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プレゼンター
プレゼンテーションのノート
Thank you, Chairperson.
I am Masahide Kaeriyama from Hokkaido University, Japan.
Today’s title of my presentation is “Climate change and sustainable fisheries.”


Recent situation of seafood and fisheries
in the world

® More than 2.9 billion people are provided by
seafood in the world. Capture fishes and
aquaculture supplied the world with about 110
million tons of food fish in 2006. Of this total,
aquaculture accounted for 47 percent. Share of fish
proteins in total world animal protein supplies is T
about 15-16 percent. WORLD rishEmEs
® Although production of aquacultures are increasing
in the world, many aquacultures cause destruction
of aguatic ecosystems, marine pollution, and threats
to marine food security.
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- According to “The State of World Fisheries and Aquaculture 2008” by FAO (Food and Agriculture Organization), 
    1) More than 2.9 billion people are provided by seafood in the world.
    2) Capture fishes and aquaculture supplied the world with about 110 million tons of food fish in 2006.
    3) Share of fish proteins in total world animal protein supplies is about 15-16 percent.


A case study in the climate change and sustainable fisheries:

|

North Pacific ecosystems ﬁb’i?ﬁ%ﬁ_tx, ﬂF—ZP/

Pacific salmon play an important role as the ecosystem service and the ke%%cone in the

Pacific salmon:

Keystone species for sustaining the
biodiversity and productivity in riparian
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@ Coho

@ Chinook
@ Steelhead
&AM

oo
Zooplankto - o DE

(LI S

-23 -22 -21

Pacific salmon ecosystem, and for supplying marine-
o derived material to the terrestrial
Micronekton Sg:f:m e C O SySt e m

(Kaeriyama 2004)

Pacific salmon:

Higher trophic level in the North
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●This figure represents relationship between carbon and nitrogen stable isotope of animals in the Gulf of Alaska. 
Nitrogen stable isotope values increase by 3-3.5 ‰ per trophic level in marine ecosystem.
Pacific salmon occupy the fourth and fifth trophic levels in the Subarctic Ocean ecosystem.
Therefore, Pacific salmon are important not only as fisheries resources but also as  a keystone species in the Subarctic aquatic ecosystem.

●Pacific salmon are also a key species for sustaining  the biodiversity and productivity in the riparian ecosystem because of supplying marine-derived material to the rivers. This figure shows effects of pink salmon on supply of nitrogen stable-isotope to the terrestrial ecosystem in the Rusha River, Shiretoko World Natural Heritage.








Topics

» Relationship between climate change and growth
and survival of Hokkaido chum salmon

» Global warming effect on chum salmon: Path model
& Prediction

» Salmon food mileage

» Issues on the sustainability on seafood security and
ocean ecosystem conservation




Temporal changes in ALPI and carrying capacity (K) of three
species (sockeye, chum, and pink salmon)
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This picture demonstrates changes in the Aleutian Low Pressure Index (ALPI) and total carrying capacity of three species (pink, sockeye, and chum salmon). 
I thought; 
Significant positive relationship between ALPI and their carrying capacity was observed. 
In species level, therefore,  these carrying capacities will be significantly synchronized with the long-term climate change. 

 *The unit of carrying capacity is a million individuals. 
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1. Japanese chum salmon production also show the same linkage with the climate regime shift relating to the long-term climate.
2. The return of Japanese chum salmon peaked in the late 1990s, and has turned the decline trend since the 2000s.
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These figures show that annual changes in biomass of wild/hatchery pink, chum, and sockeye salmon.
In chum salmon. Hatchery populations occupied up to 60% of biomass.



Migration route of Japanese chum salmon
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This is  the migration route of Hokkaido chum salmon. 
As you know well, they have two feeding and growth areas: the Okhotsk Sea as the nursery area, and the Bering Sea as carrying capacity.


Growth anomaly (mm)
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This figure demonstrates temporal changes in anomalies of growth at age-1 (G1) of the Ishikari River chum salmon at the age-1 and survival rate of Hokkaido chum salmon.

We can see the causal linkage between survival rate and the growth at age-1.


Database
FERALET—A~R—2Z

Climate Change

SAT (annual changes in global anomalies of surface air temperature) : NOAA
Satellite and Information Service

SST (sea surface temperature in summer and autumn in the Okhotsk Sea):
NOAA Earth System Research Laboratory (NCEP/NCAR Reanalysis Project)

ALPI (Aleutian low pressure index):Fisheries and Oceans Canada, Pacific
Biological Station

PDO (Pacific decadal oscillation): University of Washington, PDO

AO (arctic oscillation): NOAA Climate Prediction Center

OH (Okhotsk High): NOAA Earth System Research Laboratory (NCEP/NCAR
Reanalysis Project)

ICE (sea ice cover rate in the Okhotsk Sea): National Snow and Ice Data Center
and Kaeriyama et al. (2007)

Growth and Survival Rate of Hokkaido chum salmon

G1 (growth at age-1): modified Kaeriyama et al. (2007)

SR (survival rate): modified Kaeriyama and Edpalina (2004)

BW (mean body weight of juvenile released from hatchery in Hokkaido):
modified Kaeriyama (1999)
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For estimating the relationship between age-1 growth of Hokkaido chum salmon and the long-term climate change,  I used these 10 database.
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There are no linkage between the growth at age of Ishikari River chum salmon and climate indexes such as the Aleutian Low Pressure Index (ALPI), the Pacific Decadal Oscillation (PDO)m the Arctic Oscillation (AO), and the Okhotsk High (OH).
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On the other hand, the Global surface air temperature (SAT), Sea surface temperature in summer and autumn in the Okhotsk Sea (SST), and Ice cover rate in the Okho

sk Sea (ICE) linked with the growth at age-1 of Ishikari River chum salmon.


Path Model
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This is a result. SAT (global surface air temperature) directly affected  SST (sea surface temperature in summer and autumn in the Okhotsk Sea) and ALPI (Aleutian low pressure index), and indirectly affected ICE (sea ice cover rate in the Okhotsk Sea).

SST affected G1 (growth at age-1)  and ICE directly, and SR (survival rate) indirectly for Ishikari River chum salmon.

Therefore, the path analyses resulted that G1 and SR were influenced by SAT through SST, not  ALPI, PDO, and ICE. This result indicates the global warming effect  on the growth at age-1 of Ishikari River chum salmon.

These results indicate that the global warming is directly and indirectly affecting growth in the Okhotsk Sea and survival of Hokkaido chum salmon.


Prediction about the Global Warming Effect on Chum Salmon in the
North Pacific Ocean based on the SRES-A1B scenario
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I predicted on the global warming effect on chum salmon in the North Pacific Ocean based on the SRES-A1B scenario of IPCC, using the optimum temperature of chum salmon.
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Prediction about the Global Warming effect on chum salmon in the North Pacific Ocean
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This is result of predictions by a month from July to October in 2005, 2050 and 2099.
The blue area indicates the optimum temperature area for chum salmon.
As you can see, the distribution area of chum salmon will decrease in the Gulf of Alaska and the Okhotsk Sea by 2050, and will disappear from the Bering Sea in summer 2095. 


Global Warming Effect on Chum Salmon
and the Okhotsk Sea

@ At present, the global warming is affecting:

- Positively & directly for increases in growth at age-1 and
survival of Hokkaido chum salmon through the SST (sea
surface temperature during summer and autumn) in the
Okhotsk Sea since the late 1980s

- Indirectly for the rate of sea ice area through the ALPI and the
PDO in the Okhotsk Sea

@ In the Future, the global warming will affect:

- Decrease in their carrying capacity for reducing distribution
area in the North Pacific Ocean

- Strongly the density-dependent effect

- Hokkaido chum salmon population will lose migration route to
the Okhotsk Sea by 2050 and will be crushed by 2100
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In Conclusion, ………


Food mileage of salmon
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This figure shows carbon dioxide emissions of a piece of salmon consumed in Sapporo. Hokkaido chum salmon discharged 3 g CO2 per a piece. Alaskan sockeye salmon discharge 120 times more than Hokkaido chum. Farmed Atlantic salmon imported from Norway discharge 200 times, Farmed coho salmon from Chile discharged 430 times more than Hokkaido chum. …… This results that the “local production for local consumption is a most important issue for the prevention of global warming.
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The traditional fisheries science is for only fisheries. This fisheries science has introduced the “fishing down marine food webs”, overfishing, and marine ecosystem crash.

We need to break out the paradigm to the new fisheries science and oceanography for marine ecosystem and human food sciences including the sustainable fisheries management, carrying capacity, greenhouse gas emission, food traceability, and seafood eco-card.


B
Risk Management for Sustainable Fisheries Management Based on

the Ecosystem Approach (RSMEA)
In case of Pacific salmon

1. Marine ecosystem conservation and stable marine-food product with increase
in human impacts on the earth ecosystem

2. Monitoring the structure and function in the ocean ecosystem
-Spatial and temporal changes: Carrying capacity, Food web & trophic level
“Climatic-oceanic conditions: Global warning, Regime shift
“Biological interaction: Wild vs Hatchery, Density-dependent effect

3. Adaptive management and
precautionary principle for
Pacific salmon in

Adaptive Management

ocean ecosystem
e Adaptive learning Plzin/PoIicy Formation <— \
* Feedba.Ck C.0ntr0| Monitoring Plan Implementation Modeling
- Monitoring | /
- |V|Ode|ing Evaluation
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In my conclusion;

In this century, marine ecosystem conservation and stable marine-food product are most important issues for humans in the earth ecosystem with increase in human population and impacts such as global warming.
Sustainable fisheries management based on the ecosystem approach of Pacific salmon (SSFMBEA) should be carried as the fisheries and ocean sustainability science, and monitored 3 issues of the structure and function  in the ocean ecosystem. 
For the sustainable fisheries management (RSMEAP), the adaptive management and the precautionary principle are extremely important.



Sustainability on seafood security and ocean
ecosystem conservation

B Will we be able to use the ocean organisms as seafood in the future?
> Carrying capacity in the marine ecosystem = &Mt E %0 “More than enough is tog much”
» Fisheries Industry : Economic efficiency—>Ecosystem Approach

B What do we need for seafood security and marine
ecosystem sustainability in present and future?
» Education

- Paradigm shift from the traditional fisheries science to the
new ecological fisheries science

- Dietary education BB
- e.g. “local production for local consumption” th Z i JH

B How do we establish the sustainable fisheries and
aquaculture management based on the ecosystem
approach?

» Adaptive management & Precautionary principle

1) Adaptive learning: Learning by doing, Responsibility of risk
exposition

2) Feedback control: Monitoring, Modeling

- Fisheries: Long-term climate change (e.g., Global warming,
Regime shift), Carrying capacity

- Aquaculture: Food security, Conservation of marine ecosystem,
Water pollution Feedback Gontrol

Monitoring



http://upload.wikimedia.org/wikipedia/ja/a/ac/Ryoanjitemple.JPG�




Fisheries Management

® \We should understand

the limitations of the
fisheries management at a fa 'Cts
' ' Structure and
smg.le SpECI?S level. . Function of Marine
- Carrying capacity & Density- Ecosystem
dependent effect ‘
- Biological interaction between ® Interaction between
wild & hatchery salmon abio-environment and
. organism

® \We should establish the
sustainable fisheries
management based on
marine ecosystem.

Sustainable Fisheries
ST N Xl SRR Management
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1. Structure and function of marine ecosystem are the interaction between abio-environment and organism, and the biodiversity, respectively.
2. The marine ecosystem will be influenced by the natural factors and the human impacts. Recently, the human impacts has strongly affected the marine ecosystem.
3. We should understand the limitations of the fisheries management at a population level.
4. We should establish the fisheries management based on marine ecosystem.
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I defined the residual carrying capacity (RCC) as (carrying-capacity – biomass) / carrying-capacity [“carrying capacity” minus “biomass”, divided by “carrying capacity”].  And then, I evaluated the relationship between the RCC and body size and age at maturity of chum salmon.

This upper figure shows the relationship between the RCC and the fork length of Hokkaido chum salmon population. The fork length significantly indicated a positive correlation with the RCC.
On the other hand,  the relationship between the RCC and the mean age at maturity in Hokkaido chum salmon population indicates the significant-negative correlation.
This indicates that a population density-dependent effect causes the individual growth reduction in Hokkaido chum salmon population with decrease in the residual carrying capacity.
The same results was observed in relationship between the RCC of total chum salmon in the North Pacific and the individual growth reduction of Hokkaido chum salmon.

- These results also suggest that the carrying capacity of chum salmon would be closely related with not only the long-term climate change, but also the population density-dependent effect.
That is, the concept on carrying capacity, inter- and intra-specific interaction should be very important for the fisheries management in Pacific salmon. 
And also, biological interaction between wild and hatchery populations should be an important consideration in the sustainable fisheries management of Pacific salmon production based on the ecosystem level.
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PRINCIPLE 1: A fishery must be conducted in a
manner that does not lead to over-fishing or
depletion of the exploited populations and, for
those populations that are depleted, the fishery
must be conducted in a manner that
demonstrably leads to their recovery

PRINCIPLE 2: Fishing operations should allow for the
maintenance of the structure, productivity,
function and diversity of the ecosystem (including
habitat and associated dependent and ecologically
related species) on which the fishery depends.

PRINCIPLE 3: The fishery is subject to an effective
management system that respects local, national
and international laws and standards and
incorporates institutional and operational
frameworks that require use of the resource to be
responsible and sustainable.

(MSC 2002)
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This MSC is most famous eco-label.
This is the MSC principles and criteria.


Eco label TSN )L
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BEST CHOICES

Abalone (farmed)
Catfish (US farmed)
Clams, Mussels, Oysters (farmed)
Cod: Pacific (longline-caught from AK)*
Crab: Dungeness, Snow (Canada)
Halibut: Pacific
Lobster: Spiny (US)
Pollock (wild-caught from AK)*
Rockfish: Black (CA, OR)
Sablefish/Black Cod (AK, BC)
Salmon (wild-caught from AK)*
Sardines
Shrimp: Pink (OR)
Spot Prawn (BC)
Striped Bass (farmed)
: Sturgeon, Caviar (farmed)

V’ ) ! Tilapia (US farmed)

CHINOOK SALMON | Trout: Rainbow (farmed)
Tuna: Albacore, Bigeye, Yellowfin

MONTEREY BAY AQUARIUM

West Coast - (tollpole-cauaht
SeafOOd GUide White Seabass
2006 L

Seafood Watch (Santa Barbara, 07/03/03)

Chilean Seabass/Toothfish*

Basa/Tra (farmed)

Clams, Oysters* (wild-caught) Cod: Atlantic

Cod: Pacific (trawl-caught) Crab: King (imported)

Crab: King (AK), Snow (US), imitation Dogfish (US)y*

Dogfish (BC)* Grenadier/Pacific Roughy

Flounders, Soles (Pacific) Lobster: Spiny (Caribbean imported)
Lingcod Monkfish

Lobster: American/Maine Orange Roughy*

Rockfish (trawl-caught)*

Salmon (farmed, including Atlantic)*
Sharks*

Shrimp (imported farmed or wild-caught)
Sturgeon*, Caviar (imported wild-caught)
Swordfish(imported)*

Tuna: Bluefin*

Mahi mahi/Dolphinfish/Dorado

Rockfish (hook & line caught from AK, BC)*

Sablefish/Black Cod (CA, OR, WA)

Salmon (wild-caught from CA, OR, WA)

Sanddabs: Pacific

Scallops: Bay, Sea

Shrimp (US farmed or wild-caught)

Spot Prawn (US)

Squid

Sturgeon (wild-caught from OR, WA)

Swordfish (US)*

Tuna: Albacore, Bigeye, Yellowfin,
(longline-caught)*

Tuna: canned light

Tuna: canned white/Albacore*

AK = Alaska BC = British Columbia
CA = California OR = Oregon
WA = Washington US = United States

* Lim't consumption due to concerns about mercury or
other contaminants. Visit wwwoceansalive.org/eatcfm

# Certified as sustainable to the Marine Stewarcship
Council standard. Visit www.msc.org

These fish are abundant, well managed &
caught or farmed in environmentally
friendly ways.

Cod: Pacific (longline-caught from AK),
Crab: Dungeness, Snow (Canada),
Salmon (wild-caught from AK)*,
Shrimp: Pink (OR),

Tuna: Albacore, Bigeye, Yellowfin

*Certified as sustainable to the Marine Stewardship Council
standard /& B EBIHER(MSC).

AVOID

or the environment.

Cod: Atlantic,

Crab: King (imported)

Salmon (farmed, including Atlantic)*
Shrimp (imported farmed or wild-caught)
Tuna: Bluefin*

These fish are overfished and/or caught or
farmed in ways that harm other marine life

*Limit consumption due to concerns about mercury of other

contaminants.


プレゼンター
プレゼンテーションのノート
For establishing the sustainable fisheries management, the eco-label will be an useful process. This is an example of the eco-label, “Seafood Watch” along the west coast in the USA.


2004

Catch anomalies (1,000 mt)

Time series of yearly ocean heat content for the 0-700 m layer
and pink salmon catch on the Russian East coast during 1956-
2008 (Radchenko 2009) 1: Livitus et al. (2005), 2: Lindsey (2008)
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Million MTs

Are seafood reproducible resources for human!?

Time trend of capture fisheries (CA) ® World fish catches have peaked since the 1990s despite
and aquaculture (AQ) in the world . . .
(from FAQ Fisheries Stafisiics) increase in aquaculture production.

180
160

. ® “Large predatory fish biomass today is only about 10% of pre-
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industrial levels” (Myers & Worm 2003). Bluefin tuna
populations are already “Critically Endangered” species in
IUCN
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Mear

a - world, many aquacultures cause destruction of aquatic

patiotemporal change in relative tuna i

s PSR _ ecosystems, marine pollution, and threats to marine food

. ' security.

® |n this century, we need to paradigm shift from traditional
fisheries sciences for only fisheries to the new ecological
fisheries sciences for protecting marine ecosystem and
human food resources.

Food security of farmed Atlantic

Vanishing 35% mangrove forests by the salmon (Hites et al. 2004)
shrimp aquaculture over the last 20 years
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プレゼンター
プレゼンテーションのノート
Seafood should be reproducible resources for human, primitively.

However, world fish catches have peaked since the 1990s despite increase in aquaculture production..
Right lower figure indicate the time-series change in spatial patterns of relative tuna biomass. Since the 1980s, tuna abundance extremely decreased by overfishing. Bluefin tuna populations are already “Critically Endangered” species in IUNC.

2. Although production of aquacultures are increasing in the world, many aquacultures cause destruction of aquatic ecosystem, marine pollution, and threats to marine food security.
This upper figure indicates the food security of farmed Atlantic salmon. The farmed Atlantic salmon had extremely higher concentrations of PCB, Dioxins, and Residual pesticides than the wild salmon. (Green: wild, Red: farmed, Yellow: supermarket salmon)
Lower photograph shows the vanishing mangrove forest ecosystem by the shrimp aquaculture.



Migration pattern of juvenile chum salmon released from Hokkaido

Offshore
migration
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The development stage and ossification of chum
salmon in the early life period (Kaeriyama 1986)

Migration pattern of juvenile chum salmon

@ Foraging & precedent migration in the coast

@ Offshore migration at 12 cm in FL by the end of June

T T T
| June

@ Distribution in the Okhotsk Sea during the first Growth pattern of chum salmon in the
summer and autumn period of the ocean life coast sea (Mayama & Ishida 2003)



プレゼンター
プレゼンテーションのノート
Migration pattern of juvenile chum salmon in the coast sea is summarized  as (1) foraging and precedent migration in the coast, (2) they migrate to offshore at 12 cm in FL by the end of June, and (3) distribute in the Okhotsk Sea during the first summer and autumn period of the ocean life..


Period of Critical Morta

1. Healey (1982): Size-selective mortality
immediately after the seaward migration

mm) Spring (A)
2. Beamish et al. (2004): Size-related
mortality over the first marine wintering

mm) \Vinter (B)

Body weight anomaly (g)

Changes in body weight (BW) of juvenile released
and survival rate (RR) of chum salmon in Hokkaido.

r=0.693 (n=34, F=58.94, P<0.001)
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Growth year

Changes in anomaly of growth at age-1 (Length)
and return rate (RR) of chum salmon in Hokkaido.


プレゼンター
プレゼンテーションのノート
There are 2 hypotheses on the period of critical mortality in the Pacific salmon: (1) Size-selective mortality in the early marine life period and (2) Size-related mortality over the first ocean fall and winter relating to the sufficient growth by the end of the first marine summer. 
These figures show that survival rate of Hokkaido chum salmon significantly correlated with the body size at the release and the growth in the Okhotsk Sea.
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Time series of surface air temperature

(black) and the sea ice extent anomaly in
the Okhotsk. (Nakanowatari et al. 2007)

1860 1870 1580 1990 2000
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Time series of potential temperature (a) and dissoloved oxygen (b) at 27.0 O in the
Okhotsk Sea (0OS), Oyashio (QY), and SAC region (SAC).

(Nakanowatari et al. 2007)

2001-2004

@ Nekton @@ Predatory zooplankton @ Non-predatory zooplankton

Temporal changes in zooplankton and nekton biomass in the

Okhotsk Sea (Dulepova 2005).

®\Warming trend of water
temperature

®Decline in dissolved oxygen
and biological production

Global warming effect &
Impacts on material cycle

Growth of chum salmon

@

SST



プレゼンター
プレゼンテーションのノート
These figures demonstrate the co-occurrence of warming trend of water temperature and decrease in dissolved oxygen concentration in the Okhotsk Sea due to the global warming. This phenomenon suggests impacts on the material cycle.
In fact, the biological productivity in the Okhotsk Sea indicates the decline trend since the 1980s.
However, growth of juvenile Hokkaido chum salmon will be positively affected by the SST, not influenced by productivity in the Okhotsk Sea due to small biomass
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Wintertime climate and winter-spring production: 1976/77RS

After 1976/77 Regime shift PDO pattern dominated
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California coast warmed
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* changes in the Kuroshio occurred with 5~6 yr lag after the regime shifts

Presented by Akihiko Yatsu in CCCC, 2006 (modified from Chavez et al 2003 *
information of the western North Pacific added by Chiba )


プレゼンター
プレゼンテーションのノート
This slide made by chiba, shows some effects of 1976/77 regime shift. The most prevalent pattern of the past half century is the Pacific Decadal Oscillation, commonly called PDO. In generally, eastern pacific ocean was warm, and western pacific ocean was cool. There were many changes like current, Aleutian low pressure, wind, vertical mixing, nutrients, and  biological production. As you can see, these changes were different in various areas.
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Wintertime climate and winter-spring production: 1988/89RS

After 1988/89 Regime shift # - _ Victorial Pattern dominated
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* changes in the Kuroshio occurred with 5~6 yr lag after the regime shifts

Presented by Akihiko Yatsu in CCCC, 2006 (Fig by Chiba based on various sources)
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プレゼンテーションのノート
After 1988/89 regime shift, dominate pattern changed from PDO pattern to Victoria pattern. North Pacific Ocean was cool, South Pacific Ocean was warm. And, changes of several components were also occurred, which have different phenomena from 1976/77 regime. 


Global and regional atmospheric circulation patterns

Thin solid line — ACI_WE atmospheric circulation Repetition of the “cold” and “warm” types
index (zonal), 1891-1999, dashed line — its of atmospheric circulation above the Sea of
Okhotsk, in accordance to Glebova (2006)

classification. Green line — previous
forecasts

model (harmonic oscillation). Thick solid line
with standard deviation error bars — its forecast

for 2000-2050, after Klyashtorin & Lyubushin,
2005. ,
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Temporal changes in the sea ice cover rate
and the sea surface temperature (SST)
during summer and autumn seasons in the
Sea of Okhotsk.
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Temporal changes in the growth at age-1 of Hokkaido chum salmon population, the
sea ice cover rate (%ICE) and the sea surface temperature (SST) during summer and

autumn seasons in the Sea of Okhotsk.
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Correlations

ICE SSTSUM Gl SR
ICE Pearson Correlation 1.000 -.370* -.407* -.190
Sig. (2-tailed) : .031 .017 .282
N 34 34 34 34
SSTSUM Pearson Correlation -.370* 1.000 423* .341*
Sig. (2-tailed) .031 : .013 .048
N 34 34 34 34
Gl Pearson Correlation -.407* 423* 1.000 .639*]
Sig. (2-tailed) .017 .013 : .000
N 34 34 34 34
SR Pearson Correlation -.190 .341* .639** 1.000
Sig. (2-tailed) .282 .048 .000 :
N 34 34 34 34

*. Correlation is significant at the 0.05 lewel (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
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Migration pattern of juvenile chum salmon

@ Prior residence near the spawning area

Growth inversion in the river

autumn period of ocean life

Foraging & precedent migration in the coast
Offshore migration at 12 cm in FL by the end of June

Distribution in the Okhotsk Sea during the first summer and
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プレゼンター
プレゼンテーションのノート
Migration pattern of juvenile chum salmon is summarized  as (1) prior residence near the spawning area, (2) growth inversion in the river, (3) foraging and precedent migration in the coast, and (4) they migrate to offshore at 12 cm in FL by the end of June.
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