - .
Experiment period Water temperature (°C) Daily 11g21 qua]nf:ty
A B C D E (molm~2day ')

18"June-27"June 11.0X0.9 11.3+0.7 10.4£0.6 11.5+0.6 - 15+0.8
27"June- 7"July 127*1.0 12.1+£0.7 12.0+0.6 126%0.6 115+0.3 24*+14

7" July-16"July 11.8+0.8 11.7+0.7 11.8£0.8 12.7+0.7 114%0.7 26*t1.2
16"July-25"July 11.9%05 13.3=*1.1 123104 14.1%1.5 123£0.5 35*1.2
25"July- 5"August 12.0%+0.2 - - 13.2%+0.8 - 3.2%0.7

*! Data show meanzstandard deviation
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Table 2. Results of culture experiment of sporophytes of Sagarame Eisenia arborea in 0.1-1 kKL tanks by using

deep seawater

Factor A B C D E

Blade length*' (mm) 49.8+£20.5 40.6+17.1 21.2+123 189+9.6 252+15.7

Initial Blade width*' (mm) 17.1+8.0 11.8+5.3 5.6+3.0 7.4%3.2 9.1%+4.2
Wet weight (kg) 1.80 0.66 0.48 0.25 1.20
Density (kgkL ) 4.50 1.65 4.80 2.50 3.00

Blade length*' (mm) 123.1£35.7 110.6+44.6 65.31+16.2 88.7+42.9 778+31.9

Blade width*' (mm) 25.7x75 26.3%£9.1 14.0£4.0 22.7%t105 21777
Final Wet weight (kg) 9.42 5.76 5.95 4.55 4.75
Wet weight gain (kg) 7.62 5.10 5.47 4.30 3.55
Density (kgkL ) 9.42 7.20 5.95 11.38 4.75
Experiment periods (day) 48 37 37 48 28
18"June-27"June A2 A2 Al Al -
27"June- 7"July A3 A2 A2 Al A2

Culture " "

tank *? 7" July-16"July A3 A2 A2 Al A2
16"July-25"July P A3 P A2 P
25"July- 5"August P - — A2 -
18"June-27"June 0.7 1.7 4.2 6.0 -
Blade 27"June- 7"]July 2.3 24 1.9 2.6 4.5
length 7"July-16"]July (%day ) 2.4 1.9 2.0 0.5 0.3
RGR™  16"July-25"July 2.9 4.9 4.2 35 7.2
25"July- 5"August 1.2 - - 3.5 -
18"June-27"June 2.7 5.6 6.2 2.6 -
Wet 27" June- 7"July 6.7 6.7 9.3 9.2 6.5
weight 7"July-16"July (%day ') 4.1 6.1 5.8 4.3 6.1
RGR™  16"July-25"July 1.2 5.0 5.7 8.1 1.9
25"July- 5"August 2.0 - - 5.8 -

*! Data show mean *standard deviation

**Al  Artemia hatch tank of 0.1 kL in volume
A2 Artemia hatch tank of 0.5 kL (net 0.4 kL) in volume
A3 Artemia hatch tank of 1 kL (net 0.8 kL) in volume
P Polycarbonate tank of 1 kL in volume

**Relative growth rate

6 18HM»56H 27H,
H, 7TA7B»57HA16H, TAl6EB»5TA
25H, 7TH25H»58 A5 HOHRKEBOER
OHMEREI, ThEFN 0.7~6.0%day !, 1.9~
45%day™', 0.3~2.4%day™', 2.9~7.2%day"",
1.2~3.5%day ™! D&EHicH b, HABRXEDIES D
K&t F, XA, B, C, D, ED
g oEMRERE, £hEFh 0.7~2.9%day ',
1.7~4.9%day™"', 19~4.2%day™', 0.5~6.0%
day™', 0.3~7.2%day ' D&EHIcH b, HAERLAM
LB o2 b REDL -, 6, BEEDOH
HHEERICOVWT bEIBOHEREZ/RL . TOER
KOWTERT 2100, ZHBRXDKIEDFIRHE
—T, BB >AREXEOFEELSRIKETH - 12,

6H2TH»TRH7

6H2TEH»STHTHETATE»S7THI16H
DF—5ARAVT, BERBIVEBEEOHETERSE
& BRI G O IR EHE OB 2 # < Fig. 3 1Z/R
L7, EROHMARR LEEFE IAOHEBER
L (y=—040x+381;r=0.64:p<0.05), &
BESEVE EENERRSMEL B2 ERPBH - 12
(Fig. 3A). BEEOHUARRLIEEFTELHOD
HBEEZRL (y=—0.73x+9.66 ; r=0.79 ; p<
0.01), EBEFEEASVIZEHNTEERMEL LS
@@ A d - 72 (Fig. 38B). —4, BEEBLUVEEE
DEEXERR L HRRGR O K & ORI 3485
IR DoSNKE -7 (p>0.05).

BEBBEICBVWIBEOARICEELE5Z 2FE
RELTEZONZDIZ, KE KEBLIURESR
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Fig. 2 Changes in blade length (A), blade width (B) and wet weight (c) of cultivated Sagarame Eisenia arborea.
Closed circle, Closed triangle, Open circle, Open triangle and Open square are indicate A, B, C, D, E, respec-
tively (see Table 2 for detailed culture conditions). Data show mean=*standard deviation (A and B).
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Fig. 3 Relationship between density and relative growth rate of blade length (y=—0.40x+3.81; r=0.64) (A) or
wet weight (y=—0.73x+9.66; r=0.79) (B) from 27" June to 7" July and from 7" July to 16" July 2008.
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Table 3. Nitrate and phosphate concentrations of the poured deep seawater (DSW) and seawater in each tank

16" July 2008 25™ July 2008
Date DSW Seawater in tank (b) DSW Seawater in tank (b)
(@) A B C D E (@) A B C D E

NO; —N M) 26.7 17.2 6.6 16.9 17.3 16.7 204 17.7 154 164 9.7 14.7
a—b M) 9.4 20.0 9.7 9.4 9.9 2.6 5.0 4.0 10.6 5.7
((a—b)x10%/a (%) 354 75.1 364 35.1 37.2 129 24.5 19.6 52.2 27.8
PO —P uM) 2.1 1.3 0.7 0.9 1.2 1.1 1.9 1.3 1.5 14 1.1 1.1
a—b uM) 0.8 14 1.1 0.9 1.0 0.5 0.4 04 0.8 0.7
((a—b)X10%/a (%) 37.2 65.7 54.3 429 48.6 28.3 194 22.3 43.2 40.3

BETHI. KEBIOKBIIOVTIE, 45
WA BB E 25 molm *day ' LI L, /KiRE
Bl 10~18 CTRIFHRARERT I EMBMREINT
B (RS, 2007b), KEAERD 6 A 27 HLIE
DIKEHBEEATONELKIRIZ, 4452 DEEIC
W@ EHETH -1 E VWA B (Table 1). —4,
KERBECOVWTIR7TA 16 B8XU7H25H

DERBERATEZLER% Table 3I1C/RL7%. 7TH 16 H
ET7TH2HOFKDIHEBEERERE IZATH

26.7uM, 204 uM Th D, BHRBEX DEEKDIRE
i3 6.6~17.7uM DEFICH 1. TH16H&E T
A25 AOEKRDY vEERE) vBEERZAEN 2.1
UM BET 19uM TH Y, BRBRXOEEKD )
VEREE) Y IBREIL 0.7~1.5 uM DEFHICH - 72,

EEKPOHBESREES LU VBEE) VB
DEFEKICHT 2RADERIZTH 16 HO BXARKRX,

AKX L TBRERLITI TH » 7. BEED 397
m A SHUK L ERBKDIEBEERB LU ) v &
HEY) ViBREE 24 m 2 SHUK L 7 REKD b 1512
ThdIeEmo (BTE, 2004), HEEZEZRBX
o) CEERE) VBB ORDEIZDIEC, BEEKGIC
+HE&FhTViEELONS,

& T KE P KERERED LRI~
TKEERCANBONE I D, EBEEEIE L
513 EZOMEAMEL., Table 1 ISR LLD
CIKEICIBH NI RBR TS TH-1cELTH,
8% DRAFADZIT 2HEB IR 20lHELSH 5.
Lichi-> THRRRICBVLTHEBEEE S HMERRIC

BoERE»ES SN L TR, EEEEOHE

WA~ faFRIciBE S h 3 EEaED L
LRSI B,

A, BBEEEBKENFIRL T H 5 2 ATFE
AFEEE T A EICE-T, BE1KL OKIET
R 942 kg, BE400L OKMETIZ 455kg £ T
DIEEDARETH - 72, L L, BREBELEHMSEK
BHEARICBWT, BB EER 2 ~8kgkL™ @
KR EEREREIG 4.1~9.2%day ' 2R L,
EEEELERRICIACHEEMSED SN, L
DT, HEBEEEM 2kgkL ' 2HBA B ANCHEEK
FEOILRCNEAERT 2 2 & THVLERRIHERS
TXx3LEz26N5,

WO

AFRAEITHICY 2D, BRI WA -5
B IKEE L AT A 22 AR BR e] 7 R FE /K K EE | F AR B B
HRIGESEH VI LE T,
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