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The Eastern Bering Sea

'f
i

r J
s gy
'.145....

snrsral,

J#f!i

r"ﬁ'utldﬂ

7 =



Presenter
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.


Motivation

Until ~1980, the eastern Bering Sea fishery was primarily foreign.
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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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Why such variable recruitment?  How to manage under that scenario.


Pribilof
Islands
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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)

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

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
Symposium on Bering Sea Fisheries, Sitka, AK, July 1988.]
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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

Pl 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
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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.

US Domestic Commercial Fisheries
1998 U.S. Seafood Harvest

(9.2 billion pounds) &1

ERest of US
D Alaska

Masks akballfich 1%

Weight of catch (million tons)
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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”
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The eastern shelf is productive, one of the most on the planet.


Eastern Bering Sea Food Web
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Pollock a central node in the pelagic guild and potentially a “control” on upper and lower trophic levels.


Displacement

Statistically significant
shifts in means relative
to within-regime
variance

(Rodionov 2004)

-3

Pacific Decadal Oscillation Index, Winter (DJF), 1901-2006

0.1

p
[=15
h

S

| 1)

W
\

.

nER AN RIS M yx \ / \ | ,)_'
ERriAmA Yt %\ ﬂ, u /W\ / 1 ’\/ g
p Ty j\ /A\f\ // 'ﬂ\/\\* V\V \ *\/

1946\]\[\[ &H \Ji | Y

-2 — ‘/ \\/

| AR1 =021 (IP4, m=9) y

\HHHH‘\HHHH‘\HHHH‘HHH\H‘\HHHH‘HHHH\‘HH\HH‘H\HHH‘HHHH\‘H\HHH‘HHH
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Pacific Decadal Oscillation Index, Winter (DJF), 1901-2006

1949

Depends on false
positive parameter p,
and time scale /

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000




SEBSCC Science Issues
(1996-2002)

Hypothesis: Interannual ocean \variability influences the
availability of prey, growth rate, predation and distribution of
Jjuvenile pollock and higher trophic level species.

* 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.]
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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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Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase


Major
Contributions of
BSFOCI
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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

Aleutian Low
Central Pressure

Anomalies

 Continued cannibalism
research

Arctic Oscillation
(A Index Values

 Advection of larvae
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Similar structure to BS FOCI, wider group of disciplines, better academic involvement, separate synthesis phase


®
Climate affects the ecosystem through sea ice
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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
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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

Simulated endpoints of 90-day larval drift (April1 — June 30)
(Size proportional to year-class strength)
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Stronger year classes when transport is far to the North and East.
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Oscillating Control Hypothesis

Cold Regime (Bottom-Up Regulation)
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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.



Post-Program Developments: Coupled Bio-Physical model forecasts
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Relative CPUE

Post-
Program
recognition
of the role of
the cold pool
influence on
spatial
distribution
of pollock

(Ianelli)


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


top-down, bottom-up
oscillating conditions
mysteries explained

Beth Turner, 2002




Impact of Quasi-Decadal Climate
Patterns on Salmon

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.


	A�    N�        D    
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Biological Response to Climate �Surface currents and flatfish recruitment (Wilderbuer et al. 2001)
	Advection / pollock larval transport
	Bering Sea Food Web
	Oscillating Control Hypothesis
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27


<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 100

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 100

  /ColorSettingsFile ()

  /CompatibilityLevel 1.5

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 300

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



