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Chemical properties of North Pacific intermediate water and its impact to
biological production
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The results obtained from this study clearly show that the Sub-Antarctic
intermediate water becomes an area where Fe and Silicic acid are insufficient to support the growth
of diatoms in the surface layer, while the North Pacific intermediate water is a Si-rich water mass
and the supply of Fe is relatively high in its western part (NPIE-W), which also supports the
production of diatoms in the surface layer. The results of the study indicated the need for a
quantitative evaluation of the entire material circulation system, including the marginal seas in

the North Pacific.



North Pacific Intermediate Water: NPIW

Fe Si Sub-Antarctic Mode Water:
SAMW

Tsunogai et

al., 1979; Sarmineto et al., 2004 Si

Si N P
NPIW
SAMW Fe SAMW
Fe Si NPIW  Si Si
NPIW
NPIW

NPIW  SAMW

3.1. NPIW SAMW
NPIW SAMW N

P Si Fe

SAMW
2019 10 ~12
KH-19-6 IS L, A

90
Net Primary Productivity (grams Carbon per m2 per year
2014 GEOTRACES '
0 200 400 600 800
170
NPIW
KH-19-6
Wo0 KH-14-6 w170
1
NPIW NPIW W
3.2.
NPIW E
N P Si Fe

NPIW  SAMW
KH-19- 6 &k fiiiifF

4.1. Fe Fe:N




Fe DFe [nM] .,

dFe 2
0 3He
Fe
Fe
Fe
170 SAMW 2 W0
Fe Fe W170
E155
SAMW Nishioka et al. (2020) Fo
NPIW
NPIW-W NPIW-E
Fe 2
155 170
dFe 2 3 SAMW
NPIW 3a 3
4a 3 dFe AOU
a AOQOU
Tagliabue et al.,
2019 dFe AOU Fe
dFe dFe

Tagliabue et al., 2019

pa—

3 dFe AOU
4a 170
c SAMW 3.3 dFe umol/AOU mol
; 150 SAMW 2.7 dFe dFe

pmol/AOU mol (Tagliabue et al., 2019) NPIW
1.9 2.4dFe pumol/AOU mol

SAMW
AOU
170 SAMW  dFe
150 SAMW  NPIW




DFe vs AOU

14 0.030
y =0.0024x + 0.2653

SAMW

Fe
NPIW

R?=0.3957 o a b
12 0.025
' s
y oo 42 SAMW
P =
sSo0s8 s
% 2 0.015
506 e
2 0.010
0.4 . 8o 8 %
o Qo QR 0.0019x + 0,067
02 | 4 ° R?=0.415 0.005
2 |
< OQ O -00033x+0.0982
oo 2 R2=01243 0.000
0 100 200 300 a0¢ NPIW-W NPIW-E SAMW
AOU (umol/kg) dFe
Sivs AOU
140.0 3

1 2020

100.0 y=0,{7§8x+18,417 ﬁ) 2 = —
R70,887: :@o (E[i‘j( 0.6nM
1.2nM

&0 ® ZU Gy 82515x+ 24916
[-34F Y | & R0
.
o® O
' 0s 0.8nM

°
®o0
°
20.0
R
DJ 0

8

$i02 (umol /kg)
Si/N ratio (nM/uM)
I
n

y=0.1183x+ 2.4551

e 0 100 zuo. 300 400 NPIW-W NPIW-E SAMW
AOU (umol/kg)
4 NPIW W NP IW-E SAMW
dFe vs AOU a dre/N b NPIW Fe
Si vs AOU c Si:N d

dFe N 4b SAMW
nmol Fe/pumol N NPIW-W 0.020+ 0.007 nmol Fe/umol N
NPIW-E 0.012+ 0.005 nmol Fe/umol N
NPIW-E
Fe NPIW-W

NPIW-E  SAMW Fe

NO3 vs AOU P vs AOU

Nishioka et al.,
SAMW  dFe
NPIW-W (K~
NPIW-E (Fek~
4a

Fe
SAMW

dFe N

0.013 + 0.008

SAMW dFe:N

Si* vs AOU

50.0 35 80.0

45.0 70.0

4 y=0.0791x +19.1 3.0 y = 0.0053x + 14795

o R? 08528 2‘ R'=0.7797 o 60.0

35.0 Og! 25 \ 50.0
£y oe

y = 0.1968x - 0.7105

0.8467 5

-~ O

4 o
] Q ) )r.y y = 0.0055x + 1.4808 W
£ 300 o.ﬁﬁ y osssén7;;§s1e 2,0 | % oﬁ o g 40.0 o° 2
£250 [P0 £E00 ‘ g - L E 300 ® oY "¢ 1689x+ 63994
) fe) S, o 2 R? = 0.4455
g 200 o g 15 b 520 | o ] °
& Y 0% [e)
15.0 1.0 10.0 o %0 L ]
10.0 ¥ =0.1052x + 15.645 ¥ = 0.0064x + 1.1054 0.0
&0 R? = 0.3807 a 0.5 R? = 0.3577 b 100 . .'v 0.0131x-13.19 C
R? = 0.0269
0.0 0.0 200
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
AOU (umol/kg) AOU (umol/kg) AOU (umol/kg)
5 NPIW W NPIW-E SAMW N vs AOU a PvsAOU
b Si* vs AOU C

4.2. Si:N
N P

AOU 3 N
5a,b Si
170

AOU

SAMW



SAMW Si

(Sarmiento, 2004; Brzezinski et al., 2005) Si  AOU SAMW
NPIW 4c Si N
Si* N Si Si*  AOU
NPIW-W  -E 5c SAMW
SAMW N Si
Sarmiento et al.(2004) Si N
Si:N
3d SAMW NPIW-W 2.1+ 0.4 mol Si/ mol N
NPIW-E 2.0+ 0.3 mol Si/ mol N 5 0.4 £ 0.1 mol Si/ mol N
170° W SAMW  NPIW Si:N 5
SAMW Fe
NPIW  Si NPIE-
W Fe
Si
Fe
Fe
Si  Fe

Brzezinski, M. A., M-Lynn. Dickson, D. M. Nelson, R. Sambrotto, Ratio of Si, C and N uptake by
microphytoplankton in the Southern Ocean, Deep Sea Res. 11 50, 619-633, 2003.

NishiokaJ, ObataH, OgawaH, Ono K, YamashitaY, Lee KJ, Takeda S, Yasudal, Sub-polar marginal
seas fuel the North Pacific through the intermediate water at the termination of the global ocean
circulation, Proc Natl Acad Sci USA 117(23):12665-12673, doi.10.1073/pnas.2000658117, 2020.

Sarmiento, J. L., N Gruber, M. A. Brzezinski, J. P. Dunne, High-latitude controls of thermocline
nutrients and low latitude biological productivity, Nature 427, 56-60, 2004.

Takeda, S., Influence of iron availability on nutrient consumption ratio of diatomsin oceanic waters,
Nature 393, 774-777, 1998.

Tagliabue, A., A. R. Bowie, T. DeVries, M. J. Ellwood, W. M. Landing, A. Milne, D. C. Ohnemus, B.
S. Twining, P. W. Boyd, The interplay between regeneration and scavenging fluxes drives ocean
iron cycling, Nature comm., doi.org/10.1038/s41467-019-12775-5, 2019.

Tsunogai, S., M. Kusakabe, H. lizumi, I. Koike, A. Hattori, Hydrographic features of the deep water
of the Bering Sea-The Sea of Silica, Deep Sea Research 26, 641-659, 1979.



4 4 1 2

Nishioka J, Obata H, Hirawake T, Kondo Y, Yamashita Y, Misumi K, Yasuda I 7

A review: iron and nutrient supply in the subarctic Pacific and its impact on phytoplankton 2021

production

Journal of Oceanography 561-587
DOl

10.1007/s10872-021-00606-5

Nishioka J, Hirawake T, Nomura D, Yamashita Y, Ono K, Murayama A, Shcherbinin A, Volkov Y N, 198

Mitsudera H, Ebuch N, Wakatsuchi M, Yasuda I

Iron and nutrient dynamics along the East Kamchatka current, western Bering sea basin and Gulf 2021

of Anadyr

Progress in Oceanography

102662-102662

DOl
10.1016/j .pocean.2021.102662

Kondo, Y., R. Bamba, H. Obata, J. Nishioka, S. Takeda 1

Distinct profiles of size-fractionated iron-binding ligands between the eastern and western 2021

subarctic Pacific

Sci. Rep. 2053-2053
DOl

10.1038/s41598-021-81536-6

Misumi, K., J. Nishioka, H. Obata, D. Tsumune, T. Tsubono, M. C. Long, K. Lindsay, J. K. Moore 35

Slowly Sinking Particles Underlie Dissolved Iron Transport Across the Pacific Ocean 2021

Glob. Biogeochem. Cycles 1-20

DOl
10.1029/2020GB006823




Nishioka J

Sub-polar marginal seas fuel the North Pacific Ocean through the intermediate wate

International Symposium Kanazawa University

2021

2020

2020




