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Many fish species Iincluding
Lanternfish use the Kuroshio

region for their spawning and
nursery sites.
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The Kuroshio Current
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However, surface layers of the
Kuroshio Is nutrient poor.

On the other hand, subsurface layers
of the Kuroshio carries a large
amount of nutrients (Guo et al. 2012),
with elevated concentrations on the
density surface (Nagai et al. 2019).

Though it Is caused by other reasons
as well, bands of high production in :
the Kuroshio Extension could be due NPP (annual) (mol m2yrd) _—
to this nutrient transport by the

Kuroshio.



Gulf Stream: Nutrient Stream

Pelegri et al. (1996) found that the
Gulf Stream transport a large
amount of nutrients, and nutrient
concentration is higher along the
stream on the density surface.
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This Is also confirmed by more recent
fleld data in CLIMODE (Palter & Lozier
2008)



Induction
The subsurface nutrients are transported by adiabatic flows along isopycnal.
They encounters deeper mixed layer while they travel northward in the winter season.
The nutrients can be obducted through inclined mixed layer base by along isopycnal flows

Wilhams et al. 2006

a) transfer of fluid from the thermocline to the mixed layer
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c) Ekman nitrate flux, w., Ny d) Induction nitrate flux, —S,,., Ny

b) nutrient stream and its downstream transfer

s
‘ —
nutrien Williams et al. 2006

Ekman upwelling < Induction

The nutrient ultimate supply In the
subpolar regions is achieved by
iInduction



Scientitic questions
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ROMS N2PZDz2 and PN-Line and 13 7°E nitrate data

5 N2PZD2 Model [Gruber et al.
006] forced 10 years with
tological forcing and 35 year
P(1980-2015) forcing twice.

01-Jan-1980 12:00:00

ddy permitting- .
esolving simulation can
reproduce elevated o
nitrate along the
Kuroshio with right
magnitude. L




Nitrate flux through mixed layer base in 35 years

MLD
R - Model mixed layer
s = depth show good
- agreement with the

climatological mean.
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NOu - VMLD tc strongest In late winter,
: A affected by mesoscale
mixed layer variations
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36 year mean

B suggests more than
30% of total nitrate Is
provided by inductio

: In this region.
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Tow-yo Turbulence observations in November 201 7

We tow-yo UVMP along the
Kuroshio axis across the Tokara
Strait
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ADCP Shear November 2018 southeast of Kyushu: Hyuganada sea

Ray tracing

The 1.1f near-inertial ray-path In
quiescent condition agrees well
with the angle of the shear away
from the front.

M2 ray-path agrees better for the
steep shear at the Kuroshio axis
than the near-inertial ray-path.

r--------------------

tWith the group velocities;
131.4 1315 1316 131.4 1315 1316 .COﬂSlderlng a 2-D front, thel
longitude [° E] longitude [° E] 'near-lnertlal ray-path becomes,

-----------------------------,.steeper at the front, and agrees!
The near-inertial ray-paths reflect back and I'better with the observed shear.

'forth in the regions of lower /oy and @pin . .-angle .

Nagai et al. 2019



Turbulence and nitrate flux in southeast of Kyushu: Hyuganada sea
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Using water samples and SUNA data,
estimated nitrate diffusive flux is 1-10 m
mol m-2day-1, which is 10-100 times
larger than Kaneko et al. (2012).

When the Kuroshio approaches to the coast, the large amount of
nutrients can be injected between the Kuroshio and the continental slope Nagai et al. 2019



Conclusions

- Is the induction important in the Kuroshio nutrient stream?
Induction:

~5 m mol Numa

Yes it Is. The induction supplies™! | m-2day-tof nitrate on
Q average, which is about 30% of the total nitr upply in the

&m@ Kuroshio Extension and the Kuroshio-Oyashio con Iu,%cf?
. (Qo\é region. The maximum induction occurs late winter, and theyare
&Q& strongly affected by the mesoscale mixed layer structures.
o~

Lol bl I *day ) - Any inter annual modulations in the subsurface nutrients in the

Kuroshio? If so, how?

Kuroshio Current R |
Physicel, Biogeochsmical, and - Whether and how the subsurface nutrients in the Kuroshio

Ecosystem Dynomics

supplied to the southern coast of Japan?

: @ | -+ Alarge amount of subsurface nutrients inthe Kuroshio Is
R | Injected to the region between continental slope and the

| Kuroshio when the Kuroshio approaches to the continental

Tekeyeahi Nogei, Hraok Som, slopes at 1-10 m mol m-2day-1 caused by the turbulence

Koi Surud, asd Notomitiu Takchashi

probably due to trapped near-inertial internal waves.
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