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Presentation Notes
Basin and shelf (shelf was Beringia, the land bridge)
California fits onto the eastern shelf with room left over.
Very biologically productive region.
That is one of the reasons for funding these programs.



Until ~1980, the eastern Bering Sea fishery was primarily foreign.

Motivation

Presenter
Presentation Notes
Prior to the passage of the Magnuson Stevens act in 1976, the eastern Bering Sea fishery was primarily a Japanese one, with some Korean and Polish effort.  By the end of that decade, the US catch began to grow quickly.  Most of the catch was walleye pollock, used for fish and chips, fishsteaks, surimi, and other products.



Bering Sea/Aleutian Islands
Pollock Recruitment (bars)
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Presentation Notes
Why such variable recruitment?  How to manage under that scenario.
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Presentation Notes
An almost non-existent information base.  From OCSEAP and PROBES work we knew that the shelf (to ~200 m) was divided by depth and stratification into three zones: inner domain, middle domain and outer domain.  There was a fairly steep continental slope falling away to the deep central basin (~3000-4000 m).  We had some knowledge of the general circulation of the Bering Sea basin (thought to be wind stress driven), and indications of eddies over the shelf.  There was little information on exchange between shelf and basin.  It was thought that there were several distinct populations of pollock, an Asian stock, one in the basin and shelf area NW of the Pribilofs and one on the shelf SE of the Pribilofs.  There were also theories about the “circulation” of populations by life stage around the Bering Sea.
The donut hole fishery lasted from the mid-1980s until the passage of international regulation in 1994.  Genetic research in 1991 confirmed that donut hole pollock were from US waters.



BS FOCI Science Issues 
(1991-1997)

• Determine biological relationships among pollock in the 
basin with those in other regions.

• Improve knowledge of ocean circulation.

• Understand shelf/slope exchange.

• Investigate match/mismatch processes for survival of 
pollock.

[Largely adopted from recommendations of the International Scientific
S y m p o s i u m o n B e r i n g S e a F i s h e r i e s , S i t k a , A K , J u l y 1 9 8 8 . ]

Hypothesis: Transport of larval pollock from the Aleutian Basin to
the continental shelf contributes to the viability of U.S. fisheries.

Presenter
Presentation Notes
Whose fish are in the donut hole?  Internal competitive program. Fill gaps in expertise with academic colleagues through competitive process. Monitor and model.



Staying on Target – BS FOCI

• Co-managed by division leaders at AFSC (Art Kendall) and 
PMEL (Jim Schumacher a.k.a. Two Crow)

• Executive committee including academics for evaluation of 
proposals

• PI group of senior investigators for contract coordination 
and peer review

• Technical Advisory Committee of independent scientists 
and managers

• Small working groups for synthesis

• Two project reviews

• Liaison with funding agency

Presenter
Presentation Notes
Co leadership, rounded out by executive committee, TAC added later, small working groups, review



Post BS FOCI
• SE Bering Sea is key for pollock, which are a dominant 

species there, consuming and supplying much of the 
biological energy.

• Steep declines in abundance of seabirds and marine 
mammals suggest ecosystem stress.

• Potential for overharvest of commercial fish suggests 
developing an ecosystem-based management approach.

Presenter
Presentation Notes
Following BS FOCI, fishing was stable, we recognized the importance of shelf and shelf stocks, and were aware of significant changes in the ecosystem (birds and mammals).



Bering Sea “Green Belt”

Presenter
Presentation Notes
The eastern shelf is productive, one of the most on the planet.



Eastern Bering Sea Food Web

Presenter
Presentation Notes
Pollock a central node in the pelagic guild and potentially a “control” on upper and lower trophic levels.
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SEBSCC Science Issues 
(1996-2002)

• Understand the changing physical environment and its 
relationship to regional biota.

• Relate ecosystem understanding to variable pollock 
abundance.

• Transfer understanding to resource managers.

[Largely adopted from recommendations of the 1994 National Research Council
review of BS FOCI and the PICES-GLOBEC International Workshop on Climate
Change and Carrying Capacity, April 1995.]

Hypothesis: Interannual ocean variability influences the
availability of prey, growth rate, predation and distribution of
juvenile pollock and higher trophic level species.
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Presentation Notes
What are spatial distributions of larval, juvenile and adult pollock?  How does changing climate affect the “carrying capacity” of the pelagic guild?  What are the influences of sea ice?  What controls variability of source waters for slope/shelf flux? What maintains the integrity of habitats?
What are the roles of forage fish and euphausiids?  How are they linked to apex species?  How do the different domains affect predation on juvenile pollock? How do larval and juvenile pollock growth relate to changes in primary and secondary production?
Continue monitoring and modeling.
Can we develop a biophysical model of the region to explore ecosystem variability with respect to various scenarios?



Staying on Target - SEBSCC

• Three-person Project Management Team from UAF (Vera 
Alexander – lower trophic levels), AFSC (Anne Hollowed 
Fish and Fisheries) and PMEL (James Overland Climate 
and Oceanography) to lead and assemble research team

• Technical Advisory Committee of independent scientists 
and managers for tuning, review and proposal evaluation

• Research Council of senior investigators from SEBSCC 
and cooperating projects for information exchange

• Formal synthesis groups (intra and inter-project members)

• Liaison with funding agency
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Presentation Notes
Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase



Major 
Contributions of 

BSFOCI
• Stock structure – Bailey et al.

• Recognition of decadal scale variability

• Pollock larval vertical distribution

• Vital rates for juvenile pollock

• Recognition of domains of EBS

• Simple food-webs

Presenter
Presentation Notes
Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase



Major Contributions of SSBSCC

• Seasonality and bloom

• Recognition of multiple models of decadal scale variability

• Development of regional circulation models
• Food web and predator 

prey

• Continued cannibalism 
research

• Advection of larvae

• Role of sea ice and cold 
pool

Presenter
Presentation Notes
Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase



Climate affects the ecosystem through sea ice

February March April May June

Early Ice Retreat                   Late Bloom, Warm Water – Large Copepod Biomass

Late Ice Retreat Early Bloom, Cold Water – Small Copepod Biomass
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Presentation Notes
The first is how presence of ice impacts the spring phytoplankton bloom.  If ice is not present after mid march the spring phytoplankton bloom occurs in warm water in May or June.  When ice is present after mid March the phytoplankton bloom occurs in associations with the ice. In March or April the water is too cold for the zooplankton, so there are few zooplankton to consume the bloom.
 Thus climate change will impact the timing the spring bloom which is the base of the food web.  
Jeff - zooplankton





BSAI Pollock
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1980-89

Surface currents April 1 – June 30 
1990-97

Biological Response to Climate 
Surface currents and flatfish recruitment (Wilderbuer et al. 2001)
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Tom Wilderbuer and Jim Ingraham looked at the OSCURS model and the wind-driven surface currents of the Bering Sea.

Decadal scale recruitment variability in winter spawning flatfish may be related to wind-driven advection of larvae during spring.  Transport patterns favourable to survival bring them to inshore nursery areas.  It looks as though the last few years have shown a transport to nearshore areas, which may prove favourable for winter-spawning flatfish recruitment.




Advection / pollock larval transport

ALASKA

From: Wespestad et al. (2000). ICES J. Mar. Sci 57:272-278

Simulated endpoints of 90-day larval drift (April1 – June 30)
(Size proportional to year-class strength)

Center of 
Spawning
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Stronger year classes when transport is far to the North and East.



Bering Sea Food Web



Oscillating Control Hypothesis

Hunt, GL Jr., P. Stabeno, G. Walters, E. Sinclair, R.D. Brodeur, J.M. Napp, N.A. Bond. 2002. Climate change and control of the 
southeastern Bering Sea pelagic ecosystem. Deep-Sea Res. 49: 5821-5853.

Beginning of Cold Regime (Both Top-Down and Bottom-Up Regulation)

Zooplankton Larval 
Survival

Abundance of Piscivorous Adult Fish Juvenile Recruits

Warm Regime (Top-Down Regulation)

Cold Regime (Bottom-Up Regulation)

Beginning of Warm Regime (Bottom-Up Regulation)



Post-Program Developments: Coupled Bio-Physical model forecasts



 

Post-
Program 

recognition 
of the role of 
the cold pool 
influence on 

spatial 
distribution 
of pollock 

(Ianelli)
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In a cold year, like 1999, you can see the blue zero degree isotherm extends quite a ways over the shelf and pollock are found on the outer shelf.  In 2002, a warm year, there was virtually no cold bottom water on the Eastern Bering Sea shelf, and the pollock were found over a wider area and over the middle shelf area.

Eastern Bering Sea pollock CPUE (shades = relative kg/hectare) and bottom temperature isotherms of 0º, 2º, and 4º C for 1997-2003.  The average temperature and pollock density from 1982 to 2003 is shown in the lowest right panel.



Lessons Learned
• Set reasonable expectations 

• Be flexible – accept new hypotheses

• Remember interdisciplinary programs lead to acceleration 
of understanding but they may not provide operational 
products.

• Transfer to operational products requires stable funding

• When planning to use a regional circulation model, set 
long time horizons for development and testing

• Co-location of a core group of PIs was very helpful

Presenter
Presentation Notes
Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase



Lessons Learned (management)
• Strong project coordinator was critical (A. Macklin)

• At least one member of the program should have interdisciplinary 
training (e.g. J. Schumacher and G. Hunt)

• Tensions arose from real and perceived savings due to NOAA in-
kind contributions

• Reliance on NOAA funding resulted in academic partnerships but 
the many academic partners played role as graduate student 
advisors. (exception – G. Hunt and G. Swartzman) 

• For small (~$1M per year programs) NOAA in-kind contributions 
were critical

• Legacy of previous programs lead to more focused research. 
Thus, maintain core monitoring but stagger process oriented 
research to allow for synthesis.
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Presentation Notes
Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase





Impact of Quasi-Decadal Climate 
Patterns on Salmon
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Time history of PDO  and 
AO indices (top) and 
associated changes in 
biological populations 
(bottom).

Hare and Mantua, 2000
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We began to question the response of species and ecosystems to climate change.
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