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Ecosystem Considerations in Ecosystem Considerations in 
Fisheries ManagementFisheries Management

Linking EcosystemLinking Ecosystem--Based Management Based Management 
Goals with Ecosystem ResearchGoals with Ecosystem Research

Jennifer BoldtJennifer Boldt
Alaska Fisheries Science CenterAlaska Fisheries Science Center

Seattle, WASeattle, WA

OutlineOutline

I. I. ECOSYSTEM ASSESSMENTECOSYSTEM ASSESSMENT

II.II. ECOSYSTEM STATUS INDICATORSECOSYSTEM STATUS INDICATORS

III.III. ECOSYSTEMECOSYSTEM--BASED MANAGEMENT BASED MANAGEMENT 
INDICES AND INFORMATIONINDICES AND INFORMATION

Organization:Organization:

Recent Ecosystem Changes in the Bering Sea and Recent Ecosystem Changes in the Bering Sea and 
Aleutian IslandsAleutian Islands

Recent Ecosystem Changes in the Gulf of AlaskaRecent Ecosystem Changes in the Gulf of Alaska

North Pacific Assessment North Pacific Assessment (focus on Alaska)(focus on Alaska)

MultispeciesMultispecies statistical modelstatistical model

Ecosystem modeling resultsEcosystem modeling results

I.  ECOSYSTEM ASSESSMENTI.  ECOSYSTEM ASSESSMENT Model Progress Model Progress ((AydinAydin and and JuradoJurado--Molina)Molina)

BS, GOA, and AI BS, GOA, and AI 
ecosystem model ecosystem model 
documentation and web documentation and web 
access to data and results access to data and results 
nearing completionnearing completion

Completion of prototype Completion of prototype 
multispeciesmultispecies statistical statistical 
modelmodel
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II. ECOSYSTEM STATUS INDICATORSII. ECOSYSTEM STATUS INDICATORS
Physical Environment

-GAK 1 MLD; EBS temp. and ice; drift trajectories; GOA pollock survival indices

Habitat
--AI and BS HAPC; Updated habitat research

Forage Fish
--AI and BS

Herring
--PWS herring

Groundfish
-R/S regime shift analysis; flatfish distribution and the cold pool

Benthic Communities + Non-target Fish Species
-AI and BS Misc. sp.;  Grenadiers; crabs

Marine Mammals
--Updated

Seabirds 
-Updated

BS Temperature (Rodionov et al.)
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Habitat ResearchHabitat Research
Included to help inform assessment scientists and Included to help inform assessment scientists and 
public about research results and progresspublic about research results and progress

--Table of habitat research projectsTable of habitat research projects

--4 summaries of EFH projects4 summaries of EFH projects

--17 research project summaries of Effects of Fishing 17 research project summaries of Effects of Fishing 
Gear on Seafloor Habitat Gear on Seafloor Habitat 

--List of habitat researchList of habitat research--related publicationsrelated publications
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Flatfish Distribution (Spencer)
E. Bering Sea Crab (Otto and Turnock)
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2002 BS Trawl Survey

Highest catch weight for 
GOA non-target species

Potentially sensitive life 
history (longevity 50-75 
yrs)

Potential fishery value for 
less common, deeper 
species

Important component of 
deep sea ecosystem (?)

RecommendationsRecommendations

Data analysisData analysis

Examine catch rates from ABL Examine catch rates from ABL longlinelongline surveysurvey

Work up maturity and age samples collected to dateWork up maturity and age samples collected to date

Data collectionData collection

Maintain deep survey strata, extend deeper?Maintain deep survey strata, extend deeper?

Identify grenadiers to species in fisheriesIdentify grenadiers to species in fisheries

ManagementManagement

Monitor catches: total biomass, spatial distribution, sex Monitor catches: total biomass, spatial distribution, sex 
ratioratio

Monitor survey trends in same thingsMonitor survey trends in same things

Purpose of Purpose of ““assessmentassessment”” is to put grenadiers on the radaris to put grenadiers on the radar……

StellerSteller sea lions (nonsea lions (non--pups)pups) (Sinclair et al.)(Sinclair et al.)
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N. Fur Seal PupsN. Fur Seal Pups (Sinclair et al.)(Sinclair et al.)
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Seabird Seabird longlinelongline bycatchbycatch (Fitzgerald et al.)(Fitzgerald et al.)
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LonglineLongline effort and seabird effort and seabird bycatchbycatch
(Fitzgerald et al.)(Fitzgerald et al.)

GOA

BSAI
Trawl Fisheries in Alaska (1998-2003)
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Trawl Fisheries in Alaska (1998-2003)
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Trawl seabird Trawl seabird bycatchbycatch (Fitzgerald et al.)(Fitzgerald et al.)

FutureFuture

Timing of Ecosystem ConsiderationsTiming of Ecosystem Considerations
Include model projections in assessment including Include model projections in assessment including 
climate scenarios and suites climate scenarios and suites mngtmngt alternativesalternatives
Bring lower Bring lower trophictrophic level models into assessmentlevel models into assessment Extra slides
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Recent ChangesRecent Changes
19991999--20022002

Summer and annual PDO below averageSummer and annual PDO below average

3 other atmospheric indices show shift3 other atmospheric indices show shift

SLP reversed signsSLP reversed signs

Decreased sea ice cover in BSDecreased sea ice cover in BS

Increased shrimp CPUE in GOAIncreased shrimp CPUE in GOA

Strong 1999 Strong 1999 yearclassyearclass of GOA of GOA pollockpollock and codand cod

20032003
El Nino El Nino –– BS and GOA warmBS and GOA warm

20042004
BS BS –– warm;   GOAwarm;   GOA-- averageaverage

I.  ECOSYSTEM ASSESSMENTI.  ECOSYSTEM ASSESSMENT

Goals:Goals:

--Summarize historical climate and fishing effects on BSAI and GOASummarize historical climate and fishing effects on BSAI and GOA
(using Ecosystem Status Indicators section)(using Ecosystem Status Indicators section)

--Summarize possible future effects of climate and fishing on Summarize possible future effects of climate and fishing on 
ecosystem structure and function (using a variety of models)ecosystem structure and function (using a variety of models)

Focus for this draft:Focus for this draft:

--Historical responses of ecosystem components to climate regime Historical responses of ecosystem components to climate regime 
shiftsshifts

--Expert Expert judgementjudgement on the nearon the near--future state of climatefuture state of climate

--Advances in Developing Predictive modelsAdvances in Developing Predictive models

III.  ECOSYSTEMIII.  ECOSYSTEM--BASED MGNT. BASED MGNT. 
INDICES AND INFORMATIONINDICES AND INFORMATION

--Maintain DiversityMaintain Diversity
((bycatchbycatch, prohibited species, discards, non, prohibited species, discards, non--target)target)

--Maintain and Restore Fish Habitats Maintain and Restore Fish Habitats 
(areas closed, effort)(areas closed, effort)

--SustainabilitySustainability
((trophictrophic level of catch, stock status, size spectrum)level of catch, stock status, size spectrum)

--Humans are part of ecosystemHumans are part of ecosystem
(fleet composition, overcapacity programs)(fleet composition, overcapacity programs) 20042003200220012000199919981997199619951994199319921991199019891988198719861985198419831982198119801979197819771976197519741973197219711970Year

199BSPelagic Trawl Duration

199BS Bottom Trawl Duration

199AI Bottom Trawl Duration

199Hook and Line Effort

198Summer Bottom Temp.

197FHS (R/S)

197Rock sole (R/S)

197ATF (R/S)

197GT (R/S)

197Northerns (R/S)

196POP (R/S)

196YFS (R/S)

197RLKI Productivity

197TBMU Productivity

197BLKI Productivity

198Total crab biomass

198BS Richness

196Pollock (R/S)

197Cod (R/S)

197AK Plaice (R/S)

198Jellyfish biomass

198BS Diversity

198Total CPUE

197Atka  (R/S)

195AOI 

197COMU Productivity

197May SST

197Herring recruits

190PDO

190Total salmon catch

191Surface Winter Air Temp.

196AI Trophic level of catch

195Ice Cover Index

195BS Trophic level of catch

20042003200220012000199919981997199619951994199319921991199019891988198719861985198419831982198119801979197819771976197519741973197219711970Year

199BSPelagic Trawl Duration

199BS Bottom Trawl Duration

199AI Bottom Trawl Duration

199Hook and Line Effort

198Summer Bottom Temp.

197FHS (R/S)

197Rock sole (R/S)

197ATF (R/S)

197GT (R/S)

197Northerns (R/S)

196POP (R/S)

196YFS (R/S)

197RLKI Productivity

197TBMU Productivity

197BLKI Productivity

198Total crab biomass

198BS Richness

196Pollock (R/S)

197Cod (R/S)

197AK Plaice (R/S)

198Jellyfish biomass

198BS Diversity

198Total CPUE

197Atka  (R/S)

195AOI 

197COMU Productivity

197May SST

197Herring recruits

190PDO

190Total salmon catch

191Surface Winter Air Temp.

196AI Trophic level of catch

195Ice Cover Index

195BS Trophic level of catch

        Legend
 X>2.6
 2.6>X>1.6
 1.6>X>0.5
 0.5>X>-0.5
 -0.5>X>-1.6
 -1.6>X>-2.7
 no data
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POP mean  (R/S)
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Total salmon catch

PDO

Trophic level of catch
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        Legend
 X>2.6
 2.6>X>1.6
 1.6>X>0.5
 0.5>X>-0.5
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 -1.6>X>-2.7
 no data
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PDO and AO (Rodionov et al.)
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Precipitation-based pollock survival index (Macklin)

1.0

1.5

2.0

2.5

3.0

20
04

19
62

19
70

19
80

19
90

20
00

Wind-mixing-based pollock survival index (Macklin)

1.0

1.5

2.0

2.5

3.0

Annual value
3-year running mean

y = -0.225x + 284.88
R2 = 0.0044

-220

-200

-180

-160

-140

-120

-100
1970 1980 1990 2000

Year

W
in

te
r M

LD
 d

ep
th

 (m
)

Mixed Layer Depth at GAK1 (Sarkar et al.)

Childers et al. submitted

Chlorophyll – N.GOA

Bristol Bay

165 W 160 W 155 W

55 N

60 N

65 N

Chukchi Sea

Bering Sea shelf

Bristol Bay

165 W 160 W 155 W

55 N

60 N

65 N

Chukchi Sea

Bering Sea shelf

3000

3500

4000

4500

0 1 2 3 4
survey leg

en
er

gy
 d

en
si

ty
 (J

/g
) w

et

Chukchi Sea
Bristol Bay
Bering Sea shelf

3000

3500

4000

4500

0 1 2 3 4
survey leg

en
er

gy
 d

en
si

ty
 (J

/g
) w

et

Chukchi Sea
Bristol Bay
Bering Sea shelf

0%

20%

40%

60%

80%

100%

Bristol Bay Bering Sea shelf

%
 b

od
y 

w
ei

gh
t

other
fish
Maxillopoda
Chaetognatha
Larvacean
Pteropod
Calanoida
Mysidacea
Euphausiidae

0%

20%

40%

60%

80%

100%

Bristol Bay Bering Sea shelf

%
 b

od
y 

w
ei

gh
t

other
fish
Maxillopoda
Chaetognatha
Larvacean
Pteropod
Calanoida
Mysidacea
Euphausiidae

Forage – Age-0 Pollock
(Middleton)

GOA spring GOA spring ichthyoplanktonichthyoplankton (FOCI)(FOCI)
BS ageBS age--0 0 pollockpollock (BASIS)(BASIS)
Bottom trawl surveysBottom trawl surveys
Herring (ADFG)Herring (ADFG)
Small mesh surveys (ADFG/NMFS)Small mesh surveys (ADFG/NMFS)

Forage
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Groundfish Discards (Hiatt and Terry)
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