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Use of Deep Ocean Water to Control Reproductive Processes
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of a Subtropical Sargassum alternato-pinnatum
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Abstract

The aims of this study were to investigate the ecology of reproductive processes of Sargassum
alternato-pinnatum, and to develop a method to induce the release of embryos from this species
using deep ocean water. The effects of water temperature and air exposure on the number of
embryos released from mature thalli of S. alternato-pinnatum were examined. The main findings
were as follows: more embryos were released into surface ocean water (from a depth of approx.
1 m) when the temperature was decreased by heat exchange with deep ocean water (from a
depth of approx. 320-340 m). When the release of embryos was delayed, there was also a delay
in withering of the algal thalli. Fewer embryos were released from the thalli after they were
exposed to air, but the thalli were able to recover their embryo-releasing capacity. These results
suggested that environmental changes such as shifts in water temperature, depth, etc. will greatly
influence algal reproductive processes. There were at least three separate embryo-release events
in S. alternato-pinnatum. In conclusion, it is possible to obtain many embryos from this alga by
lowering the temperature of surface ocean water by heat exchange with colder deep ocean water.

Key Words: Sargassum alternato-pinnatum, embryo, temperature, air exposure, deep ocean water,
synchronicity, periodicity
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R T THEPRT B EGIT T &SN,
—REFE, KB, KEEYOBRISGF O
B0, IDEBOFRNEREIZL > TEERS L
oTWh, REDCEFNIEIZBITARMETIE, &
SERBOEMBELS A, ¥4, yu¥A, v=_4,
FHLIEOREEV AR L EOMMARTI L
SERD, RREECIBT LY I EHOEENEN
mEEn (FHS, 2010). LaL, £4F HE
BRBICBVWTEROERSHMEE R, T2, &
MEBEBIIBNTD, FoEHEREIIARE CRL
L (1997 4 @ 479 ha 2 & 2006~ 2010 4E @ 64 ha
~), #1300 ha 3”7 —HOEEIZ L 2BETIHTH
HIEDREHOLNELR-TWE (HAFS, 2009).

MBI OB B B O LRI Tid, 1996 F 8
PO LIELITHEATFE R 758 (LYY
S. alternato-pinnatum, <) EZ S. carpophyllum)
WEEIND L2k, 2000 £ LAREIX R # T/
RELBHEOTREPBES N (FHS, 2006).
BAHEIRERIC B WTIE, 1997 EORERIZFE
DHERIN T o BT Ry 58 (X
LNEY, =JUFY, Y9 T5EZ S incanum)
A, 2009 FEDRETH /- ICHEN FER SN (H
HEH S, 2009). UED X )2, BRBEELH, B
DFEREBHEMDOELEH TV L LHEREIND.

— &I, R YT TEIIRPEACATESRR & IFE
NBBREXERL, ZOHRICIHERETEEMRT S
(#E¥, 2003). H£IPgerOHF SN, AR LS
RESNINIZTHE LD E 20, —FEORAE KR
WELHRICHEEB SN S (i, 2003). KEFEO
BMTHLEHEE R 57 SEF LTSI, M
PEATH 23 5 & MM A 2R BE SRl — DA E 3R IR LS TR AE
TAHMHERKTH Y, BRFIEOMALIIHAT S
(FF =, 1993).

AIFETIE, FLNEY OEFHIBFERIZINEFFT D
RS, e SN LgRE %), —F
DRAEBERIE L2 BRICB SR 2 T TOMIZKE
LTFHFEOEMHDRITT B & BUL DL B % 7R
BB A 2 LICE DAL 2IIL, FLANEZOF

HEICET2ARBRFNRNRLZR5 2 LB LUERBK
YRR LOEREHEEHLT AL HBE L
7. TNFEFTIMOER Y FT FHIZBWTD, 4
e RN DR EANG 2 5 8% ERIZAR
Bl <, BUEIEEIC RIZIKIE - T - B
B -pHOEB AL LIE, FLAEIOFAE
EOBENOCEETH L,

2. MREHE

2.1 ATEBERETAL7=F L/NEY DOFER
TEERIALE T 2 IEMEERNO Ky 2128
HE$2FLNESDOEY (928 m X 40 m) 5K
PHIOXLNE S ZREL 72, FH204E7 A 25 H
BIUFHR214E9H 4 BIZIRILA-EEKIZ, Zh
FNEE1 OKR - THOEE) BLXUOER2 (T
HOEE) (L7, MREHOF LNE 7 35T -
METHEFLCEXL, EMBRETBL T
Wz FRC22 4E 8 B 30 BICIRELL oIk FEER 3
(Kim - 3857 - pH ORE) (Tt L7:. Ok
XEBRL, 2LE4D, BEOWHIE - MEAIFHEAT
BY, BHRIIEHEEREE L T2 ESICIRE
BERFIEOIHFET HIKRETH -7

2.2 XKER1 (KR - FHOXE) ORTE

kil - THERIZBWTIZ, EBKZHERAL A
X& 7L — hREH]EE (M3FG, TNV 77 - I8
VAR 12X D EKIBIL S B RBKEEH LB
X% 3%lF 72, BUAEREZRILL TH o ERIHT S
FC, BEFMERFRICEBELZ 10LOT VT IT
BEREKAE 2 BB S 2 H O BRI TR 7253
ORETEL, TNENH 1 kg &b L) IZNE
L7 #|AKFIH20EE,HICKEL, WXL D
I7L—Y3ar&xfror:.
BEFREIZT— % 04— (Tidbitv2, HOBO #)
THIEL, REFREEIILEFFT (MDS MKV/
L, JFE 7 F)xr 7 v 2t 8) CllE L7 BUKE
DERBIK L IFEBARDOKIR L G- L pH I, BUK
A 2 AT B kiREN (R900-32, F/ — ),
#H5Et (MDM-310(S), # 3 DKK #) pH&Et (HBM-
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100A, # i DKK #) Tilllsg L 7.
23 XBR2 (FHOREE) DOFE
THERICBWTIE, # 3KRMTH IS m#ig
KEHVZCRE TR SETRVEPGEREH
72DXEEZFA. 100L D7V T I TARIE 2 B2
Bk S BEMER (IR 7249 170 Ko x 5 Ed
L., ZNZENEH 1 kg & D I HIZIRE L 7. K
F(I#y 43 Més HIZERE L. mztb17u—>a
PafTo . HiAERE - NETHEE - H5RE -
pH OMIEREITER]L LRLTHS.

BARE - pH OZE) D%
Kim - R RE - pH ERIZBWTIE, KEKE
M L7 EL E2 X & ATk ez £ 0 KoK
ILE g7 KBKEENLAZFXEARIRIZLINE
Kimfb S 7oiRBKEFHLAGX AT/ 50
LOT7LT I 7K 4 3RS SR 5 BEESC
MLtﬁZ%ﬁ@ﬁ%ﬁEL.%ﬂfﬂﬁ%Ogt
e hH EIIE L7 BoRFIRZENZENE 86 Méx
SHIZEEEL., SKEI6L /3L TL—3 a3
¥1To 7z EEEIRE - LEFEEE-
pH OMIEHHEIIFEER 1 LR L TH D,

24 RE3 OKm -

57 I

2.5 HHEEDIRE - 51K
KIEOHEKITIZ S0 um DWEDT T > 7 b oy
bMEIL) DU C, REOIKENIZET LIzt
WL, 2~11 BOMBTIREL 2.
RE L 7240081 100 mL ORI Iz & 20|
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TAHIEIZL DRSS, RS —EOHEK
(EE& 1 T3 60 uL~400 pL. FEBx2, 37TI3200
ul) ZIREELY, Wk SEatL, Foi
Erikicegr&H L.

3. & E2

3.1 EE1 (KE - FHOTE)

EERIIM 64 B MICRE SN URDIEBIL, K
BRz M L7 A XA 45 ki, Bokimfb s 7:
KRBKRZEML-BREA# 76 AR TH Y, GFFI

BB iERB KO 21

900

600

N mber of
(06
=)
=)

A B

Fig. 1. Number of embryos released in each treatment
in experiment 1.
A; Surface ocean water. B; Surface ocean water
with temperature lowered via heat exchange.

&ﬁ%ﬁ@BEﬁAB@%I7%t*ot(ﬁgD,
ARXEBRORBMEOMIZIZEEENZD SN/
(Mann Whitney ® UR7E (ERILIEE) p < 0.01).

BB OHEFEIE A X TIE 15 B B F TR < ¥
L% 16~18BHIZZEIZIRESN, F0ikid
K220/ (Fig. 2. BXTIZ, AKERLLC15H
BFCCHERLAE 16~18HEIZA KM LEL
ZBIRESN, BT LLZFS32DE—7 2K
L7 (Fig.2). BXII#ML CTA X% LM-> CTHFH
L Cw/: (Fig 2). B XOIEHERIEIZKE <5
FC3MTHho7 (Fig 2).

EEIAM o 0 FEKIRIE A XTI 263~29.7
T, BXTI3#201~266CTahHYH. MEXDOFHiR
FE#Z47C Th o7 (Fig 2). TUKBORBKIZ
%5 265~292CCThH ), ARXIZNUKREERE KLY 028
Can o7z (Fig 2). % T)K%H MOFIYLEFRER
TEF34 981~3622 pumol m™*s”, B9tk
1349 328~34.1% B £ 'HFHH pH 134 81~82 D
PR CHEFRE L T/ (Fig. 2).

32 XB2 (FHOXH)
FEERII] 4 R THRE S AL RUB IR B C X
123 HRL D XA 104 A TH Y, CXIED

XD#y 1215 L o727, MEXOMOREMEIZHE
mld otz (Fig 3). EBREGZIIHBETIE

C KDRUHMMAREAMNR] S ATz LA L, 12~
I5HBICIECKXIED X% MY, FEERIWIMH %8 L
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Fig. 2. Number of embryos released over time in
experiment 1: effects of temperature, photon flux
density, salt concentration, and pH.

A; Surface ocean water. B; Surface ocean water
with temperature lowered via heat exchange.
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Fig. 3. Cumulative number of embryos released in
each treatment in experiment 2.
C; Algae exposed to air for 3 h. D; Control.
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Fig. 4. Number of embryos released over time in
experiment 2: effects of temperature, photon flux
density, salt concentration, and pH.

C; Algae exposed to air for 3 h. D; Control.

ARSI DR L EFEHh o7 (Fig 3,
Fig. 4).

EERHAR 5 o B KR C XA 257~283T,
D XAy 256~283C D#EHE CEEN L, FUKBFOE
[Z7Ki13#) 258~281TC T, EBRKIENDH #5017
CE»ro7: (Fig 4). YEREBHEOFHAET R
BREII# 97.7~3722 umol m™? s, HFHIEERE
(349 322~339% B £ O'H F1 pH 13 80~82 ™
EHETHR L T/ (Fig 4).

EROEBEEIIMX & b ERWED Z R L7225,
CRoAH»EL A L7 (Fig. 5).
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Fig. 5. Change in wet weight of algae over time in

experiment 2.
C; Algae exposed to air for 3 h. D; Control.
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Fig. 6. Number of embryos released in each treat-
ment in experiment 3.

El; Surface ocean water. EZ; Surface ocean
water. F; Surface ocean water with temperature
lowered via heat exchange. G; Heat-exchanged
deep ocean water.

3.3 XBR3 (KR - BRRE - pH OEE)

EERRIM 4 A CRE S NRE DI, EL
XA 44 TThL, E2 X223 54, F XA 16.8
Tk, GEABHIIARTHN, FREGRKIFZEN
ZNELl E2ROFEHEOH 511, #28L%k-
72 (Fig.6). EIRKL FRXBIUPE2KREF, GRD
RREMHEOMICEEEZNRD b7 (Kruskal Wallis
7E B & U Scheffe DEEILE : p < 0.01).

FXEGRIEIFRHAL T2 -2 %L,
El. E2RKOE—27 L W BN THEL T (Fig. 7).
F, GEOYKEBEREIIRKE S HITT2RITH-
7- (Fig. 7).
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Fig. 7. Number of embryos released in each treat-
ment in experiment 3: effects of temperature,
photon flux density, salt concentration, and pH.

El; Surface ocean water. E2; Surface ocean
water. F; Surface ocean water with temperature
lowered via heat exchange. G; Heat-exchanged
deep ocean water.

EEBRYMH o HFHKIELEL X258 26.1~296
T, E2X2%%262~297C, F XA%#19.1~23.2C
BLUG XA 203~239C T, HUKREDOERBKIE
# 262~293C Tho7:. BUKEEOKRBK LD El,
E2XDH2#021CHE < (Fig. 7), FXE GEXD
BEZIX014C T, K&kEd s o7 (Fig 7).
WIEREH B OFENHEFRERLIZH 1124~275.8
pumol m? s, H P FIEREIZRBKIH 327~
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Fig. 8. Change in wet weight of algae over time in
experiment 3.

El; Surface ocean water. E2; Surface ocean
water. F; Surface ocean water with temperature
lowered via heat exchange. G; Heat-exchanged
deep ocean water.

337 %, RREKAH 33.7~343% 3 £ O'HFY pH
X KRBAKDH 80~83, RBKIH 77~79 DEH
THB LT/ (Fig 7).

%wmuﬁgi El, E2 XIZEMRH 2L %R
L, FX& GXId# S TR %EH# & 2056 A
L7 (Fig. 8). FIXiZGX X B ED - 7205,
WXIEEITT 5 L) 2B X% Re7 (Fig 8).
FEER1ABRKICEIFREHRDLEL L, RVWTGIK,
El, E2RCHho7:7%, 2BMFEICIIFEARLS
¢, GIX, El, B2 IZABII % o7, &56I12
SHEMLREIL, FEARK, GRA&YL, El, E2
XIZFX & GROFHWZE LR 57 (Fig. 8).
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4.1 HHEHIEE

R FIALESBEOHEELT, 1. &5
FRIB ORI T L B HEEEN DR AR ERTES
KT, 2. BELERIZB 2 BEORIRECHE Y
BB LU 3. ESEREAOEEEOME, 03
HoEFoNnD (FEH, 2006).

212200V T, ThETIZary 7ORPEIREL
7BIAH Y (A - BEE, 2002), ARBFZEIZEA 2
BLOBEOEROILEICEFEL TV

EE 1 TlX, BUBSIEEICRIZTKIEE FHOE
BrHN7. 2o#ER, HHGEBIREETICX
DEEINL7-7%, REFREE, EDIRE pHO®
BIIFICROoN o7, BRIZEAICEEY S5 2
LERERFTHSD (FH, 2003) »°, HHiwi e
FREEOLES) & BB NIEE ORI IIBLESIZRRD
SNehor. EEBRI TIRBDIEEI RIZTKIE
EKEDOE BRI BURDEEIIESIRIZ L D
KR S 7 RBKERXDERBKEZD S DR 1E
FHLAERXIND LS kol KEFREKEIIR
WEBERIZS kol INHDOTEIE, KEK
LN KIBAMERFH, DIEOREIEL TWEHZ L
AREL TS, mESEBKINVELZH2ET
WAL EBN, ZORKREL L CHORELHEMNT 200
t%x%h%.it,%%lk%%S@Km%%%
L, A vFan—y—0mE%x 22T L 28T, X%
g?ﬁﬁﬁ %% 475 pmol m? s, JEMA% LA
REHA =14 BFR - 10 RFI D 2 EBRX 2 ZEL, FL
INE S VAR OIS A S ERAUL 72 % X 12
RIESENEEBOEHBROBUBDIEE % LB L -8
%, ImEORVERX THRIBDIEEAEMT 2 o
EOBFBRENRO N GRES, 2011). F74, 2o
EBROBRHBYREDOZREICAEENRO LN
(Mann Whitney ® UtRE (IERILARTE) :p < 001).
COEEBRERE, KEMECHSGEOREICHEL
TWwWbew) LRROREErXFL TS
%ﬁZ?dﬁ&ﬁ%ﬁt&@??&@%@%%&
7o, THERROBEDEEIIETHERKX L) 3
T e o7h, RETHRERE, ESEE, pHIZ
BWEBEY RIZS o, THERXTIE, EBR
F6aT% 11 B, BEDIREBIID Do 72h8, 12~
15 HBICIIFEFTFHEOBRBENEE LR Y, &3
DOBHDEE I TFHERX L YW EFLEho7
ER2 OMBIMEE Z DL, RVWTER],
SDONETH o7z, BULHIEEUIEAE TR B0
BBORPERIKFL VWL EEDLNS. HIZE
5% 3 OBHMIEE DD % D13 EER 3 12t L 7K
S, BB - MEDEALZESG O DRMTH o722
A PR oY (W
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4.2 SHEMHRER - ERFtE

EE 1 OB OHERBIIBNT, KBKEFERHL
7oEBRX TR I DOY - BB SN, HKIRLS
HERXTIE, 32o0Y— s aBEIN HK
mft S 7= ERX DM BIEIEKRE {517 T3
Bl Tdh o7z, WEERXIZBVTHEML O R RS
BEINn.

EBR 2 TIIBMEIREEIZRIZTT FHOEZEL T
7o, EBRRRtGE 11 B, A% TH I E-ERKX
TRBUEIE g IR S h Tz, 72, ER1O
B BRtEA S 15 H B $ THREIDEA#IH S T
Wiz, IR0z ehn, THITBH LI E % 0]
FTrEeEzON: FHEIEREERPIZSSLT
ZEThHH, BE, FLNEZFIERFIZSHIN
I lldzwvice, THIZIIOHEL 2 MEI L 72D
ZHEEYRT IS, SHINOREICEET R
T RMESH L LEEZONS. LALLMz S, 12
~I5HBICE KR TH - ERXITTRBXOK
WL EE LRl TR L. ZoZenrb, Hl
BT I BUL DR #5352 A%, #iflRiE, &

RIS A IS, BIET20EEZ S
nr..

ERIIIBWT, BREBAKEER L 7-ERKX
DR IEEUL SRR B K % L 72 EERX DR
IR E % ERl> TwizAs, mXEbFEHLT=D
DE=27 2B LT F/, IROE—713FK
BARrxEHLIEBXOY -7 LD EATEL T
oo IO EIE, SIEBUL O E B O REIX Kim O

WEDWELRZEZRBLTWS

/2 F) &7 Smacrocarpum, T F AL EY
S.autumnale, X + ¥ £ 2 S.ringgoldianum ssp.
coreanum, ¥ 3 T EYT Myagropsis myagroides, 3
L &2 S.siliquastrum OEEEFR EIZIIR AR
FINb YA I 7IIIREE D ), #FERL
FHT 2RECEM L % W@ H 5 2 EAHRESINT

% (EE¥ - BH, 1992). 99 IR RO R
PEIX, BEFRIC L ) OPRERBEORIKORHEL
VKT BB THL RS L DIER L H S (HIK,
2003). F7:, ¥=NANXEY Smuticum DHIED
BUBIXENW RN FEA T 525, KIEFEVERL DIRE

WKBWTHIA IV TIETOERDVH L Z L
ENTw3 (Monteiro et al., 2009). ARBFFEIZFHBV
TIEF LT OGO B I RIS S N,
KIERLTFHICE ) EROERENE LD ZEDHL 2
Lol

Fro, EBR1EERIICBVLTCIIREOIEEIC#
NENIAE2EDE -7 HBEIN. ZNHD
ZEMH, FLANEZIEAR LD 3BRIOREEY
POEMN L DEOREARZ2bDEEZONS.

4.3 HIEBIE & MIHEHIEH
ER21IBWVT, BREROBEEIRAEZ THIE
LEBXOANET b olz0, THIEKD
T RO TN D LHERE SN, THICKZHET
PO IR B S B S 7= 1%, BUBIEEASRIES %
L, MRS ETET b0 LBbNnE. E
BR3I1IBWT, KBKEFERHL-ERXOEEDE
EEIIER 2 L EARICERNICED L, BRERB
K& BIRERBAKDEHERXIZBIT 2 EKETEE
FAEATT 2 &) 2 S TR AR X LA AL
7o, WSFIRMBERHCDIZBEICLZHEETHY,
AT L D DBATHRIRB K % 5 L 7o EBRX D H5&E
ﬁ&?é*tdﬁ%%&mﬁ%wmgwﬁﬁm
LREBLEZOND.
@%%k$ﬁ$%%@ﬁﬁu,iuﬁ$—v7ﬁ
TkARAZBREEZEZ 6N TBY (KE, 2006),
= HNR I R B KT ZE AT THUK & L 4 g R B 7K F)
HFEEOERBKICINIBTEEZONS. Lith
RICBITARBKEFERBKOBEN-L 2L, BFY
B REOEENIRBKOAFIERBKL ) KE L,
RBKIIH 3%l EEHTH S Z L%, HF¥YpH
IERBKDSTFIHH 82 RBAIPFHHTIT, &
EREZRDPHD ZENBOONTE. EF, ),
TAROFERBICEL TOMBAKICHL 2 ZR
MWHbIEeNHESINTVS (EHS, 1990 )14
5, 1995). BB pHEFEDKEDZERI I
ﬁ%‘&@;i’ﬁ%tfwé#i$%f%éﬁ
2 AR LARRILEHE ORBK R L > TRKIR
fbg7-KEBKLD, BMERBK L FERDIRED
RIBKTHRE L 7R ERDOMIEDHE ETT 5 2
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Ens (Fig. 8), 2HEMULREET LHE, WMILIK
MOBIEADS1X, F®BAKIY LIERBKOFSFLN
EZIZELTWAAREELZEZONS.
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AR TIZ, EEBFRETBL-FLANEZIZD
W, KBBIUOTHEOLEFOERIZ L 2K
HORMABRS2IZL, FLNEZOFEEICET
LERZENMA*ELZ EBLCRBKEFNRL
MIEIREFFE LT L BN L. &R
LT, FLAEZONIEOBHICFEBEIEHE SN,
KRR FHICE ) EAROERNFE LD Z LB LOE
K DIKIRFF % FIH L CERBAZEKRILS €5
ZET, FLNEIDPLINEKOYEEERT S
CEMUEETHL IO E L 57
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