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Fertilization Effects of Deep Ocean Water on the Phytoplankton Community
in Sagami Bay using Incubation Experiments
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Abstract

The response of the surface water phytoplankton community in Sagami Bay by the addi-
tion of deep ocean water (DOW) was examined under natural sunlight in early September
2005. DOW collected from 205 m depth was mixed with surface water (SW) from 10 m in 20
liters polycarbonate bottles and incubated on deck of the R/V Tansei Maru using a deck
incubator under different attenuated natural irradiance (25%, 13% and 6% attenuation for
the mixed water). The DOW and the SW were also incubated at 25% and 50% attenuation,
respectively. Chlorophyll @ (Chl. a) increased rapidly in the mixed water under 25% attenua-
tion and reached maximum concentration at 4 days later when nitrate and phosphate were
depleted but silicate was not depleted until the end of the experiment. Particulate organic
carbon (POC), particulate organic nitrogen (PON), and particulate biogenic silicon (BSi)
also showed similar increases but did not have as conspicuous a peak within the incubation
period as Chl.a. The net increase of particulate matter was well correlated with the net de-
crease of nutrients and the specific growth rates of Chl. a increased with the increase of light
intensity and the initial nutrient concentration. These results clearly indicate the potential
fertility of DOW to phytoplankton community in Sagami Bay and for ocean fertilization the
pumped-up DOW should remain at water depths shallower than 20 m (more than 10% at-
tenuation of surface irradiance) for several days or more.
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20 HigkFicBuv T, ABEEIRE - &R - A0
(F23RBK) D3 >OREEA T 0=/ -
ULy REEICRRD, T OFTRAKE L CHAEER
EIROFMAMNEE s, BEFBKOEFHE (K
K, EXE, BERLE) oFMFANIK LN TE
to (=f8, 1994 ; FHBE, 2000 ; &5 « FHB4, 2000 ;
Takahashi and Ikeya, 2003). —7%, KE&RIC
RamFz &, AF, SUECEESE SUIKEH)I
Ltk O HRICEEESE AT T, BOPE
DEEES 1980 FROKEY (FRELLHK
1200 5 b v) ho—B L THAHERICH D, 2000
FROKEWMEBEIZ 60%FREIETLTWAS.
SkottRFRO AOEMNEZES 2L, BHEERD
ETEBEARYE SIcEMbT 2 2 k& sh
5. o, BEHPERRKENTREEER S
B, IEALTOS ZENERENE. ChETOR
EECBRKREEZOAB TR, BREHICBY 35
WAEAE®RLBL Mo TE O (Menzel, 1967;
Ryther, 1969; Ishizaka et al., 1983), BF-HD#
BTh 2 EBKOEY TS v 7 b vicxtd 285EM
R, EFEK H230IEEBKEREKOREKSE
WS EEERE (Ishizaka et al., 1983; Wilker-
son and Dugdale, 1987; 1 &, 1988; Furuya
et al., 1993; Iseki et al., 1994; & 5, 2001,
2003; Niraula et al., 2005) I L DRI TV
5. DL BARKE R EMENIRE I,
1989-90 FDEFICF LEK Rics LT, KiE
220m DFHREKERBKLESG L THEILERBAIC
Bk - B 2 RO 0 F ERRIEERSERE S h
72 (K& - &M, 1989; Iseki et al., 1994). % 7=,
TETIER, #FAEA<) 7 7+ -5 421 O TIEE
IKTERBIEAN AR EE] RO MEFEREKLY 2 7 4
Pl B tE ] & LT, 2003-2007 FOEFE
Zohlic, MEEEDREIcE VLT, FEIEKLEE
[hiE] (KA, 2002; E&oS, 2004) 12Kk DKE
200m oKL cEREK (HEL10FbY) &
KESmMm OFKEK (HE20 7+ v) ZRAEL, K
ZE20m ICEERE LTIRY % LAERILER D

fTbhtc. T ORERICERD RO Z ORTKR O BRI
(3, MRBEEO—MEFEBRR, ER7AICk B
kDB « ZENEIRE (FFBE, 2002 ; HBEH » KHY,
2004) BLUMEEEERLG EO—EDOFHENT
bhte, EEoR, TO—KRE LT, HIEBERBK
DRI L 207 5 v 7 b v BEENDERXKILZHE
DI, 2005 9 BICHEKEBEFEHILH
MEEN] OMEEAEDICH ETERBKCERBK
LDREGKERVWTHENT 7 v 7 b VEEBEERELT
W, ERE L RBIEBESEY S v b v DEE
WKRIFTEHELPASNICT 2 EVBTE DO THE
7 5.

2. B &

RIEEEBRTHO K, RREBERTHT (%
HA KT-05-22 fiiig o 2005 £9 A 9 HE
A3 ~ 4 Rpic, MHRERRERICERE & N 7ol iFEITK
bZEE&E hiE) A8 (35°05'N, 139°21.5°E) i
BOLT, KE10m (FEK) & 206m (FEK)
»S5CTD7oo 74 ryy—H#oty +5
=2 F VKB TR L., ThooikEROVT,
KBk & FEB L UMEDOREGK G : FEk=
2:1) EAFUHOHAGDOED S5 5 DERK
2Zir 7. (Table 1), #HKkig=2F V1K 5
F7OYFa—TEAVCT, REOHEHEITS D
EHXHAy b TE-72008) A —Fx— 1+
(10%E /K TR %I MQ K TEER) IcAh, H
R EDOBRKEET T, REKEBERS & EHE
7)) VKA TREEERE(T-> 2. KEKIEZ 10
mRKEDONEBEEZZEE L T 50% D NKEBE

Table 1 Light transmission in different
incubation bottles

Block (Incubation bottles)

10m 50%
205 m 25%
Mixed water* 25%
Mixed water* 13%
Mixed water* 6%

*Mixed water: Surface water : Deep ocean water
=2 ! 1 (volume ratios)
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(LR, &EK50 Licdd), EREKIE [hig] DK
MOKE (20m) DN EBLEEEREL T 25%
HEE (FEK25) L, BRaKIE, #hshn 25
%, 13% B LU 6 %EBE (BE/K25 RBAEKIS
BLURAEKG) IKEEL., T, BEPMDD
REROHKBFEOHEND, HiBIcEBENILE
fit (Li-Cor 1% L1-190, 155fikR) TE=% 1Y
vy Lt B, BEEKCEE Ml ot
WHBKE20m TOXEFER, KBALED
2-10% B LHEE S hic
2008). HEEFEERIZ, 2006 F9H9IH~14HDS5
HEATV, SHFRI6HICSHE ) # — K x — D
5 a7k & EREL L 72,

EEEROGKEG, KEE (HE -+ BHESE
(NO;+NO) « ) Bt (PO.) « 71 BIR (Si0w)),
7o 07 4a (Chla), HARFEEBHIKER « €%
(POC * PON), AMtiFFKEER (BS) O 3#fric
it 72, KEE I, AKko—&E <1 L7 2 HA
(fLi% 045um) TAM#EEK, ABREGREREL, &
H4— b 73354 +— (TRAACS 2000) =ML
THMHr L. Chla d4#rid, 7K 500 m¢ %
Whatman GF/F 7 « V% — TA#@{%, NN-v
Fokova7 I F (DMF) <ffith L (Suzuki and
Ishimaru, 1990), #3¥3E T (Turner Design)
AHOTHHLIZ. POC & PON (3, ToHEMLEL
7. (450°C, 2 hr) 25 mm GF/F 7 1 v % —T#HUK
1000ml =A@ L, FZREO7 4 V5 —FF v —
& TIRIE L 7o, OTENIC, IBIERE BT IC & D
RFZADKREEITV, CHN 7 — 4% — (Yanaco MT-
5) AW THEWKKRE - E2RE%NE L 2. BSi 4,
AK1000ml #47mm X7 VRT 7 45—
(FLE 06 um) TABL, 1% Na.COs /AR A W
T 85°C, 1hr D&M< BSI 2 Lok, ittt
BaigkE HCl THhRIBICE ) 7F v 7V —iETH

(Hashihama et al,

%17 -7 (Demaster, 1981; fI& « HEH, 2006).

EEYMBIcE T 275 v o b v HIETEEE
(e, dY) &, Chla REOEKEAKYIEIE % RE
L T Chl.a iR DREZEALD IR TKRD 72,

u = [1/(t2_t1)] * lI’l(Cz/Cl)

CieCld, ThENFEfIt &t 1B 5 Chla iR
HEThsd. FEK2LADEERXCIE, 0HHE
& Chla D®RAREHEFSN/ZHOD Chl.a BE D&
L Z ORI A S HIETEERE A Ko 72 h3, EIBK
25 T3, kb4 2EBICkY, OHHORDDIZI
HHE® Chl.a iBEOEEHW AR O EEIT - 72.
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3-1. E£REAABDIRKSE DK E

20054 9 A 9 HOR/KERIZIZ, BERKLESE
MhiE ] AUDOEXRBO~5m ICEAE 5 EKE DK
(32.7~33.8 psw), 7KiF 10~20 m (X 1F TR i
BoFENBHOoN. 3HFEIDO I H 6 HICIFERE
14 SMhEIHEIC EFEL, BARBEILERICEASH
A R =Y 7Bk T otofodd, oD
SISV REOFEIKOHEEE ICRA L, KRS
IKISEhIE L THEEREILIEELZOoNS, £
IT, REEREOSWEIKDFEAEE T 2 129,
[$hiE)] OBUKOIHYE T 2KESm Offb b i
10m 2 oK LA, EBRICHOL/ZIKE205m I2H
B IHEIEIRE T 209 uM TH > 728, KE 10m
Tb35uM LI FHWEZRL (Table 2), @i
IKOFE LIRS N, B, EEPRDOET
23, EB¥IH (9A9H) IEXT 12.7mol
m*d' TH-rth, 2HHLUEIKRESBEIEL
223mol m?d' 25 27.6mol m?d! DETOE
Th 1.

Table 2 Water properties of surface (10 m) and deep ocean water (205 m) used for the incubation experiment

Temperature Salin ity Chl.a NO;+NO. PO, SiO,

(C) (psu) (ug 1) (M) (M) M)

Surface Water 21.0 34.17 1.37 353 0.26 8.15
Deep Ocean Water 10.4 34.43 0.028 209 161 41.1
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Zib#x Fig. 1 1aRL 7o, BEEMRIGIC, &REK 50
T3 NO;+NO, & PO, (22 HHIZIZIFHBL 7.
—%, REK25 TRREBREORLDEIE DN
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WD EE % R L tchs, EBRPIRNIC 2 TOERX T
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7.

—7%. Chl.a, POC, PON ¥ X ¢ BSi igf i3,
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Fig. 1. Temporal changes in nitrate+nitrite,

phosphate, and silicate concentrations
in incubation bottles.
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peak time or the end of the incubation.
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<, 0HE (614) 2KR< &, ThEhn 27.1
~415, 37.8~54.7 DEHICH D, BEK12 (34
HEHICE&K6 5 BHICR/NMEZRL 72,
BSi/Chl.a H.13 POC/Chl.a HICEELI L - Z1fL %
AL, EEAKS0 TIH0HHBIC508 TH - rods,
3 HE» SEAF TN L EER#X TIFICId 743 &1
7-. Bk 25 T3 BSi/Chl.a thid 0~1HHIC
120 BETH - 7ch, 3HEH»SAHKICHE DL LTS
HEICIZ 847 Ics 1., RAK25 TId, 0HH
2617 Th-7cht, 4 HHEH» SHBLEMAES S
n, 5HBIIEB26 Lot REBKI12 LIRE
X 6 @ BSi/Chl.a (kO E#H LI, TheEhn
4.30~8.08, 3.88~7.23 DEIFHICH - 7-.

3-4. BEEERICH T ZHKBEYIREOIEKIEN
BLRBEREOEXREVE L OBK
EEERPICZERXTE SN Chl.a, POC
BEBLUBSIBEORKENLSZRZEAD0H
HoWAEEEZ Ls|vc#ms (Y) & 2o
NO; +NO. BEDEL S (X) Ofificiy, ®RED &
SRR - TERVHEENE S (Fig. 5).

Chl.a 1 Y = 1.784X—2.846 (R* = 0.904)
POC: Y =4.362X-6411 (R* = 0.862)
BSi: Y =0.873X—1.656 (R*= 0.853)

IhonR S, 1 uM OIEEEIE + RGN 1.78
ug 47 ®d Chl.a, 4.36 uM ® POC 8LV 0.873 uM
D BSiICEBEI N LHEEINS.
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M ~NB 7201, Chla BEAEWIHEBRTELT

renEEfE A #at L 72 (Fig. 5). Fig. 1 £ Fig. 21cb

mlickDic, REKS0 ERBABK25 TR, Th

ZNn2HHE4HHBIC Chhad =27 D8N, T
DEFIZ NOs +NO. (3I1ZIFFEBIRAEIC 1 - T L 1,

—%#, RABK13, REKG6, EREK25 Tld, £

B THOSHEZ T ChlLa iBE 3 EML, £

BTRICBL T O TR RBERBRRENERGE L TV 7.

F7, FEK25TIld, 0OHHE 1HE® Chl.aig

BEthDEBRX LT 1/30 LT T, @HE &E

CBETH 722 &h o, MHIEEROFIC FEL

DHbEMNERS N (Fig. 5). #->7T, &M

75 v b v (Chl.a) DOHIEHHEERE 1, FKEK 50

TIE0-2HE, #8Kk25Ti31-58H, BAK

25 TI30-4HH, IB&K12 LBAKE TIRO-

5 0 HA gL & L CRR OFFERIC L 0 EE

L7c. ZO#R, HIBEERE I, FEK 25 BRK

i (0.93d") #/RL, RICIBA/K 25D 0.70d" &

fx, LN, E£B/K50, BAK12, BEK6 DI

BT, Fhehn 0674, 032d' BTV 012d"

Th -1z,

BEBRX TH SN Chl.a O LLIETEEE & 11

KEQEE - XEAFE L OB%R% Fig. 6 Ic/RL Tz,
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Fig. 6. Relationships of specific growth rates to ini-
tial nitrogen concentrations (NO;+NO.)-N and
different attenuated natural irradiance.

FERED 6 %,
Chl.a O 1858

(NO;+NO, T 9.3uM) Th 375,
13%, 25% & R&E LB,
EWEEZNhEN 01247, 032d7, 0.70d" LEEFE
smERLc. REKS0E, BAEK2 0265
DHBEETH - top HIBTEEE 3 067d" TH
b, BREK25 OEIEL LT\, Thid, K&
7K 50 ORISR BEIEEENREAK 25 © 1/3 BE

(NO;+NO, T 35uM) EfEb - 7c & EMFEKEE
Zonhd, —F, FBEK25 OMPREEEE L
NO;+NO, T209uM b b, BAK25 D 2 f£13&
=<, HEEE (093d") BEEBRXOP TR
KiE%ERL 7.

4. B

AREERER I3, ERHEEER OGRS
ﬁ%%ﬁ&ﬁ%@«@ﬂMﬁAi@gﬁ L, #
BICHOWREK (10m) OXRBEERENS <,
BRI oMY TH 2 RBIEOHBIREET
dsh-te, 2o, KEKTOHEH»S2HH
o TRERRBE O E Chl.a, POCIRE D
#masRonTnd (Figs. 1-3). LaL, EEK
LERBKE2 1 ICREGLICRBAK25ICET S
Chl.a, POC DIE/NIZRIEK 50 D 3 BEERETH 3
&, Fto, FEBK2 TOMMBRIERX TR
1S - 1o b DD HIETEEEASRE K 25 £ D K&
CEEREER LI E (Fig. 5, 6) o, HEEK
DRERALZh R (LPASE R CldABIcEI S /o &
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525, EEERDICE TS Chl.a BXU POC B
o EWREINE & RBERIBE O EWED &0 B%R
(Fig. 5) 75, 1uM ® NO;+NO, 45 1.78 ug £
D Chla CEBREINILEES N, COBERER
#FEmETE SN fl 1.37 (Ishizaka et al., 1983)

PrhEABEAMTE O NE 148 (Ghn S,
2003) LIBERBETH . F7o, HEEHRDT

KERBEERED L TV 30 POC/PON H i3
45~6 FBEEDEWETH O, POC/Chla tbas 27
~60FBETHE Lo, RERXTHENT 5 v
7 b v OIEFEIEESEEE TOICI ENRBEIN S
(Antia et al., 1963).

Y75 v b vOgiEIR, IR, KBEEER
BB LUOKRBICHESN LN, BEEANDORERREBK
DEFAEERIC & D 2EBRX IREKRICHEFSINT
Wi, 22T, &ERKXIZEBF S Chl.a DLLIE%E

LR EIERE - XEBRROBMFRER S &
(Fig. 6), ¥IAKRBIGEE,RR—DIRAKTIE, X
BALENEFVIZE Chl.a O HIBIEEE A K E LT
EHHHICTRENTWS, Fio, EBRX oD THIEN
KEERENRRKTH > cERBK251B8VWT,
WIEEEORAME (0.93d") BESN, O
HEREHARNIC 1 HREOFEH (Bh) BHEEL TV
RIE7K 25 DEBEMICIREDOEM T S5 v 7 b v id
A-2TWEWT &b o, FEDEN T Z v 7+ v,
KEDON - RERBICIAG S 3 7o OB LET
Ho, ERELUEHEICEAKELLEZEAONS
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