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population lfmdelsg‘tﬁbaf im be embedded in physical-
ecological model) > 4 3 T -
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§1. Chum salmon
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Urawa ( 2000 ) Migration route of Japanese salmon. National Salmon Resources Center
(NASREC) Newsletter No.5pp.3-9, in Japanese



Temporal change in growth pattern of Hokkaido chum salmon

Okhotsk Sea

‘Migration route of Japanese chum salmon
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TEH'I'IP-DI‘H' chanaes in arowth of chum salmon Scales of age-4 adult churn salmon returning to the Ishikar River, Hokkaido.
returning to the Ishikan River by age

Yatsu, and Kaeriyama. (2005). Deep-Sea Research Il 52: 727-737

Kaeriyama et al.(2007) North Pacifi ¢ Anadromous Fish Commission Technical Report No. 7; 52-55,



Change in return rates
of chum salmon
released from Japan
and Korea

Return rate (%)

1970 1975 1880

1975 1980

0S: Okhotsk Sea Coast, NM: Nemuro Coast,
EP: Eastern Pacific, WP: Western Pacific,
JS: Japan Sea, IW: Iwate Pref., KO: Korean
H.




1) Salmon Bio-energetic model
+ lower-trophic model (NEMURO)



Prey density (wwg-m )
0.25 0.5 0.75

5

10
Temperature (°C)



-Forcing data set -
(Krill"or Jelly fish)

Referring to Kaeriyama et
=T al.(2004), we decided to use
—— 7" only ZP as prey zooplankton.
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NEMURO developed by PICES Model Task Team
(North pacific Ecosystem Vodel Used for Regional Oceanography)

The forcing data set (SST,Salinity and prey zooplankton
density ) are obtained from the result of NEMURO
embedded in 3-D physical model (Aita et al.,2006), along
the migration route of chum salmon.
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Summary of the model

Reproduced body size of the 1972 year class is larger
than that of 1991 year class. This result shows a good
agreement with the observational in the Bering Sea.

The prey density, especially in the eastern North Pacific,
gives larger influence to the change of wet weight rather
than the SST does. Moreover, our model reproduces the
trend of observations in 1971-1999 well.

This suggests that body size reduction of Japanese
chum salmon In 1990s was partly affected by the prey
density.



What will happen by global warming on
salmon migration?

“Poikilotherm™ No adaptation / dissilency



Fig. 12. Comparison of the sockeye response to SST for the
University of Hokkaido data (1972-1993) divided by areas
(columns) and months (rows) (the 1978-1993 subset is shown
using open circles and earlier years using solid circles). The same
sharp thermal limits shown in Figs, 3=5 are evident for this subset.
Note that, as for the full data set, the aggregation of the data for all
months and areas results in a more ambignous relationship because
combining data with differing thermal boundaries blurs the overall

response.
Sockeye, U. of Hokkaido Data
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Fig. 11. Comparison of the predicted winter (7°C) and summer (12°C) positions of the sockeye salmon distribution under current and fu
climates (Albers equal area projection). Under a doubling of atmospheric CO, the area of acceptable thermal habitat in the North Pacific
predicted o decrease to zero in summer and decline sharply in winter. The predictions are based on the Canadian Climate Cenire’s coup
ocean—atmosphere general climate model (Boer et al. 1992; McFarlane et al. 1992).




O Caich age 0.1
® Catchzage0.2
: Predicts age 0.1
¢ | = Predicts=age 0.2

log (catch + 1)

Flg. 1. Relationship between log-transformed catch of chum
salmon caught in one-hour trawls and water temperature

at 10-m depth. Fishing operations were conducted during
winter in the westermn North Pacific (WNP; upper) and the
eastern North Pacific (ENP; lower). Lines indicate the mean

catch of young and older age chum salmon at temperatures
predicted by a distribution model.
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Growth, Feeding : 8 ~12°C
15t year in the Okhotsk Sea (July ~ October)

Wintering: 4 ~ 6 °C
15t year in Northwestern Pacific (November ~ June)

Growth, Feeding : 8 ~12°C
2nd year in the Bering Sea (July ~ October)

Wintering: 4 ~6 °C
2nd year in the Gulf of Alaska (November ~ June)



Prediction about the Global Warming effect on

chum salmon in the North Pacific Ocean based on
the SRES-A1B scenario

2005 2050 2095

Optimum temperature (8 — 12 °C)




Hokkaido chum salmon in the Okhotsk Sea

2005 2050 2095
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Global Warming Effect for Chum salmon

@® At present, the global warming is affecting:

- Positively for increases in growth and survival of

Hokkaido chum salmon in the Okhotsk Sea since the
1990s

- Negatively for reduction in growth and survival of the
southern chum salmon (e.g., Korean and Iwate
populations) since the late 1990s

® In the Future, the global warming will affect:

- Decrease in their carrying capacity for reducing
distribution area in the Gulf of Alaska and the Bering
Sea

- Strongly the density-dependent effect

- Hokkaido chum salmon population which will lose
migration route to the Okhotsk Sea by 2050 and will be
crushed by 2100
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§2. Common squid
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SST anomaly in February
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Routes of
spawning
migration based
on the release &
catch data of
tagged squids
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Changes of inferred spawning areas of Todarodes pacificus based on the Global
Warming Scenario by the Earth Simulation System (FRCGC, Japan)
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red cell: disappeared spawning area with global warming



1970-80s (1990- 2050
2005)

Peak of Peak of Peak of

spawning Spawning spawning
Oct-Feb Nov-Mar

Fig. Predicted spawning periods,areas, and
Peak of 157 migration routes of 7. pacificus during 1970-
Egifﬁ;’;g ‘“'/ WAl 80s(cool regime),1990-2005(warm

N ) regime),2050(SST: 2°C increase), 2099(SST:
4°C increase). Estimated environmental
changes in waters around Japan based on the

IPCC global warming scenario (Kawamiya et al.,
2007)
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§3. Walleye pollock and Pacific c




Changes of inferred spawning areas of Walleye pollock Theragra chalcogramma
based on the Global Warming Scenario by the Earth Simulation System

(FRCGC, Japan)
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General conclusion

*Change in Marine Ecosystem
“Fishing down marine food webs” (Pauly et al. 2003)

*Sea Food Gourmet—Tuna Laundering /
Overfishing

- “Tragedy of Commons”
First come—0verfishing

. - o y +Ecosystem Crash & Food
For only Fisheries Poiution

Vanishing Mangrove forest ecosystem,
Cutoff food chain, Food security

Food Import
="Eco Backpack”, "Food Mileage™
m m *Seafood: “Inexpensive is best?”
Paradigm Shift o~
a
CO, C

Sustamable Fisheries Management
based on the Ocean Ecosystem

*é
“‘,—'g' Carrying Capacity

. - Marine Reserves (MRs)

- Greenhnuse Gas Emission

*Food Traceability —- HACCP,
For Marine Ecosystem & 1SO9000

Human Food Sciences Py * Seafood Card (Eco-card)
' oy * Marine Stewardship Council (MSC)
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My (not “our”)conclusion

Do you really believe that you can predict the
future status of higher trophic ecosystem?

Who could predict noctiluca bloom in Arabian Sea?

Who could predict coccolith bloom in Bering Sea?
Even lower trophic!

Who could predict multiplication of giant jelly in the
Sea of Japan?






