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Fertilization Effects of Deep Ocean Water on Phytoplankton Community
in Subtropical Surface Water
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Abstract

Acceleration of oceanic phytoplankton production by enriching oligotrophic surface
seawater with eutrophic deep ocean water has becoming a recent desirable subject in order
to achieve sustainable fisheries as well as contributing to possible absorption of carbon diox-
ide in the atmosphere to slow down global warming and efficient resource utilization of deep
ocean water for multiple-purposes. Before making actual operation of ocean fertilization,
prior prediction of the probable effects is required by means of field experiments and numeri-
cal simulation model. In this study, parameters and the applicable values for the model es-
timation of fertilization effects of deep ocean water on phytoplankton community in
oligotrophic subtropical surface water were examined based on the data collected in out-door
culture experiments using natural seawater samples. The addition of deep ocean water to
surface seawater resulted 214-fold increase of chlorophyll a concentration after several days
of lag period. The specific growth constant of chlorophyll a concentration increased at a
rate of 0.3 days™ per uM-nitrate and the yield of chlorophyll a was 1.48 ug/uM-nitrate.
These changes were resulted from the increase of phytoplankton, mainly diatoms. Due to
the preferential growth of diatoms, the relative abundance of nano- and micro-
phytoplankton increased from 20% or less to around 80%, and the Si/N ratio of the nutri-
ents, consumed with the increase in chlorophyll @ concentration, amounted to 0.87.

Key Words: deep ocean water, surface water, phytoplankton, oligotrophic, fertilization, nutrients,
growth rate, species composition, chlorophyll
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fBrED—IREE X 500 ~ 1000 f& b~ C/EELH#E
EINTWVWD @A, 1997). BEFEIHIBREZRO 70
UDILRBHEBEELEHTWBRICbrrbET, 20
—RAEFEIIERE T 30 % DREE D 50 ~ 100 %FERE
L sisw, —4, ik EcRbEEROFV
HERERIMHE s ~v 7 o—7 B« 4+ b+ b
75 & T, %I T 2kgC/m?/EREDEEN
MonTwsd (AR, 1997). {Kic 361X 106 km?
DBELBNCORKOEENER LIzET 3 &
7000 B b v C/EDOEERE (BELEESN) <2
5. BHEEENCHNTEROBTOEENEL |
BVoid, t- EBREONFREFLE LTEED
EF75 100 m LR TORBIHBHOMABH+457 T
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fToncwa (B, 1994 ; 85K, 1997 ; &iE,
1998 ; 3B, 2000 ; Matsuda 5, 2000). #E¥—
RAFE D ABRINERIC 13V > ORIBOFIFH 2 E
ZoN3, FTHEL OBLERE N TV D,
7K 200 m DUEICHFET 2iBEERBK (LT, &
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BRBETRD - FBD SEANERDS 5V IIERB
B LEER2SHTWS I EHREH TR
&hTWw3 (Cushing, 1971 ; FH, 1974). &
BIKDEA TV BREEHIL, EVEMILEOHFK
MDRENTH 55, BEIMELEES 5 —IRAERE
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ThH5.
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i3, BEBKOSURBERBEICX 2ERILHREE
BHNCEHE L, WREMER IS T 2 REFHIIC
WETENEND B, 22T, AWRETIE, REK
DMEHER) I R BRI AR IC X » THEENDRI
{15 > TV RBBAFEEEWRIC, HEE»SBLN
FREK AR 75 v o b v EEEA RO
BFERIC L > TR RO ERBIIFERET - 72,
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1999 9 A& 10 Aic, MEBAREREKIFORM
) 35 km (25°47'N, 127°51'E) & ZDFEA
B DK 400 m & 800 m 0 S/ SNtk (KL
T, #EKELTRD) LRBEMT S v b VB
EoREEBT, F52F v /BB EHVTEAK
BT cEBERE 2[0T-7.. ERCTREXRE
TN T 5 v 7~ YERBEEORVWREBKIC, X
BTHAWHEMT S5 v 7 b v BEEAEVRVWER
KERBERML T, REEFOHELWEM TS5 v 7
b v OYEINE ERFEICER L 72,

ER1TE, I0LoR)A—FKx4 MRICKB
KaEAN, ERBIEEICERBK (800m) % 0%
(avbo—wn), 13%, 27 %A TRKEE%: 9
L&l, BAOKBETT 10 ORISR L . &
EERPOFERBKOIEMAMIE L TWIEWL ), BE
N ORBIEFES—HHNCTHB S Wz, R
DFEEKIEIZ 29.3 °C, HBEERIFDOKIEIE 23.6 ~
287 CEE#H L. KEKEEBKOXREIEHE
B, ThehiHBEER (EHBREERLS0)
DRHBRLT & 36 uM, ) v EEEEY ¥ iR IR
RUUTE 2.7 uM, HRRREEHRDS 1.5 uM & 100 uM,
¥/ oo 74 vaidENZHN 0.09ug Chl a/L
LRHBRRLITTH - 1.
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1. W77 v 7 + YEEOHIEOREN

OEEOFEEK (400m) 2zhznEHRMLT
Bkt 16 HMEEL 2. SHRHREEORBK
B3 274°C, BEEERDOKIRIZ 23.5 ~26.5°C
AEF L. REKEFEBKOFEREEIBE S,
ZTNTNIHBREER (BHBREERLEL) BRE
PBRALIT & 12uM, ) vEEEEY) v HRREBRLT
L 08uM, HEFREERN 1.4uM & 12uM, 1
7007 4)aldZhZ0 0.27 ug Chla/L LHRH
PRALITTH - 7z,

ERIEROFEMIIME S (2001) /R L 7.
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K1oaKicnrmlicLdie, ZEL2BALTRR
BINENET 2ETHENT S v 7 b vIdEMT 3.
DK, BENSEATZEEMT S 7 b vhsEL
WERBSICIEL 4 5 72 DR GBEH) 0Ron 3
lEnbBb. FEEBACORMUEBERETO
Ishizaka 5 (1983) DOREEERIC LhiF, FEMY
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mMEZ SN, SEEHL -BERAHENETCHED T 5
7 v vEETEORVWHEREABRORE TR
5~ 8 HOFEMMEE S/ (e S, 2001).
RECIELL e 75 ~ 7 b v IZBEHET ¢
FEABATA L, —RRICN 1 © & 5 s BB 15 1
AR G, oL xoEYEDHEINEE
DILLYETEEE (u) TH5. RESEMTS V7 b
vick > TRETHNIE, BRAEYME RENSE
WKET 2FTHEMET S Y75 Vo~ v OEYE
BRAERENOIBEL /oo 7 4 Va BTIRA
5 EMEL, ZOGE, RAEVBIEERET
TI2% 1000 ugChla/L 2L, BAIEEH 7V
B9 & 1000mg Chla/m? BE I 2. AR
RTORRKEVRIKBRENRE S hWhIE0RE
SIIELTEDLY, BEXBOEAMBEVEEKICL
BHIRIXD v 2 H3015 1, EBEROHEHETIE 250
mg Chla/m* 2B Ic5 3 (G5, 1996 ; =5 -
@8, 1996). CDiGG, BXBOEEIN 1mi
57 oo 7 4V a BRI} 250 ug Chla/L,
10m T 25ug Chla/L, 100m T 2.5 ug Chla/L
EWH LB, LIch-T, TNUTORED
B/ oo 7 4 a IO REHHFEET 3.
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K%\ (Banse, 1977 ; Geider, 1987). #&=E
B/CHREICL->T2~5DEBVHAR SN S,
EEEYE, MHREARNE, SEHEO 3 -0 EEM%E
s 5L 3T, BERNL/ZEERLGRIEDE
Witk >T4~ 10 BEEHT 20T 2L 5T,
C/7vuo74valbicth~N3 &mEOLEE T LE
#J/N& W (Strickland, 1960 ; &85, 1996).
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() i, EEB141:0074:28 (13:1:
37), EE2251:0.069:10 (15:1:15) T
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OMK 2 TH3. MEFIT IRV ERHEBEHSED S
n, EEKICE > T I NIHBREEHR N 7 0o
74 vatEMELLSLAEERTH S LML
»ThHB ) VERRE) v OEREERb /oo 7 4
WV a OB L TR U oS, THERREZE RH
RHPRBFRICE L BEciImE & bEEL, HicH
BEEROBRFEVE L -0 (A5, 2001).
th - (KEEBECOEN T S5 v 7 b v OFIREEE
BEHIERO LR YOBAFEETH 545,
WEESICHEDT S 7+ v ORIV EE S
DT, RICERVBEEL TOTHAREDD Y vick
RCILKDOTEHLT, IKPBOEREMABEY) v
DEICERT ELO1E85, oFb, EREIT-12
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1. BEENFOEARBRBEY T 7 v/ b v BEEOWEIHET 288/ 74 -2

Chl a/N Chl a/P Chl a/Si P/N Si/N HRETEERE /N FEH
(ug/uM) (ug/uM) (ug/uM)  (mol/mol)  (mol/mol) (A /uM) ()
X 1.48 24.4 1.7 0.061 0.87 0.28 2~6
Ishizaka 5, (1983)% 1.37 <05~3
D236 ~28.7°C, 298 ~ 852 uE/m?%/s, KEHT
2135~30.4°C, 54~ 432 uE/m?/s, KEEN% 72 3EEATT
512313DT, BROANBRIWEN TS5 v 7 + v Ot 12
EHRICKRESEET B, ~ )
M207oy b 2EKERT 2 E, y= 148x— S /
147 (* = 0985) #185h, WRESHL /oo < 08
7 4)aDEMHIZ1.48 (ug 7 v B 7 4 Va/uMH § y=0.28x +0.14
BAEZER) Ak SN, Ishizaka 5 (1983) s % o4 (2 = 0.992)
REEBEBETIT-KEBEER IR/ ﬁ
1.37 DBEAESATVWE (F1). HRERIIE H
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py =244x—174 (* =0.965), HEXMy=
1.70x+0.60 (1? =0.707) TH 3. ZDEIT, Y
v TIIHREERRFER O = WHEBIREDE S hu e s,
HR T IAEBREMME C hDRBIBIHIC X TOR
FFOVBHRICIE 572, BontBR»rSEM TS v 7
PYON:P:SioBEXKENELMIT L 0.06]:
087 (16:1:14) &HEESINL (K1), TDd
LENIPETS v b vHEMRERENRELIL
F74—FH (P:N:C=1:16:106) Ic%
LW, F/, SioZREIcoVWTdHARKQ
HEHIC->VWTE S TW S N/SI 089
(Brzezinski, 1985) ICiFIFHE LWV, DI &3,
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BEEERIBE & HIBEEE DO 3 v b o — LTt d 5
gy & OBk (RIHBRREE R OB 13 W EIEERA O
WHBEEZROTYRE T, WEEE%ZR L O
HBREERREOEHIBEEER TR L)

S v b UyBEBKICETN S TERBIEHEEFA
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IV a7 S v v DEER, ERBK 13 %
MT2KD 76 %, 27 %iRMNT 88 BicEL 7. E
52 2 THEBEK 1.2 BTk OERMST SN,
WA EE T RAFEELGE L, @I ITHEY
757 b vBBELTOLEA, R, £YRiR
BOTLIRWDEKEIS S/ « 370l 7T 57 b
v % & A TWT (Takahashi and Bienfang,
1983), KEHZMPOMBEL L B -BAICRE
hot s/« 370l s v b v OBEOIERL
piERE hte, EBIC, REBABHLIETES/ -
I 0TS v v OEMEDOINT BT L
MEINTOTAERER L —ET 5 (Malone,
1980 ; Herbland &, 1985 ; Chavez, 1989).
+/ s 30k S v o b EBRMEE T TEIE -
AHLUEKRKEZERTBE L CERPRNE TH S,
TOEBEKDTDF /7 « 370757 b VI,
Eo K5 cBERE DL, ZoBksv— 73
KB 1 LER2 THETREUZNAT B, iR
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BRIEBZGORBLEEATEIL VD, THIIMAT
FREKBMTRIEENRKECH TS, EB1 i
HNXTER2 TRETN TV EAXRBERIOER
ICHARTHERDENESESLUFE DL, 1, &
BKOTMD Lo k 2RBEBOMBHE R
a9, nsOERSHBERKICS 2 -8
KOV TESICREIBHETH 5. TKEEY) DIGE
izt KEEHERSHE LTELTWA I ENE
bhTsh, hoEMOEEEEL TE-0ICIE
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HAEBONTVWAFEER - s BRR ORI %E
BELAIEBEERERZOT, KT LLEREHET
TOFEPAZRL TV WAREH I3 H 245, ZDIE
BTH, BBECHNTEARAROAMNRELELIZ/NE
WoT, FEHRILIVEBELEEIONS,

s vo sy vENMEER, R ) v HRD
CORBEEL-TCEBETRHAL, RbEHEOFL
WREBENSFIATE N B 2BE T THREXREE
BeBRINL Tz RE > cEYE T TN 5.
RERCTHEONKLER ) v HERDOEERLKC
B, WKL BERRBRROFEL IS LD
HOEENC L > TR S OBRIRLT L b—FIC
BBERMRSIV, SR, BACEER, 5018
B 75 v 7 vEBEDBEB WL > TR 3
LEZONDEINODLOEENRICET 27— D
EEWBLETH B, T, BERBEEESTOHE
SNAEBITR, BT 5 v~ Y EBREFNR
FME (GBS, 1996 ; FE - SiF, 1996) * T
M2 &EICBH, ZOBIODVWTOBKLER
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—%, W75 v by OWEILEER, REEIEL
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ERAEN T S5 v b v RERED BNV E OBFRD
BENEETNE. TOHE, RELLEER—EK
MR 5 2 D BNB S TH 5715, KEBRHEE
FRFICEREE —EICR D T EEL CHD KV
F— 5 DRERICITEBSBETH 3.

RERAE L &, Bivho v at@m-s v 7
kDbt KBIDF/ « 37 0@ TS5 V7 b
v OYEFEIERINIC L D KREC{BESnB70,
M5 v~ v OBREMRRNET 5. EEKOE
BOLDIck>TERICEDH A XOEW 7 5 ~
7 b EDREWZ B30, T, Bk B3RO

&I HF - SiF EE

ZIHITOWTDIERE RIT - 7o U0 &
SVTHLHIIL TV LENH 3. EBKOET
KEEREH L RESERURFHE TH S, KE
BREMEEEST 2HMNICR, 51, BYURAAO
W75 v b vOFRIEL— 2 RETL T, KEE
RN X D RENCE C OMEHES & 5B TR
DRET, TRICREMT S v 7 b v EERERD 3R
1B,

W

AAREHEEREAN (=) 7+ -5 4 21] OF
ik 14 FERENA [ERBKERBISERD 2 D
wa v 27 0% (Fk 14 FEKETMENE
¥ [REKERBRESEREMAR] 0—1R) &L
TERLK., BB, AHROTICKE > ERT— 5
FET T RV ¥ — « EEBMRASTTREE O 10
FE (Mo v v — v 7 A THEFR SRR IR
avy —v7 AHERFE] © ¥ LBERBKEIUK
v 2 7 L OBFE & IBERKL, ZEBALRFRRIN KR
HEMROMERFE] ciEonr..

X

Banse, K. (1977): Determining the carbon-to-chloro-
phyll ratio of natural phytoplankton. Mar. Biol,
41, 199-212.

Brzezinski, M. A. (1985): The Si:C:N ratio of marine
diatoms: interspecific variability and the effect of
some environmental variables. J. Phycol, 21, 347-
357.

Chavez, F. P. (1989): Size distribution of phyto-
plankton in the central and eastern tropical
Pacific. Global Biogeochem. Cycles, 3, 27-35.

Cushing, D. H. (1971): Upwelling and the production
of fish. Adv. Mar. Biol. 9: 255-334.

Eppley, R. W. (1972): Temperature and phytoplankton
growth in the sea. Fish. Bull,, 70, 1063-1085.
HAH (2000) : BEERBKFIATEL Sh 2 EXREL

OfE. RTlmiE/SHN 22 234-238,

Geider, R. J. (1987): Light and temperature depend-
ence of the carbon to chlorophyll a ratio in
microalgae and cyanobacteria: implications for
physiology and growth of phytoplankton. New.
Phytol,, 106, 1-34.



ERERBEY TS5 v 7 b YBEICH T 2BEEBKOBRLIR 37

Herbland, A., A. Le Bouteiller, P. Raimbault (1985):
Size structure and phytoplankton biomass in the
equatorial Atlantic Ocean. Deep-Sea Res., 32, 819-
836.

A E - P HIE « BEITHE - vafAsE - KEE(E - JI1E
RT « BRIELE (2001) @ BEEEKIC & 2 BAE
EZRBKOEKRIHEDENA X Vv a0 2 AERICL 21
iE. WBIEFERBKIF, 2 73-86.

FEAFIK (2000) : wIEFEREKIC & % ¥ LRERIL—Feke
A - RER2MOBHECHEE. ATleE/ 57
22 1170-178.

Ishizaka, J, M. Takahashi and S. Ichimura (1983):
Evaluation of coastal upwelling effects on
phytoplankton growth by simulated culture ex-
periments. Mar. Biol. 76: 271-278.

EHLE « GBIEME (1996) @ ERIAE &eak. ATlE
/55 10 : 40-49.

Malone, T. C. (1980): Algal size. In: (Ed. By 1. Morris)
The physiological ecology of phytoplankton.
Blackwell, Oxford, 433-463.

Matsuda, F., T. Sakou, M. Takahashi, J. Szyper, J.
Vadus, and P. Takahashi (2000): US-Japan
Advances in the Development of Open-Ocean
Ranching, UJNR Marine Facilities Panel, http://
www.dt.navy.mil/ip/mfp/paper5.html.

FIEFET (1994) @ HIKEBR(L LB, REOERH SHF
5. WRERAFHRS, 196 H.

MR ERKBEREBEMEE (1999) :[EyAa35 15
HEBBHEOKHEOME - (LERFE. 62-80 H. F
Bk 10 FEMAHREEFERESE (BEFEKD
HUK A &0 BAfBAFR Rk OB GiRINY), BEEmOH
F (BEFERBKOFEXERERICEGT)). 207 A,

Strickland, J. D. H. (1960): Measuring the production
of marine phytoplankton. Bull. Fish. Res. Bd.
Canada, 122: 1-172.

AR (FR) (1997) : MBEFEEY & IRFRBR. HRA¥EH
R4, B 193 A.

SEIEME (1998) : @FEMEIR—200 i3 BRI D EYE
EDHEDOLEWE. FHA®M, 51 25-29.

Takahashi, M. and N. Fukazawa (1982): A mechanism
of “red tide” formation. II. Effect of selective
nutrient stimulation on the growth of different
phytoplankton species in natural water. Mar.
Biol,, 70: 267-273.

Takahashi, M. and P. K. Bienfang. (1983): Size struc-
ture of phytoplankton biomass and photosynthe-
sis in subtropical Hawaiian waters. Mar. Biol., 76:
203-211.

EGIELE « SR - BAE (B (1996) @ KRME D
—IRHEE. EMBEF 2. WilBAFHKRS, 90 H.

FHiERE (1974) - HRBHFEOBEARRR. ATlEE 6
14-21.

(2003. 3. 6 ZfF, 2003. 7. 23 ZHH)



