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Effect of flow rate on the growth of juvenile Eisenia arborea and
Ecklonia cava (Laminariales, Phaeophyceae) cultured
in Suruga Bay deep and surface seawaters
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Abstract

The authors previously reported the usefulness of deep seawater (DSW, known as clean,
cold and nutrient-rich seawater pipelined from a depth of 397 m in Suruga Bay, central
Pacific coast of Japan) in seed production of brown algae Eisenia arborea and Ecklonia cava
and the effects of light intensity and water temperature on their juvenile growth. In the
present study, juvenile sporophytes of the two species were cultured at four flow rates (0.5-
9.4 cm sec™) of DSW and surface seawater (SSW, pipelined from a depth of 24 m) in a trans-
parent pipe to determine the best flow rate condition. The culture was conducted under the
natural light condition at a water temperature of 14 °C for 24 days in E. arborea and at 18 °C
for 16 days in E. cava. As a result, no significant difference was found in the relative growth
rates (in blade length) of the two species in the examined range of flow rate (but data was not
obtained at 9.4 cm sec™ in E. arborea) when cultured in DSW. However growth rates of E.
arborea and E. cava increased with the flow rate in SSW [E. arborea: y = 0.40 Ln (x) + 4.47
(r2 = 0.99); E. cava: y = 0.84 Ln (x) + 7.99 (r* = 0.99)], attaining each maximum, 5.4 % day™
and 9.7 % day™, respectively. These results indicate that juvenile sporophytes of E. arborea
and E. cava can grow in DSW faster than in SSW regardless of the flow rate. Use of DSW may
result in the decrease of unevenness of juvenile growth in the culture tank.
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1. BUBHIC

% # 5 * Eisenia arborea ¥ £ V' /1 ¥ * Ecklonia
cava 3R O S FEABE TIHREBICH P E K
35 (JIlU§ 1993). LA L, #BEARKZRETH»S
AT ICH T TOMBIETIE, $HI X« H V2l
hHBHET 2 KRIBEBEIBREL TV S
(F8% 2000). D7, MFEDLEEMEE &4 -
BT 208N H D, MRALEEEEETS BY
T, &Mk EEBLUOKESEOERICKIE
TREVSHAINA TS (Zk S 2006a; 2006b).

BEOLEBRE CRBEEN D AL RE ICHEBE
RIFFTEVBEAERCTHELIDONTVEIERE L
TREDEIF 5 b (Wheeler 1980; Gerard 1982;
Hurd et al. 1996). RA@BE T, EERROMB
KBy L BB OAEERICIE b L < 3HOMBMBEGR L
B EVBHMEEINTWS (Kain 1977; Gerard
and Mann 1979; Leigh et al 1987; Sjtun et al
1998). %74, KHEERICBWVWT, 74 4 Undaria
pinnatifida T3, #W&ED 10cm sec' U LD &
Db 42cmsec’' DEICERBIEIEN S (HBES
2006). %I THRHR T, HFAEEEKERVT
YH T ABLU N V2 OEEHEEET 5B KB
HRELT, hosOMEDERICRIZTTHREDRE
8%, FEKEDLFRLIKEERICKL DFENL.
%o, REHWKDICBLTHEKICERL, FEK
LOEBOMHEREEL 12,

2. BMHERE

KERICH WA, 1999 & 8 A i< #H R
BRI CIRE L 729 # 5 2 lF R0 BREHK
(k) »oBREMK (ZHS 2005), BLU
2004 £ 11 AicHMETHMAETHEELL v
ARAFEL SBARBEEEELTEL. oo
REEE  +4 —THML, BER10mm®Ds L E
+o—FicEEI#. CORBEKNGEDD-—T%
1/4 (B Provasoli KEEfishde/KZiw /- L 70
CBETI2F v arvT+RICEKEL, XE 40
umolm?s”, BAEEERA 12 hr : 12 hr TESKIEEL,

—F - = &

BBk Lz, Cokdci@kicfigaer
diEx (3452 PHER 24mm; AV 2 L EY
#K 3.1 mm) EERIHEL .
HRERICIELZ2HELEEL the 2%& (Fig.
1A) 2HW, KEBR, AKSA7 (@) »H5D
mKiRE%E /L7 (b) THBL, K& 200mm,
MR 25 mm OIEE 1 7N (c) DREEE(LE ¢
BIEMTES, MEMSFELFER (Fig. 1Be)
B27 L 2BoR () IKEEL, 1 7HTHIE
ZHER L7z, #&E (cmsec') 3HE (cm® sec!)
ZWHERE (cm?® TR & TEREL 2. RERH,
HHIA AU AFIC05, 1.9, 4.7, 9.4 cm sec’
D4 BRREE L, HEEREKICIHEESRHRETS
#% DK 397 m H SEUK Lt B BIREK B &
O7KIE 24 m »SHEUK L - RE#B/KER W, KB
LE L tcifE 2RO, @k Bk R =K
EERD, SO 2BICIERBEZRERL .
MELADBERBIT>VWTIE, UTo@h &L
. 9, 445 2 AR TRIFEBKE L UEBEABK
hOREBRRE L, HEEEXRTZTNHTH 160,
49uM, ) vEEEEY v T 20, 0.7uM TH -7z, 3k

Fig. 1. Experimental apparatus for generating differ-
ent flow rates (A) and the string holder (B). Deep
seawater or surface seawater flows through a
pipe (a) in which flow rate is controlled with a
bulb (b). Juvenile sporophytes of Eiseinia arborea
or Ecklonia cava (f) attached on the string and
held with stainless frame (e) are cultured in a
transpalent pipe (c), and the seawater was drained
through a pipe (d). Scale bar indicates 2 cm.
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BRRBEERDICHEEBE Lt v+ — (Lil92SA,
LI-COR Biosciences) & 7 — % o 4 —
1400, LI-COR Biosciences) *H\W<T, #H, H
OE»SHDAD ¥ T 30 R THEZEGHIE

L, ThicEg 1 70OEBLE2FE L CHEELER
ARt KIEKEEEZ, AREXE (FHt
EH¥RZ) 1307 £03mol m? day” TH - 7z.
KB EERBK, REHEBKT14.2 05, 14.7 0.2
CThb, ERUPMIT2006F 12 A27B» S
2006 £ 1 H20 HE TD 24 HRE & L1z,

—h, #YATR, EBEKksLUERBEKDOR
BEBERHBEEZRTZIAEN 193, 4.3uM,
) VEREEY v T 20, 0.1uM TH -1, Fi, Kk
BYH 72 OERERBICERLEEZ, BREENR
E(324 £ 1.1mol m?day”! T& »7t. KERZE
Bk, ZE#E/K<T 18002, 178 £04°CTH
b, EEREARIZ 2005 F5 A 18256 A3 8%
TO 16 Hif & L. EEEARD, Bic 1 E0HEE
TRE A TRRE TS VTR LT, E1, v
SABLUH VX RER L LBORBEBKE X UOE
Bkth o X ZEE (CO. + HCOs + COs™) %
Parsons et al. (1984)ICfEWRIE L 7-FE R, HEHEK
FRIBEEIZ 2.2~23mM TH - 72,

VI OBE b HBRHERB L KR THRIC, &%
BRX 10 BA0ERA ) ¥2%HWVWT 0.1 mm %l|&
TRIEL, ChickhBonERNLSTRITKD
HERE (RGR) %K.

(Li-cor

RGR (% day™) = 100t Ln (Va/Vb)
t: B Va:tB#®%OEERE Vb :@ AKRBHBKEOE
s

MIRFHIC X 2EGERRIZ, ANOVA THOES
%17\, post-hoc ¥ 2 b & L T Tukey-Kramer
FEiIck b B L 72,
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Fig. 2. Effect of flow rate on the growth of Eisenia
arborea in deep seawater (diamond) and in surface
seawater (circle). Dotted and solid curves show
the kinetics of growth rate versus current speed
in deep seawater [y = —0.02 Ln(x) + 5.10; r* =
0.03] and surface seawater [y = 0.40 Ln(x) +
4.47; r* = 0.99]. Different characters indicate sig-
nificant difference in surface seawater (Tukey-
Kramer analysis, »<0.05). No significant differ-
ences were found among each flow rate condition
in deep seawater.

5 2 DERICBWVWT, FH#E 9.4 cm sec! XIZEERH
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DEH L, D O—EDRENE SN > e dR
AE L. FBRBKPhTOH A5 2 OMMERRR,
IR 0.6~4.7cm sec’! DEFHTHEEZ 135, K
HEMIC L ZERDER LD - 1. REBKPTIZ
REDOEIMHEVEREESEML 72 [y = 040
Ln (x) + 4.47; r* = 0.99].
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Fig. 3. Effect of flow rate on the growth in Ecklonia
cava in deep seawater (diamond) and in surface
seawater (circle). Dotted and solid curves show
the kinetics of growth rate versus current speed
in deep seawater [y = 0.18 Ln(x) + 9.16; r* =
0.90] and surface seawater [y = 0.84 Ln(x) +
7.99; r* = 0.99). Different characters indicate sig-
nificant difference in surface seawater (Tukey-
Kramer analysis, p<0.05). No significant differ-
ences were found among each flow rate condition
in deep seawater.

4. £ =

BB R I REBEBKICH R CIHEEREER DY
VERREY) v ORBIEENE L, AEECEN TS v
7 b VEDBDRRWZ EBHSATVS (A4 L b
2003 ; AT/ 2004 ; FEEF 2004). BEDILEK
BXUAERR, #khh»oBEERRNO _BILKHE
PREREBLE QUT, BEEHE V) oBHRICK
FLTWw3 (Lobban & Harrison 1994), 0%
HoBBHEIBERIICEKS W 2 ILEIRABORE
XICBERLTBY, RESHEML CERBOEL IS
2 LEEPBAERIMRBINLLT NS
(Wheeler 1980). %7, BAEXRENDOHEE DML
B3, @KPOREORBESEVIEAL, MEDHE
mc & BB E OEMBESERYT 2541HENT 3.
D, BEKDTHRESERICHELRITSN
WEHRE LT, KBERESEVY, EFITED
iE 0.5 cm sect ITBWVWT b EBAREICEELS 5
IR E B ENEZ SN D,

YHIABLEH VA ICBVWT, RBKPTIRA

—F - S

WO & D ERRNEML 7 (Figs. 2, 3). T
hizREEKPTIEEBEMES, EiRETIRIL
HIERABOREL L EERBEOEKS » 5, EEIEEK
FHICHOB I W EnEEIONSE, KEE
KIGEEK &6 U EEREEE (2.2~23mM) T
Hotods, HBREEZRBLUVY VEE) v ORBER
EBKTRBBKD 1/20~1/3 D\ Enb,
KEBBKTOERERGTRIREEBESER O
FRERICKE 2 LRI N 3,

v 7HOBEHARET IRIC—HRIICAVS N
23 v5+TOER NI 1987) %2#E L, 7KiE
(HEXEX B & =40X50X40m) DA BALET
MEZREL L TH, BRRER, TT7Rb—V
(EEXB& =30%X65mm) OELETI3 3cm
sec' PIEICi 325, ZhIADEFFRTIZ 1 ~2cm
secticLhisiiwn (ZRS, RREK). ot
o, REBEKEERBKSE LGS, KENDL
B & > CRIESEROGHIRERIC/ Y, ARIC
Fo-oxmELEBS. Lrl, REBEROHRE
R&EL S WRBKEEEBKE LIdgaIiE, <
D& OB EHRT 2 L2 TE B,

W

AMRET D CHb, WS L OERROMHY
% TR 7o R0 R 7K EE S BRI SR T A R I /K /K EE R i
ROBBOS 2 IcE BILEL LiF 3.
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