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The vertical distributions of temperature, salinity, dissolved oxygen, nutrients, chlorophyll, and primary
production were investigated within the top 200 m water depth in the south Pacific Ocean in February, 2000.
The study area (24°-41°S, 81°—168°W) can be hydrologically divided into two regions. Upwelling was
actively occurring in the eastern region of the 110°S line, meanwhile it was not active in the western region.
Accordingly, chemical properties in the surface waters were different between the two regions; nitrate-nitrite
and phosphate concentrations were much higher in the eastern region than in the western region due to the
active upwelling, but silicate concentration was higher in the western region. Among the nutrients, the major
element influencing primary production was also different between the two regions; silicon would be a major
element influencing primary production in the eastern region, but nitrogen may act as a major element for
primary production in the western region. Primary production showed similar values in the two regions in
spite of the large differences of nutrient concentrations in the surface waters, but the total chlorophyll inte-
grated within the 200 m water depth was almost twice as much as in the western region than that in the east-
ern region.
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HelEge] YA, 954,

ohigl YRV frlEr) Ao 2 ISR a8 o
-2 SH(Epply and Peterson, 1979). A, 2 44949 &
T B3l B AE YA FS Hole G Fitdel A=
EgaE] IS ARk T8 210 F AAEHUY.
Bender and McPhaden(1990)& 1989'd9l] A7 135° Axsf oo
A 3 F= HAS(silicate minimum layery& &AL, ©]
AE F&5F WA (diatom bloom)d] A&zt A3ttt Ku
et al.(1995)& BZoA YAF frlesd] AFoze I3
Ao TFo2 N2 el T o8 v 74
3153t} Dugdale and Wilkerson(1998)yS SE]H ¥ H=39] 414
2Hnew productionye- FAFF aiA AR AAISHE. W
A BEFdeolA 99de] A (budgeys A EH o2 FE3
248l Ao] dFurZr daedhe oSk - T8t
T} (Brzezinski and Nelson, 1995; Wong and Matear, 1999).

ZAA ol AEFE dAAAEA F23 JES gt
AZFE JUYo] FHR] &L ulEd EEFSo) e Wol &
AR 22 FYE F=7t =2 T4l (euphotic zone)d] E F
ol ®o| A3t} (Smetacek, 1985). = HIH Ao XA
o] ¥& &)Y (oligotrophic region)o|x Yx}A ] 10% F =7}
TFEF 28 AP HBlain et al., 1997). F272] B
< F2 FFFE FEFHE ARE I8 S o3 2HEH
Agt, 5502 A FFFHE GY9Y & AFF o= A
3] S e g oHoh EFHTRY JYE TES FEA
S &5 g3 oA, W2 whakel] 93 JdF-(shear-
induced turbulence)¢t W35 (internal wave)ol| 28| 71538t
Y (McGowan and Hayward, 1978). v

e kel olalsletArt FgelA 7 1E WUEEHE 4 H
HeF M 2FEQ ASs A7 Bol FHER e, &3] o
i 93] ZA FFE de AR HEYY FEAYL HIE
o] B2 A7t s E AT (Epply and Renger, 1992; Mackey et
al., 1995; Blain et al., 1997; Dunne et al., 1999). 3}A F$]
20° ~50° Atole] FElE Fd M= FEHQ g A77E AY o)
FolXA] Ut B AF FH- Aol HAR7A Y GHHE St
oA FEE F2, 98, §F0E, G4, G4, AR
FAREE o] &3t FHE YoM AEEFIEY] dABIEE
3= F8 820 ¥s= Alojth

ZE =

AP 2 41
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MpA s L, 7 ARE 200048 249 4d5E 39 297}
A G glA SFa g A A7 e s
Atk A7 Y- A"z AR 40°44.3, A7 81°03.8)¢4] ¥
A (S 24°36.9, 73 167°08.571A1 9] FelH o=, A F7HA] &
B2 Q] SR A7t ALY o]FRA] gk Folth(Fig. 1). BA
Bge F 16822, 7+ A3 mlt} SeaBird CTDE ©]&-3te] &
<3 GE-S A3, UL (Niskin) H571E ©-83te] s
E ARk sleAd $44E 0, 10, 20, 40, 60, 80, 100, 125,
150, 175, 200, 400, 600, 800, 1000, 1250, 1500, 1750, 2000,
2500, 3000, 3500, 4000, 4500 mo)™, & =FdlAE 4 200 m
7R 55k o] &3t FUEH FELE B3] A3
% 1 12 0.45 um Whatman GF/F 3R & o|&3lo] HER 3,
Zed s 30 miE FUFEAL A3 WEIIA, GRF o3
AE GELH B4 g8 Wssidn).

fE=48 FEE CTD A2hE £E344L £47)E o83y
238 &, 7)o AL ZFANA sl AF 3] Winklers] 3]
7 (Back titration) 'S o83l A o HAHAT. 4
FY FEEAGIEAE, A, e Aol
(LaChat, QuikChem)& ©[-8-3] 43It FE4 == 90%
OMAIE 10 mZ 24417+ B9t &3 Fo Turner-designed fluo-
rometer(10-006R)E ©|-&3te] &7 St th(Parsons et al., 1984).
Phaeopigment == FEH o8 1N €48 €3 18 302
%0l Turner-designed fluorometer2 =3 3IHth & =g+
HE4 F=)4 phacopigment T W B4E GEA(corrected
chlorophyll) Z+& ©]&-3l49 . AL s (ESFY
1%7HA) FAd A ES Fsl] 4 uCi “C-NaHCO:S FgH
UL HLE VIFoZ 3A7F Bt vl gste] &3I4t
A 238 93 A EE 529 100, 49, 30, 15, 3.5, 1% F
3} 4] (Light penetration depth)*llX A Th A|E vl A
o F=E A £4He FEE F7] 8] 250 ml FFHEY|¢]
E ¥& 3FF YR 232 (nickel screen)C 2 EF3IATh v
& Ao BFSE WS wdrloA it 4 Alzk
W% £ 25 mm Whatman GF/F 9HA| 2 A|EE o33 & o3}
A& HAF7IHC] fumes)E X 2] & ARAIA, 439

1 1 1 1 H ] 1
08—+ — ! ! .
- : 16 : '
e 15
e 14 .
* 413 12
3081 e u
L
Py
3 . 7
. E .5 ‘.,
405 A e 2
L
508 1, L
3
I I I T I I I 1 I J i I - . . . .
0 160W 140W 120W 100W 80W gow  Fig. 1. Study area with station locations.
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Fig. 2. Contour of temperature (°C) in the upper water column (0—
200 m) of the south Pacific Ocean.

(scintillation cocktail; Lumagel Safe) 10 mIE 7}3}e] 448747]
(scintillation counter; Wallac Model#1405)Z ©]-8-5}o] ¥4 ®HA}
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3 oA Yurt =7 wEelt) XA Sl 7h
ARl AL M7 100° F=9)oll FFAA T4 200 m7HA] 7
A A (thermal front)e] EAss Aotk M7 100° %,
120~200 melA 10°C W} 2] 27k sl47} & (dome) FEA
o] Y&, o]AL of A 200 m o3l EXEE &
7t FHo 2 §53510 g AABI Eot

F2FRE A= uel & HIE B, A7 80°~100°14]
340 psue AYE-L HOlL A7 140°~160°114] 355 psuZ i
AR-L HelthFig. 3). A7 140°~160°14 ZFEE Hol= A
2 o] soo] AFEuth ZuEko] & Zog dTd 9k 30° F
Aol FRI8kAL Q7] WiEelt) o] P FHOT FHF B
2 52 R gadhe A& ) Hs)] el A
o7 27457 Wl Boltt. 35.7 psu oAk X FY ST A 1500
~170°, 41 30~140 m Ato]olA #=E R,

2 5dse 3508 Z5E IARF0E ke A%
BATHFig. 4). WFE2] A%, EF 20 molM = D=7t frAkste
FF7F & Aol v, 2 o) oM E FRlg dEAllE
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Fig. 3. Contour of salinity (psu) in the upper water column (0-200
m) of the south Pacific Ocean.
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Fig. 4. Contour of density (g cm™) in the upper water column (0—
200 m) of the south Pacific Ocean.
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Fig. 5. Contour of dissolved oxygen (ml 1! in the upper water col-
umn (0—200 m) of the south Pacific Ocean.

S 60m 7NE YERI/} FLETS AR FoE no] Y
7} YRETE 20 8 ARHE AOE BT AE 80

~100° %41 100~200 melA] 26.0g em™ o4k ZHUE s)47}
% (dome) FEHE Ho)3L S, o] R L2 A9 nlriA]

2 ASUT BEF 02 £5310 Y22 RS F=oh

EE 4304 TEE FEOZ 4R AxH o2 Zylsh=
S Rol=d|(Fig. 5), OJAL FEF 0] 20T Z4E 7+
adtel EFale) A SelEt 2he] WEolt. SR
2zl Qolq 71 5N AL #S 8204 FEUG Ee
7t 4 40~120 mol A FZolA MZE W3R E F(tongue)

Y= ZASHE R0l olRE e 2 TIE AN 62
ml [ olg9] ¥& $ENE FES Holk B4 A7

-/Fﬁ 60 m W9 ZololA T (isohalineyS wel XA A

L
=
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A F718ked A7 80°~100° S GllA 6.0 uMe]Ate)
EO]E]-(Fig 6). ARrE o = ANA polF A Er=
F7ksted, A7 90° 4 175 moll A &

A7 120°~160° A= 424 100 m71A|
1 uMo|3le] wi¢ v rx2
o2 F7Ft] 4] 180m ©J8lolA 5.0 uMelge
Btk A7 160°~170°, F4 20~60 molA 2.0 uM ©]4e] =
2 i ol FEE Zhe 97t 3 (tongue)BEI 2 E3) 3
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Fig. 6. Contour of nitrate+nitrite (UM) in the upper water column
(0—200 m) of the south Pacific Ocean. Closed circles indicate sam-
pling depths.

+°}%=l

ﬁ]i SENAANM w&
oA w2 H
o= £¢3}7 | wEelh,
F ol 55 EX9 uig- fAS

Oﬂ/\i Ao 19 AA (production)s}
2 AAE =t} R T

FE7T A 1200~160°,

o >

dF
BT

b

F
01)!' =

=
-3

T4 100 nw}x} 1.0y
JollA] 0.1~0.3 UME, Redfield ratioZ
Aol sl vl ER =1

ke AN pold kg, QlatedF) ke ojoked =l

oL o5 T EXPEE EAtkFg. 8). 7P & Aol
Holg A& A7 80°~110°, $4 0~120 mol|A ik o1
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200 m °o]3tll EAshe 27T 20 R {55 Yok At
o2 F4] 200 m ©l3te] FEFAME AEEFAE 93 4
Fd AFEGE BEA Bl g GUF Aol Fds] Lo
W] gl 235 vlsle] dUd FEI A9 B wlelA,
o] 39 EF 100 mollA FAkH +old Aty 7} Tt gE
Ao vla] 433] =A #=H Zojut. x o] §50
23 ASHQ YU FE = ET8IaL BF 100 m°ﬂ*1 T"MJ

¥ T=7F g sl vlsiME WA ¥

I

i=Ne}

l

RN
o 5=



44 AEH - 1B -
Longitude (W)
-170 -160 -150 -140 -130 -120 -110 -100 ~-90 -8&0
[oF} e ; i

/
S
=204 o .

P

|
[er}
o

.

Depth (m)
|
]
Q

Fig. 7. Contour of phosphate (M) in the upper water column (0~200 m)
of the south Pacific Ocean. Closed circles indicate sampling depths.

Longitude (W)
-130 -120 -110 -100 -90 -80

5 I
« . . .

-150

-140

]
o]
o

Depth (m)
i
o
o

Fig. 8. Contour of silicate (UM) in the upper water column (0—200 m,
of the south Pacific Ocean. Closed circles indicate sampling depths.
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Fig. 9. Contour of N/P molar ratio in the upper water column (0-
200 m) of the south Pacific Ocean. Closed circles indicate sampling
depths.

2 AHE7) gl 34k 5571 02 g Ble vA #&
H Aow AuE 4 )

Auix oz & izl Redfield ratiod] &b s|ue] AEF
ZFIE] N/P E B]E&(molar ratio)S 160]t}, 3pA g+ 2 473
S|lA N/P B H]&o] 169 vlsh EA A AZ=ChFg. 9). &
AFeA grveke SAERA Z%h7] WEe] NP & HE&2 Al
A o ool ke IR Fgtrt. B3], M7 120°~150°,
EZ 100 moHE NP B vgo] 3 o3tz ¢ Yt} A7 80°
~110°, 54 140m oJ8lME NP & H1&o] 13 oVdOE Redfield-
ratiod] 2% & HATH NP B H8-L #gd wet & o)
2 By, £559s NP & H&0] & v, &S E Z
2 7 ulgo] Zh23Th T3 7 GME 4lo] Hojds
2 NP & Hlg°] Z7IRIt) o] NP & vlgo] 3|9 wt
2 2pelE Hole AL Bad Qo] AEEFAE o] HHFH
= Az} YEA Bajo] ke dio} Qo] A EE FEI) §)
o wEt WEy] miolth, dtdoez A FrEFEERT 9
F7SEE] Ba)7) we] Aot BFE A dae] LR
o} Q9] Aol o w=A dojdrt. 441 200m °lFHe] FF
Fe AEA7} Ao 3] 2aE ¢ J=E 28 EX57]
&) At APAEE 57 o] A =TT HIk
3le] N/P & B]&°] Redfield ratio®} $AKE 3-8 HLlTh 28|m
2 224 g0 93 YUY FFo] AL AF 1100 AF, ES
ol A Qlof) vls] Aae] AjABde] =8, NP & H&o] wi$-

oStz RE Tl ASHoR ZFEE FRF ool O
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Fig. 10. Contour of N/Si molar ratio in the upper water column (0—
200 m) of the south Pacific Ocean. Closed circles indicate sampling
depths.
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2 N/P & H| &3} nR A2 3
o wal 2 wWstE HAthFig. 10). A7 1202 AAE AZ3)
AME N/Si & HlE0] 1 olslo|x, E&EF|GolMe 2 ol o=,
2173 90°, 4 10 mollA F 3 gk 292 BT F2Fo s 4
HAY e FUde NSi B 9S82 t= 1 =0 th(Brzezinski,
1985). upgtr], il gphel Ao T2 AEH Y Eajd 9
3 okl o]Fo] FFHE Fol FEI wERFl s 44
He ¥R Brbd, sl4e] N/Si B o] 13 SRk s,
aYEZ 3¢ N/Si & HlEe] 11T 84 F de 740 2
2ol ¥ig] FEEE Fo] 4HHE dn A AL vy, |
B} Zg we A7) 4 HE FEEE o) 4HAEE &
Bt} Ao AL oIt} 547 BF02 453 A7 80°
~110°, ¥% 100 mollA = N/Si & B]&°] 10~28 A2 ¢
B2 W, 335 850 A9 dofuiA] e AF 130°~170°
EZ 100 mellA= N/Si & H-&o] 1 o5l Az oz g v
) ZER 254 g5o] ] dojule Yo e vt

o3
=
o3
==

Ao v)3) FEHE Pol BATE Furt vk 2L AN
FE WE, 325 8501 A9 Lol g Al E Yot

Tl Hlsl FEEE dol A= YET Frhs 2& AXE Fo
TEE A7 10008 AR ZA t2A EX3, 55
selre §24 FuE=7t 54 40~80 molA Hole W,
Mz Gere HZE=7F 54 100 ~ 140 mollA] Yebdoh(Fig.
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Fig. 11. Contour of chlorophyll (mg m™) in the upper water column
(0—200 m) of the south Pacific Ocean. Closed circles indicate sam-
pling depths.

11). 94 589 E 0.01~0.16 mg mPo2 B dAxsgLe A
AAH R AP o] #lg- & “oligotropic region™l| &3

o HE4 JIEEE FEFH QA 0.091 mg mPo] 3 AMEHS
M= 0.16 mg m™2, FE3| Al HlF] AFs)o] HlwF Fr}
AMEsgeM GEL27) H Bele 4 A ol
E FL7F 1.0 uM ol dEE 43 LA oA o= Hol,
oM datgd+oldid Tt 54 FEEXY &
X ZoE BRI} AT A7 80°~110° 3 ollA
TE Holg 40 Aatd ol did sEEE )
Fe BolA] eth TEAA A 200 m7kA FE BE
kS BT (Table 1), A7 153°04 13.13 mg m™20.2 3 3F
Ho|X AA 85004 627 mg m2OE A 7+ Holth Aw
o=z #4200 7] FEL FFol A7 1002 AAE TF
A Hs) MEs|o] 29 7i7o] Hrt

A BATHEAE o8t 249 AL 117~
33.8 mgC m™ 4 HHE AL gh& X7 122004, HA -2 A
73 1679041 BATHFig. 12, Table 1). d714 S H A2AYAMA]
< 9 W2 Zhg Ho|a glown A gHEY v 2 3ol U/
10 ¢]8}2 Zol(Barber and Chavez, 1991; Cullen et al, 1992; Mackey

=
AEEE

jat

=

3
9%
=
i H
o
-

ol B
o T 7l
off

tlo B S o
<
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Table 1. 200 m-integrated chlorophyll-a and primary productivity
measured by the **C incubation method in the south Pacific.

Stations Latitude Longitude Integratec} Chl Productivity
S) W) (mgm™)  (mgCm™>d™)
1 40°44.3' 81°03.8' 8.43 —*
2 40°09.5' 85°27.2 6.27 21.8
3 39°23.7' 90°30.9' 6.18 24.9
4 38°36.9' 96°22.0' 3.59 28.3
5 37°59.6' 101°58.8' 4.26 -
6 37°12.1° 106°37.7' 8.00 21.7
7 36°29.7' 111°41.7" 12.6 22.1
8 35°43.5' 116°55.5' 10.2 22.6
9 35°00.0' 122°02.5' 8.70 33.8
10 34°12.00 127°11.9 10.1 20.8
11 31°30.5' 144°52.6' 7.11 327
12 30°14.8' 148°55.0' 11.8 229
13 28°51.6' 153°27.6' 13.1 223
14 27°22.0' 158°19.1" 12.4 19.7
15 25°57.0' 162°55.0' 10.1 18.6
16 24°36.9' 167°08.5' 741 11.7

*not determined
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Fig. 12. Primary production measured by the *C method along lon-
gitude in the south Pacific Ocean.

B4 2 -, EFFoht setd 2@ F, 2yl sl
T 37 G 7] gl dSi9 QYN BRI AR &
XA ke A9 BorlE AlEE

E 9

B AT 2o~ 41, A 80~ 1680 FEIFOR =
F S50 e 4 ek A7 1108 AAZ FEs ol
£ 4 200m ol3te) 3547 BFoE BUS $53T A%
S FE5e] §40] A Yopix| etk ol w5
el it AR thl Yehseh SR 9UY B
7 Ee 259 859 o5 S 100 mold AAGob ]
3} Qak 7t NES ) wls) Y8 A AU B

W AEE JIE FHROIE BreT FAY vEE 298 A
Zsjeluch wA| BEAAT, o) AL oluhe & o] FRA}
e FAEE BEE HAE FER) ge HBEITE B
o] EAJSie] BN FAle] TAH AT BT}, ols) 2

AHEE ST N/Si & HlgoXE Fold = ot drtyoes
TEZF-2] N/Si B 8]&0] 10122 (Brzezinski, 1985), ©] ¥ 9%
Hol s Foll T3] SAGHE, S5 Nisi & HE2 19
7V & Bojof st AT &G E NSt B HE
o] 10 o]de 2 1 B} Hal & 3hE BLIckFig. 10). o|%A 3}
4] N/Si & Hl&°] 1 B} vl & g Hole AL 4§
FE] HFA 98l ARy Favt BEsite A& o
B o] oA AESFIE] AL A
£ e sl o & 92 e 2o Al dr). A4
200 w7HAl @et 24 RIS BHAFg 11), B4 F
o] AxtG ol g JAE FEI vl B2 5EIGRT A
Z3| oA Eo). 2T @A A FHEAE o838l &4
3 AR F2 FFAD AES YoM Z 2olE BolA
UTHFig. 12). 25, XA 1108 BARE EFI L& S5
S50l 93] Be Aol dT AiEe] TR B}
2 JZE3g] A TR Rol R T A A F(biomass)
o] M&G R} EA] FA Jebsit

TIE FEREE HW(Fg 8), A7 11008 BAZ &Y
oAX EF 120 m7b= A F=7E 1L.OuMOIsEE. Hi- B4
gk 2 olat FHME TE=rt 48] sk 4 160 molA
7.0pM °139] HIFEE EIth oA F55Y &5 23
FA 120 A S el FES] FHEAT 2 9] EFAME
TEF 2L AEEFAE] Pol EAlgl FHEHE YHUL &
H| == ko] Bol 14k Frt ¥oldl 208 Helth, dutale
2 94Ud 27t B8 Sl F2FS 2ol T E
AEEHAE] F F& o|FA FYE T B2 FAdMe
A7)7} &AL w42 F(nanoplankton)’} F+ 2 ] ETH(Smetacek,
1985; Chavez et al., 1990; Blain et al., 1997, Wong and Matear,
1999). ZHEZ MA 110°8 A= FEHoNE 277} F
& R AEF AN E AAEFIE F FE olFe ALE
AlEED gebA FE2F7F F F2 ol v T AAME
F240] G50 o) JUdgo] EFLE AL FFREAE EY
I B sl A e ARl s At el SdE 4
ZYAE dAAIAGo] Aol AZs A F Aol Hol
A e AoE Hlr.

gl A Fatg, oA, YR}, JINE 52 FE /7]
Eo] Eajo ofsf zAto] dojubal 7AE-S A (siliceous
skeleton)?] &3fo] 28] AAAte] Lol dth(Broecker and Peng,
1982). dukzl oz 14k el g3lEE Rt f71 8] Ee&=r}
0 @), X3 ol e & f71E0] EafiEo] Ao
21¢] AjAgato] dojuhs WA, At el Sl BF dlolA
AiH o AA oyl F£2 1000 m o3t 22 FH A o
B galzbde] ga)7t dojdti(Nelson er al., 1991; Dugdale et
al, 1995). ZHEE FZ dlolr 4] AL Ao} 2l
Hs) AH ez FA v F2H7F F FE o1FA e &
Aol M FA7F RIS Aldehe F8 Q10 Zggith
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Dugdal er al. (1995)& ©|9} & @A4E “silica pump”Z EH3}
I =L JUd Fx, e AAF(High Nutrient, Low Chlorophyll,
HNLC)®] #&EHE dgollA dojdtia AA St B8 Ku et
al(1995)% FFgo] FX3 AofA MZE-E FAHE (new silicate)
FFo| AEZHIEY YIS S ST 2
HEE 249 50 3] dUdd F=rt TR £ A7 3
] A% 1105 FARE 5Fs M= 54 120 m ©]3t=5H
9] A2 FAY FFo] LS AR T4 aRle=

2 ATl A% 10°% AAZ E5e9 e HEEFAEY

Aol ool o8] F2 FHE BE WA, NBGoA

=
e A4t G 7P 2 9FE PRl AeE Btk
XZH G 7 160°~170°% 4 20~ 60 moA| A A& ZHE] 4

A FErt B AGS A 2 100 molA] Aakd ot

oo]: 1=
A3 F=7F 1.0pM olstZ wl$- B} s)=2) NP & H[gS
A 0 2 Redfield ratio?] 16 Briz @A 22 6 o]5ke] 32

He )4 ol AdRte 24vt #E3ive A AXE Foh
I Y N/Si B HRE 72T NS E HEe 1 Eo}h
2R ZHe Ho ) GFAd HlE] Birt RESTE Ae A &=
o} B3 G247 AAEEE Bole FAo] A oldaly
T7F 1.0 uM ©lEelA 1.0 uM ooz F23] Frlsks 44
3T}, o] AL At +oldAd Bt 484 F
FE Rt A A Eo gEba, o] sddAe 4
2] AxYAGo] dUdd FoAA Aie g3 74 &
AoZ HRIt}, o]9} 72 AL g oM FHF
f450] A YR &2 oligotrophic mid-ocean gyresollA]
A4t NEEHIAES] AN S B sE Fa 8elelEt
71&2] A7AFe} & AT Lewis er al., 1986; Ku ef al.,
1995; Mackey et al., 1995).
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