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Growth of juvenile Ecklonia cava (Phaeophyceae) sporophytes cultured
in pumped Suruga Bay deep-sea water comparison with
surface seawater culture and effects of irradiance and water temperature
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Abstract

Juvenile Ecklonia cava sporophytes were cultured in indoor tanks with flowing deep-sea
water (DSW, known as clean, cold and nutrient-rich) pipelined from a depth of 397 m in
Suruga Bay, central Pacific Coast of Japan, in 2004 to determine the best growth condition
for its seed production. In the experiment I (April 26" to June 6"), growth was compared be-
tween the deep-sea water and surface seawater (SSW) pipelined from a depth of 24 m at a
temperature around 18 °C. As a result, blade elongation in DSW was 2.9 =+ 0.4 mm day’,
which was 1.2 times higher than that in SSW (2.4 = 0.5 mm day™"). Therefore, the latter two
experiments were merely conducted in DSW. In experiment II (May 10" to June 6"), in which
growth was compared between two levels of irradiance (0.3 and 1.0 E m? day™) conditioned
with and without a cover above the tanks, blade elongation in high irradiance (3.0 £ 0.6 mm
day™) was 3 times higher than that in low irradiance (1.0 = 0.1 mm day™). In Experiment III
(June 29" to July 26™), growth was compared among three levels of water temperature (13, 16
and 20 °C) conditioned by changing the mixing rate of ambient and heated DSW. Blade elon-
gation at low and mid water temperatures (1.8 £ 0.3 mm day™) was 1.2 times higher than
that at high water temperature (1.5 = 0.5 mm day™). In stipe elongation, higher growth rates
were obtained in high irradiance in Exp. II and low and mid water temperatures in Exp. III,
while no difference was found between DSW and SSW in Exp. I. These results indicate that
Suruga Bay deep-sea water is useful as a medium for culturing juvenile E. cava and that op-
timal culture conditions were 1 E m?day™ and 13-16 °C.

Key Words: Ecklonia cava, Suruga Bay deep-sea water, irradiance, water temperature

E FE

H O APEROERICRIZTERABEERBK, NHE, KEOEEBIIOWTHANE, FBKXTHEEL
1R DONEEREEIZ 29 = 04mm day’ Th by, RBEBAXTOAEEE 24 + 05 mm
day'iclbkxT 12EED» >7. SXEX (1.0 E m?day") TONHEEE#EIZ 30 = 06 mm
day' TtH v, EXEX (03 Em?day’) TOEREE (1.0 £ 0.1 mm day") KHXTE» -
tz. 1, & PKEXTONEERFEEIZ 1.8+ 03mmday' THY, SKBXTDLS5 =05
mm day’ KR T12(EE» - 7. ERBOAERIC> VTR, KRITOSHEXR B L UHARI
DIE « FKBEXICBVLWTHVWEERZRLEY, RBRIICBVWTERBKEXBEBKTOEEDER I
Motz TOXIICHEOEEEESENC EH S, BRABEERBKIEREEKE L CHBAMEIS
{, FEBKEEEBKETIRICINAEN 1 Em?day?, /KB 13~16°CH@EL T\,

*¥—-9—F:H Y2, BREABEREK XE, K&
BRIk ERBRIS BRI IEBNKEN AR (T425-0032 #RiEMEETHE » B 136-24)



10 R - BE—F - S8R #

1. % 7§

# ¥ x Ecklonia cava \3 RESDZEHIGET, A
FiRiciBhR 28T 2 (I8, 1993). A Y 4D
MARBEDOS S OFEREEL, £RICHVERIE
O D S AEMSER S, I 3 L EomA
CEHONEELBFT 2L Z (I, 1993).
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KBOWTEERKREEZRLLTVWEY, AETRE
ks NG ZREBE T RR BBREL L T3 (B0 -
BB, 1999). 45 #REELF AR O REEBIR
T, #8000~ 5 —NbDAIX « 44T g
hRASTHR T 2 REIESBBEG BREL TV S (§
MR, 1978 ; EAJII, 1996a, 1996b ; #H %,
2000). H7E, UZ@ERICHET 25 0 A BERIE
LALEL, BEATOBEEIRFETELWIRE
b, WEREHEALE, BHETILEND 3.
BEOHHEERE LT, XL SERIHIFT
WHEICERB LIcav s ) —bT oy 7 0V
PO BENRAL SN TVSE (FA, 1980 ;
/7K, 1981 ; LA, 1983 ; KBS, 1983). il
FAEBHICREBEFICLZEEZERT 5279 10cm
PUbo@EsEvshn (K, 1981), b >R
EmE P REZVRERBRBERESIREZVW L0 S
(Aruga et al., 1997), &0 KX @& TOBHEDS
BBEELEZOND., £ THELELCHERORAR
BRTOEBRGRICEST 3720, AEMEOER
CRIFIHEEREK, REBLUKEBOEEEHS
T BHEDD B,

BB B REK(Z7KEE 397 m B X U 687 m > SBE
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397m » SEUK L BB ERBKISMEZFR T
BLUOBLERITHORBEKE RO KREIRRBE
(#7037, 006mg £) TH% (A+E, 2004).
$7, ERBEFERBKPTERE L/:H VX 3IREBE
KPP THEE L - BRI bR THERME D C & g
shTh (HE - idh, 1989, 1990), E&E A
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HERBIUVEERN lcm OH Y x $iE0EEICIE

HEBIUKESEELRITL, HEOEIMEL
EMESEMNT 22 L9, 10~20CITBVWTIEESR
KCHERT A EREMIMSN TS (KH, 1988 ;
Rk - FBE, 1988 JIIIE - (L, 1991). L»L,
CHhSDEEIZO>VWTR, lem UTO/NED D
TOHETHY, ER 10cm K LoKEDYfE
DEEIIOVWTHANLBHI LV, 2 TERFRT
FAh Y2 EEERWT, BERTEERREK L KEBKTD
TOERZHEKT 3 & & bic, FBKFTOERIC
RIFTHEB LUKBOEEIT>LTHNL,

2. M EAE

PrEH i, 2004 1 Bic R L BRR T HET
EED 51 ¥ * Ecklonia cava YIBFEER VI, O
ShiA & Fp AR PER T BERFTE RS 4 km D7K
E397m »SEUKL, Kl 17 CIic#i# L 8
BEEKPTER L TEARICH L 7. BEFHIC
BEMICHEE L 2B £ - K% — rRIEREK
e BV, KB 1kl &Lk, BEEKICIIER
BEREK B & U# R EER T RER I O KR
24m »SBUKL e REBHEKER W, BEKRR
10 COEBAKE MR L 725 20 COFEBKER
BT 5L THRRXEICHREL, MKERRR S«
D05kLPIEE L. F1, KERICBVWT—E
HRIDKF % FE S ® 5728, WE65mm D1t
E=—VERNTIT ) 7 Mk KEERL» S LS
R & & foig7k & KR E D S ZKEAENCHR L .
FHREFRANE L, BERHEZEE L cHMELK
EREEREER Y b EERI %) EHVTEE
B L7z,

BEEEKPOREIGERE I 2 BRE ICHEE LU
MIHMEEERERE, Y VB VIBE % Parsons et
al. (1984) IRV L 72, B, KIERICERE
L7t 4 — (Lil92SA, LI-COR Biosciences) IZ
7 —% v 4 — (Li-cor 1400, LI-COR Biosciences)
2L CAVWCEHEOEP» SHDOAD % T 30
SR TEEL ERAIE L, BRELEEZEH L 2.
KR BEERKRIEREET & L k7 Y s ViR T
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Table 1.

Daily light intensities, water temperatures and nutrient concentrations in Experiments I, II and III

Experiment I

Experiment II Experiment III

Culture condition Deep-sea Surface | ___ i1:iiel trimm 1iameer  LOW Water Mid water  High water
Daily light quantity (E m™ day™)** 1.1£07 1.1£07 03=*02 1.0 = 06 1.3+ 06 1.3+ 0.6 1.3+ 0.6
Water temperature (°C)** 178 £ 13180+ 12 1569+ 03 159=* 03 13.0 £ 0.7 16.1 = 0.6 202 = 0.6
Nitrate + nitrite concentration (uM)** 185+ 33 45+ 07 167t 13 167 13 181+ 18 181+ 1.8 181 £ 1.8
Phosphate concentration (uM)*? 22+03 0401 23=%03 23+ 03 20+ 02 20+ 02 20£ 02
*!Culture medium in each experiment was deep-sea water
*?Each character was average T standard deviation

T Blade length
Elongation
Stipe length

| ¢—— Time (day) —p!

Fig. 1.

Measurements of blade and stipe length and estimation of blade elon-

gation of juvenile Ecklonia cava sporophytes.

BRABRX OREESZM % Table 1 iIc/R L7, HBE
BKIC L BEENOEELTARD 2%, 2004 & 4
H26B8m»56H68%TcofiiEic, EFBAKB8LU
KEEKPCHRBRET- 70 (ERI1). HEEEKG
DOhEgE L CHIEEEEER, V) VBEEY VIBEQR,
EBAKXTENZH 185+ 33, 22 £03uM %
~L, ZEBAKXTIZ45+£07, 04+01uM T
H -tz (Table 1). FEHERIE 200445 H 10 H
56 A6 B3I, TiTY, BEXEXZELR v b
GEXZE 90 %) TKIEEZES CLTRHREL, @it
BXREHEELEh - (ERI). BEEXERE
BIUBNEXTENLZEN 03 £02, 1.0+ 06
E m?day’ T& -7 (Table 1). KiBRABRTIHIE,
th, E/KEXZEEKE R L EEKOREL%E
LSBT ETHREL, 2004F6H29H®S
7H 26 BiciT-7 (ERI). &HRXOKER,

&, o, SkKEXolFEZ 13.0 £ 0.7, 16.1 £ 0.6,
20.2 = 0.6 Cx/~ L7 (Table 1). LEEDFT T
DRBRIcBVWTHEDH YV (BRRXEHER
139~235mm) % 7 ~8fEEA L, HERFHIHI
W B0, 2~3HREREEL ..

EEARMDIcB Y 2R, RARER, EREH2
BRABICRIEL . (Fig. ). 1, BRFONE
HEEBARFET 201, Eif» S 30 mm i BERE
8mm OHFEDOREH1F, HEEKTHI TOROE
HELEZEIHL SAEREE (nm day?) 28EH
L7z (Fig. ). [A#kic, ZROEBMNMELEEAH
»o, ERMOMERE (mm day’) 2EHHL %K.
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Fig. 2. Effects of culture medium on blade length, blade width and stipe length (Experiment I).
Triangles and open circles indicate values for deep-sea water and surface water, respectively.
Data are means * standard deviations (n = 7-8).

Table 2. Blade and stipe elongation (mm day™) in
Experiment I, II and III (see Table 1 for detailed
culture conditions), data are means * standard
deviations (n = 7-8)

Condition Blade Stipe

elongation elongation
Deep-sea water 29 +0.4° 04 £0.2
Surface water 24 *0.5° 04 +0.2
Low light 1.0 £0.1° 0.0 £ 0.2°
High light 3.0 £0.6° 03 £ 0.2°
Low water temperature 1.8+ 0.3 0.2 £0.1°
Mid water temperature 1.8+ 03 02 +0.2°
High water temperature 1.5 05 0.0 £0.1°

Different characters indicate significant difference among
culture conditions (¢-test or Fisher’s PLSD, p <0.05)

L UEEDEIL% Fig. 2~4 i, ERMONEEE
HE B L OCERBOMEHEE 2 Table 2 1/R7.
RREKXTOEEKRTROEER, ERSLUERR
Fh¥N 295+ 33, 94+ 10, 35+ 9mm, EE
KX i3 292 + 41, 83 £17, 39+ 18 mm T
by, KBEFHIGEROER, ERBLUVEERK
HEERISE» o7 (Fig. 2). LHL, ERBK
XTHEELcHEoNTEEREE ] 29 = 0.4 mm
day’ ©h b, REBKXTOEREE 24 £ 05
mm day™ ICHRNTI2RGVEREEERLE
(Table 2). %7, BRKXTRERBEKXICH~
TREDOFENEL, BEHRLK 29 BHRITTXTO

Table 3. Ratio of number of plants with bladelets/
total number of plants in Experiment I

Time (day)

Condition

Deep-sea water
Surface water

@A TRZEEK L 7. (Table 3). REHBKXT
i 29 BRI MEEEARE S, 41 BRI 8 fElfK
o 7 ERCTRIZFEE AR L 7.

BAEX TRIEBERTHICER, EEBLUER
dZzhEhn 154 £35, 31 =5, 11 =4mm, &
FHEBX T 206 £ 50, 6819, 21 £ 7mm %
AL, BAEXTRELEXRICHRTHWVEEZRL
fo (Fig. 3). ¥/, mAXERRTOERBOERE
B3 30+ 06mm day* ThHbv, EXEXOD
1.0 £ 0.1 mm day™ IZlERTH I EOFVWEE R
L7z (Table 2).

BKBX TORBRTHICE ) 2ER, EEBL
UEER, 207h 206 £ 24, 60 £ 13, 17+ 3
kKB X Tl 215 = 26, 57+ 6, 22+ 8
mm, E/KEXTIE 203 +45, 60 £ 21, 15+ 5
mm Th Y, EREOH A XicEREH» -7 (Fig.
4). 1, BRBOEREE K - f7KiRX T}
1.8 mm day”, &KEXTI 1.5mm day® 27~ L

mm,
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Fig. 3. Effects of light intensity on blade length, blade width and stipe length (Experiment II).
Circles and trianglesindicate values for low and high light intensity, respectively. Data are
means * standard deviations (n = 8). Different characters indicate significant differences

among culture conditions (¢-test, p <0.05).
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Fig. 4. Effects of water temperature on blade length, blade width and stipe length (Experiment III).
Closed circles, open circles and triangles indicate values for low, mid and high water tempera-
tures, respectively. Data are means & standard deviations (n = 7-8). Different characters indicate
significant differences among culture conditions (Fisher’s PLSD, p <0.05).

7z (Table 2). ERIEB L UOPKEXTZENZE
02+01, 02+ 02mm day* Z/RLEDITX
L, SkBEXTRiZEAEHELM,» > (Table
2).

4. £ B

FRBKXICBWTRBEKX L D SNEEREE
EH» -2 (Fig. 2). B L 2 v 78D Laminaria
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1998 ; Chapman and Craigie, 1977). # ¥ *ic
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Ehte BB, ARBRTIEBERTRICARICEY
Bhotohs, HEKERBBKONEEREFEDE
AEET DL, Lo RBOEE cRERKkPTLE
MR Z2bDEHESN S, $oh V2 OPER
BEOXXDEREZEL, £RICHVERRO TR
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o RIESTESR SN S (I8, 1993). T D,
KEKX L0 &RIZED AR AR WEBKX 34
Ric@lLTWB EEZ Sht,

BEXEX TR, NEEERBIVEROHEMNEIIK
$, FRERBRILASHBELEL >/ (Fig 2,
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ELEBA, REHN1Em?day' KBV TKRE
BToRAREREE LRIFOAREESBON D L
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3.
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