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Selected results and remaining issues after
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FlSh SpeCIes Alternatlon ( FSA)

Anchovy (10 ton)
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sardine landing In Japan:

1960s: 10%-10~ ton

mid 1980s : >4 x 10°ton

1 986: start declining

2000- : ~ 10°ton

ANnchovy landing increased after the sardine stock collapse
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Fish Species Alternation (FSA)

e Synchronization in ESA between
remote populations indicates that FSA
s climate induced phenomenon

e Overfishing is not the direct factor
INnducing FSA



aly and larval mortality rate

Noto &Yasuda 1999



Age composition of sardine

Watanabe

Watanabe et al. 1995

Recruitment failure after 1988 even high egg production (>10"> eggs]

Continuous failure of recruitment induced the sardine stock collapse



FlSh SpeCIes Alternatlon

WNP warm WNP cool

Anchovy regime Sardine regime

« SST change [=~1°C) is not enough to induce the recruitment failure by itself.

e Intervals in climate regime shift (10-20years) and FSA (50-60 years) are different
each other

We don’t know the mechanisms connecting climate
regime shift with FSA






Strcture oSFS

i1

Climatic and Physical
Oceanographic Processes
Inducing FSA OGCM+PFGM+FISH IBM

Lower Food-Web
Dynamics in KEX

Biology and Ecology
of Pelagic Fish

Application of Uncontrollable FSA
to Fisheries Management

Establishing an Interdisciplinary Scientists Group [20 Pls, 60 Scientists]



= — - =
Is ESA Predictable?
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Are there any precursors of FSA?



Retrospectlve analys:s of KEX
using eddy resolvmg GOCM “OFES”




Kuroshlo Extensmn ( KEX)

140 ‘16OE mean in 1983 1992 blue 1983 87 red:1988—-92

Acceleration and northward shift in KEX axis in 1988



Wind curl and SSH anomaly (N32)
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* Negative wind curl induced positive SSH anomaly

e Positive SSH anomaly propagated westward and reached
to the KEX region after 3-4 years
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Positive SSH anomaly appeared in 1984 in the central North Pacific and
propagated westward. After 1988 KEX was intensified




Ecosystem response after reaching high

SSH anomaly to the KEX region

—

[Nishikawa and Yasuda 2008] —=
Negative correlation between winter MLD and the index of sardine
recruitment success (logarithm of recruitment per spawning: RPS)

—

Recruitment failure in
the years of shallow
MLD in KEX (Feb-Mar)
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Annual variations in MLD, SST In

the KEX (OFES) and RPS ceumen perspaune
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Recruitment failure in the yeas of shallow MLD and high SST



Spring bloom in shallow MLD years (1988-1991, 93):
Early initiation, low magnitude, early termination (except
for 1991)



Nutrient 1%*°

Phytopl.

Zoopl.

larval sardine trans-
portation (Apr-May)



In the years of shallow MLD:
*Low growth rate due to low
food conc.
- eResultant increase in

~ mortality
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| ‘Mismatch” inauced by the

- # "~ * CIange in wind curl anomaly
e n the central \N. Facific

Nutrient i%*
Phytopl.

Zoopl.

larval sardine trans-
portation (Apr-May)
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- Intermediate conclusions
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anomal pr agated to KEX regior after The SSHEE_

anom -_,Shlft s available to use as the pi precursor of LS /A —

=/

eSardi > responds to the ecosystem change atter Z-
3 years. ( i 6 7 years, maturation age 3 or 2 years).
Thus, e UaHy able to forecast FSA 6-7 years in

advance of f@'é‘htlal change.

*SSH anomaly shift in the central-eastern North Pacific is
possible to attenuate by climate event/shift. The monitoring
of the Rossby wave propagation of SSH anomaly by satellite
remote sensing is essential for the forecast of FSA.



FSA Model (okunishi et 212009 Ecol. Model.)
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SUPRFISH FSA scenario after 3-years

_—— = Ositive Snomaly propagated \Aéestvvard and , %

1e KEX region after 3-4 years

i rated and KEX axis shifted northwardly
d h-aHovv MLD in winter in the region

. Larval sar-_— _f_-“reached to the KEX region mismatched

to the early'and weak spring bloom after 1988

e Continuous failure of the recruitment
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KEX Ecosystem (before-SUPRFISH)
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phytoplankton
summer =

Complex prey—p_rea tor i
iNnteraction - O

Cyanobacteria

Non-prey zooplankton
(gelatinous) influence
seasonal change’in the
ecosystemestructure and
prodection

Gelatinous

zooplankton

Detritivore

Carnivore
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